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ELECTRO-OPTICAL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Appli-
cation No. 098135777, filed on Oct. 22, 2009.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] This invention relates to an electro-optical device,
more particularly to an electro-optical device that includes a
body of fluid and a dielectric layer with a liquid crystal mate-
rial.

[0004] 2. Description of the Related Art

[0005] Electro-optical devices, such as liquid lenses and
electrophoretic displays, can provide an information display
function.

[0006] FIGS. 1A and 1B illustrate a conventional liquid
lens 10 under off and on states, respectively. The liquid lens
10 includes a conductive substrate 100, a dielectric layer 101
formed on the substrate 100, and a conductive liquid droplet
102 disposed on the dielectric layer 101. At the off state (no
voltage is applied), the surface energy of the surface of the
dielectric layer 101 is relatively low, thereby leading the
liquid droplet 102 to exhibit a relatively large contact angle
(6). Atthe on state (a voltage is applied), the surface energy of
the surface of the dielectric layer 101 is increased, thereby
resulting in a decrease in the contact angle (0) and permitting
the liquid droplet 102 to undergo electrowetting. FIGS. 2A
and 2B show photo images of display results of the conven-
tional liquid lens 10 under off and on states, respectively. The
results show that the conventional liquid lens 10 suffers from
poor clarity and poor contrast when displaying a piece of
information placed under the liquid lens 10.

SUMMARY OF THE INVENTION

[0007] Therefore, an object of the present invention is to
provide an electro-optical device that can overcome the afore-
said drawback associated with the prior art.

[0008] According to this invention, there is provided an
electro-optical device including a body of fluid, a lower con-
ductor layer that is disposed below the body of fluid, and a
dielectric layer that is disposed between the body of fluid and
the lower conductor layer, connected to the lower conductor
layer, and supporting the body of fluid. The dielectric layer
includes a matrix of a dielectric material and a liquid crystal
material disposed in the matrix and including liquid crystal
molecules. The dielectric layer has a segment disposed adja-
cent to the body of fluid. When the segment of the dielectric
layer is exposed to an electric field, the body of fluid under-
goes electrowetting or dielectrophoresis mechanism and the
orientation of the liquid crystal molecules that are disposed in
the segment of the dielectric layer is changed.

BRIEF DESCRIPTION OF THE DRAWING

[0009] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments of this invention, with
reference to the accompanying drawings, in which:

[0010] FIGS. 1A and 1B are schematic views illustrating
configurations of a conventional liquid lens under off and on
states, respectively;
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[0011] FIGS.2A and 2B are photo images of display results
ofthe conventional liquid lens under offand on states, respec-
tively;

[0012] FIGS. 3A and 3B are schematic views illustrating
configurations of a first preferred embodiment of an electro-
optical device according to this invention under off and on
states, respectively;

[0013] FIGS. 4A and 4B are schematic views illustrating
configurations of a second preferred embodiment of an elec-
tro-optical device according to this invention under off and on
states, respectively;

[0014] FIGS. 5A and 5B are schematic views illustrating
configurations of a third preferred embodiment of an electro-
optical device according to this invention under off and on
states, respectively;

[0015] FIG. 6 is a schematic top view illustrating the con-
figuration of the third preferred embodiment;

[0016] FIGS. 7A and 7B are schematic views illustrating
configurations of a fourth preferred embodiment of an elec-
tro-optical device according to this invention under offand on
states, respectively;

[0017] FIG. 8isa plot of a contact angle of a liquid droplet
of the first preferred embodiment under different applied
voltages;

[0018] FIGS.9A and 9B are photo images of display results
of the first preferred embodiment under off and on states,
respectively; and

[0019] FIG. 10 is a plot of the transmittance of the second
preferred embodiment under different applied voltages.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] Theterm “fluid” asused in the following description
can be conductive or non-conductive. Examples of the fluid
include, but are not limited to, a gas (such as air), a bubble, a
liquid (such as water or oil), etc.

[0021] Before this invention is described in greater detail
with reference to the accompanying preferred embodiments,
it should be noted herein that like elements are denoted by the
same reference numerals throughout the disclosure.

[0022] Referring to FIGS. 3A and 3B, the first preferred
embodiment of an electro-optical device according to this
invention includes a transparent substrate 4, a body of fluid 1,
a lower conductor layer 2 disposed below the body of fluid 1
and formed on the substrate 4, a dielectric layer 3 disposed
between the body of fluid 1 and the lower conductor layer 2,
connected to the lower conductor layer 2, and supporting the
body of fluid 1, a hydrophobic layer 5 disposed between the
body of fluid 1 and the dielectric layer 3, and a power supply
6 connected to the fluid 1 and the lower conductor layer 2 and
including a probe extending into the fluid 1. The dielectric
layer 3, the lower conductor layer 2 and the body of fluid 1 are
arranged along a normal direction relative to the dielectric
layer 3. The dielectric layer 3 includes a matrix 31 of a
dielectric material and a liquid crystal material disposed in
the matrix 31 and including liquid crystal molecules. The
dielectric layer 3 has a segment 301 that is covered by the
body of fluid 1.

[0023] Inthe first preferred embodiment, the body of fluid
1 is conductive and is in the form of a liquid droplet.

[0024] Preferably, the matrix 31 of the dielectric layer 3 is
apolymer, and the liquid crystal material includes a plurality
of droplets 32 of the liquid crystal molecules dispersed in the
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polymer. In the first preferred embodiment, the dielectric
material of the matrix 31 is polydimethylsiloxane (PDMS).
[0025] Referring to FIG. 3A, when the electro-optical
device is at an off state, the contact angle between the body of
fluid 1 and the hydrophobic layer 51s 8, and the liquid crystal
molecules of the droplets 32 are randomly oriented. As a
consequence, the transmittance at the segment 301 is the
same as that of the remainder of the dielectric layer 3.
[0026] Referring to FIG. 3B, when the electro-optical
device is at an on state and when the segment 301 is exposed
to an electric field, the fluid 1 undergoes electrowetting
mechanism, i.e., the body of fluid 1 spreads outwardly, such
that the contact angle is changed from 6, to 6(v), which
results in an increase in the area of the segment 301 covered
by the body of fluid 1, and at the same time, the liquid crystal
molecules of the droplets 32 disposed in the segment 301 of
the dielectric layer 3 are affected by the electric field such that
their orientations are changed from the randomly oriented
stateto a uniformly oriented state, which results in an increase
in the transmittance at the segment 301.

[0027] Preferably, the electro-optical device in the first
embodiment is used as a variable focus lens.

[0028] Referring to FIGS. 4A and 4B, the second preferred
embodiment of an electro-optical device according to this
invention has the same configuration as that of the first pre-
ferred embodiment, except that the second preferred embodi-
ment further includes an upper conductor layer 2' disposed
above the dielectric layer 3, a confining wall 7 that is disposed
above the dielectric layer 3 and that defines an inner space
between the upper conductor layer 2' and the dielectric layer
3, an upper hydrophobic layer 5' disposed on the confining
wall 7 and attached to the upper conductor layer 2', and an
upper substrate 4' disposed on the upper conductor layer 2'. In
this embodiment, the power supply 6 is connected to the
upper and lower conductor layers 2', 2.

[0029] In the second preferred embodiment, the body of
fluid 1 and the liquid crystal molecules of the droplets 32
undergo the state changes described in the first preferred
embodiment when the electro-optical device is applied with a
voltage.

[0030] It is noted that in FIGS. 4A and 4B, the arrows
represent the incident light. At the off state, as best shown in
FIG. 4A, the incident light is scattered by the liquid crystal
molecules of the droplets 32 of the dielectric layer 3, so that
the electro-optical device exhibits a poor contrast. At the on
state, as best shown in FIG. 4B, the incident light passes
through the segment 301 of the dielectric layer 3 along the
normal direction, while the incident light is scattered in the
remainder of the dielectric layer 3. As such, the electro-
optical device can provide a sharp contrast effect.

[0031] Referring to FIGS. 5A and 5B, the third preferred
embodiment of an electro-optical device according to this
invention has the same configuration as that of the second
preferred embodiment, except that in the third preferred
embodiment, the lower conductor layer 2 includes a plurality
of electrodes that are disposed along a square loop, as best
shown in FIG. 6, and that a dielectric 0il 11 is further included
in the third preferred embodiment in addition to the fluid 1, is
received in the inner space defined between the upper con-
ductor layer 2' and the dielectric layer 3, and is spaced apart
from and is immiscible with the fluid 1. The dielectric layer 3
includes a plurality of segments 301 corresponding to and
covering the electrodes of the lower conductor layer 2,
respectively.
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[0032] InFIG.5A, when the electro-optical device is at the
off state, the body of fluid 1 covers one of the segments 301
and a portion of an adjacent one of the segments 301, while
the dielectric oil 11 covers another one of the segments 301 of
the dielectric layer 3.

[0033] InFIG. 5B, when the electro-optical device is at the
on state, the body of fluid 1 undergoes electrowetting mecha-
nism and is moved from the segment 301 of the dielectric
layer 3 to the adjacent one of the segments 301, while the
dielectric oil 11 undergoes dielectrophoresis mechanism and
is moved from said another one of the segments 301 of the
dielectric layer 3 to an adjacent one of the segments 301
adjacent to said another one of the segments 301.

[0034] Referring to FIGS. 7A and 7B, the fourth preferred
embodiment of an electro-optical device according to this
invention has the same configuration as that of the second
preferred embodiment, except that in the fourth preferred
embodiment, the body of fluid 1 is surrounded by a dielectric
oil 11 immiscible with the body of fluid 1, and that the lower
conductor layer 2 includes a patterned electrode.

[0035] InFIG. 7A, when the electro-optical device is at the
off state, the body of fluid 1 covers a segment 301 of the
dielectric layer 3, while the dielectric oil 11 covers the
remainder of the dielectric layer 3 which is larger than the
segment 301.

[0036] InFIG. 7B, when the electro-optical device is at the
on state, a dielectrophoresis force is generated at an interface
between the body of fluid 1 and the dielectric oil 11, and
causes the body of fluid 1 to spread outwardly, thereby driving
the dielectric oil 11 to move toward one side of the electro-
optical device and increasing the area of the segment 301
covered by the fluid 1.

[0037] The transmittance of the electro-optical device can
be adjusted by modifying the composition of the dielectric
layer (for example, the kind of the liquid crystal material and
the amount of the liquid crystal material), the thickness of the
dielectric layer, etc.

[0038] The following examples are provided to illustrate
the merits of the preferred embodiments of the invention, and
should not be construed as limiting the scope of the invention.

EXAMPLES
Example 1

[0039] Referring again to FIG. 3A, 8.3 wt % of a liquid
crystal material (available from Merck CO., model name: E7)
and 91.7 wt % of PDMS (available from Dow Corning Co.,
model name: Sylgard 184) were mixed to obtain a mixture.
The mixture was spin-coated onto a conductive glass sub-
strate that includes 100 nm thickness of an indium tin oxide
layer (i.e., the lower conductor layer 2) and 0.7 mm thickness
of a glass substrate (i.e., the substrate 4), followed by drying
at 60° C. to obtain 10 um thickness of a dielectric layer 3 on
the conductive glass substrate. Then, Teflon was spin-coated
onto the dielectric layer 3, followed by drying so as to form 50
nm thickness ofa hydrophobic layer 5. Distilled water, which
is in the form of a liquid droplet, was placed on the hydro-
phobic layer 5. A power supply 6 was connected the liquid
droplet and the indium tin oxide layer 2 so as to obtain a
variable focus lens.

Example 2

[0040] Referring again to FIG. 4A, the electro-optical
device of Example 2 includes a lower unit and an upper unit,
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wherein the lower unit contains in order (from bottom to top):
a lower substrate 4, a lower conductor layer 2, a dielectric
layer 3, alower hydrophobiclayer 5 and a water droplet 1, and
wherein the upper unit contains in order (from bottom to top):
an upper hydrophobic layer 5', an upper conductor layer 2'
and an upper substrate 4'. The lower unit and the upper unit
were prepared according to the procedure and conditions in
preparation of the variable focus lens of Example 1. A con-
fining wall 7 is disposed above the dielectric layer 3 of the
lower unit in order to limit the water droplet 1.

Comparative Example

[0041] The procedure and conditions in preparation of the
variable focus lens of Comparative Example were similar to
those of Example 1, except that in the Comparative Example,
the dielectric layer 3 consisted of polydimethylsiloxane.

[Test]
1. Contact Angle:

[0042] 0~200V,  _of voltage was applied to the variable
focus lens of Example 1 and the contact angle between the
water droplet 1 and the hydrophobic layer 5 of the variable
focus lens was measured using a charge coupled device
(CCD). The results thus obtained are shown in FIG. 8, in
which the solid line represents theoretical results of the con-
tact angle calculated according to the Lippmann-Young equa-
tion.

[0043] InFIG. 8, the contact angle of the variable focus lens
of Example 1 decreased from 104° to about 80° when the
applied voltage increased from 0V, _to 170V .

2. Image Clarity and Contrast:

[0044] In the test, a printed article was placed under the
variable focus lens of Example 1. FIGS. 9A and 9B are photo
images of display results of the variable focus lens of
Example 1 under off and on states, respectively. The results
show that when the variable focus lens of Example 1 is at the
on state, the clarity and the contrast of displaying the printed
article covered by the segment 301 of the dielectric layer 3 are
significantly enhanced as compared to those of FIG. 9A, and
are superior over those of the Comparative Example of the
aforesaid conventional liquid lens 10 (see FIGS. 2A and 2B).

3. Transmittance Test:

[0045] The transmittance of the electro-optical device in
Example 2 was measured at 400~800 nm of wavelength of the
incident light under different applied voltages. The results
thus obtained are shown in FIG. 10.
[0046] In FIG. 10, the transmittance of the electro-optical
device in Example 2 increased with the applied voltage.
[0047] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation and equivalent arrange-
ments.

What is claimed is:

1. An electro-optical device comprising:

a body of fluid;

a lower conductor layer disposed below said body of fluid,;

and
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a dielectric layer disposed between said body of fluid and
said lower conductor layer, connected to said lower con-
ductor layer, and supporting said body of fluid, said
dielectric layer including a matrix of a dielectric mate-
rial and a liquid crystal material disposed in said matrix
and including liquid crystal molecules, said dielectric
layer having a segment disposed adjacent to said body of
fluid;

wherein when said segment of said dielectric layer is
exposed to an electric field, said body of fluid undergoes
electrowetting or dielectrophoresis mechanism and the
orientation of said liquid crystal molecules that are dis-
posed in said segment of said dielectric layer is changed.

2. The electro-optical device of claim 1, wherein said
matrix is a polymer, and said liquid crystal material includes
a plurality of droplets of said liquid crystal molecules dis-
persed in said polymer.

3. The electro-optical device of claim 1, wherein said body
of fluid is conductive and is in the form of a liquid droplet, and
said segment of said dielectric layer is covered by said body of
fluid so that said body of fluid undergoes electrowetting
mechanism when said segment of said dielectric layer is
exposed to the electric field.

4. The electro-optical device of claim 3, further comprising
a confining wall that is disposed above said dielectric layer
and that defines an inner space for receiving said body of
fluid.

5. The electro-optical device of claim 4, further comprising
a dielectric oil that is received in said inner space and that is
immiscible with said body of fluid.

6. The electro-optical device of claim 5, wherein said body
of fluid is surrounded by said dielectric oil.

7. The electro-optical device of claim 1, wherein said body
of fluidis conductive and is in the form of a liquid droplet, said
lower conductor layer including a plurality of electrodes, said
dielectric layer including a plurality of said segments over-
lapping said electrodes of said lower conductor layer, respec-
tively,

when one of said segments of said dielectric layer is
exposed to the electric field and when said body of fluid
is disposed above and covers an adjacent one of said
segments of said dielectric layer, that is adjacent to said
one of said segments of said dielectric layer, and a por-
tion of said one of said segments of said dielectric layer,
said body of fluid undergoing electrowetting mechanism
s0 as to be moved from said adjacent one of said seg-
ments to said one of said segments to cover entirely said
one of said segments of said dielectric layer.

8. The electro-optical device of claim 1, further comprising
an upper conductor layer disposed above said body of fluid,
said body of fluid being in the form of a dielectric liquid
droplet, said lower conductor layer including a plurality of
electrodes, said dielectric layer including a plurality of said
segments overlapping said electrodes of said lower conductor
layer, respectively,

when one of said segments of said dielectric layer is
exposed to the electric field and when said body of fluid
is disposed above and covers an adjacent one of said
segments of said dielectric layer that is adjacent to said
one of said segments of said dielectric layer, said body of
fluid undergoing dielectrophoresis mechanism so as to
be moved from said adjacent one of said segments of
said dielectric layer to said one of said segments of said
dielectric layer.



