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FIG. 1B (PRIOR ART)
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FIG. 2A
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FIG. 2B
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FIG. 4A
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FIG. 4B
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METHOD OF FORMING SINGLE-LAYER
PHOTONIC CRYSTAL STRUCTURE

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] This invention relates to methods of forming photo-
nic crystal structures, and, more particularly, to a method of
forming a single-layer photonic crystal structure.

[0003] 2. Description of Related Art

[0004] A half century ago, physicists came to understand
that electrons in a crystal will be affected by periodical poten-
tial scattering in a lattice of the crystal, and thus have a
band-distributed dispersion relation (i.e., an electronic band
structure), because some wave segments form an energy gap
as a result of destructive interferences. Similarly, a photon
system may suffer this phenomenon. In a dielectric material
that has a periodically arranged dielectric coefficient, mag-
netic waves, after scattered by a dielectric function, have
some wave segments that have magnetic wave intensity
decaying exponentially as a result of destructive interfer-
ences, and cannot be transmitted in a photon system. Such a
phenomenon is equivalent to forming an energy gap on a
frequency spectrum, which indicates that the dispersion rela-
tion also has a band structure, which is called a photonic band
structure. A dielectric material that has a photonic band struc-
ture is called a photonic band-gap system or is called a pho-
tonic crystal, in brief. The photonic crystal has been discov-
ered for more than 20 years, but does not have significant
development until the year of 2,000. Different from an ordi-
nary dielectric material, the photonic crystal features in its
complicated dispersion relation.

[0005] The photonic crystal may be applied to a variety of
photoelectric elements, such as adjustable semiconductor
laser, photo routers, high-efficiency photo amplifiers, multi-
plexers, variable gain balancers, adjustable narrow bandpass
gratings, circulators, low-loss curved waveguides, high-effi-
ciency switches, add/sub filters, and highly sensitive sensors.
Specifically, if some defects are arranged in a periodically
arrangement on purpose, some narrow photon penetrating
channels may be generated within an energy gap range of a
photonic crystal, and many new, strange phenomenon is
derived and may be applied to elements.

[0006] However, a single-layer photonic crystal structure
generated by a coating method faces a poor arrangement and
has arrangement quality that is difficult to be controlled. As
shown in FIGS. 1A and 1B is a microscope topography pic-
ture of a single-layer photonic crystal structure that is gener-
ated by a coating method according to the prior art. It is shown
in FIG. 1A that a single-layer photonic crystal 1 has a non-
uniform structure. It is more clear from FIG. 1B, which shows
the single-layer photonic crystal 1 in 10 um/unit length scale,
that no periodic structure that is compactly arranged is
formed between the single-layer photonic crystal 1. As
described previously, a photonic crystal structure has to have
a periodically arranged structure, in order to be applied to
elements. A photonic crystal structure, if having no periodi-
cally arranged structure, may have a limited number of appli-
cations. Since the coating process is difficult to be controlled,
the single-layer photonic crystal structure has poor quality.
Moreover, the equipment needed for implementing the pro-
cess is very expensive. Accordingly, the single-layer photonic
crystal structure has a high fabrication cost.

[0007] Therefore, how to develop a new generation of a
method of forming a single-layer photonic crystal structure
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that has high recurring property, high quality and low cost is
becoming one of the most popular issues in the art.

SUMMARY OF THE INVENTION

[0008] In view of the above-mentioned problems of the
prior art, the present invention provide a method of forming a
single-layer photonic crystal structure. The method includes
the following steps of: (1) depositing electrophoretic suspen-
sion, a working electrode and a lower electrode in a container,
wherein the working electrode and the lower electrode are
respectively formed on an upper part and a lower part of the
container, and spaced apart from each other at an distance;
and (2) applying an electric voltage to the working electrode
and the lower electrode to form an electric field, such that
particles in the electrophoretic suspension form the single-
layer photonic crystal structure on the working electrode
under interactive actions of the electric field and a gravity
field by an electrophoresis self-assembly technique.

[0009] Inan embodiment of the present invention, step (1)
further includes disposing between the working electrode and
the lower electrode a template having apertures, and step (2)
further comprises rendering the particles in the electro-
phoretic suspension to penetrate the apertures under the inter-
active actions of the electric field and the gravity field, to form
the single-layer photonic crystal structure on a certain portion
of the working electrode.

[0010] Compared with the prior art, the method of forming
a single-layer photonic crystal structure according to the
present invention uses the interactive actions of the electric
field and the gravity field to render the particles in the elec-
trophoretic suspension to form on the working electrode a
self-assembled single-layer photonic crystal structure slowly.
Therefore, the problems of the prior art that the fabrication
process is difficult to be controlled and the photonic crystal
structure has poor recurring property and assembly quality.

BRIEF DESCRIPTION OF DRAWINGS

[0011] Theinvention can be more fully understood by read-
ing the following detailed description of the preferred
embodiments, with reference made to the accompanying
drawings, wherein:

[0012] FIG.1A is a microscope topography picture, ina 20
wm/unit length scale, of a single-layer photonic crystal struc-
ture formed by a coating method according to the prior art;
[0013] FIG. 1B is a microscope topography picture, ina 10
wm/unit length scale, of a single-layer photonic crystal struc-
ture formed by a coating method according to the prior art;
[0014] FIG.2A is a schematic diagram illustrating a step of
amethod of forming a single-layer photonic crystal structure
according to the present invention;

[0015] FIG. 2B is a schematic diagram illustrating another
step of a method of forming a single-layer photonic crystal
structure according to the present invention;

[0016] FIG. 3 is a microscope topography picture, in a 5
wm/unit length scale, of a single-layer photonic crystal struc-
ture formed by a method of forming a single-layer photonic
crystal structure according to the present invention;

[0017] FIG. 4A is a schematic diagram illustrating a step of
assembling a wafer and a ring electrode to act as a working
electrode shown in FIG. 2A;

[0018] FIG. 4B is a schematic diagram illustrating a step of
disposing a template between the working electrode and a
lower electrode shown in FIG. 2A; and
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[0019] FIG. 4C is a microscope topography picture of a
periodically arranged non-closest packed photonic crystal
structure by the steps shown in FIG. 4B.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0020] The following illustrative embodiments are pro-
vided to illustrate the disclosure of the present invention,
these and other advantages and effects can be apparently
understood by those in the art after reading the disclosure of
this specification. The present invention can also be per-
formed or applied by other different embodiments. The
details of the specification may be on the basis of different
points and applications, and numerous modifications and
variations can be devised without departing from the spirit of
the present invention.

[0021] FIGS. 2A and 2B are schematic diagrams illustrat-
ing steps of a method of forming a single-layer photonic
crystal structure according to the present invention. Electro-
phoretic suspension 21, a working electrode 22 and a lower
electrode 23 are disposed in a container 24, and the working
electrode 22 and the lower electrode 23 are formed on an
upper part and a lower part of the container 24, respectively.
An electric voltage is then applied to the working electrode 22
and the lower electrode 23 to form an electric field E, such that
particles 211 in the electrophoretic suspension 21 form a
single-layer photonic crystal structure 2 on the working elec-
trode 22, as shown in FIG. 2B, under interactive actions of the
electric field E and a gravity field g by an electrophoresis
self-assembly technique as detailed below.

[0022] After the single-layer photonic crystal structure 2 is
formed on the working electrode 22, the working electrode 22
on which the single-layer photonic crystal structure 2 is
formed, is taken out from the electrophoretic suspension, and
disposed in a surrounding in which humidity and temperature
are controlled, such that the closest packing quality of the
single-layer photonic crystal structure 2 can be adjusted. For
example, a steam nozzle may be used to spray steam in the
surrounding to increase the humidity, such that the single-
layer photonic crystal structure 2 has better closest packed
quality. In addition to the humidity and temperature of the
surrounding, a drying speed of the working electrode 22 can
also be controlled, such that the compactness of the single-
layer photonic crystal structure 2 can be adjusted.

[0023] In the method of forming a single-layer photonic
crystal structure according to the present invention, the par-
ticles 211 in the electrophoretic suspension 21 are self-as-
sembled by an electrophoretic effect, and have a self-assem-
bly speed that is adjustable according to the distance d
between the working electrode 22 and the lower electrode 23,
an intensity of the electric field E, concentration of the elec-
trophoretic suspension 21 or components of the electro-
phoretic suspension 21. Therefore, the “single-layer” photo-
nic crystal structure that has a high yield, high quality and
high recurring property may be formed on the working elec-
trode. In practice, the particles are influenced by the electric
field E to move toward the working electrode 22 that is dis-
posed on the upper part of the container 24, while the gravity
field g influences the particles 211 to move toward the lower
electrode 23 that is disposed on the lower part of the container
24. Interactive actions of the electric field E and the gravity
field g may greatly reduce the self-assembly speed of the
particles 211. Therefore, engineers are allowed to form a
layer of photonic crystal structure on the working electrode

Jun. 7, 2012

22 precisely. In an embodiment of the present invention, the
distance d between the working electrode 22 and the lower
electrode 23 may be greater than 0.5 cm, the intensity of the
electric field E may be between 1 V/em and 100 V/em, and the
concentration of the electrophoretic suspension 21 may be in
a range from 0.0001 g/ml to 0.1 g/ml.

[0024] FIG. 3 is a microscope topography picture, in a 5
wm/unit length scale, of a single-layer photonic crystal struc-
ture 3 formed by amethod of forming a single-layer photonic
crystal structure according to the present invention. Com-
pared with the single-layer photonic crystal structure formed
by the coating method according to the prior art, as shown in
FIGS. 1A and 1B, the single-layer photonic crystal structure
3 has better quality and is arranged more compactly. Most
importantly, the single-layer photonic crystal structure thatis
formed by the electrophoresis self-assembly technique
according to the present invention has a periodically arranged
closest packed structure, which, however, cannot be realized
by the coating method according to the prior art. Besides, the
present invention overcomes the problem in the art that the
conventional electrophoresis self-assembly technique cannot
control a single-layer self-assembly.

[0025] FIG. 4A is a schematic diagram illustrating a step of
assembling a wafer 221 and a ring electrode 222 to act as the
working electrode 22 shown in FIG. 2A. The working elec-
trode 22 comprises the wafer 221 and the ring electrode 222.
The single-layer photonic crystal structure may be formed on
the wafer 221, to act as an etch mask, LED or solar battery.
The ring electrode 222 may be in the shape of a ring or a
polygon, such as a square, a rectangle and a triangle, accord-
ing to demands of users.

[0026] Referring to FIG. 4B, a template 4 having apertures
41 is disposed between the working electrode 22 and the
lower electrode 23. Accordingly, the particles 211 in the elec-
trophoretic suspension 21 are allowed to penetrate, under the
interactive actions of the electric field E and the gravity field
g, the apertures 41 of the template 4, to form a single-layer
photonic crystal structure on a certain portion of the working
electrode 22. No single-layer closest packed photonic crystal
structure will be formed on remaining portions of the working
electrode 22 corresponding to a portion of the template 4
where the apertures 41 are not formed, because the particles
211 are blocked by the portion of the template 4 when the
electrophoretic effect is generated. Accordingly, a single-
layer photonic crystal structure that is in another periodic
arrangement (non-closest packed arrangement) is fabricated,
as shown in FIG. 4C.

[0027] Insum,amethod of forming a single-layer photonic
crystal structure according to the present invention, may form
particles on a working electrode precisely, through the dispo-
sition of a gravity field and an electric field and the adjustment
for components of an electrophoretic suspension and param-
eters of a surrounding in which the working electrode is
disposed, so as to form a single-layer photonic crystal struc-
ture. The method of forming a single-layer photonic crystal
structure according to the present invention may have the
following advantages: (1) the photonic crystal structure that is
formed by an electrophoresis self-assembly technique is
more compact than a photonic crystal structure formed by a
coating method according to the prior art; (2) the single-layer
photonic crystal structure may be formed on the working
electrode precisely by controlling a self-assembly speed
under interactive actions of the gravity field and the electric
field, so as to solve the problem of the prior art that a conven-
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tional electrophoresis technique cannot control a single-layer
self-assembled photonic crystal; and (3) the electrophoresis
technique according to the present invention does not need
expensive process apparatuses, and may reduce the fabrica-
tion cost of the single-layer photonic crystal structure.
[0028] The foregoing descriptions of the detailed embodi-
ments are only illustrated to disclose the features and func-
tions of the present invention and not restrictive of the scope
of the present invention. It should be understood to those in
the art that all modifications and variations according to the
spirit and principle in the disclosure of the present invention
should fall within the scope of the appended claims.

What is claimed is:

1. A method of forming a single-layer photonic crystal
structure, comprising the following steps of:

(1) depositing electrophoretic suspension, a working elec-
trode and a lower electrode in a container, wherein the
working electrode and the lower electrode are respec-
tively formed on an upper part and a lower part of the
container, and spaced apart from each other at an dis-
tance; and

(2) applying an electric voltage to the working electrode
and the lower electrode to form an electric field, such
that particles in the electrophoretic suspension form the
single-layer photonic crystal structure on the working
electrode under interactive actions of the electric field
and a gravity field by an electrophoresis self-assembly
technique.

2. The method of claim 1, further comprising step (3) of
taking the working electrode, on which the single-layer pho-
tonic crystal structure is formed, out from the electrophoretic
suspension.
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3. The method of claim 2, wherein step (3) further com-
prises, after the working electrode is taken out, controlling
humidity and temperature by which the working electrode is
formed, to adjust a closest packing quality of the single-layer
photonic crystal structure.

4. The method of claim 2, wherein step (3) further com-
prises, after the working electrode is taken out, controlling a
drying speed of the working electrode, to adjust a closest
packing quality of the single-layer photonic crystal structure.

5. The method of claim 1, wherein the electrophoresis
self-assembly technique has a working speed that is adjusted
according to the distance between the working electrode and
the lower electrode, an intensity of the electric field, a con-
centration of the electrophoretic suspension or components of
the electrophoretic suspension.

6. The method of claim 1, wherein the electric field and the
gravity field act at opposing directions.

7. The method of claim 1, wherein the working electrode is
composed of a wafer and an electrode.

8. The method of claim 7, wherein the electrode is in a
shape of a ring, a rectangle or a triangle.

9. The method of claim 1, wherein step (1) further com-
prises disposing between the working electrode and the lower
electrode a template having apertures, and step (2) further
comprises rendering the particles to penetrate the apertures of
the template under the interactive actions of the electric field
and the gravity field, to form the single-layer photonic crystal
structure on a certain portion of the working electrode.
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