US 20120188295A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2012/0188295 A1

Joo 43) Pub. Date: Jul. 26, 2012
(54) DISPLAY DEVICE, DISPLAY METHOD AND Apr. 8, 2011 10-2011-0032798
MACHINE READABLE STORAGE MEDIUM Jun. 27, 2011 .. 10-2011-0062195
Jun. 27, 2011 10-2011-0062211
(75) Inventor: Jae Hyun Joo, Hwaseong-si (KR) Jun. 27, 2011 10-2011-0062289
Jun. 27, 2011 .. 10-2011-0062308
(73) Assignee: NANOBRICK CO., LTD., Tul. 12, 2011 10-2011-0068768
Suwon-si (KR) Jul. 12, 2011 10-2011-0068781
Jul. 12, 2011 .. 10-2011-0068798
(21) Appl. No.: 13/388,300 Jul. 12, 2011 10-2011-0068933
Jul. 13,2011 (KR) oo PCT/KR2011/005136
(22) PCT Filed: Jul. 13,2011
Publication Classification
(86) PCT No.: PCT/KR2011/005136 (51) Int.CL
$371 (©)(1), G09G 5/10 (2006.01)
(2), (4) Date: Jan. 31, 2012 (52) US.CL it 345/690
(57) ABSTRACT
(30) Foreign Application Priority Data
In a display method or device according to one embodiment
Tul. 19, 2010 10-2010-0069530 of the present invention, at least two of a photonic crystal
Jul. 19, 2010 10-2010-0069531 reflection mode, a unique color reflection mode and a trans-
Tul. 26, 2010 10-2010-0072061 mittance tuning mode may be implemented to be switched to
Aug. 16, 2010 10-2010-0078968 each other within the same unit pixel. In addition, a machine
Aug. 27,2010 10-2010-0083545 readable storage medium recording a computer program per-
Aug. 31, 2010 10-2010-0084951 forming the display method is provided.

110
\_/\
120\/\\




Patent Application Publication Jul. 26,2012 Sheet 1 of 51 US 2012/0188295 A1

110
~ e © © @

120\/\\

FIG. 1



Patent Application Publication Jul. 26,2012 Sheet 2 of 51 US 2012/0188295 A1

FIG. 2



Patent Application Publication Jul. 26,2012 Sheet 3 of 51 US 2012/0188295 A1

External electric field

O O O O © O
OO O O O
O OO © O O

(a) (b)

External electric field

OO O OO O
OO 0 @ 00 O
O OO OO0 O

(c) (d)

FIG. 3



Patent Application Publication Jul. 26,2012 Sheet 4 of 51 US 2012/0188295 A1

T External
External el}:e_ctnc
electric ield

field ¢

FIG. 4



Patent Application Publication Jul. 26,2012 Sheet S of 51 US 2012/0188295 A1

Electrical polarization

530

520
510

» Electric field

FIG. 5



Patent Application Publication Jul. 26,2012 Sheet 6 of 51 US 2012/0188295 A1

External
electric
field

)10 @:zim

FIG. 6



Patent Application Publication Jul. 26,2012 Sheet 7 of 51 US 2012/0188295 A1

Electric
field

l

0
0
0
0
0
0
0
0

OO oo S



US 2012/0188295 Al

Jul. 26,2012 Sheet 8 of 51

Patent Application Publication

810

(b)

FIG. 8



Patent Application Publication Jul. 26,2012 Sheet 9 of 51 US 2012/0188295 A1




Patent Application Publication Jul. 26,2012 Sheet 10 of 51 US 2012/0188295 A1

10 30

L L ] I T ]
6o oo 50000060 ¢0gc00000d
; 6006000
o coo0o e o0 Soeoosoonn basacdusiatead
s © - ceo0000o0
S v
°
Q@
o 8 4 °
I_H_g‘_f |_|?___1 LTl ] L il
1122 1124 8 8




Patent Application Publication Jul. 26,2012 Sheet 11 of 51 US 2012/0188295 A1

[
\\ \ I// //\/1320

o\ o

\
\\@/
\,7/'
® Jé'//

1312

-~—1314

@
@
® (=4

e o

1332 1334 1335 1332 1334 1335
(a) (b)

FIG. 13

1430

1414
1412

T B S S @

1440




Patent Application Publication Jul. 26,2012 Sheet 12 of 51 US 2012/0188295 A1

1500

FIG. 15



Patent Application Publication Jul. 26,2012 Sheet 13 of 51 US 2012/0188295 A1

1600
L F~—-1630
@ 8 @ 6 ¢ 6 © 1610
o 9 0 6 0 © 0 1612
@ 0 0 6 6 6
i
1614
L?JL__k\Aszto
1650
(a)
~—1630
e 8 6 60 6 6 O 1610
@ 0 @ 0 0 & © 1612
a6 Q@ @ 0 @
ol
1614
17_| 1640
1650
(a)
Q9 6 6 @ @ 6
a 0 6 6 6 6
g 0 86 6 © @
i
#Jlﬁ_kvmo
1650 1650

FIG. 16



Patent Application Publication Jul. 26,2012 Sheet 14 of 51 US 2012/0188295 A1

G D9

3

) ] (e)
4'; \\ 3 b3
AN o
ot
2y Yo B
1 ~ -

G oo

-

o
(¥




Patent Application Publication Jul. 26,2012 Sheet 15 of 51 US 2012/0188295 A1

G i

Do oH G

FIG. 18



US 2012/0188295 Al

Jul. 26,2012 Sheet 16 of 51

Patent Application Publication

1910
1912
1914




Patent Application Publication Jul. 26,2012 Sheet 17 of 51 US 2012/0188295 A1

no
—_
(@]
(@]

2130

2
1o 2120

2142

2112
2114

2122

2124

FIG. 21



Patent Application Publication Jul. 26,2012 Sheet 18 of 51 US 2012/0188295 A1

200() 2210

| 00 TEN T TS |
10.0um




Patent Application Publication Jul. 26,2012 Sheet 19 of 51 US 2012/0188295 A1

2320

2330

FIG. 23



Patent Application Publication Jul. 26,2012 Sheet 20 of 51 US 2012/0188295 A1

2400

2422 2424 2426 2428

2432 2434 2436 2438
FIG. 24
2500
2536 J

25344




Patent Application Publication Jul. 26,2012 Sheet 21 of 51 US 2012/0188295 A1

2632 2634 2636

FIG. 26



Patent Application Publication Jul. 26,2012 Sheet 22 of 51 US 2012/0188295 A1

Voltage

H ’ : » Time
g J P N L

---------------------------- Resetting voltage level

Voltage

__ N - Standby voltage level

0 » Time

FIG. 28



Patent Application Publication Jul. 26,2012 Sheet 23 of 51 US 2012/0188295 A1

A
Voltage
0 » Time
(a)
A
Voltage
0 » Time
(b)
A
Voltage
0 » Time

(c)

FIG. 29



Patent Application Publication Jul. 26,2012 Sheet 24 of 51 US 2012/0188295 A1

FIG. 30



Patent Application Publication Jul. 26,2012 Sheet 25 of 51 US 2012/0188295 A1

3100

3100

3120~
3110
3112
3114




Patent Application Publication Jul. 26,2012 Sheet 26 of 51 US 2012/0188295 A1

Vo -

0 » Time

(a)

FIG. 32




Patent Application Publication Jul. 26,2012 Sheet 27 of 51 US 2012/0188295 A1

3400

3430—-C | 34301 -

& Q O

3410 < 3410 § § §

0 €D & 6

3420 a 342 e - -
3430 3430 |

FIG. 34

oy}
o1
O
o




Patent Application Publication Jul. 26,2012 Sheet 28 of 51 US 2012/0188295 A1

3620 —

3620
3615

3620~

3720
W

||

3710

0000000000000000000000
3712 0C0000000000000C000000

0000CCO0D00000000O0
3ﬂ4<{ 000000000000 000O0
0000000000000 00D0

0000000000000000000000
3725 —__—~__

L]

FIG. 37



Patent Application Publication Jul. 26,2012 Sheet 29 of 51 US 2012/0188295 A1

3800

3820
3810
3830
3825

FIG. 38



Patent Application Publication Jul. 26,2012 Sheet 30 of 51 US 2012/0188295 A1

3900
3910 —
3925
(a)
3900
3920 3925
,%E/’E{:,;%g. ,:*“"J
(b)

1
"
‘F



Patent Application Publication Jul. 26,2012 Sheet 31 of 51 US 2012/0188295 A1

4000

4025

4020

R

FIG. 40

4100

4120~ |
4110—~f s

4112

4114~
4120 —~"—

4130

FIG. 41



Patent Application Publication Jul. 26,2012 Sheet 32 of 51 US 2012/0188295 A1

4200

FIG. 42



Patent Application Publication Jul. 26,2012 Sheet 33 of 51 US 2012/0188295 A1

4300




Patent Application Publication Jul. 26,2012 Sheet 34 of 51 US 2012/0188295 A1

&

—
L

10

Reflectance [%]

Wavelength [nm]

FIG. 44



Patent Application Publication Jul. 26,2012 Sheet 35 of 51 US 2012/0188295 A1

T -
.G Bhy L




Patent Application Publication Jul. 26,2012 Sheet 36 of 51 US 2012/0188295 A1

FIG. 46



Patent Application Publication Jul. 26,2012 Sheet 37 of 51 US 2012/0188295 A1

——ov —ov
- - D5V —
—— 1V —— 4V
S—-
164 — 109
- 25V
— 3v
- 4. —— 4V ;E‘
8 ] == -;
g TR g "
124 Ry q
g 4
f :
é’ =]
= 10 / &
[+9 / 64
ad
\//
8 - ———r————— L R T T
A0 450 S0 50 G0 650 700 TS0 BOD 400 420 440 480 480 500 520 540 560 580 60O
Wavelength [nm] Wavelength [nm]
20 -
2]
22
20|
18
1 —
P -
§ 16 —_ 1V §
y 1 e 15V y
5 124 w &
2 —— 25V 5
g 104 — sy g
= 9
g g1 A 3
CRPE p— T K
- - gy
B8~
-~ -~ 45V
o] -
5] P
- .10V
0, S ——
400 450 500 650 600 650 700 750 80D 40 460 500 550 60D 850 70D 750 0D
Wavelength [nm] Wavelength [nm]

(c) (d)

FIG. 47



Patent Application Publication Jul. 26,2012 Sheet 38 of 51 US 2012/0188295 A1

=10V
34
> [—20v
25V
- = =30V
it £
- - v
4 [« = =45V
=~ =53V
-~ ~lhetié

Réflectance [%]
Reflectance [%)

T T T T T T 1 [
400 450 500 550 600 850 700 750 BOB

Wavelength [nm]

T T T T Y T T 1
400 450 500 550 600 650 700 750 800

Wavelength [nm]

24 o 24 4
224
20 -
184
- F—ov _
R 167 —aosv ®
ISR —— 1.0V °
3] v o
= LY &
2 ] wy| 8
2 ] Q
g w 25V &
5 L zov
g PN/ a %
[~ 'J.S"
] k- -s0v
o] Y4
2] F- 50V
: - - -109Y
0 T T T T T T T T T T ]
400 450 500 550 800 850 700 750 800 T T T T T L)

T
W (am] 400 45 500 S50 600 650 700 750 GO0
avelength [nm
Wavelength [nm]

(c) (d)



US 2012/0188295 Al

Jul. 26,2012 Sheet 39 of 51

Patent Application Publication

331

.\a w;..‘:x
\v\t 1

:\.\\\m\.\

/
oy
s\\\‘\‘\\ﬁu\\\\

7
\ .«..%\\.Q ’

I .
Wy
S

\ Ny
s ;
Aty
4 ....w‘.w‘.w?\.‘ ¢
\.\\c:\x
e s
ey
\_\\:.:\
Lieres o
\\\t{\
5
fiiftiie s
-
Istrs @

e

60—

40+

[9%] ®@ouRlOa[IaY

[nm]

Wavelength

(a)

401

— = =0.0V
= =~ =10.0V]

[9%] @ouBlOa[IOY

Wavelength [nm]

~~~
L0

N

FIG. 49



Patent Application Publication Jul. 26,2012 Sheet 40 of 51 US 2012/0188295 A1

FIG. 50



Patent Application Publication Jul. 26,2012 Sheet 41 of 51 US 2012/0188295 A1

7 ] ]

0.8

5110,5120
9130, 5140, 5150

-/

0.6 5160
500 .
0.5 Vﬁn“g{g X y

20° 0.5272 0.4289

0.4+ 5110
30° | 0.5251 | 0.4276 | 5120
0.3
40° | 0.5389 | 0.4228 | 5130
0.3 V 50° | 0.5381 | 0.4239 | 5140
0.4 — 60" | 05302 | 0.4232 | 5150
b %y i f 70° | 0.5358 | 0.4094 | 5160
- P e T T b o ok
0.0 0.1 0.2 0.3 0.4 0.5 0.6 (L7 0.3
hY
(a)

0 10 20 30 40
Detection angle(deg.)

(b)

FIG. 51



Patent Application Publication Jul. 26,2012 Sheet 42 of 51 US 2012/0188295 A1

(a) (b) (c) (d)

FIG. 52



Patent Application Publication Jul. 26,2012 Sheet 43 of 51 US 2012/0188295 A1

a b

e

FIG. 53



Patent Application Publication Jul. 26,2012 Sheet 44 of 51 US 2012/0188295 A1

Reflectance

]
600
Wavenumber (cm™)

FIG. 54



Patent Application Publication Jul. 26,2012 Sheet 45 of 51 US 2012/0188295 A1

100
| —10
go- — 9
el ]
—_17
- 5 N
~~ Th -
xR
®
Q
L
48]
e
QO
©
e
©
o
T I 1 I T

500 700 B0
Wavelength(nm)

FIG. 55a



Patent Application Publication Jul. 26,2012 Sheet 46 of 51 US 2012/0188295 A1

70

60-] Bv
50-
40

30+

Transmittancy (%)

1 ov
| step voltage : 1.0v/10s

O T T T T T T T T T T T T

0 10 20 30 40 50 60 70 80
Time (sec)

FIG. 55b



(%) Aoumiiuisuel |

=
W
=
&
o
&R
— oo
=) | ol
y —
o = =
=) =
i\ SS5E
z L
[
i K=
—
7o)
[
=)
~
- f QO
~N—
)
-5}
=]
[90]
= =
= SIS
[ A ] A e
'S al v
- o | <
& —| @
~
—
E
—_ L <t
M~
)
A | 4
ol =
o S
—| @
N
|~
gl =«
o

90

(%) 9ouB]D8|jaY

Patent Application Publication

FIG. 55¢c



Patent Application Publication Jul. 26,2012 Sheet 48 of 51 US 2012/0188295 A1




Patent Application Publication Jul. 26,2012 Sheet 49 of 51 US 2012/0188295 A1




Patent Application Publication Jul. 26,2012 Sheet 50 of 51 US 2012/0188295 A1

5800

—-—5830

5814

5812

/

5850 — I }~-5840
(b)

5812 U 5814

w - "@" "\\ \
5814 5812
o

5840 ———4 5840

—~—5830

5814
5812




Patent Application Publication Jul. 26,2012 Sheet 51 of 51 US 2012/0188295 A1

Reflectance Reflectance Reflectance
4 3
V2 Ul — Vi
B V1
\ AT
w2
‘ / YN
! (M
Wavelength Wavelength Wavslength
(a) (b) (c)

FIG. 59



US 2012/0188295 Al

DISPLAY DEVICE, DISPLAY METHOD AND
MACHINE READABLE STORAGE MEDIUM

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field

[0002] The present invention relates to a display method
and device. More particularly, the present invention relates to
a display method and device implemented so as to switch at
least two of a photonic crystal reflection mode, a unique color
reflection mode and a transmittance tuning mode to each
other within the same pixel.

[0003] 2. Description of the Related Art

[0004] Recently, as the research and development of next-
generation displays is actively being pursued, a variety of
displays is being introduced. A typical example of the next-
generation displays may include an electronic ink. The elec-
tronic ink is a display in which an electric field is applied to
particles of specific colors (e.g., black and white) respectively
having negative charges and positive charges to display the
specific colors. Electronic ink has the advantages of low
power consumption and flexible display. However, the elec-
tronic ink is limited because it is difficult to represent various
colors since the color of the particles is set to specific colors.
Meanwhile, it has been introduced a light transmittance tun-
ing device that is used together with a display so as to serve to
transmit or block light reflected from the display or incident
on the display. The light transmittance tuning device accord-
ing to the related art includes a mechanical shutter performing
a function of tuning light transmission, etc., and as a result,
has a complicated structure and too much manufacturing time
and manufacturing costs are required.

[0005] Therefore, a need exists to tune various hues and/or
transmittance in a display region by a simple method while
simplifying the structure.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide a
display method and device capable of implementing various
hues and/or transmittance within the same pixel by a simple
method and structure.

[0007] Another object of the present invention is to provide
a display method and device capable of tuning various hues,
transmittance, brightness and/or chroma by a simple method
and structure.

[0008] Still another object of the present invention is to
provide a display method and device capable of improving
intensity of a light wavelength reflected from particles by
more regularly arranging inter-particle distances.

[0009] Still yet another object of the present invention is to
provide a machine readable storage medium on which a pro-
gram code executing processes of the display method is
recorded.

[0010] According to an embodiment of the present inven-
tion, there is provided a display method applying an electric
field through an electrode to a display unit including a solu-
tion, in which particles are dispersed in the solvent, and
controlling at least one of the intensity, direction, application
frequency, application time and application location of the
electric field to control at least one of the interval, location and
arrangement of the particles, wherein the display method is
implemented to selectively switch, within a same pixel of the
display unit, between a first mode for controlling a wave-
length of light reflected from the particles whose distances are
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controlled by controlling inter-particle distances; and a sec-
ond mode for displaying at least one color of the particles, the
solvent, the solution and the electrode by controlling the
location of the particles.

[0011] According to another embodiment of the present
invention, there is provided a display method applying an
electric field through an electrode to a display unit including
a solution, in which particles are dispersed in the solvent, and
controlling at least one of the intensity, direction, application
frequency, application time and application location of the
electric field to control at least one of the interval, location and
arrangement of the particles, wherein the display method is
implemented to selectively switch, within a same pixel of the
display unit, between a first mode for controlling a wave-
length of light reflected from the particles whose distances are
controlled by controlling inter-particle distances; and a sec-
ond mode for tuning transmittance of light transmitting the
solution by controlling the distance, location or arrangement
of'the particles.

[0012] According to another embodiment of the present
invention, there is provided a display method applying an
electric field through an electrode to a display unit including
a solution, in which particles are dispersed in the solvent, and
controlling at least one of the intensity, direction, application
frequency, application time and application location of the
electric field to control at least one of the interval, location and
arrangement of the particles, wherein the display method is
implemented to selectively switch, within a same pixel of the
display unit, between a first mode for displaying at least one
color of the particles, the solvent, the solution and the elec-
trode by controlling the location of the particles; and a second
mode for tuning transmittance of light transmitting the solu-
tion by controlling the distance, location or arrangement of
the particles.

[0013] According to another embodiment of the present
invention, there is provided a display method applying an
electric field through an electrode to a display unit including
a solution, in which particles are dispersed in the solvent, and
controlling at least one of the intensity, direction, application
frequency, application time and application location of the
electric field to control at least one of the interval, location and
arrangement of the particles, wherein the display method is
implemented to selectively switch, within a same pixel of the
display unit, between a first mode for controlling a wave-
length of light reflected from the particles whose distances are
controlled by controlling the location of the particles; a sec-
ond mode for displaying at least one color of the particles, the
solvent, the solution and the electrode by controlling the
location of the particles; and a third mode for tuning trans-
mittance of light transmitting the solution by controlling the
distance, location or arrangement of the particles.

[0014] According to another embodiment of the present
invention, there is provided a display device, including: a
display unit including a solution in which particles between
two electrodes opposite to each other are dispersed in the
solvent, at least one of the two electrodes being transparent;
and a control unit for controlling at least one of the intensity,
direction, application frequency, application time and appli-
cation location of an electric field applied to the electrodes to
control at least one of the interval, location and arrangement
of the particles, wherein the control unit is implemented to
selectively switch, within a same pixel ofthe display, between
a first mode for controlling a wavelength of light reflected
from the particles whose distances are controlled by control-
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ling inter-particle distances; and a second mode for display-
ing at least one color of the particles, the solvent, the solution
and the electrode by controlling the location of the particles.
[0015] According to another embodiment of the present
invention, there is provided a display device including: a
display unit including a solution in which particles between
two electrodes opposite to each other are dispersed in the
solvent, at least one of the two electrodes being transparent;
and a control unit for controlling at least one of the intensity,
direction, application frequency, application time and appli-
cation location of an electric field applied to the electrode to
control at least one of the interval, location and arrangement
of the particles, wherein the control unit is implemented to
selectively switch, within a same unit pixel of a display unit,
between a first mode for controlling a wavelength of light
reflected from the particles whose distances are controlled by
controlling inter-particle distances; and a second mode for
tuning transmittance of light transmitting the solution by
controlling the distance, location or arrangement of the par-
ticles.

[0016] According to another embodiment of the present
invention, there is provided a display device including: a
display unit including a solution in which particles between
two electrodes opposite to each other are dispersed in the
solvent, at least one of the two electrodes being transparent;
and a control unit for controlling at least one of the intensity,
direction, application frequency, application time and appli-
cation location of the electric field to control at least one of the
interval, location and arrangement of the particles, the control
unit is implemented to selectively switch, within a same unit
pixel of a display unit, between a first mode for displaying at
least one color of the particles, the solvent, the solution and
the electrode by controlling the location of the particles; and
a second mode for tuning transmittance of light transmitting
the solution by controlling the distance, location or arrange-
ment of the particles.

[0017] According to another embodiment of the present
invention, there is provided a display device, including: a
display unit including a solution in which particles between
two electrodes opposite to each other are dispersed in the
solvent, at least one of the two electrodes being transparent;
and a control unit for controlling at least one of the intensity,
direction, application frequency, application time and appli-
cation location of an electric field applied to the electrode to
control at least one of the interval, location and arrangement
of the particles, wherein the control unit is implemented to
selectively switch, within a same unit pixel of a display unit,
between a first mode for controlling a wavelength of light
reflected from the particles whose distances are controlled by
controlling inter-particle distances; a second mode for dis-
playing at least one color of the particles, the solvent, the
solution and the electrode by controlling the location of the
particles; and a third mode for tuning the transmittance of
light transmitting the solution by controlling the distance,
location or arrangement of the particles.

[0018] According to another embodiment of the present
invention, there is provided a machine readable storage
medium stored with a program code read by a machine and
applying an electric field through an electrode to a display
unit including a solution in which particles are dispersed in
the solvent and controlling at least one of the intensity, direc-
tion, application frequency, application time and application
location of the electric field to control at least one of the
interval, location and arrangement of the particles, wherein
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the program code is implemented to selectively switch,
within a same unit pixel of a display unit, between a first mode
for controlling a wavelength of light reflected from the par-
ticles whose distances are controlled by controlling inter-
particle distances; and a second mode for displaying at least
one color of the particles, the solvent, the solution and the
electrode by controlling the location of the particles.

[0019] According to another embodiment of the present
invention, there is provided a machine readable storage
medium stored with a program code read by a machine and
applying an electric field through an electrode to a display
unit including a solution in which particles are dispersed in
the solvent and controlling at least one of the intensity, direc-
tion, application frequency, application time and application
location of the electric field to control at least one of the
interval, location and arrangement of the particles, wherein
the program code is implemented to selectively switch,
within a same unit pixel of a display unit, between a first mode
for controlling a wavelength of light reflected from the par-
ticles whose distances are controlled by controlling inter-
particle distances; and a second mode for tuning transmit-
tance of light transmitting the solution by controlling the
distance, location or arrangement of the particles.

[0020] According to another embodiment of the present
invention, there is provided a machine readable storage
medium stored with a program code read by a machine and
applying an electric field through an electrode to a display
unit including a solution in which particles are dispersed in
the solvent and controlling at least one of the intensity, direc-
tion, application frequency, application time and application
location of the electric field to control at least one of the
interval, location and arrangement of the particles, wherein
the program code is implemented to selectively switch,
within a same unit pixel of a display unit, between a first mode
for displaying at least one color of the particles, the solvent,
the solution and the electrode by controlling the location of
the particles; and a second mode for tuning transmittance of
light transmitting the solution by controlling the distance,
location or arrangement of the particles.

[0021] According to another embodiment of the present
invention, there is provided a machine readable storage
medium stored with a program code read by a machine and
applying an electric field through an electrode to a display
unit including a solution in which particles are dispersed in
the solvent and controlling at least one of the intensity, direc-
tion, application frequency, application time and application
location of the electric field to control at least one of the
interval, location and arrangement of the particles, wherein
the program code is implemented to selectively switch,
within a same unit pixel of a display unit, between a first mode
for controlling a wavelength of light reflected from the par-
ticles whose distances are controlled by controlling inter-
particle distances; a second mode for displaying at least one
color of the particles, the solvent, the solution and the elec-
trode by controlling the location of the particles; and a third
mode for tuning transmittance of light transmitting the solu-
tion by controlling the distance, location or arrangement of
the particles.

[0022] Each ofthe following embodiments may be applied
to all of the display method, the display device and the storage
medium.
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[0023] In one embodiment, the switching between the
modes may be performed by changing at least one of the
intensity, direction, application frequency and application
location of the electric field.

[0024] In one embodiment, DC electric field and AC elec-
tric field may be mixed sequentially or simultaneously and
applied.

[0025] In one embodiment, the electrode may be divided
into a large electrode and a local electrode so as to be electri-
cally isolated from each other.

[0026] In one embodiment, in order to control the location
of' the particles, the particles charged with electric charges of
a same sign may be used.

[0027] Inone embodiment, in order to control the location
of the particles, the particles having different dielectric con-
stant from the solvent is used and a non-uniform electric field
may be applied to the display unit.

[0028] In one embodiment, in order to tune the transmit-
tance of light, a wavelength of light reflected from the par-
ticles may be controlled beyond a visible spectrum.

[0029] In one embodiment, in order to tune the transmit-
tance of light, the particles charged with electric charges of a
same sign is used and the electric field is locally applied to the
display unit, and thus, the particles are locally moved by
electrophoresis.

[0030] In one embodiment, in order to tune the transmit-
tance of light, the particles having different dielectric con-
stant from the solvent is used and a non-uniform electric field
is applied to the display unit.

[0031] Inoneembodiment, the particles may be arranged in
a direction parallel to the direction of the electric field by
electrorheology to tune the transmittance.

[0032] In one embodiment, at least one of the particles,
solvent and solution has a variable electrical polarization
characteristic, which is a characteristic that an amount of
electrical polarization induced according to the change of the
applied electric field is changed.

[0033] Inoneembodiment, at least one of the particles, the
solvent and the solution may be electrically polarized by at
least one of electronic polarization, ionic polarization, inter-
facial polarization and rotational polarization.

[0034] In one embodiment, the solvent may be a material
including a polarization index of 1 or more.

[0035] Inone embodiment, the solvent may include propy-
lene carbonate.
[0036] In one embodiment, the particles may include a

ferroelectric or superparaelectric material.

[0037] Inone embodiment, the particles may include inor-
ganic compounds including at least one of Ti, Zr, Ba, Si, Au,
Ag, Fe, Ni and Co or organic compounds including carbon.
[0038] Inoneembodiment, the particles may have the elec-
tric charges of a same sign, and as the electric field is applied,
the inter-particle distances may be reached within the specific
range by mutually applying electrophoresis force acting to
the particles proportional to the intensity of electric field,
electrostatic attraction acting between the particles by the
variable electrical polarization characteristic and electrostatic
repulsion acting between the particles having the electric
charges of the same sign act mutually so that the inter-particle
distances are reached within a specific range, and thus, light
having a specific wavelength is reflected from the particles.
[0039] In one embodiment, the particles may show a
mutual steric effect, and as the electric field is applied, the
electrostatic attraction acting between the particles by the
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variable electrical polarization characteristic and steric hin-
drance repulsion acting between the particles may acts on
each other so that the inter-particle distances are reached
within a specific range, and thus, light having a specific wave-
length is reflected from particles.

[0040] In one embodiment, when the electric field is
applied, the particles may be arranged within the solvent with
having a three-dimensional short range ordering.

[0041] In one embodiment, the wavelength of light
reflected from the particles may become short as the intensity
of the electric field is increased.

[0042] Inone embodiment, a possible wavelength range of
light reflected from the particles may be at least one of infra-
red, visible and ultraviolet spectrums.

[0043] Inone embodiment, at least one of the particles, the
solvent and the electrode may have at least one component of
materials having pigments, dyes and structural colors.
[0044] Inone embodiment, each ofa plurality of pixels may
be independently driven by independently applying the elec-
tric field to each of the plurality of pixels.

[0045] Inoneembodiment, the particles and solvent may be
encapsulated by a light transmissive material or may be par-
titioned by an insulating material.

[0046] Inoneembodiment,the particles and solvent may be
dispersed in a medium made of a light transmissive material.
[0047] Inone embodiment, the solution may be a gel type.
[0048] In one embodiment, although the electric field is
removed after a specific color or transmittance is displayed by
applying the electric field to the solution, the specific color or
transmittance is maintained for a predetermined time.
[0049] In one embodiment, a unit pixel, in which the
switching between the modes is performed, is vertically
stacked in a plural number and the modes may be indepen-
dently implemented within each stacked unit pixel.

[0050] In one embodiment, a unit pixel, in which the
switching between the modes is performed, may be horizon-
tally arranged in a plural number and the modes may be
independently implemented within each arranged unit pixel.
[0051] In one embodiment, the electric field is applied to
the particles or the solvent, and then, the interval, location or
arrangement may be reset by applying the electric field in an
opposite direction to the electric field.

[0052] Inoneembodiment, the display method may further
include prior to applying the electric field, applying standby
electric field so as to maintain the distance, location or
arrangement of the particles to be previously set interval,
location or arrangement.

[0053] In one embodiment, a capacitor is connected to the
display unit, so that electric charges may be charged in the
capacitor when the voltage is applied, when the voltage
applied to the display unit is blocked, voltage may be applied
to the display unit using the electric charges charged in the
capacitor.

[0054] In one embodiment, it may control brightness or
chroma of a color displayed by controlling at least one of a
display area, display time and transmittance of light.

[0055] In one embodiment, the electric field is applied to
first and second particles having electric charges of different
signs so that the distance, location or arrangement of first
particles and the distance, location or arrangement of second
particles may be independently controlled.

[0056] Inone embodiment, energy may be generated using
light incident to the particles and the solvent, and the electric
field may be applied by using the generated energy.



US 2012/0188295 Al

[0057] In one embodiment, an emissive display means is
used to implement the mode or the emissive display means is
used by being combined with the mode.

[0058] In one embodiment, the light reflected from the
particles, the solvent, or the electrode or the light transmitting
the particles, the solvent, or the electrode may be displayed
through a color filter connected to the electrode.

[0059] In one embodiment, the particles and the electrode
may each be white and black or may each be black and white.
[0060] In one embodiment, the mode for controlling the
wavelength of light reflected by controlling the inter-particle
distances may have a magnitude in the applied voltage
smaller than that of the mode for tuning the transmittance of
light by controlling the arrangement of the particles.

[0061] Inoneembodiment, as the applied voltage becomes
larger, inter-particle attraction by a variable electrical polar-
ization characteristic may become large so that inter-particle
repulsion may be disregarded.

[0062] Inoneembodiment, the arrangement of the particles
is controlled so that inter-particle attraction by the variable
electrical polarization characteristic may become larger than
the inter-particle repulsion in the mode for tuning the trans-
mittance of light.

[0063] Inoneembodiment,the transmittance may be varied
continuously or in an analog method.

[0064] As set forth above, the embodiments of the present
invention can implement various hues or continuous hues
and/or transmittance within the same unit pixel by the simple
structure.

[0065] In addition, the embodiments of the present inven-
tion can control various hues, transmittance, chroma and/or
brightness by the simple structure.

[0066] Further, the embodiments of the present invention
can implement the hues of the continuous wavelength by
reflecting the light of the continuous wavelength rather than
implementing the hues by the mixing of R, G and B.

[0067] Also, the display method in accordance with one
embodiment of the present invention can simultaneously sat-
isfy the large area display, the simple display method, the
continuous hue implementation, the use in the flexible display
region and the display of the low power consumption.
[0068] Moreover, the embodiments of the present invention
can provide the display method and device having the excel-
lent viewing angle characteristic and response time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] The above and other objects and features of the
present invention will become apparent from the following
description of the preferred embodiments, given in conjunc-
tion with the accompanying drawings, in which:

[0070] FIGS. 1 and 2 are views illustrating the configura-
tion of particles contained in a display device in accordance
with one embodiment of the present invention;

[0071] FIG. 3 is a view illustrating the configuration of
polarization of particles or solvent upon application of an
electric field in accordance with one embodiment of the
present invention;

[0072] FIG. 4 is a view illustrating unit polarization char-
acteristic exhibited by the asymmetrical arrangement of mol-
ecule in accordance with one embodiment of the present
invention;

[0073] FIG. 5 is a view illustrating hysteresis curves of a
paraelectric material, a ferroelectric material and a super-
paraelectric material;
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[0074] FIG. 6 is a view illustrating a material having a
perovskite structure that may be included in the particles or
the solvent in accordance with one embodiment of the present
invention;

[0075] FIG. 7 is a view conceptually illustrating a configu-
ration of controlling inter-particle distances in accordance
with a first embodiment of a first mode of a display device of
the present invention;

[0076] FIG. 8 is a view conceptually illustrating a configu-
ration of controlling inter-particle distances in accordance
with a second embodiment of the first mode of the display
device of the present invention;

[0077] FIGS. 9 and 10 each are views conceptually illus-
trating the configuration of the display device accordance
with the first and second embodiments of the first mode of the
display device of the present invention;

[0078] FIG. 11 is a view exemplarily illustrating the con-
figuration of the first mode in accordance with one embodi-
ment of the present invention;

[0079] FIG. 12 is a view exemplarily illustrating a configu-
ration of a second mode of the display device in accordance
with one embodiment of the present invention;

[0080] FIG. 13 is a view exemplarily illustrating the con-
figuration of the second mode of the display device in accor-
dance with one embodiment of the present invention;

[0081] FIG. 14 is a view exemplarily illustrating a configu-
ration of a third mode of the display device in accordance with
one embodiment of the present invention;

[0082] FIG. 15 is a view exemplarily illustrating the con-
figuration of the display device capable of selectively per-
forming the first and second modes in accordance with one
embodiment of the present invention;

[0083] FIG. 16 is a view exemplarily illustrating the con-
figuration of the display device capable of selectively per-
forming the first mode and a third mode in accordance with
one embodiment of the present invention;

[0084] FIG. 17 is a view exemplarily illustrating the con-
figuration of the display device capable of selectively per-
forming the second and third modes in accordance with one
embodiment of the present invention;

[0085] FIG. 18 is a view exemplarily illustrating the con-
figuration of the display device capable of selectively per-
forming the first, second and third modes in accordance with
one embodiment of the present invention;

[0086] FIG. 19 is a view exemplarily illustrating the con-
figuration of the display device driven by a plurality of elec-
trodes in accordance with one embodiment of the present
invention;

[0087] FIG. 20 is a view illustrating a configuration in
which the particles and solvent included in the display device
are encapsulated in a plurality of capsules in accordance with
one embodiment of the present invention;

[0088] FIG. 21 is a view illustrating a configuration in
which particles and solvent included in the display device are
dispersed in a medium in accordance with one embodiment of
the present invention;

[0089] FIG. 22 is a view exemplarily illustrating the com-
position of a solution encapsulated with a light transmissive
medium in accordance with one embodiment of the present
invention;

[0090] FIG. 23 is a view illustrating the composition of the
particles and solvent dispersed in a medium in accordance
with one embodiment of the present invention;
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[0091] FIG. 24 is a view illustrating a configuration in
which the particles and solvent included in the display device
are partitioned into a plurality of cells in accordance with one
embodiment of the present invention;

[0092] FIGS. 25 and 26 are views exemplarily illustrating a
configuration in which the display device in accordance with
one embodiment of the present invention is combined with
each other in a vertical direction or a horizontal direction;
[0093] FIGS. 27 to 29 are views illustrating a pattern of
voltages applied to the display device in accordance with one
embodiment of the present invention;

[0094] FIG. 30 is a view exemplarily illustrating a configu-
ration of a circuit connected to a plurality of electrodes of the
display device in accordance with one embodiment of the
present invention;

[0095] FIG. 31 is a view exemplarily illustrating a configu-
ration of controlling a display area of light reflected from
particles in accordance with one embodiment of the present
invention;

[0096] FIG. 32 is a view exemplarily illustrating a configu-
ration of controlling a display time of light reflected from
particles in accordance with one embodiment of the present
invention;

[0097] FIG. 33 is a view exemplarily illustrating a configu-
ration of controlling brightness using a light tuning layer in
accordance with one embodiment of the present invention;
[0098] FIGS. 34 and 35 are views exemplarily illustrating a
configuration of the light tuning layer tuning transmittance of
light in accordance with one embodiment of the present
invention;

[0099] FIG. 36 is a view exemplarily illustrating a configu-
ration of the light tuning layer controlling a light blocking rate
in accordance with one embodiment of the present invention;
[0100] FIG. 37 is a view illustrating the configuration of a
display device for realizing a photonic crystal display using
particles having different electric charges from each other in
accordance with one embodiment of the present invention;
[0101] FIGS. 38 to 40 are views exemplarily illustrating a
configuration of patterning an electrode in accordance with
one embodiment of the present invention;

[0102] FIG. 41 is a view exemplarily illustrating the con-
figuration in which the display device in accordance with one
embodiment of the present invention includes a spacer;
[0103] FIG. 42 is a view illustrating the configuration of a
display device including a solar cell unit in accordance with
one embodiment of the present invention;

[0104] FIG. 43 is a view exemplarily illustrating a configu-
ration in which the display device in accordance with the
present invention is combined with an emissive display
device;

[0105] FIGS. 44 to 46 are graphs and photographs illustrat-
ing experimental results implementing the first mode for con-
trolling the wavelength of light reflected photonic crystals
composed of the particles by controlling the inter-particle
distances by applying the electric field when the particles
having electric charges are dispersed in a solvent having
electrical polarization characteristic in accordance with one
embodiment of the present invention;

[0106] FIGS. 47 and 48 are graphs illustrating the wave-
length of light reflected from the particles as a result of per-
forming an experiment implementing the first mode by apply-
ing an electric field when the particles having electric charges
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are dispersed in various solvents having different polarity
indices in accordance with one embodiment of the present
invention;

[0107] FIGS. 49 and 50 are graphs and photographs illus-
trating light reflected from the particles as a result of perform-
ing an experiment implementing the first mode by applying
an electric field when the particles having electric charges and
the electrical polarization characteristic are dispersed in a
solvent;

[0108] FIG. 51 is a view illustrating results performing
experiments for dependency (that is, the viewing angle of the
display device) of an observation angle of the display device
in accordance with one embodiment of the present invention;
[0109] FIG. 52 is a view illustrating experimental results of
the display device capable of selectively switching any one of
the first and second modes in accordance with one embodi-
ment of the present invention;

[0110] FIGS. 53 and 54 are views illustrating experimental
results of the display device capable of selectively switching
any one of the first and third modes in accordance with one
embodiment of the present invention;

[0111] FIGS. 55A, 55B, 55C and 56 are views illustrating
experimental results of the display device capable of selec-
tively switching any one of the second and third modes in
accordance with one embodiment of the present invention;
[0112] FIG. 57 is a view illustrating one embodiment of the
mode switching configuration in the second mode;

[0113] FIG. 58 is a view illustrating one embodiment of the
mode switching configuration in the third mode; and

[0114] FIG.59 is a graph illustrating mode implementation
and a relation among a wavelength, application voltage and
reflectance for implementing the mode switching.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0115] In the following detailed description, reference is
made to the accompanying drawings that show, by way of
illustration, specific embodiments in which the invention may
be practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the inven-
tion. It is to be understood that the various embodiments of the
invention, although different from one another, are not nec-
essarily mutually exclusive. For example, a particular feature,
structure and characteristic described herein in connection
with one embodiment may be implemented within other
embodiments without departing from the spirit and scope of
the present invention. Also, it is to be understood that the
locations or arrangements of individual elements in one
embodiment may be changed without separating the spirit
and scope of the present invention. When “in accordance with
one embodiment” or “one embodiment” generally used in the
specification appears, this is not to be construed that a shape,
a structure, a characteristic, a method, a configuration, etc.,
described in the specific one embodiment are not necessarily
applied to all the embodiments. In addition, it is not to be
construed that the shape, structure, method, configuration,
etc., described in the specific embodiment are applied only to
the specific embodiment. In addition, the shape, structure,
feature parts, characteristics, configuration, etc., used in the
specific embodiments may be combined with other embodi-
ments.

[0116] In addition, a singular form of a noun used in the
specification does not exclude a presence of a plural form.

Also, used herein, the word “comprising”, “having” and
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“including” and inflected words thereof will be understood to
imply the inclusion of stated constituents, steps, operations
and/or elements but not the exclusion of any other constitu-
ents, steps, operations and/or elements. Further, a sequence of
steps of a process used in the specification is not limited to one
described in the specification but another sequence may also
be present. Ordinal numerals used in the specification, “first”,
“second”, “third”, etc., is to differentiate components, modes
or steps from one another and does not have the meaning of
any sequence. In addition, the specific mode may be referred
to as a first mode, a second mode or a third mode. For
example, in the specification, the first mode indicates a pho-
tonic crystal reflection mode, but in claims, the first mode
may be other modes other than the photonic crystal reflection
mode. In addition, in the specification, the second mode may
indicate the unique color reflection mode, but in claims, may
be other mode other than the unique color reflection mode.
This is also applied to the third mode. That is, in order to
systemically describe the present invention, although the
specification describes each mode using the first mode as the
photonic crystal reflection mode, the second mode as the
unique color reflection mode and the third mode as the trans-
mittance tuning mode, the present invention is not limited to
the description manner.

[0117] The following detailed description is, therefore, not
to be taken in a limiting sense, and the scope of the invention
is defined only by the appended claims that should be appro-
priately interpreted along with the full range of equivalents to
which the claims are entitled. In the drawings, like reference
numerals identify identical or like elements or functions
through the several views.

[0118] Hereinafter, the configuration of the present inven-
tion will be described in detail with reference to the accom-
panying drawings so that those skilled in the art can easily
carry out the present invention.

[0119] Configuration of Display Device

[0120] A display device according to an embodiment of the
present invention can be selectively implemented so as to
switch at least two of a first mode (photonic crystal reflection
mode) for displaying a color of light reflected from photonic
crystals composed of particles, a second mode (unique color
reflection mode) for displaying a unique color such as par-
ticles, solvents, electrodes, etc., or a color of a solution due to
a scattering of particles and a third mode (transmittance tun-
ing mode) for displaying (that is, tuning the transmittance of
light) the color of light with the tuned transmittance to each
other within a display region of the display device or the same
unit pixel of a display unit by applying an electric field
through an electrode when particles are dispersed in a solvent
and controlling at least one of the intensity, direction, appli-
cation time, application frequency and application region of
an electric field to control at least one of an interval, a location
and an arrangement of particles. As can be appreciated from
the following description, the unit pixel means a minimum
display unit that can be independently controlled. That is, in
the existing display method, a red cell, a green and a blue cell
may form the single unit pixel. For example, three cells form
the single unit pixel in the method implementing colors by a
mixing of R, G and B colors. The present technology can
implement continuous colors by independently controlling
the single unit cell or the unit pixel, and therefore, unlike the
existing method, it should be noted that the unit pixel in the
specification means a minimum display unit, a display region
or a display unit, which can be independently controlled.
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[0121] Composition of Particles and Solvents

[0122] FIGS. 1 and 2 are views illustrating the configura-
tion of particles contained in a display device in accordance
with one embodiment of the present invention.

[0123] First, referring to FIG. 1, particles 110 inaccordance
with one embodiment of the present invention may be present
in a solution state by being dispersed in a solvent 120. In
accordance with one embodiment of the present invention,
the particles 110 may have positive charges or negative
charges. Therefore, when electric field is applied to the par-
ticles 110, the particles 110 may be moved (that is, electro-
phoresis) due to electrical attraction generated by electric
charges and electric field of the particles 110. In addition,
when particles 110 has electric charges of the same sign,
particles 110 may be arranged with a predetermined interval
without contacting each other due to electrical repulsion
(coulomb repulsion) therebetween by the electric charges of
the same sign. In addition, in accordance with one embodi-
ment of the present invention, the particles 110 are coated in
a polymer chain form, etc., which may be resulted in a steric
effect due to a chaotic motion, etc., of an inter-particle poly-
mer chain. Therefore, particles 110 may be arranged with a
predetermined interval without contacting each other due to
the inter-particle steric effect.

[0124] Referring to FIG. 2, the particles 110 in accordance
with one embodiment of the present invention may have a
core-shell 112 configuration made from different types of
materials as shown in FIG. 2(a), a multi-core 114 configura-
tion made from different kinds of materials as shown in FIG.
2(b), or a cluster structure 116 made from a plurality of
nano-particles as shown in FIG. 2(c¢), wherein a charge layer
118 having electric charges or a layer 118 indicating the steric
effect described above may be configured to have a structure
enclosing the particles. The particles in accordance with one
embodiment of the present invention is not limited to the
structure and therefore, one embodiment of the present inven-
tion may use various particles and forms such as a structure in
which a heterogeneous material is permeated or immersed
into core particles, a raspberry structure, etc., and may also
use a cavity structure such as a reverse photonic crystal struc-
ture.

[0125] More specifically, the particles 110 in accordance
with one embodiment of the present invention may be made
of elements, such as silicon (Si), titanium (T1), barium (Ba),
strontium (Sr), iron (Fe), nickel (Ni), cobalt (Co), lead (Pb),
aluminum (Al), copper (Cu), silver (Ag), gold (Au), tungsten
(W), molybdenum (Mo), zinc (Zn), zirconium (Zr) or a com-
pound such as oxide, nitride, etc., including the same. Also,
the particles 110 in accordance with one embodiment of the
present invention may be made of organic polymers including
at least one monomer of styrene, pyridine, pyrrole, aniline,
pyrrolidone, acrylate, urethane, thiophene, carbazole, fluo-
rene, vinylalcohol, ethylene glycol and ethoxy acrylate or
polymer materials such as PS (polystyrene), PE (polyethyl-
ene), PP (polypropylene), PVC (polyvinyl chloride) and PET
(polyethylene terephthalate).

[0126] Inaddition, the particles 110 in accordance with one
embodiment of the present invention may be made by coating
particles or a cluster having no electric charge with a material
having electric charges. Examples of these particles may
include particles whose surfaces are processed (or coated)
with an organic compound having a hydrocarbon group; par-
ticles whose surfaces are processed (or coated) with an
organic compound having a carboxylic acid group, an ester
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group and an acyl group; particles whose surfaces are pro-
cessed (or coated) with a complex compound containing
halogen (F, Cl, Br, 1, etc.) elements; particles whose surfaces
are processed (coated) with a coordination compound con-
taining amine, thiol and phosphine; and particles having elec-
tric charges generated by forming radicals on the surfaces. As
described above, the surface of the particles 110 is coated
with materials such as silica, polymer, monomer, etc., such
that the particles 110 may have high dispersibility and stabil-
ity within the solvent 120.

[0127] Meanwhile, a diameter of the particles 110 may
range from several nm to several hundred um, but the diam-
eter of the particles is not necessarily limited thereto. When
the particles are arranged at a predetermined distance by the
external electric field, the size of the particles is set to be able
to include the photonic crystal wavelength band of the visible
spectrum by the Bragg’s law in connection with the refractive
index of the particles and the refractive index of the solvent.

[0128] Meanwhile, in accordance with one embodiment of
the present invention, the particles 110 may be configured to
have a unique color, thereby reflecting light having a specific
wavelength. More specifically, the particles 110 in accor-
dance with one embodiment of the present invention may
have a specific color through an oxidation state control or a
coating such an inorganic pigment, pigment, etc. For
example, as the inorganic pigments coated on the particles
110 in accordance with one embodiment of the present inven-
tion, Zn, Pb, Ti, Cd, Fe, As, Co, Mg, Al, etc., including
chromophore may be used as a form of oxide, emulsion and
lactate and as the dyes coated on the particles 110 in accor-
dance with one embodiment of the present invention, a fluo-
rescent dye, an acid dye, a basic dye, a mordant dye, a sulfur
dye, a vat dye, a disperse dye, a reactive dye, etc., may be
used. In addition, in accordance with one embodiment of the
present invention, the particles 110 may be made of a material
having a specific structural color so as to display the specific
colors. For example, the particles such as oxide silicon
(Si0,), oxide titanium (TiO,), etc., are configured to be uni-
formly arranged in media having different refractive indices
at a predetermined distance so as to reflect light having a
specific wavelength.

[0129] Further, in accordance with one embodiment of the
present invention, the solvent 120 may also be configured to
reflect light having a specific wavelength, that is, a unique
color. More specifically, the solvent 120 in accordance with
one embodiment of the present invention may include mate-
rials having inorganic pigments, dyes or materials having a
structural color by the photonic crystal.

[0130] In addition, in accordance with one embodiment of
the present invention, the particles or the solvent include at
least one of fluorescent materials, phosphor materials, lumi-
nous materials, etc., thereby maximizing the effects of one
embodiment of the present invention.

[0131] In accordance with one embodiment of the present
invention, in order to secure colloidal stability of the particles
110 by uniformly dispersing the particles 110 in the solvent
120, surfactants such as dispersants, etc., may be added to the
solvent 120 so that the particles 110 are stably dispersed
within the solvent 120 or a difference in a specific gravity
between the particles 110 and the solvent 120 may be a
predetermined value or less. Further, the viscosity of the
solvent 120 may be a predetermined value or more, or a value
of electrokinetic potential (that is, zeta potential) of a collide
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solution composed of the particles 110 and the solvent 120
may be a predetermined value or more.

[0132] In addition, in accordance with one embodiment of
the present invention, in order to increase the intensity of
reflected light in a visible light region generated through a
predetermined arrangement of the particles 110 within the
solvent 120 when an electric field is applied, a difference in
refractive indices between the solvent 120 and the particles
110 may be a predetermined value or more and the size of the
particles 110 may be set to be the size of the particles of the
photonic crystal wavelength band of the visible light region in
connection with the refractive index of the particles and the
refractive index of the solvent by the Bragg’s Law.

[0133] For example, an absolute value of the electrokinetic
potential of the collide solution may be 10 mV or more, the
difference in specific gravity between the particles 110 and
the solvent 120 may be 5 or less, and the difference in the
refractive index between the particles 110 and the solvent 120
may be 0.3 or more, and the size of the particles may be a
range from 100 nm to 500 nm, but are not limited thereto.

[0134] Inter-Particle Attraction: Electrical Polarization
Characteristic
[0135] In addition, in accordance with one embodiment of

the present invention, the solution including the solvent, in
which the particles included in the display device are dis-
persed, may have variable electrical polarization characteris-
tic, which is a characteristic that an amount of electrical
polarization varies when the electric field is applied. In the
electrical polarization characteristic of the solution, at least
one of the particles or the solvent configuring the solution
may indicate the electrical polarization characteristic or the
electrical polarization characteristic may occur due to the
interaction between the particles and the solvent within the
solution. Further, the solution (composed of the particles and
solvent) indicating the electrical polarization characteristic
may include a material which is electrically polarized with
any one of electronic polarization, ionic polarization, interfa-
cial polarization or rotational polarization due to asymmetri-
cal charge distribution of atoms or molecules as an external
electric field is applied.

[0136] Therefore, at least one of the particles or the solvent
or the solution composed thereof in accordance with one
embodiment of the present invention may cause the electrical
polarization when the electric field is applied and the induced
electrical polarization may be changed as the intensity or
direction of applied electric field is changed. The character-
istics of changing the electrical polarization according to the
change in the electric field may be the variable electrical
polarization characteristic. In one embodiment of the present
invention, it is more preferable to increase the electrical polar-
ization induced when the electric field is applied. The reason
is that the inter-particle distances may be more uniformly
arranged by more greatly applying the inter-particle interac-
tion force by the electrical polarization of at least one of the
particles, the solvent and the solution.

[0137] FIG. 3 is a view illustrating the configuration of
polarization of particles or solvent upon application of an
electric field in accordance with one embodiment of the
present invention.

[0138] Referring to FIGS. 3(a) and 3(b), when the external
electric field is not applied, the particles or the solvent main-
tains an electrical equilibrium state, such that the electrical
polarization characteristic is not shown, but when the external
electric field is applied, the polarization is induced as the
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electric charges within the particles or the solvent moves in a
predetermined direction, such that the particles or the solvent
may be polarized. FIGS. 3(¢) and 3(d) show the case in which
unit polarization is generated by electrically asymmetric
components composing the particles or the solvent. If no
external electric field is applied, the unit polarization is
arranged chaotically, such that the whole electrical polariza-
tion is not shown or shows a small value. Whereas, if the
external electric field is applied, the particles or the solvent
having the unit polarization may be re-arranged in a prede-
termined direction along the direction of the external electric
field and, thus, may show a relatively large polarization value
as compared with the case of FIG. 3(b) where the electric field
is applied when the unit polarization is not generally present.
In accordance with one embodiment of the present invention,
the unit polarization shown in FIGS. 3(c) and 3(d) may occur
in the asymmetrical arrangement of electrons or ions or the
asymmetrical structure of molecules. When no external elec-
tric field is applied, a very small remnant polarization value
may be shown as well due to this unit polarization.

[0139] FIG. 4 is a view illustrating unit polarization char-
acteristic exhibited by the asymmetrical arrangement of mol-
ecule in accordance with one embodiment of the present
invention. More specifically, FIG. 4 illustrates the case of
water molecules (H20). In addition to the water molecules,
trichloroethylene, carbon tetrachloride, di-iso-propyl ether,
toluene, methyl-t-bytyl ether, xylene, benzene, diethyl ether,
dichloromethane, 1,2-dichloroethane, butyl acetate, iso-pro-
panol, n-butanol, tetrahydrofuran, n-propanol, chloroform,
ethyl acetate, 2-butanone, dioxane, acetone, methanol, etha-
nol, acetonitrile, acetic acid, dimethylformamide, dimethyl
sulfoxide, propylene carbonate, N,N-Dimethylformamide,
Dimethyl Acetamide, N-Methylpyrrolodone, etc., may be
employed as the material constituting the particles or solvent
because they represent the unit polarization characteristic due
to the asymmetry of a molecular structure. For reference, the
polarity index used to compare the polarization characteris-
tics of materials is an index that shows the relative degree of
polarization of a given material with respect to the polariza-
tion characteristic of water (H,O). In accordance with one
embodiment of the present invention, the solvent may include
materials whose polarity index is 1 or more.

[0140] Moreover, the particles or solvent in accordance
with one embodiment of the present invention may include a
ferroelectric material, which shows a large increase in polar-
ization by further causing the electrical polarization of ions or
atoms upon application of an external electric field, a remnant
polarization even without the application of an external elec-
tric field, and remnant hysteresis along the application direc-
tion of the electric field. The particles or solvent may include
a superparaelectric material, which shows a large increase of
polarization by further causing the polarization of ions or
atoms upon application of an external electric field but shows
no remnant polarization and no remnant hysteresis when no
external electric field is applied. Referring to FIG. 5, it can be
seen that there are hysteresis curves which are obtained
according to the external electric fields of a paraelectric mate-
rial 510, the ferroelectric material 520 and the superparaelec-
tric material 530.

[0141] Further, the particles or solvent in accordance with
one embodiment of the present invention may include a mate-
rial having a perovskite structure. Examples of materials hav-
ing a perovskite structure, such as ABO;, may include mate-
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rials such as PbZrO;, PbTiO;, Pb(Zr, T1)O;, SrTiO;, BaTiO;,
(Ba, Sr)TiO,, CaTiO;, LiNbO;, etc.

[0142] FIG. 6 is a view illustrating a material having a
perovskite structure that may be included in the particles or
solvent in accordance with one embodiment to of the present
invention. Referring to FIG. 6, the location of Zr (or Ti) in
PbZrO3 (or PbTiO;) (i.e., B in an ABO; structure) may vary
with the direction of the external electric field applied to
PbZrO; (or PbTiO,;), and thus, the overall polarity of PbZrO;
(or PbTiO;) may be changed. Therefore, the asymmetrical
electron distribution is formed by a movement of atoms or
ions so that unit polarization is may be formed. When the unit
polarization is present, a larger variable electrical polariza-
tion value may be induced when the external electric field is
applied, as compared with the case in which only the electron
polarization is present.

[0143] In addition, in accordance with one embodiment of
the present invention, the reflected light tuning and transmit-
tance tuning effect of one embodiment of the present inven-
tion may be maximized as the inter-particle arrangement is
better. Therefore, the effect of one embodiment of the present
invention may be maximized by using a fluid showing an
electro-rheology (ER) characteristic by dispersing the fine
particles in an insulator fluid or a fluid showing a giant elec-
tro-theology (GER) such as ferroelectric particles coated
with an insulator.

[0144] In addition, in describing an aspect of the electrical
polarization, as a first example, at least one of each molecule
and each particle of the solvent does not any electrical polar-
ization when the electric field is not applied, but at least one of
each molecule and each particle of the solvent is electrically
polarized when the electric field is applied. Thereby, at least
one of a total of electric polarization of particles and a total
electric polarization of the solvent may be increased. In a
second example, when the electric field is not applied, at least
one of each molecule and each particle of the solvent is
electrically polarized, but at least one of the total of electrical
polarization of the solvent and the total electrical polarization
of particles becomes zero and when the electric field is
applied, at least one of the total of electric polarization of
particles and the total of electric polarization of the solvent
may be increased. In a third example, when the electric field
is not applied, at least one of each molecule and each particle
of'the solvent is electrically polarized and at least one of the
total of electrical polarization of the solvent and the total
electrical polarization of particles has a first value, which is
not zero, and when the electric field is applied, at least one of
the total of electric polarization of particles and the total of
electric polarization of the solvent may have a second value
larger than the first value.

[0145] Inter-Particle Repulsion: Coulomb Effect or Steric
Effect
[0146] In accordance with one embodiment of the present

invention, the surfaces of the particles included in the display
device are charged with electric charges of the same sign such
that coulomb repulsion is formed on the particles or the sur-
faces of the particles are provided with a steric structure, etc.,
such as a polymer chain structure, a functional group, a sur-
factant, etc., thereby forming the steric hindrance repulsion.
[0147] In addition, in accordance with one embodiment of
the present invention, in order to maximize the inter-particle
repulsion, the coulomb repulsion and the steric hindrance
repulsion may also be simultaneously induced by charging
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the particles with electric charges of the same sign and coat-
ing the particles in the steric structure form.

[0148] Further, in accordance with one embodiment of the
present invention, the particles include electrically polarized
materials. As a result, an electrophorectic effect may be mini-
mized due to the weakly charged charges although the inter-
particle steric hindrance repulsion is present through the par-
ticle surface treatment, such that the particles or the solution
has the electrical polarization changed according to the exter-
nal electric field, thereby effectively generating the inter-
particle short range attraction and the inter-particle short
range steric hindrance repulsion is effectively generated by
the steric structure formed through the particle surface treat-
ment. Further, it becomes possible to minimize a phenom-
enon that the particles charged by the long range electro-
phorectic force due to the external electric field are collected
to the electrode. That is, the electric charges on the surface of
the particles are not treated, such that the electrophorectic
phenomenon of collecting the particles to any one electrode
by the external electric field may be minimized. In order to
give the steric hindrance repulsion, an organic ligand may be
treated on the surface of the particles. Further, in accordance
with one embodiment of the present invention, in order to
prevent the phenomenon that the particles charged by the
electrophoresis are collected to the electrode when the
charged particles are used, a combination of AC voltage
rather than DC voltage may also be used.

[0149] However, a composition of the particles and solvent
in accordance with one embodiment of the present invention
is not limited to the above list and therefore, but may be
appropriately changed within the range capable of achieving
the objects of the present invention, that is, the range in which
the inter-particle distances may be controlled by the electric
field.

[0150] For example, in order to maximize the effects of the
present invention, opaque is increased by increasing the dif-
ference in the refractive indices between the particles and the
solution in which the particles are dispersed to maximize the
scattered reflection (scattering) when voltage is not applied
and the reflectance of the structural color may be increased
when the structural color is exhibited by applying voltage.
Generally, since the refractive index of the fluid has no large
difference according to a type, a method for maximizing the
refractive index of the particles is effective and the particles
may be manufactured by a raspberry structure or a core/shell
structure, etc. in which at least two of different materials are
combined, thereby maximizing both of the above-mentioned
refractive index effect and the repulsion effect.

[0151] Operating Principle and Configuration of First
Mode (Photonic Crystal Reflection Mode)

[0152] The display device in accordance with one embodi-
ment of the present invention applies the electric field through
the electrode when particles are dispersed in the solvent and
controls the inter-particle distances by controlling at least one
of'the intensity, direction, application frequency and applica-
tion time of the electric field, thereby performing the first
mode which variably displays the color of light reflected from
the particle structure (that is, the photonic crystals formed by
maintaining particles at the predetermined distance). Herein-
after, the operating principle and configuration of the first
mode of the display device in accordance with one embodi-
ment of the present invention will be described in detail. In the
specification and claims, the first mode may often be referred
to as a photonic crystal reflection mode. Meanwhile, in the
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specification, the transmitted light may also be present in the
reflection mode (the photonic crystal reflection mode and the
unique color reflection mode (corresponding to a second
mode to be described later)). However, in one embodiment of
the present invention, since the reflected light predominantly
generated in the reflection mode is used, the use of the trans-
mitted light may be disregarded. In addition, since one pri-
marily predominantly generated in the transmittance tuning
mode that is the third mode to be described below is the
transmitted light, the use of the primarily reflected light is also
disregarded. That is, in the specification, it is apparent that the
light predominantly generated in the corresponding mode is
used. Further, as described above, in the claims, the first mode
may be a mode different from the photonic crystal reflection
mode. Thus, such a mode is for only the systematic descrip-
tion and therefore, the present invention is not limited thereto.

[0153] First, in accordance with a first embodiment of the
first mode of the display device of the present invention, when
particles having electric charges of the same sign or polarity
are dispersed in a solvent having electrical polarization char-
acteristic, if an electric field is applied to the dispersion
including the particles and solvent containing the dispersed
particles, electrical force proportional to the intensity of the
electric field and the charge amount of the particles acts on the
particles due to the electric charges of the particles. There-
fore, particles move in a predetermined direction by electro-
phoresis, thus narrowing the inter-particle distances. Mean-
while, in contrast, electrical repulsion generated between the
particles having the electric charges of the same sign or polar-
ity increases as the inter-particle distances become smaller
resulting in a predetermined equilibrium state while prevent-
ing the inter-particle distances from continuing to decrease.
Therefore, particles may be regularly arranged at a predeter-
mined distance. In addition, the solvent around the particles
charged with electric charges is electrically polarized due to
the electrical polarization characteristic and are affected to
each other and the electric polarization of the solvent are
arranged in the external electric field direction. Therefore, the
particles charged with the electric charges locally interacted
with the electrical polarization of the solvent may also be
arranged in the direction of the external electric field. That is,
the unit polarized solvent is arranged in a predetermined
direction by the externally applied electric field and the
charges of the peripheral particles. Therefore, the locally
formed polarization region is formed based on the particles,
such that the particles may be more regularly and stably
arranged while maintaining the predetermined distance. In
accordance with the first embodiment of the present inven-
tion, particles can be regularly arranged at distances where
electrical attraction (electrophorectic force) induced by an
external electric field, electrical force (coulomb repulsion)
between the particles having electric charges of the same
polarity, electrical attraction (coulomb attraction) induced by
polarization, etc., are in equilibrium. According to the above
principle, the inter-particle distances can be controlled at
predetermined distance, and the particles arranged at prede-
termined distances can function as photonic crystals. Since
the wavelength of light reflected from the regularly spaced
particles is determined by the inter-particle distances, the
wavelength of the light reflected from the particles can be
arbitrarily controlled by controlling the inter-particle dis-
tances through the control of the external electric field. Here,
a pattern of the wavelength of reflected light may be diversely
represented by the factors, such as the intensity and direction
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of'the applied electric field, the size and mass of the particles,
the refractive indices of the particles and solvent, the charge
amount of the particles, the electrical polarization character-
istic of the solvent or the particles, the concentration of the
particles dispersed in the solvent, etc.

[0154] FIG. 7 is a view conceptually illustrating a configu-
ration of controlling inter-particle distances in accordance
with a first embodiment of a first mode of a display device of
the present invention. Referring to FIG. 7, if no external
electric field is applied, unit polarized solvent 710 near par-
ticles 720 having electric charges can be intensively arranged
in the direction of the particles by interaction with the electric
charges of the particles, and the unit polarized solvent 710 can
be arranged more chaotically or randomly as its distance from
the charged particles increases (See FI1G. 7(a)). In addition,
referring to FIG. 7, if an external electric field is applied, the
unit polarized solvent 710 located in a region not affected by
the electric charges ofthe particles 720 (i.e., a region far away
from the particles 720) is re-arranged in the direction of the
electric field and the charged particles 720 may be re-ar-
ranged by the affect of the rearranged solvent. That is, the unit
polarized solvent 710 located in a region strongly affected by
electrical attraction induced by the particles charged with the
electric charges (i.e., a region closed to the particles 720) can
be arranged in a direction in which an anode or a cathode of
the unit polarization is toward the particles 720 by interaction
the electrical attraction induced by the electric charges of the
particles 720. As such, the region where the unit polarization
solvent 710 in the surrounding region of the particles 720 is
arranged toward the particles 720, i.e., a polarization region
730, acts like one large, electrically polarized particles, and
thus, can interact with other large polarization regions,
thereby enabling the particles 720 having electric charges to
be regularly arranged while maintaining a predetermined
interval or space therebetween (See FIG. 7(b)). Although
FIG. 7 shows a solvent having a remnant polarization, a
solvent having the electrical polarization characteristic
induced by the application of the electric field even when no
remnant electrode is may be also applied.

[0155] Next, in accordance with a first embodiment of the
first mode of the display device of the present invention, when
particles having electric charges of the same sign or polarity
are dispersed in a solvent having electrical polarization char-
acteristic, if an electric field is applied to the dispersion
including the particles and solvent containing the dispersed
particles, electrical force proportional to the intensity of the
electric field and the charge amount of the particles acts on the
particles due to the electric charges of the particles. There-
fore, particles move in a predetermined direction by electro-
phoresis, thus narrowing the inter-particle distances. Mean-
while, in contrast, electrical repulsion generated between the
particles having the electric charges of the same sign or polar-
ity increases as the inter-particle distances become smaller,
resulting in a predetermined equilibrium state while prevent-
ing the inter-particle distances from continuing to decrease.
Therefore, particles may be regularly arranged at a predeter-
mined distance. In addition, the particles showing the electri-
cal polarization characteristic are polarized by the electric
field and are thus polarized in the direction of the electrical
field, and thus, the electrical attraction is locally generated
among the plurality of polarized particles, such that the par-
ticles may be more regularly and stably arranged while main-
taining the predetermined distance. That is, in accordance
with the aforementioned embodiments of the display device
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of'the present invention, particles can be regularly arranged at
distances where the electrical attraction (electrophorectic
force) induced by an external electric field, electrical repul-
sion (coulomb repulsion) between the particles having elec-
tric charges of the same sign, the electrical attraction (cou-
lomb attraction) induced by polarization are in equilibrium.
According to the above principle, the inter-particle distances
can be controlled at a predetermined distance, and the par-
ticles arranged at predetermined distances can function as
photonic crystals. Since the wavelength of light reflected
from the regularly spaced particles is determined by the inter-
particle distances, the wavelength of the light reflected from
the particles can be arbitrarily controlled by controlling the
wavelength of light reflected from particles according to the
control of the inter-particle distances. Here, a pattern of the
wavelength of reflected light may be diversely represented by
the factors, such as the intensity and direction of the applied
electric field, the size and mass of the particles, the refractive
indices of the particles and solvent, the charge amount of the
particles, the electrical polarization characteristic of the par-
ticles and solvent, the concentration of the particles dispersed
in the solvent, etc.

[0156] FIG. 8 is a view conceptually illustrating a configu-
ration of controlling inter-particle distances in accordance
with a second embodiment of the first mode of the display
device of the present invention. Referring to FIG. 8, if no
external electric field is applied, particles 810 are not polar-
ized (see FIG. 8(a)). If an external electric field is applied, the
particles 810 can be electrically polarized due to the electrical
polarization characteristic of the material in the particles 810.
Accordingly, the particles 810 can be regularly arranged
while maintaining a predetermined interval or space therebe-
tween (see F1G. 8(5)).

[0157] In the first and second embodiments of the present
invention, the greater the electrical polarization value of the
solvent or particles, the higher the degree of interaction
between the polarization regions 730 or between the polar-
ized particles 810, thereby enabling the particles to be more
regularly arranged. FIG. 8 shows the particles having no
remnant polarization. However, it may be also applied to the
particles having the electrical polarization characteristic
changed by the application of the electric field even when the
remnant polarization is present.

[0158] Meanwhile, FIGS. 9 and 10 conceptually illustrate
the configuration ofthe display device in accordance with one
embodiments of the first mode of the display device in accor-
dance with one embodiment of the present invention. The
embodiments of the first mode of the display device of the
present invention were described in detail with reference to
FIGS. 7 and 8 and therefore, the additional description of
FIGS. 9 and 10 will be described.

[0159] Although the embodiment of the first mode as
described above describes the case in which the particles or
the solvent has the electrical polarization characteristic, it is
to be noted that the particles or the solvent in accordance with
one embodiment of the present invention does not necessarily
have the electrical polarization characteristic. That is, if the
particles have electric charges even when the particles or the
solvent does not have the electrical polarization characteris-
tic, particles can be regularly arranged at distances where the
electrical attraction due to the external electric field and the
electrical repulsion between particles having electric charges
of the same sign are in an equilibrium state. As such, the
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plurality of regularly arranged particles may form the photo-
nic crystals that reflect light having any wavelength.

[0160] In the first mode of the present invention, although
the inter-particle distances may be constantly maintained by
the equilibrium of attraction and repulsion acting on the par-
ticles according to the external electric field as described
above, the arrangement of the particles in accordance with the
present invention may be three-dimensionally shown in short
range ordering rather than long range ordering since the
attraction and the repulsion may eftectively act between par-
ticles in the short range but the interaction force cannot effec-
tively act between the particles above the predetermined dis-
tance. Inaddition, the reflected light that is reflected due to the
set of the short range ordering having finely different orien-
tation may show the reflected light characteristics with
greatly improved viewing angle dependency as compared
with the photonic crystal light reflected by the existing typical
photonic crystal arrangement. In addition, although the
embodiment of the first mode as described above describes
the case in which the particles have electric charges, itis to be
noted that the particles in accordance with the present inven-
tion does not necessarily have electric charges. That is, if the
particles have the electric polarization characteristic and have
the steric structure that generates the steric hindrance repul-
sion even when the particles do not have the electric charges,
particles may be regularly arranged at distances where the
electrical attraction between the adjacent particles due to the
electrical polarization induced by an external electric field
and the repulsion due to the steric effect are in an equilibrium
state. As such, the plurality of regularly arranged particles
may form the photonic crystals that reflect light having any
wavelength. In other words, if particles exhibit the mutual
steric effect, the electrostatic attraction acting between the
particles by the variable electrical polarization characteristic
and the steric hindrance repulsion acting between the par-
ticles acts on each other according to the application of the
electric field, such that the inter-particle distances reach a
specific range. Further, the light having the specific wave-
length is reflected from particles as the inter-particle distances
reach the specific range, thereby implementing the specific
hue.

[0161] FIG. 11 is a view exemplarily illustrating the con-
figuration of the first mode in accordance with one embodi-
ment of the present invention. Referring to FIG. 11, as the
intensity of applied electric field is increased, the inter-par-
ticle distances of the particles 1112 becomes narrow, and
thus, the wavelength of light reflected from the photonic
crystals composed of the particles 1112 may become short.
Therefore, the wavelength range of light reflected from the
particles 1112 may be continuously controlled by controlling
the intensity and direction of the electric field. Meanwhile,
FIG. 11 shows a case in which a lower electrode is divided
into a large electrode and a small electrode, but the present
invention is not limited thereto and therefore, the lower elec-
trode may be integrally formed. That is, the electrode may be
divided or integrated according to each embodiment. It can be
understood based on the following description that the elec-
trode may need to be integrated and the electrode may need to
be divided in some mode switching embodiments. For refer-
ence, in case of one specific mode switching, since the
embodiment of the present invention switches modes in the
same unit pixel, it is apparent that the structure of the corre-
sponding electrode is not changed.
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[0162] Further, the voltage applied to implement the first
mode may be DC voltage or AC voltage or AC voltage includ-
ing DC components. Both of the electrical polarization char-
acteristic or the variable electrical polarization characteristic
as described above may be generated when the AC voltage or
DC voltage is applied. In particular, when the DC voltage is
applied to the charged particles, the particles charged by the
electrophoresis moves to the electrode applied with opposite
electric charges, and thus, the electric charges are concen-
trated to the electrode. As a result, the particles are subjected
to the gradually changing electrophorectic force since the
screen phenomenon induced by the concentrated electric
charges affects other particles. Consequently, the particles
may be maintained at a gradually changing distance in the
direction of the electric field and have short range regularity
rather than long range regularity, thereby configuring the
display unit having the excellent viewing angle. The viewing
angle characteristics will be described below.

[0163] In addition, the drawings of the present invention
show that the particles are chaotically dispersed to show the
solution color when voltage is not applied. However, if the
concentration of the particles is higher than the predeter-
mined value and the inter-particle interaction force is suffi-
cient even when the voltage is not applied, then the specific
distance may be maintained by the inter-particle interaction
without applying the voltage.

[0164] Operating Principle and Configuration of Second
Mode (Unique Color Reflection Mode)

[0165] In accordance with a display device of a second
mode of the present invention, a location of particles can be
controlled by applying an electric field through an electrode
when the particles are dispersed in a solvent and controlling at
least one of the intensity, direction, application time, appli-
cation frequency and application region of the electric field,
such that a color of a solution or a color of an electrode is
variably displayed due to a unique color or a holding color of
the particles or the solvent or the light scattering of the par-
ticles. However, in the specification and claims, when the
electrode is a transparent electrode, the electrode color indi-
cates a color that is shown by a material under the transparent
electrode and second mode may be referred to as a unique
color reflection mode or a holding color reflective mode. In
this case, the unique color may mean a color reflected when a
material of the particles, the solvent or the electrode irradiates
white light.

[0166] The second mode of the display device in accor-
dance with one embodiment of the present invention may be
implemented by moving the particles having electric charges
by using electrophoresis (EP) or moving the particles having
predetermined dielectric constant different from the solvent
by using dielectrophoresis (DEP). The electrophoresis and
dielectrophoresis phenomenon may be more efficiently gen-
erated when DC voltage is applied to the dispersed solvent.
[0167] First, the embodiment implementing the second
mode of the display device in accordance with the present
invention using the electrophoresis will be described below.
[0168] First, in accordance with the second mode of the
display device in accordance with the present invention, when
particles having electric charges of the same sign or polarity
are dispersed in a solvent, if an electric field is applied to the
dispersion including the particles and solvent containing the
dispersed particles, electrical attraction proportional to the
intensity of the electric field and the charge amount of the
particles acts on the particles due to the electric charges of the
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particles. Therefore, particles move in a predetermined direc-
tion by electrophoresis. In this case, when voltage is locally
applied only to a portion of the electrode or voltage of a
predetermined voltage or more is applied thereto, particles do
not form the photonic crystals as in the first mode and moves
toward the local area of the electrode applying the electric
field.

[0169] FIG.12is a view exemplarily illustrating a configu-
ration of a second mode of the display device in accordance
with one embodiment of the present invention.

[0170] Referring to FIG. 12, when the electric field is not
applied, the particles are irregularly dispersed in the solvent,
and thus, the color of the solution in which the unique colors
of' the particles and solvent are mixed may be displayed (see
FIG. 12(a)) (that is, referred to as the solution color reflection
mode in which the color of the color is indicated by the light
scattering by the particles); the particles 1212 move toward an
observer, thatis, an upper electrode 1230, and thus, the unique
color of the particles 1212 may be displayed (see FIG. 12(5))
(referred to as the particle color reflection mode); the particles
1212 may move toward a first lower electrode 1240 (referred
to as a large electrode) that is opposite to the observer and has
a wide area, and thus, the unique color of the solvent 1220
may be displayed (see FIG. 12(¢)) (referred to as the solvent
color reflection mode) instead of displaying the unique color
of the particles 1212; and the particles 1212 moves toward a
second lower electrode 1250 (referred to as local electrode or
small electrode) that is opposite to the observer and has a
narrow area, and thus, the unique color of the first lower
electrode 1240 may be displayed when the first lower elec-
trode 1240 having a wide area is exposed (see FIG. 12(d))
(referred to as the electrode color reflection mode). When the
first lower electrode 1240 is transparent, the color of the
material under the lower electrode displayed through the
transparent lower electrode is referred to as the electrode
color. Meanwhile, FIG. 12 shows that the lower electrode is
divided into the large electrode 1240 and the small electrode
or a local electrode 1250, but in the solution color reflection
mode, the particle color reflection mode and the solvent color
reflection mode corresponding to FIGS. 12(a), 12(b) and
12(c), the lower electrode may be formed in the integrated
structure. In addition, in the drawing, the small electrode or
the local electrode 1250 are exaggeratedly shown for the
convenience of explanation but is very small compared with
the large electrode 1240 next thereto. Therefore, when being
viewed from the top, it looks like that the large electrode
covers all of the lower electrode. In addition, although the
specification shows the configuration in which the lower elec-
trode is divided into the large electrode and the small elec-
trode, the configuration in which the upper electrode is
divided into the large electrode and the small electrode may
also be considered. For example, when the upper electrode is
divided into the large electrode and the small electrode, the
particle color reflection mode may be implemented by apply-
ing voltage to only the large electrode, or the electrode color
reflection mode may be implemented only by applying volt-
age to only the small electrode. In other words, the embodi-
ment implementing the unique color reflection mode of the
present invention is not limited to FIG. 12 and therefore, may
be diversely changed.

[0171] Next, the embodiment implementing the second
mode of the display to device in accordance with the present
invention using the dielectrophoresis will be described below.
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[0172] The dielectrophoresis phenomenon is a phenom-
enon that the non-charged dielectric particles disposed in the
dielectric medium applied with the non-uniform electric field
has an induced dipole moment and moves to the region in
which a gradient of the electric field is large or small by the
force applied to the dielectric particles by the difference
between the dielectric constant of the dielectric particles and
the dielectric constant of the dielectric medium. Therefore,
the dielectric particles having the dielectric constant larger
than the dielectric constant of the dielectric medium moves to
the region in which the gradient of the electric field is large
and the dielectric particles having the dielectric constant
smaller than the dielectric constant of the dielectric medium
moves to the region in which the gradient of the electric field
is small.

[0173] FIG. 13 is a view exemplarily illustrating the con-
figuration of the second mode of the display device in accor-
dance with one embodiment of the present invention.

[0174] Referring to FIG. 13, it may be assumed that the
dielectric constant of particles 1312 is larger than that of a
solvent 1314 and the lower electrode is configured by being
divided into first lower electrodes 1332 and 1335 and asecond
lower electrode 1334. Referring to FIG. 13(a), when voltage
is not applied to the electrode, and thus, an electric field is not
applied to the particles 1312 and the solvent 1314, since the
particles 1312 is irregularly dispersed within the solvent
1314, the unique color of the solution may be displayed.
Meanwhile, referring to FIG. 13(5), when voltage is applied
to first lower electrodes 1332 and 1335 and a second lower
electrode 1334, and thus, the first lower electrodes 1332 and
1335 are an electrode of a positive (+) sign and the second
lower electrode 1334 is an electrode of a negative (-) elec-
trode, the gradient of the electric field generated in the space
between the first lower electrodes 1332 and 1335 and the
second lower electrode 1334 is remarkably higher than the
gradient of the electric filed generated in another region
within the display unit, the particles 1312 moves by the
dielectrophoresis so as to be concentrated in the space
between the first lower electrodes 1332 and 1335 and the
second lower electrode 1334, such that the unique color of the
first lower electrodes 1332 and 1335 or the second lower
electrode 1334 may be displayed.

[0175] Meanwhile, the first mode described above is oper-
ated by the principle of the photonic crystals that selectively
reflect the light having the specific wavelength in light inci-
dent on the display device, such that it is not easy to imple-
ment complete white or black. Therefore, when using the
combination of white or black particles, solvent or electrode
in the second mode, white or black that is the unique color of
the particles, solvent or electrode may be completely imple-
mented, and thus, the disadvantage of the first mode as
described above may be supplemented. More specifically,
when using the white particles and the black electrode (in case
the electrode material is black or the black material is located
onthe lower portion of the transparent lower electrode), white
that is the particle color or black that is the electrode color
may be selectively implemented within the same display
region or the same unit pixel or the pixel according to the
aforementioned mode switching.

[0176] Operating Principle and Configuration of Third
Mode (Transmittance Tuning Mode)

[0177] In accordance with the third mode of the display
device of the present invention, the transmittance of light
transmitting at least one of the particles or the solvent may be
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tuned by applying an electric field through an electrode when
particles are dispersed in a solvent and controlling at least one
of the intensity, direction, application time, application fre-
quency and application region of an electric field to control at
least one of an interval, a location and an arrangement of
particles. The third mode of the display device in accordance
with the present invention may be implemented by control-
ling the wavelength of the reflected light by the photonic
crystals (photonic crystal transmittance tuning mode), mov-
ing the particles using the electrophoresis or the dielectro-
phoresis (particlephoresis transmittance tuning mode), or
controlling the arrangement state of particles (particle align-
ment transmittance tuning mode). Hereinafter, the embodi-
ment of tuning the transmittance of light using three driving
principles as described above will each be described. In the
embodiment, the third mode may be referred to as the trans-
mittance tuning mode. Further, in the transmittance tuning
mode, although the reflected light is present but the transmit-
ted light is dominantly generated, such that it is to be noted
that the light capable of being sensed by the observer is the
transmitted light.

[0178] FIG. 14 is a view exemplarily illustrating a configu-
ration of a third mode of the display device in accordance with
one embodiment of the present invention.

[0179] First, referring to FIG. 14(a), in controlling the
wavelength of light reflected from the particle structure (that
is, the photonic crystals formed by maintaining particles at
the predetermined distance) by applying the electric field
through the electrode when particles are dispersed in the
solvent and controlling at least one of the intensity and direc-
tion of the electric field to control the inter-particle distances,
the color of the display device may become transparent in the
visible region by controlling the electric field so as to be
maintained the wavelength range of light reflected from the
particles in an ultraviolet or infrared spectrum rather than in
the visible spectrum by controlling the intensity of the electric
field applied to the particles to make the inter-particle dis-
tances narrower or wider than a threshold value. That is, the
transmittance of light may be tuned by making the light,
which is reflected from the photonic crystals composed of
particles, transparent. For reference, in the present invention,
the transmittance of light mainly means the transmittance of
light in the visible light region. In the specification, such a
method may be referred to as the photonic crystal transmit-
tance tuning mode. The photonic crystal transmittance tuning
mode may be generated in both of'the DC voltage and the AC
voltage and may be more efficiently shown when the solution
in which the particles are dispersed has the aforementioned
variable electrical polarization characteristic. In one embodi-
ment, when the ferroelectric or superparaelectric particles
having the excellent electrical polarization characteristic are
used, the arrangement of the particles is more efficiently
shown due to the interaction between the electrically polar-
ized particles, thereby obtaining stronger transmittance.

[0180] Next, referring to FIG. 14(b), the corresponding
particles are concentrated on the electrode having a relatively
narrow area by applying the electric field to the particles that
move by the electrophoresis or the dielectrophoresis, such
that the light incident on the display device is not reflected or
scattered by the particles, thereby tuning the transmittance of
light. Meanwhile, although not shown in the drawing, the
transmittance may also be tuned by controlling the density in
which the particles are concentrated on the lower local elec-
trode. For example, it may also be considered the configura-
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tion of tuning the transmittance of light transmitting the par-
ticles and/or the solvent by disposing the local electrode at the
central portion of the lower electrode, and then, controlling
the density in which the particles are concentrated on the local
electrode. Such a mode may be referred to as the particle-
phoresis transmittance tuning mode in the specification. This
mode may be more efficiently made when the DC voltage is
applied and the transmittance may also be tuned according to
the application time or frequency of the DC voltage.

[0181] Next, referring to FIG. 14(c), when the electric field
is applied to the particles and solvent when particles having
the electrical polarization characteristic are dispersed in the
solvent, particles are polarized by the electric field, and thus,
may be polarized in the same direction along the direction of
the electric field. Since the electrical attraction is generated
between particles polarized in the same direction, particles
dispersed in the solvent are attracted to each other, and thus,
may be regularly arranged in a direction parallel to the direc-
tion of the electric field. Therefore, the transmittance of light
incident on the solvent and the particles can be tuned by
controlling the arrangement state of particles regularly
arranged in a direction parallel to the direction of the electric
field by controlling the intensity or direction of the electric
field. Although the drawing shows the case in which the
alignment of the particles is relatively straight, and thus, has
the excellent transmittance, it may also be considered the case
that the alignment degree of the particles has the weaker
linear shape, and thus, the transmittance becomes low. There-
fore, the present mode may be referred to as the particle
arrangement or the alignment transmittance tuning mode.
This mode may also be implemented by the DC voltage, but
it is preferred to be implemented by applying AC voltage so as
to prevent the phenomenon biased to the electrode by the
electrophoresis when the DC voltage is applied. More spe-
cifically, in the case of FIG. 14(c) controlling the arrangement
of the particles having the electric charges and using the DC
electric field, when the intensity of electric field applied to the
particles and solvent is excessively large or the electric field is
locally applied, the light having the unique color of the par-
ticles may be reflected or concentrated on one side of the
electrode by moving the particles toward the electrode due to
the electric attraction by the electrophoresis as in the second
mode, and thus, it may be preferred to uniformly apply the AC
electric field to the solution rather than DC.

[0182] Inter-Mode Switching within Same Unit Pixel or
Cell
[0183] Hereinafter, the mode switching configuration,

which is selectively implemented so that at least two of the
first, second and third modes of the present invention may be
switched to each other within the same unit pixel or cell, will
be described with reference to specific drawings.

[0184] (1) Switching Between First Mode and Second
Mode within Same Unit Pixel or Cell

[0185] FIG. 15is a view exemplarily illustrating a configu-
ration of a display device capable of being selectively per-
formed so as to switch the first and second modes to each
other within the same unit pixel or cell in accordance with one
embodiment of the present invention.

[0186] Referringto FIG.15,adisplay device 1500 in accor-
dance with one embodiment of the present invention may
include a display unit 1510 and an electrode. More specifi-
cally, the display unit 1510 may include particles 1512 that
are dispersed in a solvent 1514 and the electrode may include
an upper electrode 1530, a lower electrode 1540 and a local
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electrode 1550. In addition, the particles 1512 and the solvent
1514 included in the display unit 1510 and the lower electrode
1540 covering the bottom of the display unit 1510 may each
have a unique color. Although the display unit and the elec-
trode are separately described in the specification for descrip-
tion, it is apparent that the electrode may be included in the
display unit. That is, a person having ordinary skill in the art
to which the present invention pertains can understand that
there is no problem in carrying out the present invention even
when the display unit has a configuration including both of
the display unit and the electrode in the representation lin-
guistic aspect. In addition, although a detailed configuration
of applying the electric field to the display unit or the elec-
trode is not shown, this is a component well known to a person
having ordinary skill in the art to which the present invention
pertains. Therefore, the components are omitted herein so as
not to obscure the principle and purpose of the present inven-
tion. Importantly, a control unit for switching the modes to
each other within the unit pixel or a machine readable storage
medium including instructions corresponding to the function
of the control unit will be described in detail. In addition, a
person having ordinary skill in the art to which the present
invention pertains may understand that the unit pixel is a
minimum display unit that can be independently controlled.
In addition, in FIG. 15, the upper electrode is a transparent
electrode.

[0187] In accordance with one embodiment of the present
invention, the display device may selectively perform any one
of the first mode and the second mode within the same unit
pixel so as to be switched to each other. More specifically, the
display device in accordance with one embodiment of the
present invention can apply the electric field through the
electrode when particles are dispersed in the solvent and
control at least one of the intensity and direction of the electric
field, and thus, may control the inter-particle distances to
control the wavelength of light reflected from the photonic
crystals composed of particles (first mode) or control the
location of particles to perform a function of displaying the
hues (that is, a hue of a solution due to light scattering of
particles), particles and solvent of the solution or the unique
color ofthe electrode (second mode). Hereinafter, the color of
the solution may be considered as including the color of the
solution due to the light scattering of the particles.

[0188] First, referring to FIG. 15(a), the display device
1500 in accordance with one embodiment of the present
invention controls the inter-particle distances of the particles
1512 by controlling the intensity or direction of the DC elec-
tric field applied to the solution indicating the variable polar-
ization characteristic through electrodes 1530 and 1540,
thereby controlling the wavelength of light (that is, color)
reflected from the particles 1512 (first mode). As described in
detail with reference to the first mode, when the particles
1512 have the same electric charges, the particles 1512 may
be regularly arranged at distances where the electrical attrac-
tion due to the external electric field, the electrical repulsion
between the particles 1512 having electric charges of the
same sign, and the polarization due to the external electric
field are in an equilibrium state and the particles 1512
arranged at the predetermined distance may act as the photo-
nic crystal. Meanwhile, when the particles 1512 have the
steric hindrance capable of causing the steric hindrance
effect, the particles 1512 may be regularly arranged at dis-
tances where the repulsion between the particles due to the
steric effect and the electrical attraction due to the polariza-
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tion by the external electric field, etc., are in an equilibrium
state and the particles 1512 arranged at a predetermined dis-
tance may act as the photonic crystal. The repulsion due to the
electric charges and the repulsion effect due to the steric
hindrance may be simultaneously exhibited.

[0189] In addition, the display device 1500 in accordance
with one embodiment of the present invention controls the
inter-particle distances of the particles 1512 by controlling
the intensity, direction or AC frequency of the AC electric
field applied through the electrodes 1530 and 1540, thereby
controlling the wavelength of light (that is, color) reflected
from the particles 1512 (first mode). When the AC voltage is
applied, the inter-particle mutual attraction is generated
according to the electrical polarization generated in accor-
dance with the applied AC voltage and the mutual repulsion is
generated by electric charges equally charged on the surface
of the particles or a layer generating the inter-particle steric
effect, thereby enabling the particles so as to be maintained at
aconstant distance by the equilibrium of the attraction and the
repulsion. Therefore, when the AC voltage is applied, the
generated electrical polarization should be applied within the
frequency range that can be sufficiently changed according to
the frequency of the AC voltage.

[0190] As described above, since the wavelength of light
reflected from the particles 1512 arranged at a predetermined
distance is determined by the distance of the particles 1512,
the distance of the particles 1512 is controlled by the intensity
and direction of the electric filed applied through the elec-
trode, thereby arbitrarily controlling the wavelength of light
reflected from the particles 1512.

[0191] Next, the display device 1500 in accordance with
one embodiment of the present invention controls the inten-
sity or direction of the DC electric field applied through the
electrodes 1530, 1540 and 1550, such that the intensity of the
electric field is a specific threshold value or more, thereby
moving the particles 1512 according to the principle of the
electrophoresis or the dielectrophoresis, such that the unique
color of any one of the solutions 1512 and 1514, the particles
1512, the solvent 1514 and the lower electrode 1540 may be
displayed (second mode).

[0192] Referring to FIG. 15(5), as described in detail with
reference to the above second mode, when the electric field is
not applied or when voltage lower than the threshold value is
applied, the particles 1512 are irregularly dispersed in the
solvent 1514, and thus, the color of the solution, in which the
unique color of the particles 1512, the unique color of the
solvent 1514 and the color of light reflected or scattered from
the particles 1512 or the solvent 1514 are mixed, may be
displayed.

[0193] The mutual switching between the photonic crystal
reflection mode of FIG. 15(a) and the solution color reflection
mode of FIG. 15(b) may be implemented by the intensity of
applied voltage. That is, the applied voltage used in the pho-
tonic crystal reflection mode may be larger than the applied
voltage used in the particle color reflection mode.

[0194] Various hues may be represented by the simple
method and structure by selectively implementing the photo-
nic crystal reflection mode and the solution color reflection
mode within the same unit pixel. In the embodiment of the
switching between the photonic crystal reflection mode and
the solution color reflection mode, as shown in FIG. 15, the
lower electrode may be integrated without being divided.
[0195] Referring to FIG. 15(c), as described in detail with
reference to the second mode, when the particles 1512 have
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electric charges and the electric field is applied at the intensity
of a threshold value or more so that the upper electrode 1530
becomes the electrode of a sign opposite to the electric
charges of the particles 1512, the particles 1512 moves
toward the upper electrode 1530 by the electrophoresis, and
thus, the unique color of the particles 1512 may be displayed
on the display unit 1510.

[0196] The mutual switching between the photonic crystal
reflection mode of FIG. 15(a) and the particle color reflection
mode of FIG. 15(c) may be implemented by the intensity of
applied voltage. That is, the applied voltage used in the pho-
tonic crystal reflection mode may be smaller than the applied
voltage used in the particle color reflection mode. Alterna-
tively, the photonic crystal mode of FIG. 15(a) may be imple-
mented using the AC voltage and FIG. 15(c¢) may be imple-
mented by applying the DC voltage. That is, the mode can be
switched by changing the type of voltage (DC or AC).
[0197] Various colors may be represented by the simple
method and structure by selectively implementing the photo-
nic crystal reflection mode and the solution color reflection
mode within the same unit pixel. In the embodiment of the
switching between the photonic crystal reflection mode and
the solution color reflection mode, as shown in FIG. 15, the
lower electrode may be integrated without being divided.
[0198] Referring to FIG. 15(d), as described in detail with
reference to the second mode, when the particles 1512 have
electric charges and the electric field is applied at the intensity
of a threshold value or more so that the lower electrode 1540
becomes the electrode of a sign opposite to the electric
charges of the particles 1512, the particles 1512 moves
toward the lower electrode 1540 by the electrophoresis, and
thus, the unique color of the solvent 1512 may be displayed on
the display unit 1510.

[0199] The mutual switching between the photonic crystal
reflection mode of FIG. 15(a) and the solvent color reflection
mode of FIG. 15(d) may be implemented by the intensity of
applied voltage. That is, when the charged particles are
applied with an electric field so as to move to the upper
electrode, the photonic crystal reflection mode may be imple-
mented according to the intensity of the electric filed and
when the charged particles are applied with an electric field so
as to move to the lower electrode, the solvent color reflection
mode may be implemented.

[0200] Various hues may be represented by the simple
method and structure by selectively implementing the photo-
nic crystal reflection mode and the solution color reflection
mode within the same unit pixel. In the embodiment of the
switching between the photonic crystal reflection mode and
the solvent color reflection mode, as shown in FIG. 15, the
lower electrode may be integrated without being divided.
[0201] Referring to FIG. 15(e), as already described in
detail with reference to the second mode, when the particles
1512 have electric charges and the electric field is applied so
that the local electrode 1550 becomes the electrode of a sign
opposite to the electric charges of the particles 1512, the
particles 1512 moves toward the local electrode 1550 by the
electrophoresis so as to be concentrated around the local
electrode 1550, such that the unique color of the lower elec-
trode 1540 (when the lower electrode is transparent, the color
of the material under the lower electrode) may be displayed
on the display unit 1510.

[0202] The mutual switching between the photonic crystal
reflection mode of FIG. 15(a) and the electrode color reflec-
tion mode of FIG. 15(e) may be implemented by the region to
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which the applied voltage is applied. That is, although the
electric field is uniformly applied in the photonic crystal
reflection mode, the mutual switching may be implemented
by applying the electric field only to the local region of the
display electrode in the electrode color reflection mode. The
intensity of the applied electric field of the photonic crystal
reflection mode may be weaker than that of the electrode
color reflection mode.

[0203] Various hues may be represented by the simple
method and structure by selectively implementing the photo-
nic crystal reflection mode and the electrode color reflection
mode within the same unit pixel. In the embodiment of the
switching between the photonic crystal reflection mode and
the electrode color reflection mode, as illustrated in FIG. 15,
the switching may be implemented by dividing the upper
electrode without dividing the lower electrode as illustrated in
FIG. 15 and the form of the division electrode is not limited to
FIG. 15 and therefore, may be diversely implemented and
may be applied only to the plurality of local regions.

[0204] In particular, as described above, it is difficult to
implement white and black colors in the first mode. There-
fore, the color of the continuous hues and white and black
may be rendered in the same unit pixel or the same display
region by using a combination of the white and black with the
colors of solvent, particle and electrode (in the case of the
transparent electrode, the color of the material under the
lower electrode) in the second mode.

[0205] Meanwhile, the embodiment of the case in which
the first mode and the second mode are performed and the
embodiment of the case in which any one of the first mode and
the second mode is switched to the other mode within the
same unit pixel will be described below in more detail.
[0206] First, the case in which the particles have the electric
charges of the same signal can be assumed. In this case, when
the electric field is not applied or is the threshold voltage or
less, the particles are irregularly dispersed in the solvent, and
thus, the second mode, in which the color of the solvent is
displayed, may be performed. In addition, when the electric
field is the DC electric field and the intensity of the DC
electric field is controlled within the range that can regularly
control the inter-particle distances, the first mode, in which
the wavelength of light reflected from the particles according
to the intensity of'the DC electric field is controlled within the
visible spectrum, may be performed. In addition, when the
electric field is the DC electric field and the intensity of the
electric field is the threshold value or more that can concen-
trate the particles toward the electrode by the electrophoresis,
the second mode, in which the particles are concentrated on
the upper electrode to display the color of the particles, or
concentrated on the lower electrode to display the color of the
solvent, or concentrated on the local electrode to display the
colors of the upper electrode or the lower electrode, may be
performed.

[0207] Inaddition, when the electric field is the AC electric
field and the intensity and frequency of the AC electric field
are controlled within the range that can regularly control the
inter-particle distances, the first mode, in which the wave-
length of light reflected from the particles according to the
intensity or frequency of the AC electric field is controlled
within the visible spectrum, may be performed. When the AC
voltage is applied, not only the intensity of the AC voltage but
also its frequency can be variables to control the inter-particle
distances of the photonic crystal mode. In addition, the pho-
tonic crystal reflection mode may be implemented by apply-



US 2012/0188295 Al

ing the AC voltage in the first mode and may be implemented
by applying the DC voltage in the solvent color reflection
mode, the particle color reflection mode and the electrode
color reflection mode among the second mode. In this case,
when the solution (particle or solvent or a combination
thereof) indicates the electrical polarization characteristic,
the photonic crystal mode implementation can be more facili-
tated.

[0208] Next, the case in which the particles have the elec-
trical polarization characteristic (when the electric field is
applied, the electrical polarization is induced and the electri-
cal polarization is changed according to the change in the
applied electric field) and includes the structure generating
the steric effect may be assumed. In this case, when the
electric field is not applied or is the threshold voltage or less,
the particles are irregularly dispersed in the solvent, and thus,
the second mode, in which the color of the solvent is dis-
played, may be performed. In addition, when the electric field
is the DC electric field and the intensity of the DC electric
field is controlled within the range that can regularly control
the inter-particle distances, the first mode, in which the wave-
length of light reflected from the particles according to the
intensity of the DC electric field is controlled within the
visible spectrum, may be performed. In addition, when the
distribution of the electric field is non-uniform and the dielec-
tric constants of the particles and solvent are different from
each other, if the DC electric field is applied at the threshold
value or more that can concentrate the particles toward the
electrode by the electrophoresis, the particles may be concen-
trated on the upper electrode to display the color of the par-
ticles, or concentrated on the lower electrode to display the
color of the solvent, or concentrated on the local electrode,
and thus, the second mode, in which the colors of the upper
electrode or the lower electrode are displayed, may be per-
formed. In addition, when the electric field is the AC electric
field and the intensity and frequency of the AC electric field
are controlled within the range that can regularly control the
inter-particle distances, the first mode, in which the wave-
length of light reflected from the particles according to the
intensity or frequency of the AC electric field is controlled
within the visible spectrum, may be performed.

[0209] Although not specifically shown in the drawing, the
solution color reflection mode, the particle color reflection
mode, the electrode color reflection mode or the solvent color
reflection mode may be switched from the photonic crystal
reflection mode, and further, the solution color reflection
mode, the particle color reflection mode, the electrode color
reflection mode and the solvent color reflection mode may be
switched to one another. The configuration of switching in the
second mode will be described below.

[0210] (2) Switching Between First Mode and Third Mode
within Same Unit Pixel or Cell

[0211] FIG. 16 is a view exemplarily illustrating the con-
figuration of the display device capable of selectively per-
forming the first mode and a third mode in accordance with
one embodiment of the present invention.

[0212] Referring to FIG. 16, a display device 1600 in accor-
dance with one embodiment of the present invention may
include a display unit 1610 and an electrode. More specifi-
cally, the display unit 1610 may include particles 1612 that
are dispersed in a solvent 1614 and the electrode may include
an upper electrode 1630, a lower electrode 1640 and a local
electrode 1650. In addition, the upper electrode 1630, the
lower electrode 1640 and the local electrode 1650 may be
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made of the light transmissive material and may transmit light
incident on the display device 1600.

[0213] In accordance with one embodiment of the present
invention, the display device may selectively perform any one
of the first mode and the third mode so as to be switched to
each other. More specifically, another display device in accor-
dance with one embodiment of the present invention may
apply the electric field through the electrode when particles
are dispersed in the solvent and control at least one of the
intensity and direction of the electric field, and thus, may
control the inter-particle distances to control the wavelength
of light reflected from the photonic crystals composed of
particles (first mode) or control the distance, location or
arrangement of particles to tune the transmittance of light
incident on the display device (third mode).

[0214] First, referring to FIG. 16(a), the display device
1600 in accordance with one embodiment of the present
invention controls the inter-particle distances of the particles
1612 by controlling the intensity or direction of the DC elec-
tric field applied through electrodes 1630 and 1640, thereby
controlling the wavelength of light (that is, color) reflected
from the particles 1612 (first mode).

[0215] As already described in detail with reference to the
first mode, when the particles 1612 have the same electric
charges, the particles 1612 may be regularly arranged at dis-
tances where the electrical attraction due to the external elec-
tric field, the electrical repulsion between the particles 1612
having electric charges of the same sign, and the electrical
attraction due to the polarization by the external electric field
are in an equilibrium state and the particles 1612 arranged at
the predetermined distance may act as the photonic crystal.
Meanwhile, when the particles 1612 have the steric hindrance
capable of causing the steric hindrance effect, the particles
1612 may be regularly arranged at distances where the repul-
sion between the particles due to the steric effect and the
electrical attraction due to the polarization by the external
electric field, etc., are in an equilibrium state and the particles
1612 arranged at a predetermined distance may act as the
photonic crystal.

[0216] In addition, the display device 1600 in accordance
with one embodiment of the present invention controls the
inter-particle distances of the particles 1612 by controlling
the intensity, direction or AC frequency of the AC electric
field applied through the electrodes 1630 and 1640, thereby
controlling the wavelength of light (that is, color) reflected
from the particles 1612 (first mode).

[0217] As described above, since the wavelength of light
reflected from the particles 1612 arranged at a predetermined
distance is determined by the distance of the particles 1612,
the distance of the particles 1612 is controlled by the intensity
and direction of the electric filed applied through the elec-
trode, thereby arbitrarily controlling the wavelength of light
reflected from the particles 1612.

[0218] Next, the display device 1600 in accordance with
one embodiment of the present invention control the intensity,
direction, application location of the electric field applied
through the electrodes 1630, 1640 and 1650 to control the
distance, location or arrangement of the particles, thereby
tuning the transmittance of light incident on the display
device (third mode or transmittance tuning mode).

[0219] Referring to FIG. 16(5), as already described in
detail with reference to the third mode, the light in the ultra-
violet or infrared spectrum is reflected from the photonic
crystals composed of the particles 1612 by applying the elec-
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tric field having the intensity of the specific threshold or more
or the specific threshold or less to the photonic crystals com-
posed of the particles 1612 disposed at a predetermined dis-
tance but the light in the visible spectrum is not reflected, such
that the light in the visible spectrum incident on the display
device 1600 may go through the display device 1600 at the
high transmittance of light. This mode may be referred to as
the photonic crystal transmittance tuning mode as described
above.

[0220] The mutual switching between the photonic crystal
reflection mode of FIG. 16(a) and the photonic crystal trans-
mittance tuning mode of FIG. 16(5) may be implemented by
the intensity of applied voltage. That is, the applied voltage
used in the photonic crystal reflection mode may be larger or
smaller than the applied voltage used in the photonic crystal
transmittance tuning mode. The photonic crystal transmit-
tance tuning mode of ultraviolet rays may have the applica-
tion voltage larger than that of the photonic crystal reflection
mode and the photonic crystal transmittance tuning mode of
infrared rays is reverse thereto.

[0221] Various hues and transmittance may be represented
by the simple method and structure by selectively implement-
ing the photonic crystal reflection mode and the photonic
crystal transmittance tuning mode within the same unit pixel.
In the embodiment of the switching between the photonic
crystal reflection mode and the photonic crystal transmittance
tuning mode, as shown in FIG. 16, the lower electrode may be
integrated without being divided.

[0222] Referring to FIG. 16(c), as already described in
detail with reference to the third mode, when the particles
1612 have electric charges and the electric field is applied so
that the local electrode 1650 becomes the electrode of a sign
opposite to the electric charges of the particles 1612, the
particles 1612 moves toward the local electrode 1650 by the
electrophoresis so as to be concentrated around the local
electrode 1650, such that the light incident on the display
device 1600 may go through the display device 1600 at high
transmittance of light without being reflected or scattered by
the particles. Meanwhile, although not shown in the drawing,
the transmittance may also be tuned by controlling the density
in which the particles are concentrated on the lower local
electrode. For example, it may also be considered the con-
figuration of tuning the transmittance of light transmitting the
particles and/or the solvent by disposing the local electrode at
the central portion of the lower electrode, and then, control-
ling the density in which the particles are concentrated on the
local electrode. This mode may be referred to as the particle-
phoresis transmittance tuning mode in the specification and
may also be implemented by applying the AC voltage and the
DC voltage.

[0223] The mutual switching between the photonic crystal
reflection mode of FIG. 16(a) and the particlephoresis trans-
mittance tuning mode of FIG. 16(¢) may be implemented by
the intensity of applied voltage. That is, the applied voltage is
used in the photonic crystal reflection mode may be smaller
than the applied voltage used in the particlephoresis transmit-
tance tuning mode.

[0224] As such, various hues may be represented by the
simple method and structure by selectively implementing the
photonic crystal reflection mode and the particlephoresis
transmittance tuning mode within the same unit pixel. In the
embodiment of the switching between the photonic crystal
reflection mode and the particlephoresis transmittance tuning
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mode, as shown in FIG. 16, the lower electrode is not divided
but the upper electrode may be divided.

[0225] Meanwhile, referring to FIG. 16(d), as already
described in detail with reference to the third mode, when the
electric field is applied to the particles 1612 and the solvent
1614 when the particles 1612 having the electrical polariza-
tion characteristic are dispersed in the solvent 1614, the par-
ticles 1612 are polarized by the electric field to be polarized in
the same direction along the direction of the electric field. In
this case, since the electrical attraction is generated between
the particles 1612 polarized in the same direction, the par-
ticles 1612 dispersed in the solvent 1614 are attracted to each
other, such that the particles 1612 may be regularly arranged
in a direction parallel to the direction of the electric field.
Therefore, the transmittance of light incident on the display
device 1600 can be tuned by controlling the arrangement state
of'the particles 1612 regularly arranged in a direction parallel
to the direction ofthe electric field by controlling the intensity
or direction of the electric field. This mode may be referred to
as the particle alignment or the arrangement transmittance
tuning mode.

[0226] The mutual switching between the photonic crystal
reflection mode of FIG. 16(a) and the particle alignment
transmittance tuning mode of FIG. 16(d) may be imple-
mented by the intensity of applied voltage. That is, in accor-
dance with one embodiment of the present invention, the
voltage applied in the particle alignment transmittance tuning
mode may be larger than the voltage applied in the photonic
crystal reflection mode.

[0227] As such, various hues may be represented by the
simple method and structure by selectively implementing the
photonic crystal reflection mode and the particle alignment
transmittance tuning mode within the same unit pixel. In the
embodiment of the switching between the photonic crystal
reflection mode and the particle alignment transmittance tun-
ing mode, as shown in FIG. 16, the lower electrode may be
integrated without being divided.

[0228] Meanwhile, the embodiment of the case in which
the first mode and the third mode are performed and the
embodiment of the case in which any one of the first mode and
the third mode is switched to the other mode will be described
below in more detail.

[0229] First, the case in which the particles have the electric
charges of the same sign and the electrode includes the light
transmissive material may be assumed. In this case, when the
electric field is the DC electric field and the intensity of the
DC electric field is controlled within the range capable of
regularly controlling the inter-particle distances, the first
mode, in which the wavelength of light reflected from the
particles according to the intensity of the DC electric field is
controlled within the visible spectrum, may be performed or
the third mode, in which the wavelength of light reflected
from the particles is controlled out of the visible spectrum to
tune the transmittance of the incident light, may be per-
formed. In addition, when the electric field is the DC electric
field and the intensity of the DC electric field is the threshold
value or more capable of concentrating the particles toward
the electrode by the electrophoresis, the third mode, in which
the particles are concentrated on the local electrode to tune the
transmittance of the incident light, may be performed. In
addition, when the electric field is the DC electric field and the
intensity of the DC electric field may be controlled within the
range capable of arranging the particles in a direction parallel
to the direction of the DC electric field, the third mode, in
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which the particles are arranged in the state of forming a
predetermined angle to the progressing direction of the inci-
dent light to tune the transmittance of the incident light, may
be performed. In this case, when the electric field is the AC
electric field and the intensity and frequency of the AC elec-
tric field is controlled within the range capable of regularly
controlling the inter-particle distances, the first mode, in
which the wavelength of light reflected from the particles
according to the intensity or frequency of the AC electric field
is controlled within the visible spectrum, may be performed
or the third mode, in which the wavelength of light reflected
from the particles is controlled out of the visible spectrum to
tune the transmittance of the incident light, may be per-
formed. In addition, when the electric field is the AC electric
field and the intensity and frequency of the AC electric field
may be controlled within the range capable of arranging the
particles in a direction parallel to the direction of the AC
electric field, the third mode, in which the particles are
arranged in the state of forming a predetermined angle to the
progressing direction of the incident light to tune the trans-
mittance of the incident light, may be performed.

[0230] In one embodiment, when voltage is applied,
arranging the magnitude in voltage in a large order is as
follows; the particlephoresis transmittance tuning mode>the
particle alignment transmittance tuning mode>the photonic
crystal transmittance tuning mode of ultraviolet
reflection>the visible photonic crystal reflection mode>the
photonic crystal transmittance tuning mode of infrared reflec-
tion. These modes may be indicated while being mixed with
each other. This may mean that their exerted effects are
changed.

[0231] In addition, the AC voltage may be used in the
photonic crystal reflection mode, the photonic crystal trans-
mittance tuning mode and the particle alignment transmit-
tance tuning mode and the DC voltage may be used in the
particlephoresis transmittance tuning mode.

[0232] Next, another case may be assumed, in which the
particles have the electrical polarization characteristic (when
the electric field is applied, the electrical polarization is
induced and the electrical polarization is changed according
to the change in the applied electric field) and includes the
structure generating the steric effect and the electrode
includes the light transmissive material. In this case, when the
electric field is the DC electric field and the intensity of the
DC electric field is controlled within the range capable of
regularly controlling the inter-particle distances, the first
mode, in which the wavelength of light reflected from the
particles according to the intensity of the DC electric field is
controlled within the visible spectrum, may be performed or
the third mode, in which the wavelength of light reflected
from the particles is controlled out of the visible spectrum to
tune the transmittance of the incident light, may be per-
formed. In addition, when the electric field is the DC electric
field and the intensity of the DC electric field is the threshold
value or more capable of concentrating the particles toward
the electrode by the dielectrophoresis, the third mode, in
which the transmittance of the incident light by concentrating
the particles on the local electrode is tuned, may be per-
formed. In addition, when the electric field is the DC electric
field and the intensity of the DC electric field may be con-
trolled within the range capable of arranging the particles in a
direction parallel to the direction of the DC electric field, the
third mode, in which the particles are arranged in the state of
forming a predetermined angle to the progressing direction of
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the incident light to tune the transmittance of the incident
light, may be performed. In this case, when the electric field
is the AC electric field and the intensity and frequency of the
AC electric field is controlled within the range capable of
regularly controlling the inter-particle distances, the first
mode, in which the wavelength of light reflected from the
particles according to the intensity of the AC electric field is
controlled within the visible spectrum, may be performed or
the third mode, in which the wavelength of light reflected
from the particles is controlled out of the visible spectrum to
tune the transmittance of the incident light, may be per-
formed. In addition, when the electric field is the AC electric
field and the intensity and frequency of the AC electric field
may be controlled within the range capable of arranging the
particles in a direction parallel to the direction of the AC
electric field, the third mode, in which the particles are
arranged in the state of forming a predetermined angle to the
progressing direction of the incident light to tune the trans-
mittance of the incident light, may be performed.

[0233] Although not specifically illustrated in the drawing,
the particle alignment transmittance tuning mode, the par-
ticlephoresis transmittance tuning mode and the photonic
crystal transmittance tuning mode may be switched to one
another. The configuration of switching in the third mode will
be described below.

[0234] (3) Switching Between Second Mode and Third
Mode within Same Unit Pixel or Cell

[0235] FIG. 17 is a view exemplarily illustrating the con-
figuration of the display device capable of selectively per-
forming the second and third modes in accordance with one
embodiment of the present invention.

[0236] Referringto FIG.17,adisplay device 1700 in accor-
dance with one embodiment of the present invention may
include a display unit 1710 and an electrode. More specifi-
cally, the display unit 1710 may include particles 1712 that
are dispersed in a solvent 1714 and the electrode may include
an upper electrode 1730, a lower electrode 1740 and a local
electrode 1750. In addition, the particles 1712 and the solvent
1714 included in the display unit 1710 may each have the
unique color and all of the upper electrode 1730, the lower
electrode 1740 and the local electrode 1750 may be made of
the light transmissive material and may transmit light incident
on the display device 1700.

[0237] In accordance with one embodiment of the present
invention, the display device may selectively perform any one
of the second mode and the third mode within the same unit
pixel so as to be switched to each other. More specifically,
another display device in accordance with one embodiment of
the present invention may apply the electric field through the
electrode when particles are dispersed in the solvent and
control at least one of the intensity and direction of the electric
field, and thus, may control the location of the particles to
display the unique color of the solution, particle or solvent
(second mode) or control the distance, location or arrange-
ment of particles to tune the transmittance of light incident to
the display device (third mode).

[0238] First, the display device 1700 in accordance with
one embodiment of the present invention controls the inten-
sity or direction of the DC electric field applied through the
electrodes 1730, 1740 and 1750, such that the intensity of the
electric field is a specific threshold value or more, thereby
moving the particles 1712 according to the principle of the
electrophoresis or the dielectrophoresis, such that the unique
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color of any one of the solutions 1712 and 1714, the particles
1712 and the solvent 1714 may be displayed (second mode).
[0239] Referring to FIG. 17(a), as described in detail with
reference to the above second mode, when the electric field is
not applied, the particles 1712 is irregularly dispersed in the
solvent 1714, and thus, the color of the solution, in which the
unique color of the particles 1712, the unique color of the
solvent 1714, and the color of light reflected or scattered from
the unique color of the particles 1712 or the solvent 1714 are
mixed, may be displayed. This mode is the solution color
reflection mode.

[0240] Referring to FIG. 17(b), as already described in
detail with reference to the second mode, when the particles
1712 have electric charges and the electric field is applied so
that the upper electrode 1730 becomes the electrode of a sign
opposite to the electric charges of the particles 1712, the
particles 1712 moves toward the upper electrode 1730 by the
electrophoresis, and thus, the unique color of the particles
1712 may be displayed on the display unit 1710. This mode is
the particle color reflection mode.

[0241] Referring to FIG. 17(c), as described in detail with
reference to the second mode, when the particles 1712 have
electric charges and the electric field is applied so that the
lower electrode 1740 becomes the electrode of'a sign opposite
to the electric charges of the particles 1712, the particles 1712
move toward the lower electrode 1740 by the electrophoresis,
and thus, the unique color of the solvent 1712 may be dis-
played on the display unit 1710. This mode is the solvent
color reflection mode.

[0242] Next, the display device 1700 in accordance with
one embodiment of the present invention control the intensity
or direction of the electric field applied through the electrodes
1730, 1740 and 1750 to control the distance, location or
arrangement of the particles, thereby tuning the transmittance
of light incident to the display device (third mode).

[0243] Referring to FIG. 17(d), as already described in
detail with reference to the third mode, the light in the ultra-
violet or infrared spectrum is reflected from the photonic
crystals composed of the particles 1712 by applying the elec-
tric field having the intensity of the specific threshold or more
or the specific threshold or less to the photonic crystals com-
posed of the particles 1712 disposed at a predetermined dis-
tance but the light in the visible spectrum is not reflected, such
that the light in the visible spectrum incident to the display
device 1700 may go through the display device 1700 at the
high transmittance of light. This mode is the photonic crystal
transmittance tuning mode.

[0244] Referring to FIG. 17(e), as already described in
detail with reference to the third mode, when the particles
1712 have electric charges and the electric field is applied so
that the local electrode 1750 becomes the electrode of a sign
opposite to the electric charges of the particles 1712, the
particles 1712 moves toward the local electrode 1750 by the
electrophoresis so as to be concentrated around the local
electrode 1750, such that the light incident to the display
device 1700 may go through the display device 1700 at high
transmittance of light without being reflected or scattered by
the particles. This mode is the particlephoresis transmittance
tuning mode.

[0245] Meanwhile, referring to FIG. 17(f), as already
described in detail with reference to the third mode, when the
electric field is applied to the particles 1712 and the solvent
1714 when the particles 1712 having the electrical polariza-
tion characteristic are dispersed in the solvent 1714, the par-
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ticles 1712 are polarized by the electric field to be polarized in
the same direction along the direction of the electric field. In
this case, since the electrical attraction is generated between
the particles 1712 polarized in the same direction, the par-
ticles 1712 dispersed in the solvent 1714 are attracted to each
other, such that the particles 1712 may be regularly arranged
in a direction parallel to the direction of the electric field.
Therefore, the transmittance of light incident on the display
device 1700 can be tuned by controlling the arrangement state
of'the particles 1712 regularly arranged in a direction parallel
to the direction ofthe electric field by controlling the intensity
or direction of the electric field. This mode is the particle
alignment transmittance tuning mode.

[0246] First, referring to the switching between the solution
color reflection mode and the photonic crystal transmittance
tuning mode, the magnitude in the applied voltage is large in
the photonic crystal transmittance tuning mode and the volt-
age cannot be applied in the solution color reflection mode.
Both of the hues and the transmittance can be controlled by
using the unit pixel due to the switching between the solution
color reflection mode and the photonic crystal transmittance
tuning mode within the same unit pixel.

[0247] Next, referring to the switching between the solu-
tion color reflection mode and the particlephoresis transmit-
tance tuning mode, the magnitude in the applied voltage is
large in the particlephoresis transmittance tuning mode and
the voltage cannot be applied in the solution color reflection
mode. Both of the hues and the transmittance can be tuned by
using the unit pixel due to the switching between the solution
color reflection mode and the particlephoresis transmittance
tuning mode within the same unit pixel.

[0248] Next, referring to the switching between the solu-
tion color reflection mode and the particle alignment trans-
mittance tuning mode, the magnitude in the applied voltage is
large in the particle alignment transmittance tuning mode and
the voltage cannot be applied in the solution color reflection
mode. Both of the hues and the transmittance can be tuned by
using the unit pixel due to the switching between the solution
color reflection mode and the particle alignment transmit-
tance tuning mode within the same unit pixel.

[0249] Next, referring to the switching between the particle
color reflection mode and the photonic crystal transmittance
tuning mode, the magnitude in the applied voltage is larger in
the particle color reflection mode than in the photonic crystal
transmittance tuning mode. Both of the hues and the trans-
mittance can be tuned by using the unit pixel due to the
switching between the particle color reflection mode and the
photonic crystal transmittance tuning mode within the same
unit pixel.

[0250] Next, referring to the switching between the particle
color reflection mode and the particlephoresis transmittance
tuning mode, the magnitude in the applied voltage may be
equal to or different from each other, but the direction of the
applied voltage is different. Both of the hues and the trans-
mittance can be tuned by using the unit pixel due to the
switching between the particle color reflection mode and the
particlephoresis transmittance tuning mode within the same
unit pixel.

[0251] Next, referring to the switching between the particle
color reflection mode and the particle alignment transmit-
tance tuning mode, the magnitude in the applied voltage is
larger in the particle color reflection mode than in the particle
alignment transmittance tuning mode. Both of the hues and
the transmittance can be tuned by using the unit pixel due to
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the switching between the particle color reflection mode and
the particle alignment transmittance tuning mode within the
same unit pixel.

[0252] Next, referring to the switching between the solu-
tion color reflection mode and the photonic crystal transmit-
tance tuning mode, the magnitude in the applied voltage is
larger in the solvent color reflection mode than in the photonic
crystal transmittance tuning mode. Both of the hues and the
transmittance can be tuned by using the unit pixel due to the
switching between the solvent color reflection mode and the
photonic crystal transmittance tuning mode within the same
unit pixel.

[0253] Next, referring to the switching between the solvent
color reflection mode and the particlephoresis transmittance
tuning mode, the magnitude and direction in the applied
voltage may be the same, but the electrode applied with the
voltage is different. That is, the voltage is applied to the large
electrode in the solvent color reflection mode, but the voltage
is applied to the small electrode or the local electrode in the
particlephoresis transmittance tuning mode. Meanwhile,
when the transmittance is very small in the particlephoresis
transmittance tuning mode, the magnitude in the voltage may
be smaller in case of the solvent color reflection mode. Both
of the hues and the transmittance can be tuned by using the
unit pixel due to the switching between the solvent color
reflection mode and the particlephoresis transmittance tuning
mode within the same unit pixel.

[0254] Finally, referring to the switching between the sol-
vent color reflection mode and the particle alignment trans-
mittance tuning mode, the magnitude in the applied voltage is
larger in the solvent color reflection mode than in the particle
alignment transmittance tuning mode. Both of the hues and
the transmittance can be tuned by using the unit pixel due to
the switching between the solvent color reflection mode and
the particle alignment transmittance tuning mode within the
same unit pixel.

[0255] Meanwhile, the embodiment of the case, in which
the second mode and the third mode are performed and the
embodiment of the case in which any one of the second mode
and the third mode is switched to the other mode, will be
described below in more detail.

[0256] First, it may be assumed the case in which the par-
ticles have the electric charges of the same sign and the
electrode includes the light transmissive material. In this case,
when the electric field is not applied, the particles are irregu-
larly dispersed in the solvent, and thus, the second mode, in
which the color of the solution is displayed, may be per-
formed. In addition, when the electric field is the DC electric
field and the intensity of the DC electric field is controlled
within the range that can regularly control the inter-particle
distances, the third mode, in which the wavelength of light
reflected from the particles is controlled within the visible
spectrum to tune the transmittance of the incident light, may
be performed. In addition, when the electric field is the DC
electric field and the intensity of the electric field is the thresh-
old value or more that can concentrate the particles toward the
electrode by the electrophoresis, the second mode, in which
the particles are concentrated on the upper electrode to dis-
play the color of the particles or concentrated on the lower
electrode to display the color of the solvent, may be per-
formed or the third mode, in which the particles are concen-
trated on the local electrode to tune the transmittance of the
incident light, may be performed. In addition, when the elec-
tric field is the DC electric field and the intensity of the DC
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electric field may be controlled within the range capable of
arranging the particles in a direction parallel to the direction
of'the AC electric field, the third mode, in which the particles
are arranged in the state of forming a predetermined angle to
the progressing direction of the incident light to tune the
transmittance of the incident light, may be performed. In
addition, when the electric field is the AC electric field and the
intensity and frequency of the AC electric field are controlled
within the range that can regularly control the inter-particle
distances, the third mode, in which the wavelength of light
reflected from the particles is controlled out of the visible
spectrum to tune the transmittance of the incident light, may
be performed. In addition, when the electric field is the AC
electric field and the intensity and frequency of the AC elec-
tric field may be controlled within the range capable of
arranging the particles in a direction parallel to the direction
of'the AC electric field, the third mode, in which the particles
are arranged in the state of forming a predetermined angle to
the progressing direction of the incident light to tune the
transmittance of the incident light, may be performed.

[0257] Referring to the magnitude in the voltage in each
mode shown in FIG. 17, in one embodiment, when the DC
voltage is applied, there may be an order of the particle color
reflection mode=the solvent color reflection modeZthe par-
ticlephoresis transmittance tuning mode>the particle align-
ment transmittance tuning mode>the photonic crystal trans-
mittance tuning mode>the solution color reflection mode. In
one embodiment, when the AC voltage is applied, there may
be an order of the particle alignment transmittance tuning
mode>the photonic crystal transmittance tuning mode>the
solution color reflection mode.

[0258] Next, another case in which the particles have the
electrical polarization characteristic (when the electric field is
applied, the electrical polarization is induced and the electri-
cal polarization is changed according to the change in the
applied electric field) and includes the structure that generates
the steric effect and the electrode includes the light transmis-
sive material may be assumed. In this case, when the electric
field is not applied, the particles are irregularly dispersed in
the solvent, and thus, the second mode, in which the color of
the solution is displayed, may be performed. In addition,
when the electric field is the DC electric field and the intensity
of'the DC electric field is controlled within the range that can
regularly control the inter-particle distances, the third mode,
in which the wavelength of light reflected from the particles is
controlled out of the visible spectrum to tune the transmit-
tance of the incident light, may be performed. In addition,
when the electric field is the DC electric field and the intensity
of the electric field is the threshold value or more that can
concentrate the particles toward the electrode by the dielec-
trophoresis, the second mode, in which the particles are con-
centrated on the upper electrode to display the color of the
particles or concentrated on the lower electrode to display the
color of the solvent, may be performed or the third mode, in
which the particles are concentrated on the local electrode to
tune the transmittance of the incident light, may be per-
formed. In addition, when the electric field is the DC electric
field and the intensity of the DC electric field may be con-
trolled within the range capable of arranging the particles in a
direction parallel to the direction of the AC electric field, the
third mode, in which the particles are arranged in the state of
forming a predetermined angle to the progressing direction of
the incident light to tune the transmittance of the incident
light, may be performed. In addition, when the electric field is
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the AC electric field and the intensity and frequency of the AC
electric field are controlled within the range that can regularly
control the inter-particle distances, the third mode, in which
the wavelength of light reflected from the particles is con-
trolled out of the visible spectrum to tune the transmittance of
the incident light, may be performed. In addition, when the
electric field is the AC electric field and the intensity and
frequency of the AC electric field may be controlled within
the range capable of arranging the particles in a direction
parallel to the direction of the AC electric field, the third
mode, in which the particles are arranged in the state of
forming a predetermined angle to the progressing direction of
the incident light to tune the transmittance of the incident
light, may be performed.

[0259] (4) Mode Switching in Second Mode (Unique Color
Reflection Mode) within Same Unit Pixel or Cell

[0260] The second mode that is the unique color reflection
mode may include four individual modes, that is, (a) the
solution color reflection mode, (b) the particle color reflection
mode, (c) the solvent color reflection mode and (d) the elec-
trode color reflection mode as shown in FIG. 57. As shown in
FIG. 57, the individual sub modes may also be switched to
one another within the same unit pixel. For example, the DC
voltage or very slight DC voltage may be applied in the
solution color reflection mode. Although the same voltage is
applied in the particle color reflection mode, the solvent color
reflection mode and the electrode color reflection mode, the
application direction and the application location may be
different from each other, or different voltage, in which the
application direction and the application location is changed,
may be applied. That is, voltage is applied to both of the upper
electrode and the lower electrode so that the particles are
toward the upper electrode in the particle color reflection
mode, voltage is applied to the upper electrode and the lower
electrode so that the particles are toward the lower electrode
in the solvent color reflection mode, and voltage is applied
only the upper electrode and the local electrode of the lower
electrode so that the particles are toward the local electrode of
the lower electrode in the electrode color reflection mode. In
the embodiment, a total 6 (4*3/2) types of the mode switching
can be performed. The description of each sub mode is
described above. Thereby, various hues may be implemented
within the same unit pixel.

[0261] (5) Mode Switching in Third Mode (Transmittance
Tuning Mode) within Same Unit Pixel or Cell

[0262] In the third mode that is the transmittance tuning
mode, as shown in FIG. 58, a total 3 of individual sub modes
may be performed. That is, there are (a) the photonic crystal
transmittance tuning mode, (b) the particlephoresis transmit-
tance tuning mode and (c) the particle alignment transmit-
tance tuning mode. As shown in FIG. 58, the mode switching
between these individual sub modes may also be performed.
For example, the magnitude in the applied voltage is an order
of the particlephoresis transmittance tuning mode>the par-
ticle alignment transmittance tuning mode>the photonic
crystal transmittance tuning mode. In the embodiment, a total
3 types of mode switching may be performed, thereby
enabling various transmittance tuning.

[0263] (6) Switching Among First Mode, Second Mode
and Third Mode within Same Unit Pixel or Cell

[0264] FIG. 18 is a view exemplarily illustrating the con-
figuration of the display device capable of selectively per-
forming the first, second and third modes in accordance with
one embodiment of the present invention.
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[0265] Referringto FIG. 18, a display device 1800 in accor-
dance with one embodiment of the present invention may
include a display unit 1810 and an electrode. More specifi-
cally, the display unit 1810 may include the particles 1812
that are dispersed in a solvent 1814 and the electrode may
include an upper electrode 1830, a lower electrode 1840 and
alocal electrode 1850. In addition, the particles 1812 and the
solvent 1814 included in the display unit 1810 may each have
the unique color and all of the upper electrode 1830, the lower
electrode 1840 and the local electrode 1850 may be made of
the light transmissive material and may transmit light incident
on the display device 1800.

[0266] In accordance with one embodiment of the present
invention, the display device may selectively perform any one
of the first mode, the second mode and the third mode within
the same unit pixel so as to be switched to each other. More
specifically, another display device in accordance with one
embodiment of the present invention may apply the electric
field through the electrode when particles are dispersed in the
solvent and control at least one of the intensity and direction
of' the electric field and thus, and thus, may control the inter-
particle distances to control the wavelength of light reflected
from the photonic crystals composed of particles (first mode),
control the location of the particle to display the unique color
of' the solution, particle or solvent (second mode), or control
the distance, location or arrangement of particles to tune the
transmittance of light incident to the display device (third
mode).

[0267] First, referring to FIG. 18(a), the display device
1800 in accordance with one embodiment of the present
invention controls the inter-particle distances of the particles
1812 by controlling the intensity or direction of the DC elec-
tric field applied through electrodes 1830 and 1840, thereby
controlling the wavelength of light (that is, color) reflected
from the particles 1812 (first mode).

[0268] As described in detail with reference to the first
mode, when the particles 1812 have the same electric charges,
the particles 1812 may be regularly arranged at distances
where the electrical attraction due to the external electric
field, the electrical repulsion between the particles 1812 hav-
ing electric charges of the same sign, and the polarization due
to the external electric field are in an equilibrium state, and the
particles 1812 arranged at the predetermined distance may act
as the photonic crystal. Meanwhile, when the particles 1812
have the steric hindrance capable of causing the steric hin-
drance effect, the particles 1812 may be regularly arranged at
distances where the repulsion between the particles due to the
steric effect and the electrical attraction due to the polariza-
tion by the external electric field, etc., are in an equilibrium
state, and the particles 1812 arranged at a predetermined
distance may act as the photonic crystal.

[0269] In addition, the display device 1800 in accordance
with one embodiment of the present invention controls the
inter-particle distances of the particles 1812 by controlling
the intensity, direction or AC frequency of the AC electric
field applied through the electrodes 1830 and 1840, thereby
controlling the wavelength of light (that is, color) reflected
from the particles 1812 (first mode).

[0270] As described above, since the wavelength of light
reflected from the particles 1812 arranged at a predetermined
distance is determined by the distance of the particles 1812,
the distance of the particles 1812 is controlled by the intensity
and direction of the electric filed applied through the elec-
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trode, thereby arbitrarily controlling the wavelength of light
reflected from the particles 1812.

[0271] First, the display device 1800 in accordance with
one embodiment of the present invention controls the inten-
sity or direction of the DC electric field applied through the
electrodes 1830, 1840 and 1850, such that the intensity of the
electric field is a specific threshold value or more, thereby
moving the particles 1812 according to the principle of the
electrophoresis or the dielectrophoresis, such that the unique
color of any one of the solutions 1812 and 1814, the particles
1812 and the solvent 1814 may be displayed (second mode).
[0272] Referring to FIG. 18(5), as described in detail with
reference to the above second mode, when the electric field is
not applied, the particles 1812 are irregularly dispersed in the
solvent 1814, and thus, the color of the solution, in which the
unique color of the particles 1812, the unique color of the
solvent 1814 and the color of light reflected or scattered from
the unique color of the particles 1812 or the solvent 1814 are
mixed, may be displayed (solution color reflection mode).
[0273] Referring to FIG. 18(c), as described in detail with
reference to the second mode, when the particles 1812 have
electric charges and the electric field is applied at so that the
upper electrode 1830 becomes the electrode of a sign oppo-
site to the electric charges of the particles 1812, the particles
1812 moves toward the upper electrode 1830 by the electro-
phoresis, and thus, the unique color of the particles 1812 may
bedisplayed on the display unit 1810 (particle color reflection
mode).

[0274] Referring to FIG. 18(d), as described in detail with
reference to the second mode, when the particles 1812 have
electric charges and the electric field is applied so that the
lower electrode 1840 becomes the electrode of'a sign opposite
to the electric charges of the particles 1812, the particles 1812
move toward the lower electrode 1840 by the electrophoresis,
and thus, the unique color of the solvent 1814 may be dis-
played on the display unit 1810 (solvent color reflection
mode).

[0275] Next, the display device 1800 in accordance with
one embodiment of the present invention control the intensity
or direction of the electric field applied through the electrodes
1830, 1840 and 1850 to control the distance, location or
arrangement of the particles, thereby tuning the transmittance
of light incident to the display device (third mode).

[0276] Referring to FIG. 18(e), as already described in
detail with reference to the third mode, the light in the ultra-
violet or infrared spectrum is reflected from the photonic
crystals composed of the particles 1812 by applying the elec-
tric field having the intensity of the specific threshold or more
or the specific threshold or less to the photonic crystals com-
posed of the particles 1812 disposed at a predetermined dis-
tance, but the light in the visible spectrum is not reflected,
such that the light in the visible spectrum incident to the
display device 1800 may go through the display device 1800
at the high transmittance of light (photonic crystal transmit-
tance tuning mode).

[0277] Referring to FIG. 18(f), as already described in
detail with reference to the third mode, when the particles
1812 have electric charges and the electric field is applied so
that the local electrode 1850 becomes the electrode of a sign
opposite to the electric charges of the particles 1812, the
particles 1812 moves toward the local electrode 1850 by the
electrophoresis so as to be concentrated around the local
electrode 1850, such that the light incident to the display
device 1800 may go through the display device 1800 at high
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transmittance of light without being reflected or scattered by
the particles (particlephoresis transmittance tuning mode).
[0278] Meanwhile, referring to FIG. 18(g), as already
described in detail with reference to the third mode, when the
electric field is applied to the particles 1812 and the solvent
1814 when the particles 1812 having the electrical polariza-
tion characteristic are dispersed in the solvent 1814, the par-
ticles 1812 are polarized by the electric field to be polarized in
the same direction along the direction of the electric field. In
this case, since the electrical attraction is generated between
the particles 1812 polarized in the same direction, the par-
ticles 1812 dispersed in the solvent 1814 are attracted to each
other, such that the particles 1812 may be regularly arranged
in a direction parallel to the direction of the electric field.
Therefore, the transmittance of light incident on the display
device 1800 can be tuned by controlling the arrangement state
of'the particles 1812 regularly arranged in a direction parallel
to the direction of the electric field by tuning the intensity or
direction of the electric field (particle alignment transmit-
tance tuning mode).

[0279] Referring to FIG. 18, the representative embodi-
ment stepwise performed from the first mode to the third
mode using the DC electric field will be described in detail.
[0280] In accordance with one embodiment of the present
invention, any one of the first mode, the second mode and the
third mode may be switched to the other mode by controlling
the intensity or direction ofthe DC electric field applied to the
display unit 1810 through the electrode.

[0281] First, when the electric field is not applied (V=0),
since the particles are irregularly dispersed within the display
unit 1810, the light incident on the display unit 1810 may
display the color of the solvent, in which the color irregularly
scattered or reflected by the particles 1812 and the unique
colors of the particles and the solvent are mixed (second
mode, see FIG. 18(5)).

[0282] Next, when the electric field having the intensity
within the predetermined range is applied by increasing the
intensity of the electric field applied to the display unit 1810
(V=V1), the particles 1812 within the display unit 1810 are
regularly arranged at the predetermined distance, and thus,
the photonic crystals to that reflect the light having the spe-
cific wavelength range may be formed, such that the color of
the specific wavelength range reflected to the photonic crys-
tals may be displayed on the display unit 1810 (first mode, see
FIG. 18(a)) and the wavelength range of the reflected light
reaches the infrared or ultraviolet spectrum beyond the visible
spectrum as the intensity of the electric field is is further
increased, and thus, most of visible rays are transmitted, such
that the transmittance of the incident light may be increased
(third mode, see FIG. 18(e)).

[0283] Next, when the electric having larger intensity is
applied (V=V2), since the particles 1812 may be arranged in
a direction parallel to the direction of the electric field, the
transmittance of the incident light may be tuned so that the
transmittance of the incident light is increased or reduced
according to the incident angle of light incident on the display
unit 1810 (third mode, see FIG. 18(g)).

[0284] Next, the intensity of the electric field applied to the
display unit 1810 is further increased, and thus, the particles
1812 within the display unit 1810 may move or be concen-
trated on the predetermined location adhered to the electrode
by the electrophoresis force when the electric field having the
intensity of the predetermined range or more is applied
(V=V3), such that the unique color of the particles 1812 or the
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solvent 1814 is displayed on the display unit 1810 (second
mode, see FIGS. 18(c) and (d)), or the transmittance of the
incident light may be increased as the particles 1812 is con-
centrated on the local electrode 1850 (third mode, see FIG.
18(9).

[0285] Further, the embodiment of the case in which the
first mode, the second mode and the third mode are performed
and the embodiment of the case in which any one of the first
mode, the second mode and the third mode is switched to the
other mode will be described below in more detail.

[0286] First, it may be assumed the case in which the par-
ticles have the electric charges of the same sign and the
electrode includes the light transmissive material. In this case,
when the electric field is not applied, the particles are irregu-
larly dispersed in the solvent, and thus, the second mode, in
which the color of the solution is displayed, may be per-
formed. Further, when the electric field is the DC electric field
and the intensity of the DC electric field is controlled within
the range capable of regularly controlling the inter-particle
distances, the first mode, in which the wavelength of light
reflected from the particles according to the intensity of the
DC electric field is controlled within the visible spectrum,
may be performed or the third mode, in which the wavelength
of light reflected from the particles is controlled out of the
visible spectrum to tune the transmittance of the incident
light, may be performed. In addition, when the electric field is
the DC electric field and the intensity of the electric field is the
threshold value or more that can concentrate the particles
toward the electrode by the electrophoresis, the second mode,
in which the particles are concentrated on the upper electrode
to display the color of the particles or concentrated on the
lower electrode to display the color of the solvent, may be
performed or the third mode, in which the particles are con-
centrated on the local electrode to tune the transmittance of
the incident light, may be performed. In addition, when the
electric field is the DC electric field and the intensity of the
DC electric field may be controlled within the range capable
of arranging the particles in a direction parallel to the direc-
tion of the AC electric field, the third mode, in which the
particles are arranged in the state of forming a predetermined
angle to the progressing direction of the incident light to tune
the transmittance of the incident light, may be performed. In
this case, when the electric field is the AC electric field and the
intensity and frequency of the AC electric field is controlled
within the range capable of regularly controlling the inter-
particle distances, the first mode, in which the wavelength of
light reflected from the particles according to the intensity of
the DC electric field is controlled within the visible spectrum,
may be performed or the third mode, in which the wavelength
of light reflected from the particles is controlled out of the
visible spectrum to tune the transmittance of the incident
light, may be performed. In addition, when the electric field is
the AC electric field and the intensity and frequency of the AC
electric field may be controlled within the range capable of
arranging the particles in a direction parallel to the direction
of'the AC electric field, the third mode, in which the particles
are arranged in the state of forming a predetermined angle to
the progressing direction of the incident light to tune the
transmittance of the incident light, may be performed.

[0287] Next, it may be assumed another case in which the
particles have the electrical polarization characteristic (when
the electric field is applied, the electrical polarization is
induced and the electrical polarization is changed according
to the change in the applied electric field) and includes the
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structure generating the steric effect and the electrode
includes the light transmissive material. In this case, when the
electric field is not applied, the particles are irregularly dis-
persed in the solvent, and thus, the second mode, in which the
color of'the solution is displayed, may be performed. Further,
when the electric field is the DC electric field and the intensity
of'the DC electric field is controlled within the range capable
of regularly controlling the inter-particle distances, the first
mode, in which the wavelength of light reflected from the
particles according to the intensity of the DC electric field is
controlled within the visible spectrum, may be performed or
the third mode, in which the wavelength of light reflected
from the particles is controlled out of the visible spectrum to
tune the transmittance of the incident light, may be per-
formed. In addition, when the electric field is the DC electric
field and the intensity of the electric field is the threshold
value or more that can concentrate the particles toward the
electrode by the dielectrophoresis, the second mode, in which
the particles are concentrated on the upper electrode to dis-
play the color of the particles or concentrated on the lower
electrode to display the color of the solvent, may be per-
formed or the third mode, in which the particles are concen-
trated on the local electrode to tune the transmittance of the
incident light, may be performed. In addition, when the elec-
tric field is the DC electric field and the intensity of the DC
electric field may be controlled within the range capable of
arranging the particles in a direction parallel to the direction
of'the AC electric field, the third mode, in which the particles
are arranged in the state of forming a predetermined angle to
the progressing direction of the incident light to tune the
transmittance of the incident light, may be performed. In this
case, when the electric field is the AC electric field and the
intensity of the AC electric field is controlled within the range
capable of regularly controlling the inter-particle distances,
the first mode, in which the wavelength of light reflected from
the particles according to the intensity of the DC electric field
is controlled within the visible spectrum, may be performed
or the third mode, in which the wavelength of light reflected
from the particles is controlled out of the visible spectrum to
tune the transmittance of the incident light, may be per-
formed. In addition, when the electric field is the AC electric
field and the intensity and frequency of the AC electric field
may be controlled within the range capable of arranging the
particles in a direction parallel to the direction of the AC
electric field, the third mode, in which the particles are
arranged in the state of forming a predetermined angle to the
progressing direction of the incident light to tune the trans-
mittance of the incident light, may be performed.

[0288] As shown by multiple arrows in FIG. 18, seven
modes a to g, that is, the photonic crystal reflection mode, the
solution color reflection mode, the particle color reflection
mode, the solvent color reflection mode, the photonic crystal
transmittance tuning mode, the particlephoresis transmit-
tance tuning mode and the particle alignment transmittance
tuning mode may organically switched to each other if nec-
essary. Inthe embodiment, a total 7#6/2=21 types of the mode
switching can be performed. Therefore, various hues tuning
and various transmittance tuning can be implemented within
the same unit pixel of the display region.

[0289]

[0290] Meanwhile, the display device according to one
embodiment of the present invention may include a control
unit (not shown) that performs a function of controlling the
intensity, direction, type, application frequency, frequency,

Control Unit of Display Device
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application time, application location, etc., of voltage gener-
ating the electric field applied to the particles and the solvent.
More specifically, the control unit in accordance with the one
embodiment of the present invention generates a control sig-
nal applying a predetermined voltage to an electrode applying
the electric field to the particles and the solvent so as to apply
the predetermined electric field to the particles and the solvent
and generates a control signal setting the intensity, direction,
type, application frequency, frequency, application time,
application location, etc., of voltage so as to control the elec-
tric field applied to the particles and the solvent to be appro-
priate for each requirement, thereby enabling to be switched
between various modes as described above. According to one
embodiment of the present invention, the control unit may be
included in the display device in a type of an operating sys-
tem, application program modules and other program mod-
ules and may physically be stored in several known storage
devices. In addition, the program module may also be stored
in a remote storage device communicable with the display
device. Meanwhile, the program module includes a routine, a
subroutine, a program, an object, a component, a data struc-
ture, etc., that executes specific tasks described below in
accordance with one embodiment of the present invention or
executes a specific abstraction data type, but is not limited
thereto.

[0291] Machine Readable Storage Medium

[0292] The switching process or configuration between the
plurality of modes described up to now is stored on the
machine readable storage medium and is read and executed
by a machine (for example, computer) and may be executed
by programs including instructions or program codes that
execute the aforementioned mode switching process. For
example, it will be briefly described a case in which a process
of implementing various hues by a simple photonic crystal
reflection mode and tuning the transmittance by the particle
alignment mode so as to be switched to each other within the
unit pixel is executed by a machine. The program may include
first instruction that regularly arranges the inter-particle dis-
tances to apply the AC voltage having a magnitude predomi-
nantly reflecting the wavelength of the visible rays and a
second instruction that applies the voltage having a smaller
magnitude than the voltage of the magnitude to align the
particles and control the predominantly transmitted light
amount. The machine readable storage medium may include
any mechanism storing or transmitting information in a type
that can be read by the machine (for example, computer). For
example, the machine readable storage medium may include
a ROM, a RAM, a magnetic disk storage medium, an optical
storage medium, a flash memory device, a signal transferred
in an electrical type, a signal transferred in an optical type, a
signal transferred in an acoustic type or a signal transferred in
other types (for example, a carrier, an infrared signal, a digital
signal, an interface transmitting and receiving a signal, etc.),
etc.

[0293] Various Application Embodiments of Display
Device
[0294] FIG. 19 is a view exemplarily illustrating the con-

figuration of the display device driven by a plurality of elec-
trodes in accordance with one embodiment of the present
invention.

[0295] Referring to FIG. 19, electrodes 1922, 1924, 1926
and 1928 in accordance with one embodiment of the present
invention may include a plurality of electrodes 1922, 1924,
1926 and 1928 that are capable of independently applying an
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electric field only to partial regions of a display unit 1910 in
order to control the distance, location and arrangement of the
particles 1912 included in the display unit 1910 more pre-
cisely and independently. The plurality of electrodes 1922,
1924, 1926 and 1928 can be individually controlled by a fine
driving circuit, such as a thin film transistor (TFT). In addi-
tion, in accordance with one embodiment of the present
invention, the electrodes 1922, 1924, 1926 and 1928 may be
made of a light transmissive material so as not to obstruct the
progression of the light emitted from the display unit 1910.
For instance, the electrodes 1922, 1924, 1926 and 1928 may
be made of indium tin oxide (ITO), titanium oxide (TiO,),
carbon nano tubes and other electrically conductive polymer
films, etc.

[0296] Referring to FIG. 19, the electrodes 1922, 1924,
1926 and 1928 may include a first electrode 1922, a second
electrode 1924, a third electrode 1926 and a fourth electrode
1928. First, because no electric filed is applied to a space
covered by the first electrode 1922 to which no voltage is
applied, the particles 1912 located in the space covered by the
first electrode 1922 may be irregularly arranged. Therefore,
the display unit 1910 controlled by the first electrode 1922
may not represent a color of a solution (second mode). Next,
because electric fields corresponding to respective voltages
are applied to spaces covered by the second electrode 1924,
third electrode 1926 and fourth electrode 1928 to which volt-
ages of different levels are applied, the particles 1912 located
in the spaces covered by these electrodes may be controlled in
different patterns different from each other while electrical
attraction induced by the electric fields (i.e., a force that
causes electrophoresis), electrical repulsion between the par-
ticles 1912 having electric charges of the same sign and
electrical attraction induced by the polarization (or its
increase) of the particles 1912 or solvent 1914, etc., are in
equilibrium. Accordingly, the display unit 1910 controlled by
the second electrode 1924, third electrode 1926 and fourth
electrode 1928 implement different modes according to the
corresponding region, thereby displaying different colors.
For instance, under the assumption that a voltage applied to
the fourth electrode 1928 is greater than a voltage applied to
the third electrode 1926, the particles 1912 located in the
space covered by the fourth electrode 1228 is concentrated at
the location closed to the upper electrode. On the other hand,
the particles 1912 located in the space covered by the third
electrode 1926 may be regularly arranged at the predeter-
mined distances. Accordingly, the display unit 1910 con-
trolled by the fourth electrode 1928 displays the unique color
of' the particles 1912 and the display unit 1910 controlled by
the third electrode 1926 may reflect the light in the specific
wavelength range reflected from the photonic crystals com-
posed of the particles 1912.

[0297] FIG. 20 is a view illustrating a configuration in
which the particles and solvent included in the display device
are encapsulated in a plurality of capsules in accordance with
one embodiment of the present invention.

[0298] Referring to FIG. 20, particles 2012 and solvent
2014 included in a display device 2000 in accordance with
one embodiment of the present invention may be encapsu-
lated in capsules 2032, 2034, 2036 and 2038 made of a light
transmissive insulating material. By encapsulating the par-
ticles 2012 and the solvent 2014 as shown in FIG. 20, direct
interference, such as incorporation, between the particles
2012 and solvent 2014 included in different capsules can be
prevented; the particles can be prevented from being irregu-



US 2012/0188295 Al

larly arranged due to electrohydrodynamic (EHD) motion of
the particles having electric charges; the film processibility of
the display device 2000 can be improved by making sealing of
the particles and solvent easier; and the distance, position and
arrangement contained in the display device 2000 can be
independently controlled for each capsule.

[0299] Referring to FIG. 20, the display device 2000 in
accordance with one embodiment of the present invention
may include four capsules 2032, 2034, 2036 and 2038. A first
voltage, second voltage, third voltage and fourth voltage can
be respectively applied to electrodes 2022, 2024, 2026 and
2028 located in the portions of the first capsule 2032, second
capsule 2034, third capsule 2036 and fourth capsule 2038.
Accordingly, the respective capsules, to which electric fields
of different intensities and different directions are applied,
reflect light of different wavelength ranges. As such, with the
display device 2000 in accordance with one embodiment of
the present invention, an independent display can be imple-
mented for each capsule.

[0300] Unlike FIG. 20, if the electrodes and the capsules are
not disposed in a corresponding way to each other and
instead, a region covered by electrodes is smaller than a
capsule or one capsule is covered by two or more electrodes,
an independent display can be implemented as desired for a
given region of the display unit by using an electrode pattern.
That is, in accordance with one embodiment of the present
invention, when an electric field is applied to a specific region
in a capsule through one of the plurality of electrodes that
covers the capsule, only the solvent and/or particles existing
in the specific region among the particles existing in the
capsule reacts with the electric field, but the particles and/or
solvent existing in other regions does not react with the elec-
tric field. Thus, a region (i.e., display region) on which light of
a specific wavelength is reflected can be determined by an
electrode pattern, rather than by the size or pattern of the
capsules.

[0301] FIG. 21 is a view illustrating a configuration in
which particles and solvent included in the display device are
dispersed in a medium in accordance with one embodiment of
the present invention.

[0302] Referring to FIG. 21, the particles and solvent
included in a display device 2100 in accordance with one
embodiment of the present invention may be dispersed in a
medium 2130 made of a light transmissive material. More
specifically, a predetermined amount of particles and solvent
may be dispersed and distributed in the form of droplets in the
light transmissive insulating material 2130 which does not
change in response to external stimuli such as an electric field,
thus partially isolating the particles contained in the display
device 2100. That is, in accordance with one embodiment of
the present invention, the solvent with the particles dispersed
therein is dispersed and distributed in the light transmissive
medium 2130 to prevent the occurrence of direct interference,
such as incorporation, between the particles or solvent
included in different regions to thereby control the inter-
particle distances contained in the display device 2100 more
independently.

[0303] Referring to FIG. 21, the display device 2100 in
accordance with one embodiment of the present invention
may include a plurality of regions 2112 and 2114 included in
the medium 2130. More specifically, the distance, location
and arrangement of the particles contained in a first region
2110 located in between the first electrodes 2142 to which a
first voltage is applied and the distance, location and arrange-
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ment of the particles contained in the second region 2120
located in between second electrodes 2144 to which a second
voltage is applied can be controlled independently from each
other. Therefore, the first region 2110 and the second region
2120 can display different colors. Accordingly, with the dis-
play device 2100 in accordance with one embodiment of the
present invention, an independent display can be imple-
mented for each region. In FIG. 21, since the voltage applied
through the upper and lower electrodes drops by a light trans-
missive insulation medium 2130 and may not be uniform, the
solution dispersed in the light transmissive medium may con-
tact the upper and lower electrodes or may be uniformly
distributed in the light transmissive medium.

[0304] FIG. 22 is a view exemplarily illustrating a compo-
sition of a solution encapsulated with a light transmissive
medium in accordance with one embodiment of the present
invention. For reference, FIG. 22 corresponds to a photograph
taken by an electron microscope on a cross-section of the
display device 2100 mentioned with reference to FIG. 21.
[0305] Referring to FIG. 22, it can be seen that the solvent
with the particles 2210 dispersed therein is encapsulated in a
light transmissive insulating material which does not flow by
an electric field. In accordance with one embodiment of the
present invention, the solution (i.e., mixture of the particles
and solvent) with the particles 2210 dispersed in the solvent in
a colloidal state is mixed with a different kind of immiscible
solution to form an emulsion, and then, the emulsion interface
is coated with the light transmissive material 2220, thereby
being encapsulated in the light transmissive material 2220.
Here, an oxidized steel (FeOx) cluster coated with a charge
layer may be used as the particles, a solvent having electrical
polarization characteristic may be used as the solvent, and a
light transmissive polymer material containing gelatin may
be used as the capsule material.

[0306] FIG. 23 is a view illustrating the composition of the
particles and solvent dispersed in a medium in accordance
with one embodiment of the present invention. For reference,
FIG. 23 corresponds to a photograph taken by an electron
microscope on a cross-section of the display device 1600
mentioned with reference to FIG. 21.

[0307] Referring to FIG. 23, it can be seen that the solvent
2320 with the particles 2310 dispersed therein is dispersed in
amedium 2330 made of light transmissive material of a solid
or gel state which does not change in response to external
stimuli, such as an electric field, a magnetic field, etc. In
accordance with one embodiment of the present invention,
the particles 2310 having electric charges are dispersed in the
solvent 2320 and the resultant dispersion are evenly mixed in
the light transmissive medium 2330 in the form of droplets,
thereby obtaining the composition shown in FIG. 23. More-
over, in accordance with one embodiment of the present
invention, in FIG. 23, the particles 2310 may be an oxidized
steel (FeO,) cluster coated with a charge layer, the solvent
2320 may be ethylene glycol (EG), and the medium 2330 may
be polydimethylsiloxane (PDMS).

[0308] FIG. 24 is a view illustrating a configuration in
which the particles and solvent included in the display device
are partitioned into a plurality of cells in accordance with one
embodiment of the present invention.

[0309] Referring to FIG. 24, the particles 2412 and solvent
2414 included in the display device 2400 in accordance with
one embodiment of the present invention can be isolated by
partition walls etc., made of an insulating material and parti-
tioned into cells 2432, 2434, 2436 and 2438. In accordance
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the embodiment of the present invention, by partitioning the
particles 2412 and the solvent 2414, direct interference, such
as incorporation, between the particles 2412 and the solvent
2414 to be included in different cells can be prevented from
occurring. Accordingly, the distance, location, arrangement
of the particles contained in the display device 2400 can be
independently controlled for each cell, and the arrangement
state of particles due to the motion of the electrohydroddy-
namci (EHD) of the particles having the electric charges can
be prevented from being irregularly arranged.

[0310] Meanwhile, unlike in FIG. 24, even if the electrodes
and the cells are not disposed in a corresponding manner to
each other but instead a region covered by electrodes is
smaller than a cell or one cell is covered by two or more
electrodes, an independent display can be implemented as
desired for an any region of the display unit by using an
electrode pattern. That is, according to one embodiment of the
present invention, when an electric field is applied to a spe-
cific region in a cell through one of the plurality of electrodes
that cover the cell, only the solvent and/or particles existing in
the specific region among the particles existing in the cell
reacts with the electric field, but the particles and/or solvent
existing in other regions does not react with the electric field.
Thus, a region (i.e., display region) on which light of a spe-
cific wavelength is reflected can be determined by an elec-
trode pattern, rather than by the size or pattern of the cells.
[0311] Meanwhile, in order to manufacture a structure
shown in F1G. 24, the partition walls are first manufactured on
the lower substrate by methods such as screen printing, gra-
vure printing, lithography, etc., and then, may be manufac-
tured by filling the solution, in which the particles are dis-
persed, such as one drop filling (ODF), etc.

[0312] Further, as the partition walls for dividing the solu-
tion in FIG. 24, the empty space other than the insulating
material in the solid form may be used. That is, the solution
may be partitioned by not dispersing the particles in a region
in which the affinity with the solution is low by dividing the
region in which the affinity with the solution is locally high
and low due to the patterning of the substrate. For example,
when the solution is hydrophilic, the partition wall portion is
manufactured to have liphophilic characteristic by patterning
the substrate and the region into which the solution will be
permeated is manufactured to have liphophilic characteristic,
such that the solution may be filled only in the hydrophilic
portion and may be partitioned by the liphophilic region.
Further, when the lower substrate is liphophilic and the lower
electrode is hydrophilic, the cell partition may be simulta-
neously performed by the patterning of the lower electrode.
[0313] As described above, when encapsulating the par-
ticles and the solvent in accordance with one embodiment of
the present invention or dispersing or partitioning the par-
ticles and the solvent in the medium, the inter-particle dis-
tance, location and arrangement of particles can be indepen-
dently controlled for each capsule, each region or each cell,
thereby more precisely implementing the display and facili-
tating the maintenance and repair of the display device.
[0314] FIGS. 25 and 26 are views exemplarily illustrating a
configuration in which the display device in accordance with
one embodiment of the present invention is combined with
each other in a vertical direction or a horizontal direction.
[0315] Referring first to FIG. 25, particles 2512 and a sol-
vent 2514 included in a display device 2500 in accordance
with one embodiment of the present invention may be
included in each of the plurality of cells 2532, 2534 and 2536
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that are coupled (that is, stacked) with each other in a vertical
direction, thereby independently controlling the distance,
location and arrangement of the particles included in the
display device 2400 for each cell. Therefore, when the elec-
trode 2520 located among the plurality of cells 2532, 2534
and 2536 that are stacked with one another is made of the light
transmissive material, the color due to each mode indepen-
dently implemented in the plurality of stacked cells 2532,
2534 and 2536 may be displayed by being mixed with each
other. For example, the first mode may be implemented in the
first cell 2532 to control the color of the reflected light, the
second mode may be implemented in the second cell 2534 to
display the unique color of the particles 2512, and the third
mode may be implemented in the third cell 2536 to tune the
transmittance of light. Therefore, the mixing of more various
colors may be implemented and the transmittance and the hue
may be combined to be appropriate to requirements.

[0316] Next, referring to FIG. 26, particles 2612 and a
solvent 2614 included in a display device 2600 in accordance
with one embodiment of the present invention may be
included in each of the plurality of cells 2632, 2634 and 2636
that are coupled with each other in a horizontal direction,
thereby independently controlling the distance, location and
arrangement of the particles included in the display device
2400 for each cell. Therefore, the color or the transmittance of
light of each mode implemented in each of the plurality of
cells 2632, 2634 and 2636 coupled with each other may be
shown while being mixed with one another. For example, the
first mode may be implemented in the first cell 2632 to control
the color of the reflected light, the second mode may be
implemented in the second cell 2634 to display the unique
color of the particles 2612, and the third mode may be imple-
mented in the third cell 2636 to tune the transmittance of light.
[0317] Meanwhile, although the embodiments of FIGS. 19
to 26 have been described with respect to the case where both
of'the upper and lower electrodes are divided into a plurality
of electrodes, either one of the upper and lower electrodes
may be formed as a common electrode. For instance, in the
actual application to display products, the upper electrode
may be formed as a common electrode made of a transparent
electrode material, while the lower electrode may be divided
into unit cells and connected to a transistor for driving each
cell and may not be made of a transparent electrode material.
Further, the transparent upper electrode is used and the par-
ticles and the voltage of the same sign as the charged electric
charges are applied to the lower electrode, such that the
charged particles are arranged on the upper electrode, thereby
minimizing the phenomenon that the intensity of light is
attenuated by the solvent.

[0318] FIGS. 27 to 29 are views illustrating a pattern of
voltages applied to the display device in accordance with one
embodiment of the present invention.

[0319] First, referring to FIG. 27, the display device in
accordance with one embodiment of the present invention
may further include a control unit (not shown) that performs
the function of resetting the inter-particle distances at times
between the intervals of changing of the intensity and/or
direction of an electric field when sequentially applying elec-
tric fields of different intensities and/or different directions to
the dispersion including the particles, and thus, achieving a
continuous display. More specifically, when sequentially
applying a first voltage and a second voltage using the elec-
trode applying the electric field to the particles and solvent,
the control unit in accordance with one embodiment of the
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present invention performs the function of bringing the par-
ticles, which are arranged at predetermined distance, position
and arrangement by the first voltage, back to the initial or reset
state by applying a reset voltage having the opposite polarity
to the first voltage to the particles and solvent before applying
the second voltage after the application of the first voltage.
With this, the display device in accordance with one embodi-
ment of the present invention can improve display perfor-
mance, including improving the operating speed and sup-
pressing afterimages. Moreover, according to one
embodiment of the present invention, the reset voltage is
applied with the opposite polarity to the just previously
applied voltage. Therefore, according to one embodiment of
the present invention, even when the display device is turned
off, the operating speed can be raised by forcibly moving the
particles, which are moved and arranged in a predetermined
direction by the just previously applied voltage, into the oppo-
site direction.

[0320] Next, referring to FIG. 28, the display device in
accordance with one embodiment of the present invention
may further include a control unit (not shown) that performs
the function of maintaining the inter-particle distances at
predetermined distance, location or arrangement in advance
to be a predetermined distance, location or arrangement when
sequentially applying electric fields of different intensities
and different directions to the particles and solvent and
achieving a continuous display. More specifically, when
sequentially applying a first voltage and a second voltage to
the electrode applying the electric field to the particles and
solvent, the control unit in accordance with one embodiment
of the present invention performs the function of rapidly
adjusting the distance, location or arrangement of the par-
ticles to the desired distance, location or arrangement by
applying a predetermined standby voltage in advance and
then applying the first voltage or the second voltage. With
this, the display device in accordance with one embodiment
of the present invention can improve display performance,
including increased response speed and faster screen change.
For instance, in the conventional electronic paper technology,
particles of a specific color had to be moved to run through
from one end to the opposite end in a cell in order to display
a particular color. In contrast, in the present invention, pho-
tonic crystals can be realized in a manner that a standby
voltage having a relatively low level enough not to make
reflected light in a visible spectrum appear is applied so as to
concentrate the particles on one side in the cell, and then, a
voltage of a specific level or greater is applied to reflect light
in the visible spectrum. Hence, the photonic crystals for
reflecting light in the visible spectrum can be realized just by
moving the particles slightly, thereby making the operating
speed of such a display device faster.

[0321] Subsequently, referring to FIG. 29, the display
device in accordance with one embodiment of the present
invention may further include a control unit (not shown) that
performs the function of applying an electric field of various
patterns of the intensity, duration of application, etc., of the
electric field when sequentially applying electric fields of
different intensities and/or different directions to the particles
and solvent and achieving a continuous display. More spe-
cifically, when applying a voltage to the electrode applying
the electric field to the particles and solvent, the control unit
in accordance with one embodiment of the present invention
can increase or decrease the level of a voltage to a predeter-
mined voltage (see 29(a), can extend or reduce the duration or
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period of application of a certain voltage (see 29(b)), and can
obtain the same effect as continuous application of a voltage
by repeatedly applying a discontinuous pulse voltage (see
29(c)). By doing so, the display device in accordance with one
embodiment of the present invention can improve display
performance, including enabling display of various patterns
and reducing power consumption.

[0322] It should be noted, however, that the electric field
application pattern in accordance with the present invention is
not necessarily limited to those listed above, but may be
appropriately changed within the scope of the objects of the
present invention, i.e., within the scope in which the distance,
location or arrangement of particles can be controlled by an
electric field.

[0323] FIG. 30 is a view exemplarily illustrating a configu-
ration of a circuit connected to a plurality of electrodes of the
display device in accordance with one embodiment of the
present invention.

[0324] Referring to FIG. 30, each of the plurality of elec-
trodes 3020 included in the display device in accordance with
one embodiment of the present invention may be connected
with the capacitors 3050 capable of storing predetermined
electric charges. In more detail, when the voltage is applied to
the electrode 3020 so as to apply the electric field to the
display unit, the capacitor 3050 connected with the corre-
sponding electrode 3020 may be charged with the electric
charges, and thus, the voltage may be applied to the corre-
sponding electrode 3020 for the predetermined time by using
the electric charges charged in the capacitor 3050 even after
the voltage applied to the corresponding electrode 3020 is
interrupted. Therefore, although the discontinuous pulse volt-
age is applied to the display device, one embodiment of the
present invention can implement the same display as the case
in which the continuous voltage is applied. Therefore, the
power consumed to operate the display device can be reduced
and more stable display can be implemented. In addition,
although the applied voltage is interrupted, the display state
may be maintained for the predetermined time. That is, the
distance, arrangement and location of the particles may be
maintained at the specific distance, the specific arrangement
and the specific location for the predetermined time.

[0325] Meanwhile, one embodiment of the present inven-
tion can control the brightness of color displayed on the
display device by using the light tuning layer that controls the
pattern (application region, application time, etc.) of the elec-
tric field applied to the particles or tunes the transmittance of
light or blocking rate of light reflected from the particle.
[0326] FIG. 31 is a view exemplarily illustrating a configu-
ration of controlling a display area of light reflected from
particles in accordance with one embodiment of the present
invention.

[0327] Referringto FIG. 31,adisplay device 3100 in accor-
dance with one embodiment of the present invention may
include nine unit cells 3110, wherein each unit cell 3110 may
be independently controlled from each other by the electric
field independently applied to each unit cell 3110. Lower
electrodes 3122, 3124 and 3126 covering each unit cell 3110
may include materials having dark colors or may be covered
by a color layer (not shown) having dark colors. In accor-
dance with one embodiment of the present invention, in order
to display the color of the desired brightness on the display
device 3100, the color by the photonic crystals is displayed in
a part of the unit cells by applying the appropriate electric
field only to some of the total of nine unit cells 3110. On the



US 2012/0188295 Al

other hand, the color by the photonic crystals is not displayed
in the remaining unit cell by not applying the electric field to
the remaining unit cells but the dark color due to the scattering
color by the particles or the color of the lower electrode may
be displayed. Further, when the number of unit cells display-
ing the color by the photonic crystals by controlling the elec-
tric field applied to each unit cell is increased, since the area
in which the color is displayed by the photonic crystals is
wider than the area in which the dark color is displayed, the
brightness of color by the photonic crystals is increased, and
when the number of unit cells in which the color by the
photonic crystals is displayed is reduced, since the dark color
is displayed is narrower than the area in which the area in
which the color by the photonic crystals is displayed, the
brightness of color by the photonic crystals may be lowered.
That is, as the number of unit cells to which the predetermined
electric field capable of forming the photonic crystals is
increased, the number of unit cells in which the color by the
photonic crystals is displayed, that is, the area in which the
color by the photonic crystals is displayed is increased,
thereby increasing the brightness. In addition, the brightness
may be controlled by using the lower electrode as the black
electrode and appropriately combining the number of pixels
implementing the photonic crystals reflection mode and the
number of pixels implementing the transmittance tuning con-
trol mode.

[0328] FIG. 32 is a view exemplarily illustrating a configu-
ration of controlling a display time of light reflected from
particles in accordance with one embodiment of the present
invention.

[0329] Referring to FIG. 32, the display device in accor-
dance with one embodiment of the present invention can
control the time when the electric field is applied to the
particles and may include a lower electrode, which has a
material of a dark color or is covered by a color layer (not
shown) of the dark color. The display device in accordance
with one embodiment of the present invention can periodi-
cally apply the electric field to the particles but can control the
ratio of the application time of the electric field to the non-
application time of the electric field so as to display the color
of'the desired brightness on the display device. More specifi-
cally, if the application time of the electric field is longer than
the non-application time of the electric field, since the time
when the color by the photonic crystals is displayed is longer
than the time when the dark color is displayed, the brightness
of color by the photonic color may become high. On the other
hand, ifthe application time of the electric field is shorter than
the non-application time of the electric field, since the time
when the color by the photonic crystals is displayed is shorter
than the time when the dark color is displayed, the brightness
of color by the photonic color may become low. That is, as the
time when the electric field capable of forming the predeter-
mined photonic crystals is applied is long, the time when the
color by the photonic crystals is displayed is increased.
Therefore, the brightness of color by the photonic crystals is
increased.

[0330] FIG. 33 is a view exemplarily illustrating a configu-
ration of controlling brightness using a light tuning layer in
accordance with one embodiment of the present invention.
[0331] Referring to FIG. 33,a display device 3300 in accor-
dance with one embodiment of the present invention may
include a separate light tuning layer 3330 capable of tuning
the transmittance of light or light blocking rate. Generally,
since the transmittance of light or the light blocking rate may
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greatly affect the intensity or brightness of light, and further,
may change the brightness of color of light, the light tuning
layer 3330 capable of tuning the transmittance of light or the
light blocking rate may be disposed on the top of the display
device 3300. Herein, the brightness of color of light displayed
on the display device 3300 may be controlled by controlling
the intensity or brightness incident on the light tuning layer
3330. Hereinafter, various components capable of being con-
trolled as the light tuning layer 3330 will be described in
detail.

[0332] FIGS. 34 and 35 are views exemplarily illustrating a
configuration of the light tuning layer tuning the transmit-
tance of light in accordance with one embodiment of the
present invention.

[0333] First, referring to FIG. 34, a light tuning layer 3400
in accordance with one embodiment of the present invention
may tune the transmittance of light by controlling the
arrangement of particles 3410. More specifically, when the
electrophoresis particles 3410 are irregularly dispersed
within the light tuning layer 3400, the transmittance of light is
reduced due to the reflection or scattering of light by the
electrophoresis particles 3410, and thus, the brightness of
color of light is reduced (see FIG. 34(a)). On the other hand,
when the electrophoresis particles 3410 are regularly
arranged in a direction parallel to a progressing direction of
light, the progressing of light is little hindered, and thus, the
transmittance oflight is high, such that the brightness of color
oflightisincreased (see FIG. 34(b)). In addition, although not
shown, as described above, the layer of using the photonic
crystal transmittance tuning mode may be used as the light
tuning layer.

[0334] Next, referring to FIG. 35, a light tuning layer 3500
in accordance with one embodiment of the present invention
may tune the transmittance of light by controlling the location
of'electrophoresis particles 3510. More specifically, when the
electrophoresis particles 3510 are irregularly dispersed
within the light tuning layer 3500, the transmittance of light is
reduced due to the reflection or scattering of light by the
electrophoresis particles 3510, and thus, the brightness of
color of light is reduced (see FIG. 35(a)). On the other hand,
when the electrophoresis particles 3510 moves toward a
lower electrode 3550 having a narrow area, the progressing of
light is little hindered, and thus, the transmittance of light is
high, such that the brightness of color of light is increased (see
FIG. 35(b)).

[0335] FIG. 36 is a view exemplarily illustrating a configu-
ration of the light tuning layer controlling a light blocking rate
in accordance with one embodiment of the present invention.
[0336] Referring to FIG. 36, a light tuning layer 3600 in
accordance with the present invention may include a light
blocking material 3615 whose distribution area may be
changed as liphophilic or hydrophilic characteristics are
changed by the electric field. The light blocking material
3615 controls an area covering the display region, that is, the
display unit (not shown) of the display device by controlling
at least one of the intensity and direction of the electric field
applied to the light blocking material 3615, thereby control-
ling the light blocking rate (electro-wetting). More specifi-
cally, when the light blocking material 3615 covers most of
the display region, the light blocking rate is increased, and
thus, the brightness of color of light is reduced (see FIG.
36(a)), but when the light blocking material 3615 covers a
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portion of the display region, the light blocking rate is
reduced, and thus, the brightness of color oflight is increased
(see FIG. 36(5)).

[0337] However, the light tuning layer that may be applied
to the display device in accordance with the present invention
is not necessarily limited to the above list and various units
such as the device of controlling the concentration of the
particles may be applied as the light tuning layer in accor-
dance with the present invention. The device capable of
changing the transmittance of light according to the voltage
such as a liquid crystal, the device capable of tuning the
transmittance of light by changing an area of the solution on
the surface by changing the hydrophilic/liphophilic charac-
teristics according to voltage, or the device of tuning the
transmittance of light by controlling motion of the particles
according to the voltage, etc., may be used. In addition, elec-
trochromic devices (ED), suspended particle devices (SPD),
polymer dispersed liquid crystal devices (PDLC), micro-
blinds (MB), etc., may be applied as the light tuning layer.
[0338] Meanwhile, in accordance with one embodiment of
the present invention, a color representing an achromatic
color and a cell representing a chromatic color are spatially
and temporally combined, thereby controlling the chroma of
color displayed on the display device.

[0339] First, similar to the brightness control method
shown in FIG. 31, the chroma of color displayed on the
display device may be controlled by controlling an area in
which the achromatic color is displayed and an area in which
the chromatic color is displayed. More specifically, when the
number of unit cells displaying the chromatic color is
increased by controlling the electric field applied to each unit
cell, since the area in which the chromatic color is displayed
is wider than the area in which the achromatic color is dis-
played, the chroma of the color displayed on the display
device is increased and when the number of unit cells dis-
playing the achromatic color is reduced, since the area in
which the chromatic color is displayed is narrower than the
area in which the achromatic color is displayed, the chroma of
the color displayed on the display device may be reduced.
[0340] Next, similar to the brightness control method
shown in FIG. 32, the chroma of color displayed on the
display device may be controlled by controlling the time
when the achromatic color is displayed and the time when the
chromatic color is displayed. More specifically, if the time
when the electric field is applied so as to display a chromatic
color is longer than the time when the electric field is applied
s0 as to display the achromatic color, the chroma of the color
displayed on the display device is increased. On the other
hand, if the time when the electric field displaying the chro-
matic color is applied is shorter than the time when the elec-
tric field displaying the achromatic color is not applied, the
chroma of the color displayed on the display device is
reduced.

[0341] FIG. 37 is a view illustrating the configuration of a
display device for realizing a photonic crystal display using
particles having different electric charges from each other in
accordance with one embodiment of the present invention.
[0342] First, the case of the first mode will be described as
follows. First, referring to FIG. 37, a display unit 3710 of a
display device 3700 in accordance with one embodiment of
the present invention may include particles having different
electric charges, i.e., one type of particles 3712 having nega-
tive charges and the other type of particles 3714 having posi-
tive charges. As an electric field is applied to the display unit
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3710, the particles 3712 having negative charges and the
particles 3714 having positive charges may be respectively
moved in the opposite direction and regularly arranged. For
instance, if an upper electrode 3720 of the electric field gen-
erating and/or applying unit is a positive electrode and a lower
electrode 3725 thereof is a negative electrode, the particles
3712 having negative charges and the particles 3714 having
positive charges may be moved in the upper electrode 3720
direction and in the lower electrode 3725 direction, respec-
tively, and arranged as photonic crystals while maintaining
predetermined inter-particle distances. In this case, the dis-
play device 3700 can reflect light of a certain wavelength
range against both sides (i.e., the side of the upper electrode
3720 and the side of the lower electrode 3725), and thus, can
realize a double-sided display. Furthermore, if the charge
amount of the particles 3712 having negative charges and the
charge amount of the particles 3714 having positive charges
are different from each other, as an electric field is applied, the
inter-particle distances 3712 having negative charges and the
inter-particle distances 3714 having positive charges may
differ from each other. Thus, the display device 3700 can
reflect light of different wavelength ranges against both sides,
and thus, can realize a display, both sides of which are con-
trolled independently from each other.

[0343] Next, the case of the second mode will be described
as follows. The particles 3712 having negative charges and
particles 3714 having positive charges that are included in the
display device 3700 may have their unique colors. In this
case, similar to the case of FIG. 37, different colors can be
displayed on the upper and lower parts of the display device
just by adjusting only the direction of an electric field applied
to the upper electrode 3720 and the lower electrode 3725. For
instance, assuming that the particles 3712 having negative
charges are in black and the particles 3714 having positive
charges are in white, when a positive voltage is applied to the
upper electrode 3720, the black particles 3712 having nega-
tive charges may be moved toward the upper electrode 3720
to display black on the upper part of the display device. When
a negative voltage is applied to the upper electrode 3720, the
white particles 3714 having positive charges may be moved
toward the upper electrode 3720 to display white on the upper
part of the display device.

[0344] As shown in FIG. 37, the first mode and the second
mode may also be switched to each other in the both-sided
display device. In addition, when the lower electrode is
divided into the large electrode and the local electrode, the
first mode, the second mode and the third mode may be
switched to one another in the both-sided display device.
[0345] FIGS. 38 to 40 are views exemplarily illustrating a
configuration of patterning an electrode in accordance with
one embodiment of the present invention.

[0346] First, referring to FIG. 38, a lattice-shaped insulat-
ing layer 3830 can be formed on the lower electrode 3825 (or
upper electrode 3820) of the electrode in accordance with one
embodiment of the present invention, and thus, the lower
electrode 3825 (or upper electrode 3820) can be patterned at
predetermined intervals.

[0347] Inaccordance withthe display device shown in FIG.
38, the patterning interval of the electrodes is set approxi-
mately from several pm to several hundreds of pm, thereby
preventing the particles from being irregularly arranged due
to electrohydrodynamic (EHD) motion of the particles hav-
ing electric charges, and thus, achieving uniform display. In
particular, in accordance with the display device shown in
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FIG. 38, the particles can be effectively prevented from being
biased by electrohydrodynamic motion without passing
through a complicated process, such as encapsulation or cell
partitioning, which requires a lot of time and cost.

[0348] Next, referring to FIG. 39, the lower electrode (or
upper electrode) in accordance with one embodiment of the
present invention may be divided into two electrodes (a first
electrode 3920 and a second electrode 3925). More specifi-
cally, referring to FIG. 40, according to one embodiment of
the present invention, the first electrode 4020 and second
electrode 4025 constituting the lower electrode (or upper
electrode) of the electrode can be patterned in the form of
alternating teeth.

[0349] In accordance with the display device shown in
FIGS. 39 and 40, it can be advantageous in terms of cost
saving because electrodes can be formed only on one sub-
strate, and the operating speed of the display device can be
raised because the moving distance of the particles induced
by application of an electric field is reduced.

[0350] It should be noted, however, that an electrode pat-
tern in accordance with the present invention is not necessar-
ily limited to those listed above, but may be appropriately
changed within the scope of the objects of the present inven-
tion, i.e., within the scope in which the inter-particle distances
can be controlled by an electric field.

[0351] FIG. 41 is a view exemplarily illustrating the con-
figuration in which the display device in accordance with one
embodiment of the present invention includes a spacer.
[0352] Referring to FIG. 41,a display device 4100 in accor-
dance with one embodiment of the present invention may
include a spacer particles 4130 that is disposed between two
electrodes 4120 to perform a function of controlling an inter-
val between two electrodes 4120. More specifically, the
spacer particles 4130 contacting the upper and lower elec-
trodes 4120 may adhere to the upper and lower electrodes
4120 by energy such as heat energy, photo energy, etc., and
thus, may be manufactured in a film type in which the upper
and lower electrodes 4130 are disposed at a predetermined
distance. In accordance with one embodiment of the present
invention, the spacer particles 4130 may be made of organic
matters such as polystyrene or inorganic matters such as
oxide silicon. When the ITO glass is used as the electrode, the
cost is high. Therefore, when the spacer is applied to the
substrate in the flexible film type on which the transparent
electrode is coated as in the present invention, the manufac-
turing costs may be remarkably reduced.

[0353] In accordance with one embodiment of the present
invention, a liquid in which the particles are dispersed is
applied to the front surface using a device such as one drop
filling (ODF) or may be filled between the upper and lower
electrodes by using an air pressure difference or may be
printed by a method such as gravure offset, etc.

[0354] FIG. 42 is a view illustrating the configuration of a
display device including a solar cell unit in accordance with
one embodiment of the present invention.

[0355] Referring to FIG. 42, a display device 4200 in accor-
dance with one embodiment of the present invention may
further include a solar cell unit 4230 that performs the func-
tion of generating an electromotive force by using light trans-
mitted through the display device 4200 and storing it. The
electromotive force generated by the solar cell unit 4230 can
be used to generate and apply a voltage using the electrode
4220, whereby the display device 4200 can realize the above-
described photonic crystal display without depending on an
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external power supply. However, a combination of the display
device and the solar cell unit in accordance with the present
invention is not necessarily limited to those listed above, but
the electromotive force generated by the solar cell unit may be
used for other purposes than driving the display device.

[0356] FIG. 43 is a view exemplarily illustrating a configu-
ration in which the display device in accordance with the
present invention is combined with an emissive display
device.

[0357] Referring to FIG. 43, separate emissive display
devices 4330 and 4340 may be combined with the display
devices 4310 and 4320 in accordance with the present inven-
tion. More specifically, the emissive display devices 4330 and
4340 are combined on the bottom portions of the display
devices 4310 and 4320 in accordance with the present inven-
tion to independently drive the reflection-type display devices
4310 and 4320 and the emissive devices 4330 and 4340 from
each other, thereby displaying the color according to the first,
second or third modes in accordance with one embodiment of
the present invention when the display devices 4310 and 4320
are operated in accordance with the present invention. On the
other hand, when the light-emitting display devices 4330 and
4340 are operated, light generated from a predetermined back
light and transmitting a color filter may be displayed. That is,
the emissive mode and the reflection type mode may be mixed
with each other. Reference numeral 4320 represents an R, G
and B color filter. In the emissive mode, the particles in the
reflection type device move to the local electrode to make the
transmittance large. When the display device in accordance
with the present invention is combined with the emissive
display device, the range of the displayable color can be wide
as compared with the case of using only the display device in
accordance with the present invention. Meanwhile, when the
emissive display device includes fluorescent substance, the
hues that cannot be implemented by the existing fluorescent
substance may also be implemented. In addition, although not
shown in the drawings, the external light source exists on the
upper electrode, such that the reflection type display mode
may be implemented even in the dark situation in which no
surrounding light is.

[0358] Mode Maintain

[0359] In accordance with one embodiment of the present
invention, even after the electric field acting to control the
inter-particle distances is blocked, the inter-particle distances
may be maintained in the controlled state. To this end, the
predetermined additives may be included in the solvent in
which the particles are dispersed.

[0360] More specifically, in accordance with one embodi-
ment of the present invention, a polymer type material with a
complicated molecular structure such as a dispersant (for
example, polyoxyethylene lauryl ether, etc.) with a portion
(anchoring group, hereinafter, referred to as “anchor’’) having
strong affinity, a polysorbate-based dispersant (for example,
polyoxyethylene sorbitan monolaurate, polyoxyethylenesor-
bitan monooleate, polyoxyethylene sorbitan monostearate,
etc.) with at least one anchor may be added as additives.
Accordingly, the motion of the particles dispersed in the
solvent is limited by the additives.

[0361] In addition, in accordance with one embodiment of
the present invention, when the particles having electric
charges are dispersed in the solvent to which the polymer
having the molecular chain is added, resistance is increased
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upon moving the particles in the solvent, such that the loca-
tion may be fixed even after the electric field applied from the
outside is blocked.

[0362] In addition, in accordance with one embodiment of
the present invention, additives having a functional group
(—OH) existing on the surface of the particles and a func-
tional group (hydrophilic group) that can be chemically
bonded such as hydrogen binding are added within the sol-
vent so as to make the additives to be continuously adsorbed
on the surface of the particles, such that the film is formed
around the particles, thereby stabilizing the particles.

[0363] In addition, in accordance with one embodiment of
the present invention, as the steric effect is generated by alkyl
component existing in the alkyl chain of the liphophilic group
included in the additives added within the solvent, the viscos-
ity of the solvent may be increased, thereby limiting the
motion of the particles included in the solvent. Further, a large
amount of polymer having the complicated structure is added
within the solvent, thereby further increasing the viscosity of
the solution.

[0364] That is, the additives having the affinity with the
particles and the additives having the affinity with the solvent
are added, thereby limiting the motion of the particles within
the solvent. In addition, the polymer having the complicated
steric structure or chain structure is added within the solvent
as the additives, thereby limiting the movement of the par-
ticles due to the complicated structure of the additives.

[0365] Meanwhile, the phase change material is used as the
solvent, and thus, the inter-particle distances are controlled to
have a predetermined distance by applying voltage in the state
of facilitating the movement of the particles (for example, a
liquid having low viscosity). Further, before the external volt-
age is blocked, a state of a solution is converted into a state of
making the movement of the particles hard through stimuli
such as light, pressure, temperature, chemical reaction, mag-
netic field, electricity, etc., such that the inter-particle dis-
tances of the particles may be maintained constantly although
the external voltage is blocked.

[0366] Alternatively, in order to prevent the inter-particle
distances from being gradually disordered after voltage is
blocked, the inter-particle distances may be maintained at the
predetermined distance by a periodical refreshing with the
predetermined voltage.

[0367] In order to constantly maintain the distance even
after the voltage is blocked by the above-mentioned method,
it is preferable to minimize the specific gravity of the particles
and the solvent, such that materials having different specific
gravity are coated on the particles or materials having difter-
ent specific gravity may be added to the solvent.

[0368] Therefore, in accordance with one embodiment of
the present invention, the particles regularly arranged while
maintaining the predetermined distance according to the elec-
tric field may maintain the regular arrangement although the
electric field is blocked. The effect may be apparently shown
as the amount of additives is large or the molecular weight of
additives is large. In particular, the above effects may be
increased by reducing the difference in the specific gravity
between the particles and the solvent. In addition, in accor-
dance with one embodiment of the present invention, the
display device having the excellent display characteristics
may be manufactured by simply including the additives in the
solvent without adopting the complicated configuration such
as capsule, cell, droplet type capsule, etc.
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[0369] In addition, in accordance with one embodiment of
the present invention, the configuration in which the polymer
stabilizer is covalently bonded with the particles can be con-
sidered. The polymer stabilizer and the particles have the
complementary chemical functionality with each other so as
to forming the covalent binding. The polymer stabilizer may
be added within the solvent.

[0370] In addition, in accordance with one embodiment of
the present invention, the particles are coated with polymer
and the polymer coating includes the first functional group. In
addition, the polymer having the second functional group is
added within the solvent and the second functional group acts
to apply attraction to the first functional group, such that the
polymer within the solvent may form a complex with the
particles.

[0371] Even after the electric field is blocked, the hues
continue to be maintained on the display unit, such that the
power consumption is small and the hues of a frame or an
exterior may continue to be stably and reliably maintained.
[0372] Meanwhile, in accordance with one embodiment of
the present invention, the particles that include a net structure,
in which a gel-type solution is included in the functional
group, and are dispersed in the gel-type solution and include
the functional group are considered. However, the configura-
tion in which the functional group of the particles and the
functional group having the net structure are bonded with
each other may be considered.

[0373] In one embodiment, the functional group of the
gel-state solution or the functional group configuring the
particles may include at least one of hydroxyl group (—OH),
carboxy group (—COOH), amine group (—NH2), amid
group (CONH), formyl group (—CHO), tirol group (—SH)
and acrylic group (—CH2CCOR).

[0374] In one embodiment, the gel-state solution may
include aqueous polymer of at least one of polyvinylalcohols,
agaroses, poly(N-isopropylacrylamide)s, polysaccharides,
polyamides and polyacrylates.

[0375] In one embodiment, the gel-state solution may
include monomer or polymer including a liphophile and a
reactive functional group that have a long chain within a
molecule such as 12-hydroxystearic acid, sorbitan esters
(Sorbitan monostearate, sorbitan monooleate, etc.), polysor-
bates (polyoxyethylene sorbitan monooleate, etc.).

[0376] Inone embodiment, the gel functional group of the
solution and the functional group of the particles may be
bonded with each other by a cross-linking agent having a
bifunctional group including at least one of boric acid, dial-
dehydes, dicarboxylic acids, dianhydrides, acid chloride,
epichlorohydrin and hydrazide.

[0377] In one embodiment, the binding between the func-
tional group of the surface of the particles and the functional
group included in the solution may be performed by applying
the heat energy or the photo energy or adding the additives or
the cross-linking agent.

[0378] In one embodiment, the gel-state solution may be
phase-changed into the sol state by applying the heat energy
or the photo energy or adding the additive or the cross-linking
agent.

EXPERIMENTAL RESULTS

[0379] First, the experimental results implementing the
first mode in accordance with one embodiment of the present
invention will be described with reference to FIGS. 44 to 51.
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[0380] FIGS. 44 to 46 are graphs and photographs illustrat-
ing experimental results implementing the first mode control-
ling the wavelength of light reflected photonic crystals com-
posed of the particles by controlling the inter-particle
distances when the particles having electric charges are dis-
persed in a solvent having electrical polarization characteris-
tic in accordance with one embodiment of the present inven-
tion. For reference, in the experiment of FIGS. 44 to 46,
particles having a size of 100 to 200 nm, charged with nega-
tive charges and coated with a silicon oxide film were used as
the particles having electric charges, a solvent having a polar-
ity index greater than 1 was used as the solvent having elec-
trical polarization characteristic. The intensity of a voltage
applied to apply an electric field to the particles and solvent
was set variously in the range of 0 to 10 V. Meanwhile, the
graphs shown in FIG. 44 illustrate the reflectance of light
reflected from the particles according to the wavelength of the
corresponding light when electric fields of various intensities
are applied. From FIG. 44, it can be seen that the greater the
degree of change in the wavelength pattern of reflected light
with change in the intensity of an electric field, the larger the
change in the inter-particle distances. This means that light of
more various wavelengths can be reflected from the particles
by controlling the intensity of the electric field.

[0381] Referring to FIG. 44, it can be seen that a wave-
length pattern oflight reflected from particles varies variously
depends on the intensity of an applied electric field (i.e.,
intensity of a voltage). More specifically, it can be seen that,
the higher the intensity of an applied electric field (i.e., inten-
sity of a voltage), the shorter the wavelength (in particular, a
wavelength in which the reflectance is maximum) of the light
reflected from the particles. According to the experiment
result of FIG. 44, it can be seen that as the intensity (i.e.,
intensity of a voltage) of an applied electric field is increased,
the color of light reflected from the particles is changed from
a red series to a blue series and the changeable wavelength
range may also be wide so as to cover all the visible spectra.
Referring to FIGS. 45 and 46, the change in the color of the
reflected light as described above may be more visually con-
firmed in a CIE diagram (FIG. 45) and a camera photograph
(FIG. 46).

[0382] FIGS. 47 and 48 are graphs illustrating the wave-
length of light reflected from the particles as a result of per-
forming an experiment implementing the first mode by apply-
ing an electric field when the particles having electric charges
are dispersed in various solvents having different polarity
indices in accordance with one embodiment of the present
invention. For reference, in the experiment of FIGS. 47 and
48, particles having a size of 100 to 200 nm, charged with
negative charges and coated with a silicon oxide film were
used as the particles having electric charges, and solvents
having polarity indices in the vicinity of 0, 2, 4 and 5 were
used as the solvent having electrical polarization characteris-
tic. More specifically, the graphs (a), (b), (c) and (d) of FIG.
47 illustrate experimental results for the solvents having
polarity indices of 0, 2, 4 and 5, respectively, and the graphs
(a), (b), (c) and (d) of FIG. 48 illustrate experimental results
for a solvent obtained by mixing a solvent having a polarity
index of 0 and a solvent having a polarity index of 4 at ratios
ot 90:10, 75:25, 50:50 and 0:100, respectively. Meanwhile,
the graphs shown in FIGS. 47 and 48 illustrate the reflectance
of the light reflected from the particles in the wavelength
range of a visible light spectrum when electric fields of vari-
ous intensities are applied. The greater the degree of change in
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the wavelength pattern of reflected light with change in the
intensity of an electric field, the larger the change in the
inter-particle distances. This means that light of more various
wavelengths can be reflected from the particles by controlling
the intensity of the electric field.

[0383] Referring to FIG. 47, from graph (a) showing the
experimental result for the solvent having a polarity index of
0, it can be seen that a change in the intensity of an electric
field (i.e., intensity of a voltage) causes almost no change in
the wavelength pattern of reflected light between the different
voltages. It can be seen that the higher the polarity index (i.e.,
as the experimental results proceed toward graph (d) from
graph (a)), the greater the change in the wavelength pattern of
reflected light with changes in the intensity of an electric field
(i.e., intensity of a voltage). Further, referring to FIG. 48, it
can be seen that, the higher the ratio of the solvent having a
high polarity index (i.e., as the experimental results proceed
toward graph (d) from graph (a)), the greater the changes in
the wavelength pattern of reflected light with changes in the
intensity of the electric field (i.e., intensity of a voltage).
[0384] From the experimental results discussed above, it
can be seen that, with the display device in accordance with
one embodiment of the present invention, photonic crystals
capable of reflecting light of a certain wavelength can be
realized in the first mode by properly adjusting the charge
amount and/or polarization amount of the particles, the polar-
ization amount of the solvent and/or the intensity of an
applied electric field, and accordingly a display of a certain
wavelength range (full spectrum) can be realized.

[0385] Next, FIGS. 49 and 50 are graphs and photographs
illustrating light reflected from the particles as a result of
performing an experiment implementing the first mode by
applying an electric field when the particles having electric
charges and the electrical polarization characteristic are dis-
persed in solvents having different polarity indices in accor-
dance with one embodiment of the present invention. For
reference, in the experiment of FIGS. 49 and 50, SrTiO,
particles (see 49(a)) and BaTiOj particles (see 34(b)), both of
which are charged with electric charges, were used as the
particles having electric charges and electrical polarization
characteristic, and the particles were dispersed in a solvent
having a polarity index of 0.

[0386] Referring to FIG. 49, it can be seen that the higher
the intensity of an electric field applied to the particles and
solvent, the lower the reflectance of light on the whole. From
this experimental result, it can be concluded that upon appli-
cation of an electric field, the particles dispersed in the solvent
can be electrically polarized and arranged in the direction of
the electric field (see FIG. 50(5)), and this arrangement leads
to a decrease in the number of particles capable of reflecting
incident light and reduces the reflectance of light. Although
this experiment does not involve a sharp change in the wave-
length of reflected light with using a configuration in which an
electric field is applied when particles having electrical polar-
ization characteristic are dispersed in a nonpolar solvent, it
was found that the particles are arranged in a constant direc-
tion as the electric field is applied. From this, it can be seen
that the wavelength of the reflected light may also be changed
by optimizing conditions such as the electric charges on the
surface of the particles.

[0387] FIG. 51 is a view illustrating results performing
experiments for dependency (that is, the viewing angle of the
display device) of an observation angle of the display device
according to the embodiment of the present invention.
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[0388] Referring to FIG. 51(a), although the viewing angle
of the display device according to the embodiment of the
present invention is changed from 20° to 70°, it can be seen
that color patterns 5110 to 5160 of the reflected light is little
changed. The photonic crystal display device according to the
related art has a disadvantage in that the change in the color
patterns is greatly shown according to the viewing angle.
However, it can be seen that the display device in accordance
with the present invention has an advantage in that the color
patterns is constantly shown without almost any change. It is
understood that this advantage derives from the fact that the
photonic crystals formed by the display device in accordance
with the present invention are quasi crystals having a short
range order. Accordingly, the display device in accordance
with the present invention can greatly improve display per-
formance in comparison with the conventional display device
which merely forms photonic crystals having a long range
order. As shown in the drawings, in accordance with one
embodiment of the present invention, when the viewing angle
is change between 20° and 70°, the reflected light is changed
within 5% of an x value and a y value in CIE xy chromaticity
coordinates. Further, in accordance with one embodiment of
the present invention, the reason why the short range order is
generated is that the electric field is generated by applying the
DC voltage. By doing so, the particles are regularly arranged
by three-dimensionally arranging the short range order.
Thereby, more excellent viewing angle characteristics than
the display device having the long range order can be gener-
ally obtained. In addition, in order to make the viewing angle
characteristics excellent, it is preferable to form the electric
field by applying the DC voltage or applying the AC voltage
including the DC voltage component. Further, referring to
FIG. 51(b), in the case of the general photonic crystals
according to the related art, the wavelength of the reflected
light is greatly changed according to the change in the view-
ing angle (5170), but in the case of the embodiment of the
present invention, it can be seen that the wavelength of the
reflected light is little changed although the viewing angle is
changed (5180 and 5190).

[0389] Next, the experimental results implementing the
display device selectively switching any one of the first, sec-
ond and third modes in accordance with one embodiment of
the present invention will be described with reference to
FIGS. 52 to 57.

[0390] FIG. 52 is aview illustrating experimental results of
the display device capable of selectively switching any one of
the first and second modes in accordance with one embodi-
ment of the present invention. For reference, in the experi-
ment of FIG. 52, the solution having red as the unique color
due to the mixing of the particles and the solvent is used and
the intensity ofthe applied electric field is increased stepwise.
[0391] Referring to FIG. 52, when the electric field is not
applied, the particles are irregularly dispersed in the solvent
to display the red that is the unique color of the solution
(second mode, see FIG. 52(a)) and if the inter-particle dis-
tances are controlled due to the application of the electric field
to form the photonic crystal, the red that is the unique color of
the solution and the color of light reflected from the photonic
crystals are displayed (first mode, see FIG. 52(5)), such that it
can be seen that the mixed color of the unique color of the
solution and the photonic crystal color is displayed (first
mode, see FIGS. 52(c) and 52(d)).

[0392] FIGS. 53 and 54 are views illustrating experimental
results of the display device capable of selectively switching
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any one of the first and third modes in accordance with one
embodiment of the present invention. For reference, in the
experiment of FIGS. 53 and 54, the transparent solvent show-
ing the electrical polarization characteristic and transmitting
the light in the visible spectrum, the particles charged with the
same electric charges and the transparent electrode were
used, and the intensity of the applied electric filed was
increased stepwise. In addition, in order to confirm the
change in transmittance, the specific patterns are formed
under the lower electrode to observe whether the specific
patterns are displayed through the display unit. Referring to
FIG. 53, when the intensity of the electric field is relatively
small, it can be seen that the light in the visible spectrum is
reflected from the photonic crystals made of the particles
whose distances are controlled, and thus, the blue color is
displayed on the display device (first mode, see FIGS. 53(a)
and 53(b)). However, if the intensity of an electric field is
relatively high, it can be seen that the blue color displayed on
the display device became noticeably lighter as the wave-
length range of light reflected by photonic crystals is gradu-
ally shifted from the visible spectrum to the ultraviolet spec-
trum (first mode, see FIG. 53(C)). If the intensity of an electric
field becomes much higher, it can be seen that the display
device turns into a transparent state while displaying no color
as the wavelength range of light reflected by photonic crystals
is completely out of the visible spectrum, such that the light
transmittance becomes high (third mode, see FIGS. 53(d) and
53(e)).

[0393] FIG. 54 shows that the reflectance is measured by
dispersing the ferroelectric particles, which are charged with
the same electric charges and indicate the electrical polariza-
tion, in the transparent solvent indicating the electrical polar-
ization and then applying the electric field from the outside.
When the electric field is not applied from the outside, the
solution color 5410 is shown but when the electric range in the
predetermined range is applied from the outside, the photonic
crystal color 5420 is shown by the arrangement of the par-
ticles, and when the larger electric field is applied, the
reflected light of the photonic crystals is switched into the
ultraviolet region and the inter-particle arrangement effect is
shown more larger in the direction of the electric field, such
that the reflected light (increase in the transmitted light) is
gradually reduced (5430). That is, the attraction effect due to
the electrical polarization is shown larger than the repulsion
due to the same electric charges between the particles in the
case of the predetermined range or more, such that the particle
arrangement effect may be more predominantly shown.

[0394] FIGS. 55A, 55B, 55C and 56 are views illustrating
experimental results of the display device capable of selec-
tively switching any one of the second and third modes in
accordance with one embodiment of the present invention. In
FIGS. 55A, 55B, 55C and 56, after the ferroelectric particles,
which are charged with the same sign and have the large
electrical polarization effect, are dispersed in the light trans-
missive solvent and are then filled between the transparent
upper and lower electrodes having a height of 50 pm, and
then, the change degree of the light transmitting the solution
according to the application of the external voltage and the
reflected light (FIGS. 55A, 55B and 55C) and the region
displayed on the upper electrode were measured by a camera
(FIG. 56). For reference, in FIGS. 55A, 55B and 55C, the
upper and lower transparent electrodes were used at the time
of measuring the transmitted light and the reflected light was
measured by disposing the black color plate on the lower
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electrode at the time of measurement. In the experiment of
FIG. 56, the unique color patterns including various colors
from red to blue in a lattice form were disposed on the bottom
of'the transparent lower electrode, the intensity of the applied
electric field is increased stepwise, and the patterns displayed
on the upper electrode was measured by the camera.

[0395] Referring to FIG. 55A, it can be seen that the trans-
mittance of light is gradually increased as the intensity of the
electric field is increased from OV to 10V, which shows a
process of continuously and variously switching from the
second mode, in which the color of the solution is displayed,
to the third mode, in which the transmittance of light is
controlled. As can be appreciated from FIG. 55B, the trans-
mittance may be gradually changed as the intensity of the
electric field is increased. FIG. 55C shows the change in the
transmittance and the reflectance according to the applied
voltage. From this, when the voltage of 5V is applied, it can be
seen that the change width of reflectance is 16% (25%-9%)
and the change width in transmittance is changed to 60%
(67%-7%) and the operating speed is 1 sec or less. When the
transmittance or the reflectance is used, it can be seen that it
may be used as the device displaying the information, such as
e-Book. When being used as the information display device,
the white solution color is displayed if the electric field is not
applied and when the electric field is applied, the black lower
electrode is displayed, or conversely, when the black solution
and the white lower electrode are used, the information may
be effectively displayed.

[0396] FIG. 59 is a graph illustrating a relation among a
wavelength, application voltage and reflectance for imple-
menting the mode and the mode switching. In the whole
specification of the present invention, implementing the par-
ticles dispersed in the solvent at the predetermined interval or
the specific arrangement is affected by the equilibrium of
force applied between the particles. In particular, when the
electrical polarization of the particles or the solvent is
changed according to the external electric field, the electrical
polarization attraction affecting between the particles is
changed by the induced electrical polarization and the behav-
ior of the particles is affected according to the size of the
inter-particle repulsion.

[0397] First, in the embodiment of the present invention,
when the inter-particle repulsion (coulomb repulsion due to
the charge coating of the same sign or the repulsion due to the
steric effect) is applied at the equivalent intensity to the maxi-
mum attraction due to the electrical polarization induced
according to the application of the electric field within the
operating range, the inter-particle distances are constantly
maintained by the equilibrium between the attraction due to
the inter-particle electrical polarization according to the
application of the electric field within the operating range and
the above-mentioned inter-particle repulsion, and thus, the
specific reflected light is shown and the wavelength of the
reflected light is continuously changed toward the short wave-
length as the applied voltage is increased (FIG. 59(a)).
[0398] In another embodiment of the present invention,
when the inter-particle repulsion of the particles is smaller
than the induced electrical polarization at the threshold volt-
age or more, the inter-particle repulsion of particles and the
induced electrical polarization attraction according to the
application of the electric field are in an equilibrium state up
to the threshold voltage, and the reflected light is changed.
However, in case of the threshold voltage or more, the elec-
trical polarization attraction is applied stronger than the
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repulsion, such that the particles may be arranged in the
direction of'the electric field but the inter-particle distances is
not controlled at the specific distance. Therefore, the phe-
nomenon that the reflected light is not changed but the trans-
mittance is increased (the reduction in reflection) as shown in
FIG. 59(b) may be shown.

[0399] Further, when the inter-particle repulsion of the par-
ticles is relatively smaller than the electrical polarization
attraction according to the application of the electric field, the
phenomenon that the particles are arranged in a chain form in
the direction of the electric field according to the electrical
polarization attraction induced according to the application of
the electric field as shown in FIG. 59(c¢) is predominantly
shown, such that the phenomenon that only the intensity of
reflectance rather than the wavelength of the reflectance is
reduced (increase in transmittance) may be shown.

[0400] As set forth above, the exemplary embodiments of
the present invention can implement various hues or continu-
ous hues and the transmittance within the same single pixel by
the simple structure. In addition, the exemplary embodiments
of the present invention can tune various hues, the transmit-
tance, the chroma and/or brightness by the simple structure.
Further, the exemplary embodiments of the present invention
can implement the hues of the continuous wavelength by
reflecting the light of the continuous wavelength rather than
implementing the hues by the mixing of R, G and B. Also, the
display method according to the exemplary embodiment of
the present invention can simultaneously satisfy the large area
display, the simple display method, the continuous hue imple-
mentation, the use in the flexible display region and the dis-
play of the low power consumption. Moreover, with the dis-
play device in accordance with the present invention, various
and precise displays can be realized by independently con-
trolling the particles having electric charges and the effect of
making the maintenance and repair of the display device
easier can be achieved. In particular, as compared with the
existing displays, such as an electronic ink, which can only
display a specific color and requires the use of a separate color
filter to display a color different from the specific color, the
display device in accordance with the present invention is
efficient in that it can realize a display for effectively display-
ing a structural color over the full wavelength range without
the use of a separate color filter.

[0401] Although the above embodiments have been
described focusing on the display device using photonic crys-
tal characteristics, the configuration of the present invention
is applicable in various fields, including color changing glass,
color changing wallpapers, color changing solar cells, color
changing sensors, color changing papers, color changing ink,
anti-counterfeit tags, and so on. For example, using this con-
cept, it is possible to manufacture a portable biosensor
capable of detecting a chemical reaction without expensive
measurement equipment by converting a chemical signal
obtained from the chemical reaction into an electric signal
and displaying the electric signal in a certain hue. Also, if a
material whose phase can be changed by light, heat, pressure,
etc., is used as the solvent used for the display device of the
present invention, electronic paper, electronic ink, etc., that
reflect a certain color in a stable and fixed manner can be
realized. Moreover, by incorporating a material, such as a
fluorescent material or quantum dot (QD) material, into the
particles or solvent contained in the display device in accor-
dance with the present invention, a display using photonic
crystals may be realized in a bright environment, and a dis-
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play using fluorescent material or quantum dots may be real-
ized in a dark environment or ultraviolet environment.
[0402] Hereinabove, although the present invention is
described by specific matters such as concrete components,
etc., exemplary embodiments and drawings, they are pro-
vided only for assisting in the entire understanding of the
present invention. Therefore, the present invention is not lim-
ited to the exemplary embodiments. Various modifications
and changes may be made by those skilled in the art to which
the present invention pertains from this description.

[0403] While the invention has been shown and described
with respect to the particular embodiments, it will be under-
stood by those skilled in the art that various changes and
modification may be made without departing from the spirit
and scope of the invention as defined in the following claims.

1. A display method applying an electric field through an
electrode to a display unit including a solution, in which
particles are dispersed in the solvent, and controlling at least
one of intensity, direction, application frequency, application
time and application location of the electric field to control at
least one of interval, location and arrangement of the par-
ticles,

wherein the display method is implemented to selectively

switch, within a same pixel of the display unit, between

a first mode for controlling a wavelength of light reflected

from the particles whose distances are controlled by
controlling inter-particle distances; and

a second mode for displaying at least one color of the

particles, the solvent, the solution and the electrode by
controlling the location of the particles.

2. A display method applying an electric field through an
electrode to a display unit including a solution, in which
particles are dispersed in the solvent, and controlling at least
one of intensity, direction, application frequency, application
time and application location of the electric field to control at
least one of interval, location and arrangement of the par-
ticles,

wherein the display method is implemented to selectively

switch, within a same pixel of the display unit, between

a first mode for controlling a wavelength of light reflected

from the particles whose distances are controlled by
controlling inter-particle distances; and

a second mode for tuning transmittance of light transmit-

ting the solution by controlling the distance, location or
arrangement of the particles.
3. A display method applying an electric field through an
electrode to a display unit including a solution, in which
particles are dispersed in the solvent, and controlling at least
one of intensity, direction, application frequency, application
time and application location of the electric field to control at
least one of interval, location and arrangement of the par-
ticles,
wherein the display method is implemented to selectively
switch, within a same pixel of the display unit, between

afirstmode for displaying at least one color of the particles,
the solvent, the solution and the electrode by controlling
the location of the particles; and

a second mode for tuning transmittance of light transmit-

ting the solution by controlling the distance, location or
arrangement of the particles.

4. A display method applying an electric field through an
electrode to a display unit including a solution, in which
particles are dispersed in the solvent, and controlling at least
one of intensity, direction, application frequency, application
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time and application location of the electric field to control at
least one of interval, location and arrangement of the par-
ticles,

wherein the display method is implemented to selectively
switch, within a same pixel of the display unit, between

a first mode for controlling a wavelength of light reflected
from the particles whose distances are controlled by
controlling the location of the particles;

a second mode for displaying at least one color of the
particles, the solvent, the solution and the electrode by
controlling the location of the particles; and

a third mode for tuning transmittance of light transmitting
the solution by controlling the distance, location or
arrangement of the particles.

5-13. (canceled)

14. The method of claim 1, wherein at least one of the
particles, solvent and solution has a variable electrical polar-
ization characteristic, which is a characteristic that an amount
of electrical polarization induced according to the change of
the applied electric field is changed.

15-26. (canceled)

27. The method of claim 1, wherein the particles and the
solvent are encapsulated by a light transmissive material or
are partitioned by an insulating material.

28-30. (canceled)

31. The method of claim 1, wherein a unit pixel, in which
the switching between the modes is performed, is vertically
stacked in a plural number and the modes are independently
implemented within each stacked unit pixel.

32-37. (canceled)

38. The method of claim 1, wherein energy is generated
using light incident to the particles and the solvent, and the
electric field is applied by using the generated energy.

39. The method of claim 1, wherein an emissive display
unit or a transmissive display unit is used by being combined
with the mode.

40. The method of claim 1, wherein the light reflected from
the particles, the solvent or the electrode or the light trans-
mitting the particles, the solvent or the electrode is displayed
through a color filter connected to the electrode.

41. (canceled)

42. A display device, comprising:

a display unit including a solution in which particles
between two electrodes opposite to each other are dis-
persed in the solvent, at least one of the two electrodes
being transparent; and

a control unit for controlling at least one of the intensity,
direction, application frequency, application time and
application location of an electric field applied to the
electrodes to control at least one of the interval, location
and arrangement of the particles,

wherein the control unit is implemented to selectively
switch, within a same pixel of the display, between

a first mode for controlling a wavelength of light reflected
from the particles whose distances are controlled by
controlling inter-particle distances; and

a second mode for displaying at least one color of the
particles, the solvent, the solution and the electrode by
controlling the location of the particles.

43. A display device, comprising:

a display unit including a solution in which particles
between two electrodes opposite to each other are dis-
persed in the solvent, at least one of the two electrodes
being transparent; and
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a control unit for controlling at least one of the intensity,
direction, application frequency, application time and
application location of an electric field applied to the
electrode to control at least one of the interval, location
and arrangement of the particles,

wherein the control unit is implemented to selectively
switch, within a same unit pixel of a display unit,
between

a first mode for controlling a wavelength of light reflected
from the particles whose distances are controlled by
controlling inter-particle distances; and

a second mode for tuning transmittance of light transmit-
ting the solution by controlling the distance, location or
arrangement of the particles.

44. A display device comprising:

a display unit including a solution in which particles
between two electrodes opposite to each other are dis-
persed in the solvent, at least one of the two electrodes
being transparent; and

a control unit for controlling at least one of the intensity,
direction, application frequency, application time and
application location of an electric field to control at least
one of the interval, location and arrangement of the
particles,

wherein the control unit is implemented to selectively
switch, within a same unit pixel of a display unit,
between

afirstmode for displaying at least one color of the particles,
the solvent, the solution and the electrode by controlling
the location of the particles; and

a second mode for tuning transmittance of light transmit-
ting the solution by controlling the distance, location or
arrangement of the particles.

45. A display device, comprising:

a display unit including a solution in which particles
between two electrodes opposite to each other are dis-
persed in the solvent, at least one of the two electrodes
being transparent; and

a control unit for controlling at least one of the intensity,
direction, application frequency, application time and
application location of an electric field applied to the
electrode to control at least one of the interval, location
and arrangement of the particles,

wherein the control unit is implemented to selectively
switch, within a same unit pixel of a display unit,
between

a first mode for controlling a wavelength of light reflected
from the particles whose distances are controlled by
controlling inter-particle distances;

a second mode for displaying at least one color of the
particles, the solvent, the solution and the electrode by
controlling the location of the particles; and

a third mode for tuning the transmittance of light transmit-
ting the solution by controlling the distance, location or
arrangement of the particles.

46. A machine readable storage medium stored with a
program code read by a machine and applying an electric field
through an electrode to a display unit including a solution in
which particles are dispersed in the solvent and controlling at
least one of the intensity, direction, application frequency,
application time and application location of the electric field
to control at least one of the interval, location and arrange-
ment of the particles,

36
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wherein the program code is implemented to selectively
switch, within a same unit pixel of a display unit,
between

a first mode for controlling a wavelength of light reflected

from the particles whose distances are controlled by
controlling inter-particle distances; and

a second mode for displaying at least one color of the

particles, the solvent, the solution and the electrode by
controlling the location of the particles.

47. A machine readable storage medium stored with a
program code read by a machine and applying an electric field
through an electrode to a display unit including a solution in
which particles are dispersed in the solvent and controlling at
least one of the intensity, direction, application frequency,
application time and application location of the electric field
to control at least one of the interval, location and arrange-
ment of the particles,

wherein the program code is implemented to selectively

switch, within a same unit pixel of a display unit,
between

a first mode for controlling a wavelength of light reflected

from the particles whose distances are controlled by
controlling inter-particle distances; and

a second mode for tuning transmittance of light transmit-
ting the solution by controlling the distance, location or
arrangement of the particles.

48. A machine readable storage medium selectively
switching modes within a same unit pixel of a display unit and
stored with a program code read by a machine and applying
an electric field through an electrode to a display unit includ-
ing a solution in which particles are dispersed in the solvent
and controlling at least one of the intensity, direction, appli-
cation frequency, application time and application location of
the electric field to control at least one of the interval, location
and arrangement of the particles,

wherein the program code is implemented to selectively
switch, within the same unit pixel of a display unit,
between

afirst mode for displaying at least one color of the particles,
the solvent, the solution and the electrode by controlling
the location of the particles; and

a second mode for tuning transmittance of light transmit-
ting the solution by controlling the distance, location or
arrangement of the particles.

49. A machine readable storage medium selectively
switching modes within a same unit pixel of a display unit and
stored with a program code read by a machine and applying
an electric field through an electrode to a display unit includ-
ing a solution in which particles are dispersed in the solvent
and controlling at least one of the intensity, direction, appli-
cation frequency, application time and application location of
the electric field to control at least one of the interval, location
and arrangement of the particles,

wherein the program code is implemented to selectively

switch, within the same unit pixel of a display unit,
between

a first mode for controlling a wavelength of light reflected
from the particles whose distances are controlled by
controlling inter-particle distances;

a second mode for displaying at least one color of the
particles, the solvent, the solution and the electrode by
controlling the location of the particles; and
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a third mode for tuning transmittance of light transmitting
the solution by controlling the distance, location or
arrangement of the particles.

50-52. (canceled)

53. The method of claim 2, wherein at least one of the
particles, solvent and solution has a variable electrical polar-
ization characteristic, which is a characteristic that an amount
of electrical polarization induced according to the change of
the applied electric field is changed.

54. The method of claim 3, wherein at least one of the
particles, solvent and solution has a variable electrical polar-
ization characteristic, which is a characteristic that an amount
of electrical polarization induced according to the change of
the applied electric field is changed.

55. The method of claim 4, wherein at least one of the
particles, solvent and solution has a variable electrical polar-
ization characteristic, which is a characteristic that an amount
of electrical polarization induced according to the change of
the applied electric field is changed.

56. The method of claim 2, wherein the particles and the
solvent are encapsulated by a light transmissive material or
are partitioned by an insulating material.

57. The method of claim 3, wherein the particles and the
solvent are encapsulated by a light transmissive material or
are partitioned by an insulating material.

58. The method of claim 4, wherein the particles and the
solvent are encapsulated by a light transmissive material or
are partitioned by an insulating material.

59. The method of claim 2, wherein a unit pixel, in which
the switching between the modes is performed, is vertically
stacked in a plural number and the modes are independently
implemented within each stacked unit pixel.

60. The method of claim 3, wherein a unit pixel, in which
the switching between the modes is performed, is vertically
stacked in a plural number and the modes are independently
implemented within each stacked unit pixel.
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61. The method of claim 4, wherein a unit pixel, in which
the switching between the modes is performed, is vertically
stacked in a plural number and the modes are independently
implemented within each stacked unit pixel.

62. The method of claim 2, wherein energy is generated
using light incident to the particles and the solvent, and the
electric field is applied by using the generated energy.

63. The method of claim 3, wherein energy is generated
using light incident to the particles and the solvent, and the
electric field is applied by using the generated energy.

64. The method of claim 4, wherein energy is generated
using light incident to the particles and the solvent, and the
electric field is applied by using the generated energy.

65. The method of claim 2, wherein an emissive display
unit or a transmissive display unit is used by being combined
with the mode.

66. The method of claim 3, wherein an emissive display
unit or a transmissive display unit is used by being combined
with the mode.

67. The method of claim 4, wherein an emissive display
unit or a transmissive display unit is used by being combined
with the mode.

68. The method of claim 2, wherein the light reflected from
the particles, the solvent or the electrode or the light trans-
mitting the particles, the solvent or the electrode is displayed
through a color filter connected to the electrode.

69. The method of claim 3, wherein the light reflected from
the particles, the solvent or the electrode or the light trans-
mitting the particles, the solvent or the electrode is displayed
through a color filter connected to the electrode.

70. The method of claim 4, wherein the light reflected from
the particles, the solvent or the electrode or the light trans-
mitting the particles, the solvent or the electrode is displayed
through a color filter connected to the electrode.
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