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erogeneous structure located on the substrate includes pre-
polymer pattern, cured products, or a combination of at least
one prepolymer patterns and at least one cured products,
where the material characteristics of the cured products are
different from each other, and the material characteristics of
the prepolymer patterns are different from each other.
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S100

Provide a substrate

5102

Form a heterogeneous structure on the substrate, where the
heterogeneous structure includes a plurality of cured
products, and material characteristics of the cured products
are different from each other

5104

Provide a plurality of the prepolymer raw materials, where

material characteristics of at least two of the prepolymer
raw materials are different from each other

5106

Move the prepolymer raw materials to the substrate to
form a plurdlity of the prepolymer patterns on the
substrate, where each of the prepolymer patterns includes
one of the prepolymer raw materials or at least two of
the prepolymer raw materials

5108

Cure the prepolymer patterns to form a plurality of
cured products

FIG. 4
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THREE-DIMENSIONAL MICROFLUIDIC
PLATFORM AND SYSTEM AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of U.S. pro-
visional application Ser. No. 62/484,946, filed on Apr. 13,
2017. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to a microfluidic platform, and
particularly relates to a three-dimensional microfluidic plat-
form and a method for manufacturing the same.

Description of Related Art

As a microfluidic system has a plenty of advantages, such
as a fast reaction speed, a high sensitivity and a low cost,
etc., it is one of the most widely researched and valuable
products at present. However, the microfluidic system gen-
erally has a fixed microchannel network, and after manu-
facturing of the microfluidic system is completed, the micro-
channel network thereof cannot be changed to let a fluid to
flow in different directions. Moreover, the current manufac-
turing method of the microfluidic system does not have a
characteristic of programmability, and the manufactured
microfiuidic system limited to a specific material or shape
cannot be adapted to various application domains.

Therefore, how to make the microfluidic system not
limited to the specific material or shape, and form the
microfiuidic system through the programmability so as to
improve applicability thereof is one of the subjects currently
being actively studied by related technicians of the field.

SUMMARY OF THE INVENTION

The invention is directed to a three-dimensional (3D)
microfiuidic platform, which has wider applicability.

The invention is directed to a method for manufacturing
a 3D microfluidic platform, which has a characteristic of
programmability.

The invention provides a 3D microfluidic platform includ-
ing a substrate and a heterogeneous structure. The hetero-
geneous structure is located on the substrate, and includes
prepolymer patterns, cured products, or a combination of at
least one prepolymer patterns and at least one cured prod-
ucts, and material characteristics of the cured products are
different from each other, and material characteristics of the
prepolymer patterns are different from each other.

According to an embodiment of the invention, in the 3D
microfiuidic platform, the substrate includes an electrode
layer, a dielectric layer, a hydrophobic layer or a combina-
tion thereof.

According to an embodiment of the invention, in the 3D
microfiuidic platform, materials of the cured products are
different from each other.

According to an embodiment of the invention, the 3D
microfluidic platform further includes an additive. The addi-
tive is located in at least one of the cured products or on a
surface of at least one of the cured products.
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According to an embodiment of the invention, in the 3D
microfiuidic platform, the additive includes organic par-
ticles, inorganic particles, cells or a combination thereof.

The invention provides a manufacturing system of a 3D
microfiuidic platform, which includes a first electrode struc-
ture, a second electrode structure and storage tanks. The
second electrode structure is located above the first electrode
structure, where a containing space exists between the
second electrode structure and the first electrode structure
for containing a heterogeneous structure. The storage tanks
are located around the containing space, and the storage
tanks respectively store prepolymer raw materials, where
material characteristics of at least two of the prepolymer raw
materials are different from each other.

According to an embodiment of the invention, the manu-
facturing system of the 3D microfluidic platform further
includes an additive. The additive is located in at least one
of the prepolymer raw materials.

According to an embodiment of the invention, in the
manufacturing system of the 3D microfiuidic platform, the
additive includes organic particles, inorganic particles, cells
or a combination thereof.

According to an embodiment of the invention, the manu-
facturing system of the 3D microfluidic platform further
includes a first hydrophobic layer and a second hydrophobic
layer. The first hydrophobic layer is located between the first
electrode structure and the containing space. The second
hydrophobic layer is located between the second electrode
structure and the containing space.

According to an embodiment of the invention, in the
manufacturing system of the 3D microfiuidic platform, the
first electrode structure includes a first substrate and a
patterned electrode layer located on the first substrate, and
the second electrode structure includes a second substrate
and a continuous electrode layer located on the second
substrate, where the containing space is located between the
pattered electrode layer and the continuous electrode layer.

According to an embodiment of the invention, in the
manufacturing system of the 3D microfiuidic platform, the
first electrode structure further includes a dielectric layer.
The dielectric layer is located between the first hydrophobic
layer and the patterned electrode layer, and the dielectric
layer covers the patterned electrode layer.

The invention provides a method for manufacturing a 3D
microfiuidic platform, which includes following steps. A
substrate is provided. A heterogeneous structure is formed
on the substrate, where the heterogeneous structure includes
prepolymer patterns, cured products, or a combination of at
least one prepolymer pattern and at least one cured product,
and material characteristics of the cured products are dif-
ferent from each other, and material characteristics of the
prepolymer patterns are different from each other.

According to an embodiment of the invention, in the
method for manufacturing the 3D microfluidic platform, the
step of forming the heterogeneous structure on the substrate
includes: providing prepolymer raw materials, where mate-
rial characteristics of at least two of the prepolymer raw
materials are different from each other; moving the prepoly-
mer raw materials to the substrate to form prepolymer
patterns on the substrate, where each of the prepolymer
patterns includes one of the prepolymer raw materials or at
least two of the prepolymer raw materials; and curing the
prepolymer patterns to form the cured products.

According to an embodiment of the invention, the method
for manufacturing the 3D microfluidic platform further
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comprises adding an additive to at least one of the prepoly-
mer raw materials before moving the prepolymer raw mate-
rials to the substrate.

According to an embodiment of the invention, the method
for manufacturing the 3D microfluidic platform further
comprises arranging the additive after the prepolymer pat-
terns are formed on the substrate, so as to form an additive
pattern in at least one of the prepolymer patterns.

According to an embodiment of the invention, in the
method for manufacturing the 3D microfluidic platform, the
step of arranging the additive includes exerting an electric
field to the additive.

According to an embodiment of the invention, the method
for manufacturing the 3D microfluidic platform further
includes forming the additive on a surface of at least one of
the cured products after the cured products are formed.

According to an embodiment of the invention, in the
method for manufacturing the 3D microfluidic platform, the
step of moving the prepolymer raw materials to the substrate
includes dielectrophoresis, electrowetting or a combination
thereof.

According to an embodiment of the invention, the method
for manufacturing the 3D microfluidic platform further
includes moving, arranging, stacking or assembling the
cured products after the cured products are formed.

According to an embodiment of the invention, in the
method for manufacturing the 3D microfluidic platform, a
step of moving, arranging, stacking or assembling the cured
products includes dielectrophoresis, eclectrowetting or a
combination thereof.

According to the above descriptions, in the 3D microflu-
idic platform and the method for manufacturing the same,
the heterogeneous structure includes cured products with
material characteristics different from each other, so that the
3D microfluidic platform has wider applicability. Besides, in
the manufacturing system of the 3D microfluidic platform,
the material characteristics of at least two of the prepolymer
raw materials are different from each other, so that through
a programmable control, the prepolymer raw materials are
moved or arranged to predetermined positions on the sub-
strate, or mixed at the predetermined positions of the sub-
strate. In this way, the cured products with different material
characteristics may be simply formed in the subsequent
manufacturing process, and the microfluidic system is not
limited to a specific material or shape.

In order to make the aforementioned and other features
and advantages of the invention comprehensible, several
exemplary embodiments accompanied with figures are
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1 is a top view of a manufacturing system of a
three-dimensional (3D) microfluidic platform according to
an embodiment of the invention.

FIG. 2 is a cross-sectional view of FIG. 1 along a section
line A-A'.

FIG. 3 is an enlarged view of a heterogeneous structure
124 in FIG. 1.
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FIG. 4 is a flowchart illustrating a method for manufac-
turing a 3D microfluidic platform according to an embodi-
ment of the invention.

FIG. 5 is a top view of a first electrode structure of the
manufacturing system of the 3D microfiuidic platform
according to an embodiment of the invention.

FIG. 6A to FIG. 6C are schematic diagrams of arranging
cured products according to an embodiment of the inven-
tion.

FIG. 7A to FIG. 7C are schematic diagrams of stacking
cured products according to an embodiment of the inven-
tion.

DESCRIPTION OF EMBODIMENTS

The present invention will now be described more fully
with reference to the accompanying drawings. However, the
invention can be embodied in various forms, and is not
limited to the embodiments provided below. The thickness
of the layers and regions in the drawings is enlarged for
clarity’s sake. The same reference numbers are used in the
drawings and the description to refer to the same or like
parts, and descriptions of the same parts are not repeated in
following paragraphs. Moreover, the terms used herein such
as “above”, “below”, “front”, “back”, “left” and “right” are
for the purpose of describing directions in the figures only
and are not intended to be limiting of the invention.

FIG. 1 is a top view of a manufacturing system of a
three-dimensional (3D) microfluidic platform according to
an embodiment of the invention. A second electrode struc-
ture 136 on a heterogeneous structure 124 is omitted in FI1G.
1 in order to clearly present a relative position of the
heterogeneous structure 124 and a containing space S used
for containing the heterogeneous structure 124. FIG. 2 is a
cross-sectional view of FIG. 1 along a section line A-A'.
FIG. 5 is a top view of a first electrode structure of the
manufacturing system of the 3D microfiuidic platform
according to an embodiment of the invention.

Referring to FIG. 1 and FIG. 2, the manufacturing system
of'the 3D microfluidic platform 100 includes a first electrode
structure 108, a second electrode structure 136 and a plu-
rality of storage tanks 128.

The first electrode structure 108 includes a first substrate
102 and a patterned electrode layer 104. The material of the
first substrate 102 is, for example, glass, silicon substrate,
polydimethylsiloxane (PDMS), polyethylene terephthalate
(PET), polyethylene naphthalate (PEN) or a flexible poly-
mer material, etc. In some embodiments, as shown in FIG.
5, the first electrode structure 108 further includes a storage
tank electrode 1054 and a channel electrode 1055 respec-
tively corresponding to the storage tank 128 and a channel
110.

The patterned electrode layer 104 is located on the first
substrate 102. The material of the patterned electrode layer
104 may be a conductive metal material, a conductive
polymer material or a conductive oxide material, etc., for
example, copper, chrome, metal or indium tin oxide (ITO),
etc. In some embodiments, a method for forming the pat-
terned electrode layer 104 may be, for example, first forming
an electrode material layer (not shown) on the first substrate
102 by using an E-beam evaporation method, a physical
vapor deposition (PVD) method or a sputtering method, etc.,
and then performing a patterning process to the electrode
material layer. The patterning process may be, for example,
a lithographic etching process.

The second electrode structure 136 is located above the
first electrode structure 108, where the containing space S
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exists between the second electrode structure 136 and the
first electrode structure 108 for containing the heterogeneous
structure 124. The second electrode structure 136 includes a
second substrate 134 and a continuous electrode layer 132.
A material of the second substrate 134 is, for example, glass,
silicon substrate, PDMS, PET, PEN or a flexible polymer
material, etc.

The continuous electrode layer 132 is located on the
second substrate 134, where the containing space S is
located between the patterned electrode layer 104 and the
continuous electrode layer 132. A material of the continuous
electrode layer 132 may be a conductive metal material, a
conductive polymer material or a conductive oxide material,
etc., for example, copper, chrome, metal or indium tin oxide
(ITO), etc. The continuous electrode layer 132 is, for
example, formed on a surface of the second substrate 134
through the E-beam evaporation method, the physical vapor
deposition (PVD) method or the sputtering method.

The storage tanks 128 are located around the containing
space S, and the storage tanks 128 respectively store pre-
polymer raw materials 116a-116d, where material charac-
teristics of at least two of the prepolymer raw materials
116a-116d are different from each other. In the present
embodiment, 4 storage tanks 128 are, for example, disposed
around the containing space S, though the invention is not
limited thereto. The materials of the prepolymer raw mate-
rials 116a-116d are, for example, poly(ethylene glycol)
diacrylate (PEGDA) hydrogel, gelatin methaciyloyl
(GelMA) hydrogel or other suitable hydrogel prepolymers.

Moreover, the fact that the material characteristics of at
least two of the prepolymer raw materials 116a-116d are
different from each other represents that viscosities, com-
positions, optical characteristics, physical properties, chemi-
cal properties or biological properties, etc. of at least two of
the prepolymer raw materials 116a-1164 are different from
each other. For example, in some embodiments, the mate-
rials of the prepolymer raw material 116¢ and the prepoly-
mer raw material 1164 may be different from each other, so
that the prepolymer raw materials 116¢ and 1164 have
different material characteristics.

In some other embodiments, additives 1182 and 1185 may
be respectively added to at least one of the prepolymer raw
materials 116a-116d. The additives 118a, 1185 added to the
prepolymer raw materials 116a-1164 may be the same or
different. For example, different additives 118a, 1185 (for
example, additives with different materials, or additives with
different particle sizes) may be added to the prepolymer raw
material 116a and the prepolymer raw material 1165 respec-
tively, so as to change an optical characteristic (for example,
a light transmittance) of the prepolymer raw materials 116a,
1165. Therefore, even if the materials of the prepolymer raw
material 116a and the prepolymer raw material 1165 are the
same, the two prepolymer raw materials still have different
material characteristics. The additives 118a, 1185 may be
organic particles, inorganic particles, cells or a combination
thereof. For example, the additives 118a, 1185 may be
functional particles, cells to be cultured or drug carriers, etc.

Moreover, referring to FIG. 2, in some embodiments, a
first hydrophobic layer 112 may be selectively disposed
between the first electrode structure 108 and the containing
space S. A material of the first hydrophobic layer 112 is, for
example, Teflon or other hydrophobic material, which is to
make the prepolymer raw materials 116a-116d easier to
move in the containing space S. A method for forming the
first hydrophobic layer 112 is, for example, chemical vapor
deposition, physical vapor deposition, spin coating or a
combination thereof. In some other embodiments, a second
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hydrophobic layer 130 may be selectively disposed between
the second electrode structure 136 and the containing space
S. A material of the second hydrophobic layer 130 is, for
example, Teflon or other hydrophobic material, which is to
make the prepolymer raw materials 116a-116d easier to
move in the containing space S. A method for forming the
second hydrophobic layer 130 is, for example, chemical
vapor deposition, physical vapor deposition, spin coating or
a combination thereof.

Moreover, in some embodiments, the first electrode struc-
ture 108 may selectively include a dielectric layer 106
disposed between the first hydrophobic layer 112 and the
patterned electrode layer 104, and the dielectric layer 106
covers the patterned electrode layer 104. A material of the
dielectric layer may be parylene, a photoresist material (for
example, SUS), a dielectric material such as a high dielectric
constant material or a low dielectric constant material, etc.
A method for forming the dielectric layer 106 is, for
example, chemical vapor deposition, physical vapor depo-
sition, spin coating or a combination thereof.

FIG. 3 is an enlarged view of the heterogeneous structure
124 in FIG. 1. FIG. 4 is a flowchart illustrating a method for
manufacturing a 3D microfluidic platform according to an
embodiment of the invention. FIG. 6A to FIG. 6C are
schematic diagrams of arranging a plurality of cured prod-
ucts according to an embodiment of the invention. FIG. 7A
to FIG. 7C are schematic diagrams of stacking a plurality of
cured products according to an embodiment of the inven-
tion.

The method for manufacturing the 3D microfluidic plat-
form 126 is described below with reference of FIG. 1 to FIG.
4. Moreover, although the 3D microfluidic platform 126 of
the present embodiment is manufactured by the manufac-
turing system of the 3D microfluidic platform 100, the
invention is not limited thereto.

Referring to FIG. 4, first, a step S100 is performed to
provide a substrate 114. The substrate 114 may include a
substrate, an electrode layer, a dielectric layer, a hydropho-
bic layer or a combination thereof. For example, the sub-
strate 114 may include the first substrate 102, the patterned
electrode layer 104, the dielectric layer 106 and the first
hydrophobic layer 112.

Then, a step S102 is performed to form the heterogeneous
structure 124 including a plurality of cured products 122a-
122i, a plurality of prepolymer patterns 120a-120; or a
combination thereof on the substrate 114 (as shown in FIG.
3), where material characteristics of the cured products
122a-122i are different from each other, and material char-
acteristics of the prepolymer patterns 1204-120: are different
from each other. In some embodiments, a method for
forming the heterogeneous structure 124 on the substrate
114 includes following steps.

First, a step S104 is performed to provide a plurality of the
prepolymer raw materials 116a-116d, and material charac-
teristics of at least two of the prepolymer raw materials
116a-116d are different from each other. In some embodi-
ments, the prepolymer raw materials 116a-1164 may be
stored in the storage tanks 128 (as shown in FIG. 1).

Then, a step S106 is performed to move the prepolymer
raw materials 116a-116d to the substrate 114 so as to form
a plurality of the prepolymer patterns 120a-120;i on the
substrate 114 (as shown in FIG. 3), where each of the
prepolymer patterns 120a-120i includes one of the prepoly-
mer raw materials 116a-116d or at least two of the prepoly-
mer raw materials 116a-116d. The material characteristics of
at least two of the prepolymer raw materials 116a-116d may
be different from each other. In the present embodiment, 9



US 10,464,062 B2

7

prepolymer patterns 120a-120; with different material char-
acteristics are formed on the substrate 114, and are arranged
to form a nine-block-box, though the invention is not limited
thereto. Each of the prepolymer patterns 120a-1207 includes
one of the prepolymer raw materials 116a-116d or at least
two of the prepolymer raw materials 116a-116d. For
example, as shown in FIG. 3, the prepolymer pattern 1205
includes a single prepolymer raw material 116¢, and the
prepolymer pattern 1204 includes the prepolymer raw mate-
rials 1165, the prepolymer raw materials 116¢ and the
prepolymer raw materials 1164. Namely, through program-
mable control, the plurality of prepolymer raw materials
1164-1164 are moved to or arranged to predetermined
positions on the substrate 114, so as to form the prepolymer
patterns 1204-120: with different material characteristics on
the substrate 114. The aforementioned programmable con-
trol represents that the prepolymer raw materials 116a-116d
may be moved, arranged, assembled or mixed on the sub-
strate 114 according to a design. In some embodiments, the
prepolymer raw materials 116a-1164 may be moved to the
substrate 114 or arranged on the substrate 114 through
dielectrophoresis or electrowetting. For example, as shown
in FIG. 5, the prepolymer raw materials 116a-116d4 may be
moved to the containing space S from the storage tanks 128
through dielectrophoresis, electrowetting or a combination
thereof by using the patterned electrode layer 104, the
storage tank electrode 105a and the channel electrode 1055
in the first electrode structure 108. In some embodiments,
the patterns of the patterned electrode layer 104 may cor-
respond to the patterns of the prepolymer patterns 120a-
120i.

Then, a step S108 is performed to cure the prepolymer
patterns 120a-120i so as to form a plurality of cured prod-
ucts 122a-122i, where the material characteristics of the
cured products 122a-122i are different from each other. In
some embodiment, a portion of the prepolymer patterns may
be selectively cured, so as to form a combination of at least
one prepolymer patterns and at least one cured products.
Moreover, in some embodiment, users may remove the
non-cured prepolymer patterns according to a design, so that
the cured products may be formed as predetermined pattern.
Namely, the heterogeneous structure 124 in the 3D micro-
fluidic manufacturing platform 126 includes the cured prod-
ucts 1224-122i with different material characteristics, and
the cured products 1224¢-122; may be formed on the sub-
strate 114 through programmable control. Therefore, the 3D
microfiuidic platform 126 with wider applicability may be
formed through a simple manufacturing method, and the
manufactured 3D microfluidic platform 126 is applicable for
various domains such as cell culture, biological scaffold,
biosensor, etc. A material of the cured products 122a-122i is,
for example, PEGDA hydrogel, GeIMA hydrogel or other
suitable hydrogels. In some embodiments, a solution con-
taining a PEGDA prepolymer and photo initiator may be
irradiated by ultraviolet light (light intensity 100 mW/cm?,
light irradiation time 5 seconds) to form the PEGDA hydro-
gel. Moreover, in some embodiments, a solution containing
a GelMA prepolymer and photo initiator may be irradiated
by ultraviolet light (light intensity 70 mW/cm?, light irra-
diation time 8 seconds) to form the GelMA hydrogel. In
some embodiments, the prepolymer patterns 120a-120; may
be cured through photo crosslinking, thermal crosslinking,
chemical crosslinking or a combination thereof.

Moreover, referring to FIG. 1, in some embodiments, in
order to form the additives 1184, 1185 in the cured products
122a-122i, the additives 118a, 1185 may be added to at least
one of the prepolymer raw materials 116a-116d before the
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prepolymer raw materials 116a-116d are moved to the
substrate 114. The additives 118a, 1185 in the prepolymer
raw materials 116a-116d may be the same or different. For
example, the additives 118a, 1185 may be respectively
added to the prepolymer raw materials 116a, 1164. In this
way, when the prepolymer raw materials 116a-116d are
moved to the substrate 114 to form the prepolymer patterns
120a-120i, the additives 1184, 1185 may be distributed in
the prepolymer patterns 120a-120; (for example, the pre-
polymer patterns 120a, 120¢-1204, 120£-120; shown in FIG.
3) according to a product design requirement, and then
through the subsequent process of curing the prepolymer
patterns, the additives 118a, 118b are formed in the cured
products 122a-122i or on a surface thereof. In some other
embodiments, after the cured products 122q-122i are
formed, the additives 118a, 1185 may be selectively formed
on the surface of at least one of the cured products 122a-
122i. In this way, the additives 118a, 11856 may be formed
in the cured products 1224-122i in a 3D distribution manner
or formed on the surface of the cured products 122a-122i in
a 2D distribution manner, such that a total contact surface
area of the additives 118a, 1185 and the cured products
122a-122i is increased, and applicability or performance of
the 3D microfluidic platform 126 is enhanced. For example,
when the additives 118a, 1185 are cells to be cultured, the
cells may grow in the cured products 1224-122i (3D distri-
bution) and grow on the surface thereof (2D distribution), so
as to increase the number of the cultured cells. Namely, the
cured products 122¢-122i may provide more surface area
and space for growing the cells.

Besides, after the prepolymer patterns 120a-120i are
formed on the substrate 114, the additives 118a, 1185
located therein may be arranged, so as to form additive
patterns (for example, arranging patterns of the prepolymer
patterns 120a, 120c-120d, 120/-120; shown in FIG. 3) in at
least one of the prepolymer patterns 120a-120:i. In some
embodiments, a method for arranging the additives 118a,
1185 includes exerting an electric field to the additives 118a,
1185, though the invention is not limited thereto.

Moreover, in some embodiments, after the cured products
122a-122i are formed, the cured products 122a-122i may be
moved, arranged, stacked or assembled to form predeter-
mined patterns. Namely, the liquid-state prepolymer patterns
120a-120; may be moved or arranged before curing, or the
solid-state cured products 122¢-122i may be moved or
arranged after the curing. In some embodiments, a method
for moving, arranging, stacking or assembling the cured
products 122a-122/ may be dielectrophoresis, electrowet-
ting or a combination thereof. For example, referring to FI1G.
6A to FIG. 6C, the predetermined pattern may be achieved
by moving the cured products 1224, 1225, 122¢, 122/ shown
in FIG. 6A through dielectrophoresis, electrowetting or a
combination thereof, so that the cured products may be
arranged to form a pattern shown in FIG. 6B, or further
arranged to form a pattern shown in FIG. 6C. Besides,
referring to FIG. 7A to FIG. 7C, the predetermined pattern
may also be achieved by moving the cured products 122a,
122b, 122¢, 122i through dielectrophoresis, electrowetting
or a combination thereof, so that the cured products may be
stacked to form a pattern shown in FIG. 7A, or stacked to
form a pattern shown in FIG. 7B, or further stacked form a
pattern shown in FIG. 7C. Moreover, in order to decrease a
friction of the cured products 1224-122i in the process of
moving, arranging, stacking or assembling, in some embodi-
ments, the cured products 1224-122i may be moved,
arranged, stacked or assembled in a liquid, so as to form the
predetermined pattern. The aforementioned liquid may be a
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prepolymer solution that is not reacted with the cured
products 122a-122i, and the prepolymer solution may be
cured after the predetermined pattern is formed.

Hereinafter, the 3D microfluidic platform 126 of the
present embodiment is described below with reference of
FIG. 2 and FIG. 3. Moreover, although the method for
manufacturing the 3D microfluidic platform 126 of the
present embodiment has been described above, the invention
is not limited thereto.

Referring to FIG. 2 and FIG. 3, the 3D microfluidic
platform 126 includes the substrate 114 and the heteroge-
neous structure 124, and may further include the additives
1184, 1185. The substrate 114 may include a substrate, an
electrode layer, a dielectric layer, a hydrophobic layer or a
combination thereof. For example, the substrate 114 may
include the first substrate 102, the patterned electrode 104,
the dielectric layer 106 and the first hydrophobic layer 112.
The heterogeneous structure 124 is located on the substrate
114, where the heterogeneous structure 124 includes a
plurality of the prepolymer patterns 120a-120i, a plurality of
the cured products 122a-122i or a combination thereof. The
heterogeneous structure 124 may include combinations of a
plurality of the cured products 1224-122i and a plurality of
the prepolymer patterns 1204-120i, or may include a com-
bination of one of the cured products 122a-122/ and one of
the prepolymer patterns 120a-120i. In the present embodi-
ment, the heterogeneous structure 124 includes a plurality of
the cured products 1224-122i (i.e. the cured prepolymer
patterns 120a-1207), though the invention is not limited
thereto. In some other embodiments, the heterogeneous
structure 124 may include a plurality of the prepolymer
patterns 1204-120i, such that according to an actual design,
a user may partially cure the aforementioned prepolymer
patterns, and remove the non-cured prepolymer patterns, so
as to pattern the heterogeneous structure 124. Moreover, in
other embodiments, the non-cured prepolymer patterns
120a-120/ may be retained, such that the heterogeneous
structure 124 includes both of the cured products and the
prepolymer patterns at the same time. The material charac-
teristics of the cured products 122a-122i are different from
each other, and the material characteristics of the prepoly-
mer patterns 120a-120; are different from each other. In
some embodiments, the materials of the cured products
122a-122i may be different from each other. In some
embodiments, the materials of prepolymer patterns 120a-
120; and the cured products 122a¢-122i are different from
each other. The additives 1184, 1185 are located in or on a
surface of at least one of the cured products 1224¢-122i, and
the additives 1184, 1185 are, for example, organic particles,
inorganic particles, cells or a combination thereof.

In summary, in the 3D microfluidic platform and the
method for manufacturing the same, the heterogeneous
structure includes a plurality of cured products with material
characteristics different from each other, so that the 3D
microfluidic platform has wider applicability. Besides, in the
manufacturing system of the 3D microfluidic platform, the
material characteristics of at least two of the prepolymer raw
materials are different from each other, so that through the
programmable control, the prepolymer raw materials are
moved or arranged to predetermined positions on the sub-
strate, or mixed at the predetermined positions of the sub-
strate. In this way, the cured products with different material
characteristics may be simply formed in the subsequent
manufacturing process, and the microfluidic system is not
limited to a specific material or shape.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
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the invention without departing from the scope or spirit of
the invention. In view of the foregoing, it is intended that the
invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A three-dimensional microfluidic platform, comprising:
a

substrate;

a heterogeneous structure, located on the substrate, and
comprising prepolymer patterns, cured products, or a
combination of at least one prepolymer patterns and at
least one cured products, wherein material character-
istics of the cured products are different from each
other, and material characteristics of the prepolymer
patterns are different from each other; and

an additive, located in at least one of the cured products
or on a surface of at least one of the cured products.

2. The three-dimensional microfluidic platform as
claimed in claim 1, wherein the substrate comprises an
electrode layer, a dielectric layer, a hydrophobic layer or a
combination thereof.

3. The three-dimensional microfluidic platform as
claimed in claim 1, wherein materials of the cured products
are different from each other.

4. The three-dimensional microfluidic platform as
claimed in claim 1, wherein the additive comprises organic
particles, inorganic particles, cells or a combination thereof.

5. A manufacturing system of a three-dimensional micro-
fluidic platform, comprising:

a first electrode structure;

a second electrode structure, located above the first elec-
trode structure, wherein a containing space exists
between the second electrode structure and the first
electrode structure for containing a heterogeneous
structure; and

storage tanks, located around the containing space, and
the storage tanks respectively storing at least two or
more prepolymer raw materials, wherein material char-
acteristics of at least two of the prepolymer raw mate-
rials are different from each other.

6. The manufacturing system of the three-dimensional
microfiuidic platform as claimed in claim 5, further com-
prising:

an additive, located in at least one of the prepolymer raw
materials.

7. The manufacturing system of the three-dimensional
microfiuidic platform as claimed in claim 6, wherein the
additive comprises organic particles, inorganic particles,
cells or a combination thereof.

8. The manufacturing system of the three-dimensional
microfiuidic platform as claimed in claim 5, further com-
prising:

a first hydrophobic layer, located between the first elec-

trode structure and the containing space; and

a second hydrophobic layer, located between the second
electrode structure and the containing space.

9. The manufacturing system of the three-dimensional

microfiuidic platform as claimed in claim 8, wherein

the first electrode structure comprises:

a first substrate; and
a patterned electrode layer, located on the first sub-
strate, and

the second electrode structure comprises:

a second substrate; and
a continuous electrode layer, located on the second
substrate, wherein
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the containing space is located between the pattered
electrode layer and the continuous electrode layer.

10. The manufacturing system of the three-dimensional

microfluidic platform as claimed in claim 9, wherein the first
electrode structure further comprises:

a dielectric layer, located between the first hydrophobic
layer and the patterned electrode layer, and the dielec-
tric layer covers the patterned electrode layer.

11. A method for manufacturing a three-dimensional

microfiuidic platform, comprising:

providing a substrate;

forming a heterogeneous structure on the substrate,
wherein the heterogeneous structure comprises pre-
polymer patterns, cured products or a combination of at
least one prepolymer patterns and at least one cured
products, and material characteristics of the cured prod-
ucts are different from each other, and material char-
acteristics of the prepolymer patterns are different from
each other;

providing prepolymer raw materials, wherein material
characteristics of at least of the prepolymer raw mate-
rials are different from each other;

moving the prepolymer raw materials to the substrate to
form prepolymer patterns on the substrate, wherein
each of the prepolymer patterns comprises one of the
prepolymer raw materials or at least two of the pre-
polymer raw materials;

curing the prepolymer patterns to form the cured prod-
ucts; and
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adding an additive to at least one of the prepolymer raw
materials before moving the prepolymer raw materials
to the substrate.

12. The method for manufacturing the three-dimensional
microfiuidic platform as claimed in claim 11, further com-
prising: arranging the additive after the prepolymer patterns
are formed on the substrate, so as to form an additive pattern
in at least one of the prepolymer patterns.

13. The method for manufacturing the three-dimensional
microfiuidic platform as claimed in claim 12, wherein the
step of arranging the additive comprises exerting an electric
field to the additive.

14. The method for manufacturing the three-dimensional
microfiuidic platform as claimed in claim 11, further com-
prising: forming the additive on a surface of at least one of
the cured products after the cured products are formed.

15. The method for manufacturing the three-dimensional
microfiuidic platform as claimed in claim 11, wherein the
step of moving the prepolymer raw materials to the substrate
comprises dielectrophoresis, electrowetting or a combina-
tion thereof.

16. The method for manufacturing the three-dimensional
microfiuidic platform as claimed in claim 11, further com-
prising: moving, arranging, stacking or assembling the cured
products after the cured products are formed.

17. The method for manufacturing the three-dimensional
microfiuidic platform as claimed in claim 16, the step of
moving, arranging, stacking or assembling the cured prod-
ucts comprises dielectrophoresis, electrowetting or a com-
bination thereof.



