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(54) FLUID SYSTEM

(57)  Afluid system (100) includes a fluid active region
(10), a fluid channel (20), a convergence chamber (30),
a sensor (40) and a plurality of valves (50, 50a, 50b, 50c,
50d). The fluid active region (10) includes at least one
fluid-guiding unit (10a). The fluid-guiding unit (10a) is en-
abled under control, so as to transport fluid and discharge
the same out through an outlet aperture (160) thereof.
The fluid channel (20) is in communication with the outlet
aperture (160) of the fluid active region (10), and includes
a plurality of branch channels (20a, 20b, 21a, 22a, 21b,
22b) for splitting the fluid discharged from the fluid active
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region (10). The convergence chamber (30) is in com-
munication with the fluid channel (20). The sensor (40)
is disposed in the fluid channel (20) for measuring the
fluid. The valves (50, 50a, 50b, 50c, 50d) are disposed
in the corresponding branch channels (20a, 20b, 21a,
22a, 21b, 22b), wherein the fluid is discharged out
through the branch channels (20a, 20b, 21a, 22a, 21b,
22b) by controlling open/closed states of the valves (50,
50a, 50b, 50c, 50d). The fluid system (100) of the present
disclosure is capable of acquiring required flow rate,
pressure and amount of the fluid to be transported.
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Description
FIELD OF THE INVENTION

[0001] The presentdisclosure relates to afluid system,
and more particularly to a miniature integrated fluid sys-
tem.

BACKGROUND OF THE INVENTION

[0002] Nowadays, in various fields such as pharma-
ceutical industries, computer techniques, printing indus-
tries or energy industries, the products are developed
toward elaboration and miniaturization. The fluid trans-
portation devices are important components that are
used in, for example micro pumps, micro atomizers, print
heads or industrial printers. Therefore, how to utilize an
innovative structure to break through the bottleneck of
the prior art has become an important part of develop-
ment.

[0003] Withtherapiddevelopmentofscience andtech-
nology, the applications of fluid transportation devices
are becoming more and more diversified. For example,
fluid transportation devices are gradually popular in in-
dustrial applications, biomedical applications, medical
care applications, electronic cooling applications and so
on, or even the most popular wearable devices. It is ob-
vious that the fluid transportation devices gradually tend
to miniaturize the structure and maximize the flow rate
thereof.

[0004] Although the miniature fluid transportation de-
vice is capable of transferring gas continuously, it is dif-
ficult to improve the miniature gas transportation device
to increase the amount of the transportation when it
comes to its miniature chambers or flow channels with
limited volume which have more design requirements.
For solving the above drawbacks, it is important to pro-
vide a gas transportation device with a valve to control
the continuation or interruption of the gas transportation,
control the gas to flow in one direction, accumulate the
gas in the limited-capacity chamber or fluid channel and
increase the amount of the gas to be discharged.

SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide
an integrated fluid system to address the issues that the
prior arts can’t meet the requirements of the miniature
fluid system. The fluid system includes a fluid active re-
gion, a fluid channel, a convergence chamber, a sensor
and a plurality of valves. The valves may be active valves
or passive valves. The fluid active region includes one
or a plurality of fluid-guiding units. Each fluid-guiding unit
has an outlet aperture. The fluid channel is in communi-
cation with the outlet apertures of the flow-guiding units
of the fluid active region. The fluid channel includes a
plurality of branch channels. The fluid discharged from
the fluid active region is split by the branch channels. The
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convergence chamber is in communication with the fluid
channel for allowing the fluid discharged from the fluid
channel to be accumulated therein. The sensor is dis-
posed in the fluid channel for measuring the fluid within
the fluid channel. The valves are disposed in the corre-
sponding branch channels. The fluid is discharged out
through the branch channels by controlling open/closed
states of the valves.

[0006] Inanembodiment, the valves are active valves.
The fluid system further includes a controller electrically
connected to the valves to control the open/closed states
of the valves. The controller and the fluid-guiding units
are packaged in a system-in-package manner as an in-
tegrated structure. The fluid active region includes the
fluid-guiding units. The fluid-guiding units are connected
to each other in a serial arrangement, in a parallel ar-
rangement or in a serial-and-parallel arrangement. The
lengths and widths of the branch channels are preset
according to the required amount or the flow rate of the
fluid to be transported. The branch channels are con-
nected to each other in a serial arrangement, in a parallel
arrangement or in a serial-and-parallel arrangement.
[0007] From the above descriptions, the fluid system
of the present disclosure has miniature volume and is
capable of acquiring required flow rate, pressure and
amount of the fluid to be transported.

[0008] The above contents of the present disclosure
will become more readily apparent to those ordinarily
skilled in the art after reviewing the following detailed
description and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 schematically illustrates a fluid system ac-
cording to an embodiment of the present disclosure;
FIG. 2Ais a schematic cross-sectional view illustrat-
ing a fluid-guiding unit of the fluid system according
to the embodiment of the present disclosure;

FIGS. 2B, 2C and 2D schematically illustrate the ac-
tions of the fluid-guiding unit of the fluid system of
FIG. 2A;

FIG. 3A schematically illustrates the fluid active re-
gion of the fluid system as shown in FIG. 1;

FIG. 3B schematically illustrates a portion of the fluid
active region of the fluid system, in which the fluid-
guiding units are connected to each other in a serial
arrangement;

FIG. 3C schematically illustrates a portion of the fluid
active region of the fluid system, in which the fluid-
guiding units are connected to each otherin a parallel
arrangement;

FIG. 3D schematically illustrates a portion of the fluid
active region of the fluid system, in which the fluid-
guiding units are connected to each other in a serial-
and-parallel arrangement;

FIG. 4 schematically illustrates a variant example of
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the fluid active region of the fluid system;

FIG. 5 schematically illustrates another variant ex-
ample of the fluid active region of the fluid system;

FIGS. 6A and 6B are schematic cross-sectional
views illustrating the actions of a valve used in the
fluid system according to a first aspect of the present
disclosure; and

FIGS. 7A and 7B are schematic cross-sectional
views illustrating the actions of a valve used in the
fluid system according to a second aspect of the
present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0010] The present disclosure will now be described
more specifically with reference to the following embod-
iments. Itis to be noted that the following descriptions of
preferred embodiments of this disclosure are presented
herein for purpose of illustration and description only. It
is not intended to be exhaustive or to be limited to the
precise form disclosed.

[0011] PleaserefertoFIGS. 1,2A,2B, 2C, 2D, 6A, 6B,
7A and 7B. The present discourse provides a fluid system
100 including at least one fluid active region 10, at least
one fluid-guiding unit 10a, at least one outlet aperture
160, at least one fluid channel 20, a plurality of branch
channels 20a, 20b, 21a, 21b, 22a, 22b, at least one con-
vergence chamber 30, at least one sensor 40, a plurality
of valves 50, 50a, 50b, 50c and 50d, at least one base
51, at least one first passage 511, at least one second
passage 512, at least one cavity 513, at least one first
outlet 514, at least one second outlet 515, at least one
piezoelectric actuator 52, at least one carrier plate 521,
at least one piezoelectric ceramic plate 522, at least one
linking bar 53 and at least one stopping part 531. The
number of the fluid active region 10, the fluid channel 20,
the convergence chamber 30, the sensor 40, the base
51, the first passage 511, the second passage 512, the
cavity 513, the first outlet 514, the second outlet 515, the
piezoelectric actuator 52, the carrier plate 521, the pie-
zoelectric ceramic plate 522, the linking bar 53 and the
stopping part 531 is exemplified by one for each in the
following embodiments but not limited thereto. It is noted
that each of the fluid active region 10, the fluid channel
20, the convergence chamber 30, the sensor 40, the base
51, and the linking bar 53 can also be provided in plural
numbers.

[0012] FIG. 1 schematically illustrates a fluid system
according to an embodiment of the present disclosure.
As shown in FIG. 1, the fluid system 100 includes a fluid
activeregion 10, afluid channel 20, a convergence cham-
ber 30, a sensor 40, a plurality of valves 50a, 50b, 50c
and 50d, and a controller 60. In an embodiment, the
above components are packaged in a system-in-pack-
age manner on a substrate 11. In other words, the fluid
system 100 is produced by an integrated method. The
fluid active region 10 includes one or more fluid-guiding
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units 10a. The fluid-guiding units 10a may be connected
to each other in a serial arrangement, in a parallel ar-
rangementorin a serial-and-parallel arrangement. When
each fluid-guiding unit 10a is enabled, a pressure differ-
ence within the fluid-guiding unit 10a is formed, by which
fluid (e.g., gas) is inhaled into the fluid-guiding unit 10a
and pressurized to be discharged out through an outlet
aperture 160 of the fluid-guiding unit 10a (see FIG. 3C).
Consequently, the fluid is transported through the fluid-
guiding unit 10a.

[0013] In this embodiment, the fluid active region 10
includes four fluid-guiding units 10a. The four fluid-guid-
ing units 10a are connected to each other in a serial-and-
parallel arrangement. The fluid channel 20 is in commu-
nication with the outlet apertures 160 of the fluid-guiding
units 10a (see FIG. 3C) to receive the fluid discharged
from the fluid-guiding units 10a. The structures, actions
and dispositions of the fluid-guiding unit 10a and the fluid
channel 20 will be described as follows. The fluid channel
20 includes a plurality of branch channels 20a and 20b
for splitting the fluid discharged from the fluid active re-
gion 10. Consequently, the required amount of the fluid
to be transported is determined. The branch channels
20a and 20b are exemplified in the above embodiment,
but the number of the branch channels is not restricted.
The convergence chamber 30 is in communication with
the branch channels 20a and 20b, and thus the conver-
gence chamber 30 is in communication with the fluid
channel 20. The fluid may be transferred to and accumu-
lated and stored in the convergence chamber 30. When
the fluid system 100 regulates the discharge of the re-
quired amount of the fluid, the fluid accumulated and
stored in the convergence chamber 30 is available for
the fluid channel 20 so as to increase the amount of the
fluid to be transported. In this embodiment, the sensor
40 is disposed in the fluid channel 20 for measuring the
fluid within the fluid channel 20.

[0014] As mentioned above, the fluid channel 20 in-
cludes a plurality of branch channels 20a and 20b. As
shown in FIG. 1, the branch channels 20a and 20b are
connected to each other in a parallel arrangement, but
not limited thereto. In some other embodiments, the
branch channels 20a and 20b are connected to each
other in a serial arrangement or in a serial-and-parallel
arrangement. The lengths and widths of the branch chan-
nels 20a and 20b are preset according to the required
amount of the fluid to be transported. In other words, the
flow rate and amount of the fluid to be transported are
influenced by the lengths and widths of the branch chan-
nels 20a and 20b. That is, the lengths and widths of the
branch channels 20a and 20b may be calculated in ad-
vance according to the required amount of the fluid to be
transported.

[0015] Inthis embodiment, the branch channel 20a fur-
therincludes two sub-branch channels 21a and 22a (also
referred as branch channels), and the branch channel
20b further includes two sub-branch channels 21b and
22b (alsoreferred as branch channels). As shown in FIG.
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1, the sub-branch channels 21a and 22a of the branch
channel 20a are connected to each other in a serial ar-
rangement, and so are the sub-branch channels 21b and
22b. In some embodiments, the sub-branch channels
21a and 22a of the branch channel 20a may also be
connected to each other in a parallel arrangement or in
a serial-and-parallel arrangement, and so are the sub-
branch channels 21b and 22b. The valves 50a, 50c, 50b
and 50d may be active valves or passive valves. In this
embodiment, the valves 50a, 50c, 50b and 50d are active
valves, and the valves 50a, 50c, 50b and 50d are dis-
posed in the sub-branch channels 21a, 22a, 21b and
22b, respectively. The valves 50a, 50c, 50b and 50d are
selectively in an open state or a closed state, so as to
control the communication state of the sub-branch chan-
nels 21a, 22a, 21b and 22b. When the valve 50ais in the
open state, the sub-branch channel 21a is opened to
discharge the fluid to an output region A. When the valve
50b is in the open state, the sub-branch channel 21b is
opened to discharge the fluid to the output region A.
When the valve 50c is in the open state, the sub-branch
channel 22a is opened to discharge the fluid to the output
region A. When the valve 50d is in the open state, the
sub-branch channel 22b is opened to discharge the fluid
to the output region A. The controller 60 includes two
conductive wires 610 and 620. The conductive wire 610
is electrically connected to the control terminals of the
valves 50a and 50d, and the conductive wire 620 is elec-
trically connected to the control terminals of the valves
50b and 50c. Consequently, the open/closed states of
the valves 50a, 50c, 50b and 50d can be controlled by
the controller 60, so that the communication states of the
sub-branch channels 21a, 22a, 21b and 22b correspond-
ing to the valves 50a, 50c, 50b and 50d are controlled
by the controller 60 for allowing the fluid to be selectively
transported to the output region A.

[0016] FIG. 2A is a schematic cross-sectional view il-
lustrating a fluid-guiding unit of the fluid system according
to the embodiment of the present disclosure. In an em-
bodiment, the fluid-guiding unit 10a is a piezoelectric
pump. As shown in FIG. 2A, each fluid-guiding unit 10a
includes an inlet plate 17, the substrate 11, a resonance
plate 13, an actuating plate 14, a piezoelectric element
15 and an outlet plate 16, which are stacked on each
other sequentially. The inlet plate 17 has at least one
inlet aperture 170. The resonance plate 13 has a central
aperture 130 and a movable part 131. The movable part
131 is a flexible structure of the resonance plate 13 that
is not attached and fixed on the substrate 11. The central
aperture 130 is formed in a middle region adjacent to the
movable part 131. A first chamber 12 is formed between
the resonance plate 13 and the inlet plate 17. The actu-
ating plate 14 is a suspended structure having a suspen-
sion part 141, an outer frame part 142 and a plurality of
vacant spaces 143. The suspension part 141 of the ac-
tuating plate 14 is connected to the outer frame part 142
through a plurality of connecting parts (not shown), so
that the suspension part 141 is suspended and elastically
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supported by the outer frame part 142. The vacant spac-
es 143 are defined between the suspension part 141 and
the outer frame part 142 and are disposed for allowing
the fluid to flow therethrough. The disposition, the types
and the numbers of the suspension part 141, the outer
frame part 142 and the vacant spaces 143 may be varied
according to the practical requirements, but not limited
thereto. Preferably but notexclusively, the actuating plate
14 may be made of a metallic film or a polysilicon film.
Moreover, a gap g0 formed between the actuating plate
14 and the resonance plate 13 is defined as a second
chamber 18. The outlet plate 16 has an outlet aperture
160. A third chamber 19 is formed between the actuating
plate 14 and the outlet plate 16.

[0017] In some embodiments, the substrate 11 of the
fluid-guiding unit 10a further includes a driving circuit (not
shown) electrically connected to the positive electrode
and the negative electrode of the piezoelectric element
15 so as to provide a driving power to the piezoelectric
element 15, but not limited thereto. In other embodi-
ments, the driving circuit may be disposed at any position
within the fluid-guiding unit 10a. The disposed position
of the driving circuit may be varied according to practical
requirements.

[0018] FIGS. 2B, 2C and 2D schematically illustrate
the actions of the fluid-guiding unit of the fluid system as
in FIG. 2A. As shown in FIG. 2A, the fluid-guiding unit
10aisin anon-enabled state (i.e. in aninitial state). When
the piezoelectric element 15 is driven in response to an
applied voltage, the piezoelectric element 15 undergoes
a bending deformation to drive the actuating plate 14 to
vibrate along a vertical direction in a reciprocating man-
ner. Please refer to FIG. 2B. As the suspension part 141
of the actuating plate 14 vibrates upwardly (i.e. away from
the inlet plate 17), the volume of the second chamber 18
is enlarged and the pressure in the second chamber 18
is reduced. The fluid is inhaled into the fluid-guiding unit
10a through the inlet aperture 170 of the inlet plate 17 in
accordance with the external pressure, and is then con-
verged into the first chamber 12. Then, the fluid is trans-
ported upwardly to flow into the second chamber 18
through the central aperture 130 of the resonance plate
13, which is spatially corresponding to the first chamber
12.

[0019] Please refer to FIG. 2C. The movable part 131
of the resonance plate 13 is driven to vibrate upwardly
(i.e. away from the inlet plate 17) in resonance with the
vibration of the suspension part 141 of the actuating plate
14, and the suspension part 141 of the actuating plate
14 also vibrates downwardly (i.e. toward the inlet plate
17) atthe same time. In such a manner, the movable part
131 of the resonance plate 13 is attached to and abuts
against the suspension part 141 of the actuating plate
14. The communication space between the central ap-
erture 130 of the resonance plate 13 and the second
chamber 18 is closed. Consequently, the second cham-
ber 18 is compressed to reduce the volume thereof and
increase the pressure therein, and the volume of the third
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chamber 19 is enlarged and the pressure in the third
chamber 19 is reduced. Under this circumstance, the
pressure gradient occurs to push the fluid in the second
chamber 18 to move toward a peripheral portion of the
second chamber 18, and to flow into the third chamber
19 through the vacant spaces 143 of the actuating plate
14. Please refer to FIG. 2D. The suspension part 141 of
the actuating plate 14 vibrates downwardly (i.e. toward
the inlet plate 17) and drives the movable part 131 of the
resonance plate 13 to vibrate downwardly (i.e. toward
the inlet plate 17), so as to further compress the first
chamber 18. As a result, most of the fluid is transported
into the third chamber 19 and is temporarily stored in the
third chamber 19.

[0020] Finally, the suspension part 141 of the actuating
plate 14 vibrates upwardly (i.e. away from the inlet plate
17) to compress the volume of the third chamber 19,
thereby reducing the volume of the third chamber 19 and
increasing the pressure in the third chamber 19. Thus,
the fluid stored in the third chamber 19 is discharged out
to an environment outside the fluid-guiding unit 10a
through the outlet aperture 160 of the outlet plate 16 so
as to accomplish a fluid transportation process. The
above actions and steps of FIGS. 2B, 2C and 2D dem-
onstrate a complete cycle of the reciprocating vibration
of the actuating plate 14. When the piezoelectric element
15 is enabled, the suspension part 141 of the actuating
plate 14 and the movable part 131 of the resonance plate
13 perform the above actions repeatedly. Consequently,
the fluid is continuously inhaled into the inlet aperture
170 and pressurized to be discharged out through the
outlet aperture 160. In such way, the purpose of fluid
transportation is achieved. In some embodiments, the
vibration frequency of the resonance plate 13 along the
vertical direction in the reciprocating manner may be
identical to the vibration frequency of the actuating plate
14. That is, the resonance plate 13 and the actuating
plate 14 can synchronously vibrate along the same di-
rection. It is noted that numerous modifications and al-
terations of the actions of the fluid-guiding unit 10a may
be made while retaining the teachings of the disclosure.
[0021] Consequently, a pressure gradient is formed in
the fluid channels of the fluid-guiding unit 10a to facilitate
the fluid to flow at a high speed. Moreover, since there
is an impedance difference between the inlet direction
and the outlet direction, the fluid can be transported from
an inhale end to a discharge end of the fluid-guiding unit
10a. Moreover, even if a gas pressure exists at the dis-
charge end, the fluid-guiding unit 10a still has the capa-
bility to discharge out the fluid while achieving the silent
efficacy.

[0022] FIG. 3A schematically illustrates the fluid active
region of the fluid system as shown in FIG. 1. The fluid
active region 10 includes a plurality of fluid-guiding units
10a. The amount of the fluid to be discharged from the
fluid active region 10is adjusted according to the arrange-
ment of the fluid-guiding units 10a. In this embodiment,
the fluid-guiding units 10a are disposed on the substrate
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11 and connected to each other in a serial-and-parallel
arrangement.

[0023] Please refer to FIGS. 3B, 3C and 3D. FIG. 3B
schematically illustrates a portion of the fluid active region
of the fluid system, in which the fluid-guiding units are
connected to each other in a serial arrangement. FIG.
3C schematically illustrates a portion of the fluid active
region of the fluid system, in which the fluid-guiding units
are connected to each other in a parallel arrangement.
FIG. 3D schematically illustrates a portion of the fluid
active region of the fluid system, in which the fluid-guiding
units are connected to each other in a serial-and-parallel
arrangement. As shown in FIG. 3B, the fluid-guiding units
10a of the fluid active region 10 are connected to each
other in a serial arrangement. Since the fluid-guiding
units 10a are connected to each other in series, the pres-
sure of the fluid at the outlet apertures 160 of the fluid
active region 10 is increased. As shown in FIG. 3C, the
fluid-guiding units 10a of the fluid active region 10 are
connected to each other in a parallel arrangement. Since
the fluid-guiding units 10a are connected to each other
in parallel, the amount of the fluid to be discharged out
from the outlet apertures 160 of the fluid active region 10
isincreased. As shown in FIG. 3D, the fluid-guiding units
10a of the fluid active region 10 are connected to each
other in a serial-and-parallel arrangement. Consequent-
ly, the pressure of the fluid and the amount of the fluid to
be discharged out from the fluid active region 10 are both
increased.

[0024] FIG. 4 schematically illustrates a variant exam-
ple of the fluid active region of the fluid system. FIG. 5
schematically illustrates another variant example of the
fluid active region of the fluid system. As shown in FIG.
4, in this embodiment, the fluid-guiding units 10a of the
fluid active region 10 are connected to each other in a
ring-shaped arrangement so as to transport the fluid. As
shown in FIG. 5, in this embodiment, the fluid-guiding
units 10a of the fluid active region 10 are connected to
each other in a honeycomb arrangement.

[0025] In this embodiment, the connections between
the fluid-guiding units 10a of the fluid system 100 and
the driving circuit may be varied, so that the application
flexibility is enhanced. Moreover, the fluid system 100
can be applied to various electronic components, and
the fluid-guiding units 10a of fluid system 100 may be
enabled to transport gas simultaneously so as to meet
the requirement of transporting the gas ata greatamount.
Moreover, two fluid-guiding units 10a may be independ-
ently controlled to be enabled or disabled. For example,
one fluid-guiding unit 10a is enabled, and the other fluid-
guiding unit 10a is disabled. In another embodiment, the
two fluid-guiding units 10a are alternately enabled, but
not limited thereto. Consequently, the purpose of trans-
porting various amount of the fluid and the purpose of
reducing the power consumption can be achieved.
[0026] FIGS. 6A and 6B are schematic cross-sectional
views illustrating the actions of a valve of the fluid system
according to a first aspect of the present disclosure. The
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valve 50 includes a base 51, a piezoelectric actuator 52
and a linking bar 53. For example, the valve 50 is dis-
posed in the sub-branch channel 21a. The structures and
actions of the valves 50 disposed in the sub-branch chan-
nels 22a, 21b and 22b are similar to the structure and
the actions of the valve 50 disposed in the sub-branch
channel 21a, and are not redundantly described herein.
The base 51 includes a first passage 511 and a second
passage 512, which are in communication with the sub-
branch channel 21a and are separated from each other
by a partial structure of the base 51. A cavity 513 is con-
cavely formed on the top surface of the base 51. The
cavity 513 has a first outlet 514 and a second outlet 515.
The first outlet 514 is in communication with the first pas-
sage 511, and the second outlet 515 is in communication
with the second passage 512. The piezoelectric actuator
52 includes a carrier plate 521 and a piezoelectric ce-
ramic plate 522. The carrier plate 521 may be made of
a flexible material. The piezoelectric ceramic plate 522
is attached on a first surface of the carrier plate 521 and
electrically connected to the controller 60. The piezoe-
lectric actuator 52 is located over and capped on the cav-
ity 513. A first end of the linking bar 53 is connected to a
second surface of the carrier plate 521, and the linking
bar 53 is inserted into the second outlet 515 and is mov-
able within the second outlet 515 along a vertical direc-
tion. A second end of the linking bar 53 is formed as a
stopping part 531 to be used to close the second outlet
515. More specifically, a cross section of the stopping
part 531 has a diameter larger than that of the second
outlet 515, by which the communication between the sec-
ond outlet 515 and the second passage 512 may be cut
off. Preferably but not exclusively, the stopping part 531
may be a flat plate structure or a mushroom-shaped
structure.

[0027] Please referto FIG. 6A. When the piezoelectric
actuator 52 of the valve 50 is not enabled, the linking bar
53 is in an initial position and in a normally open state
that the stopping part 531a is separated from the second
outlet 515. Meanwhile, a communication space is formed
between the stopping part 531 and the second outlet 515
for allowing the second passage 512, the cavity 513 and
the first passage 511 to be in fluid communication with
each other and in fluid communication with the sub-
branch channel 21a and allowing the fluid to flow there-
through. On the contrary, referring to FIG. 6B, when the
piezoelectric actuator 52 is enabled, the carrier plate 521
is driven to undergo upward bending deformation by the
piezoelectric ceramic plate 522, so that the linking bar
53 is driven by the carrier plate 521 to move upwardly.
Consequently, the second outlet 515 is in contact with
and entirely covered by the stopping part 531, thereby
closing the second outlet 515. Since the second outlet
515 is closed by the stopping part 531, the fluid cannot
be transported through the second outlet 515. As men-
tioned above, the valve 50 is selectively enabled or dis-
abled. When the valve 50 is disabled, the sub-branch
channel 21a is maintained in the open state. When the
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valve 50 is enabled, the sub-branch channel 21ais in the
closed state. In other words, by controlling a communi-
cation state of the second passage 512 of valve 50, the
discharge of the fluid from the sub-branch channel 21a
can be regulated.

[0028] FIGS.7A and 7B are schematic cross-sectional
views illustrating the actions of a valve used in the fluid
system of according to a second aspect of the present
disclosure. The structure of the valve 50 is similar to that
of FIGS. 6A and 6B. In contrast, the valve 50 is in a nor-
mally closed state when the valve 50 is not enabled.
[0029] Please referto FIG. 7A. When the piezoelectric
actuator 52 of the valve 50 is not enabled, the linking bar
53 is in an initial position and in a normally closed state.
Meanwhile, the second outlet 515 is in contact with and
entirely covered by the stopping part 531, thereby closing
the second outlet 515. Since the second outlet 515 is
closed by the stopping part 531, the fluid cannot be trans-
ported through the second outlet 515. Please refer to
FIG. 7B. When the piezoelectric actuator 52 is enabled,
the carrier plate 521 is driven to undergo downward bend-
ing deformation by the piezoelectric ceramic plate 522,
so thatthe linking bar 53 is driven by the carrier plate 521
to move downwardly. Under this circumstance, a com-
munication space is formed between the stopping part
531 and the second outlet 515 for allowing the second
passage 512, the cavity 513 and the first passage 511
to be in fluid communication with each other and in fluid
communication with the sub-branch channel 21a and al-
lowing the fluid to flow therethrough. As mentioned
above, the valve 50 is selectively enabled or disabled.
When the valve 50 is disabled, the sub-branch channel
21ais maintained in the closed state. When the valve 50
is enabled, the sub-branch channel 21a is in the open
state. In other words, by controlling a communication
state of the second passage 512 of the valve 50, the
discharge of the fluid from the sub-branch channel 21a
can be regulated.

[0030] From the above descriptions, the present dis-
closure provides the fluid system. The at least one fluid-
guiding unit is used for transporting the fluid to the con-
vergence chamber. The valves disposed in the branch
channels are used to control and adjust the amount, flow
rate and pressure of the fluid to be discharged from the
fluid system. The numbers, arrangements and driving
methods of the at least one fluid-guiding unit and the
branch channels may be flexibly varied according to the
practical requirements. In other words, the fluid system
ofthe presentdisclosure can provide the efficacy of trans-
porting a great amount of fluid in a high performance and
high flexible manner according to various applied devices
and required amount of fluid to be transported.

[0031] While the disclosure has been described in
terms of whatis presently considered to be the most prac-
tical and preferred embodiments, it is to be understood
that the disclosure needs not be limited to the disclosed
embodiment. On the contrary, it is intended to cover var-
ious modifications and similar arrangements included
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within the spirit and scope of the appended claims which
are to be accorded with the broadest interpretation so as
to encompass all such modifications and similar struc-
tures.

Claims

A fluid system (100), produced by an integrated
method, the fluid system (100) comprising:

afluid active region (10) comprising at least one
fluid-guiding unit (10a), wherein the fluid-guiding
unit (10a) is enabled under control, so as to
transport fluid and discharge the fluid out
through at least one outlet aperture (160) there-
of;

a fluid channel (20) in communication with the
at least one outlet aperture (160) of the fluid ac-
tive region (10) and having a plurality of branch
channels (20a, 20b, 21a, 22a, 21b, 22b), where-
inthe fluid discharged from the fluid active region
(10) is split by the branch channels (20a, 20b,
21a, 22a, 21b, 22b), so that a required amount
of the fluid to be transported is determined;

a convergence chamber (30) in communication
with the fluid channel (20) and disposed for al-
lowing the fluid to be accumulated therein;

a sensor (40) disposed in the fluid channel (20)
for measuring the fluid within the fluid channel
(20); and

a plurality of valves (50, 50a, 50b, 50c, 50d) dis-
posed in the branch channels (21a, 22a, 21b,
22b), wherein the fluid is discharged out through
the branch channels (21a, 22a, 21b, 22b) cor-
respondingly by controlling open/closed states
of the valves (50, 50a, 50b, 50c, 50d), wherein
each of the valves (50, 50a, 50b, 50c, 50d) com-
prises:

abase (51) having afirst passage (511) and
a second passage (512), wherein the first
passage (511) and the second passage
(512) are separated from each other and in
communication with a corresponding one of
the branch channels (21a, 22a, 21b, 22b),
a cavity (513) is concavely formed on a sur-
face of the base (51), and the cavity (513)
has a first outlet (514) in communication
with the first passage (511) and has a sec-
ond outlet (515) in communication with the
second passage (512);

a piezoelectric actuator (52) comprising a
carrier plate (521) and a piezoelectric ce-
ramic plate (522) attached on a first surface
of the carrier plate (521), wherein the cavity
(513) is covered by the piezoelectric actu-
ator (52); and
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a linking bar (53) having a first end and a
second end, wherein the first end of the link-
ing bar (53) is connected to a second sur-
face of the carrier plate (521), and thelinking
bar (53) is inserted into the second outlet
(515) and movable within the second outlet
(515), wherein a stopping part (531) is
formed at the second end of the linking bar
(53) and has a cross section whose diam-
eter is larger than a diameter of the second
outlet (515) for closing the second outlet
(515), and

wherein when the piezoelectric actuator (52) is
enabled, the carrier plate (521) is driven to move
and the stopping part (531) of the linking bar (53)
is correspondingly moved to selectively close or
open the second outlet (515), so that the fluid is
selectively transported through the correspond-
ing one of the branch channels (21a, 22a, 21b,
22b).

The fluid system (100) according to claim 1, wherein
the at least one fluid-guiding unit (10a) of the fluid
active region (10) comprises a plurality of fluid-guid-
ing units (10a), and the fluid-guiding units (10a) are
connected to each other in a serial arrangement for
transporting the fluid.

The fluid system (100) according to claim 1, wherein
the at least one fluid-guiding unit (10a) of the fluid
active region (10) comprises a plurality of fluid-guid-
ing units (10a), and the fluid-guiding units (10a) are
connected to each other in a parallel arrangement
for transporting the fluid.

The fluid system (100) according to claim 1, wherein
the at least one fluid-guiding unit (10a) of the fluid
active region (10) comprises a plurality of fluid-guid-
ing units (10a), and the fluid-guiding units (10a) are
connected to each other in a serial-and-parallel ar-
rangement for transporting the fluid.

The fluid system (100) according to claim 1, wherein
the at least one fluid-guiding unit (10a) of the fluid
active region (10) comprises a plurality of fluid-guid-
ing units (10a), and the fluid-guiding units (10a) are
connected to each other in a ring-shape arrange-
ment for transporting the fluid.

The fluid system (100) according to claim 1, wherein
the at least one fluid-guiding unit (10a) of the fluid
active region (10) comprises a plurality of fluid-guid-
ing units (10a), and the fluid-guiding units (10a) are
connected to each other in a honeycomb arrange-
ment for transporting the fluid.

The fluid system (100) according to claim 1, wherein
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the fluid-guiding unit (10a) is a piezoelectric pump.

The fluid system (100) according to claim 1, wherein
the lengths and widths of the branch channels (20a,
20b) are preset according to the required amount of
the fluid to be transported.

The fluid system (100) according to claim 1, wherein
the open/closed states of the valves (50, 50a, 50b,
50c, 50d) are controlled by a controller (60), wherein
the controller (60) and the fluid-guiding unit (10a) are
packaged in a system-in-package manner as an in-
tegrated structure.

The fluid system (100) according to claim 1, wherein
the branch channels (20a, 20b, 21a, 22a, 21b, 22b)
are connected to each other in a serial arrangement.

The fluid system (100) according to claim 1, wherein
the branch channels (20a, 20b, 21a, 22a, 21b, 22b)
are connected to each other in a parallel arrange-
ment.

The fluid system (100) according to claim 1, wherein
the branch channels (20a, 20b, 21a, 22a, 21b, 22b)
are connected to each other in a serial-and-parallel
arrangement.

The fluid system (100) according to claim 1, wherein
the stopping part (531) is a flat plate structure.

The fluid system (100) according to claim 1, wherein
the stopping part (531) is a mushroom-shaped struc-
ture.

A fluid system (100), produced by an integrated
method, the fluid system comprising:

at least one fluid active region (10) comprising
at least one fluid-guiding unit (10a), wherein the
fluid-guiding unit (10a) is enabled under control,
so as to transport fluid and discharge the fluid
out through at least one outlet aperture (160)
thereof;

at least one fluid channel (20) in communication
with the at least one outlet aperture (160) of the
fluid active region (10) and having a plurality of
branch channels (20a, 20b, 21a, 22a, 21b, 22b),
wherein the fluid discharged from the fluid active
region (10) is split by the branch channels (20a,
20b, 21a, 22a, 21b, 22b), so that a required
amount of the fluid to be transported is deter-
mined;

at least one convergence chamber (30) in com-
munication with the fluid channel (20) and dis-
posed for allowing the fluid to be accumulated
therein;

at least one sensor (40) disposed in the fluid

10

15

20

25

30

35

40

45

50

55

14

channel (20) for measuring the fluid within the
fluid channel (20); and

a plurality of valves (50, 50a, 50b, 50c, 50d) dis-
posed in the branch channels (21a, 22a, 21b,
22b), wherein the fluid is discharged out through
the branch channels (21a, 22a, 21b, 22b) cor-
respondingly by controlling open/closed states
of the valves (50, 50a, 50b, 50c, 50d), wherein
each of the valves (50, 50a, 50b, 50c, 50d) com-
prises:

at least one base (51) having at least one
first passage (511) and at least one second
passage (512), wherein the first passage
(511) and the second passage (512) are
separated from each other and in commu-
nication with a corresponding one of the
branch channels (21a, 22a, 21b, 22b), at
least one cavity (513) is concavely formed
on a surface of the base (51), and the cavity
(513) has at least one first outlet (514) in
communication with the first passage (511)
and has at least one second outlet (515) in
communication with the second passage
(512);

atleast one piezoelectric actuator (52) com-
prising at least one carrier plate (521) and
at least one piezoelectric ceramic plate
(522) attached on a first surface of the car-
rier plate (521), wherein the cavity (513) is
covered by the piezoelectric actuator (52);
and

at least one linking bar (53) has a first end
and a second end, wherein the first end of
the linking bar (53) is connected to a second
surface of the carrier plate (521), and the
linking bar (53) is inserted into the second
outlet (515) and movable within the second
outlet (515), wherein at least one stopping
part (531) is formed at the second end of
the linking bar (53) and has a cross section
whose diameter is larger than a diameter of
the second outlet (515) for closing the sec-
ond outlet (515), and

wherein when the piezoelectric actuator (52) is
enabled, the carrier plate (521) is driven to move
and the stopping part (531) of the linking bar (53)
is correspondingly moved to selectively close or
open the second outlet (515), so that the fluid is
selectively transported through the correspond-
ing one of the branch channels (21a, 22a, 21b,
22b).
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