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(57) ABSTRACT 

A fluid transportation device includes a valve seat, a valve 
cap, a valve membrane, multiple buffer chambers, a vibration 
film and an actuator. The valve membrane is arranged 
between the valve seat and the valve cap, and includes several 
hollow-types valve switches, which includes at least a first 
valve switch and a second valve switch. The multiple buffer 
chambers include a first buffer chamber between the valve 
membrane and the valve cap and a second buffer chamber 
between the valve membrane and the valve seat. The vibration 
film is separated from the valve cap when the fluid transpor 
tation device is in a non-actuation status, thereby defining a 
pressure cavity. The actuator is connected to the vibration 
film. When the actuator is driven to be subject to deformation, 
the vibration film connected to the actuator is transmitted to 
render a Volume change of the pressure cavity and result in a 
pressure difference for moving the fluid. 
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Provide a valve cap S82 
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Form raised structures On the Valve Seat S83 
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Use a flexible membrane to S84 
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- S85 
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S86 
Form an actuator 

Forman actuating module by attaching the S87 
actuator on the vibrating film 

Define a flow valve seat assembly by sandwiching S88 
the valve membrane between the valve seat and 
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transportation device 
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FLUID TRANSPORTATION DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates to a fluid transporta 
tion device, and more particularly to a fluid transportation 
device for use in a micro pump. 

BACKGROUND OF THE INVENTION 

0002 Nowadays, fluid transportation devices used in 
many sectors such as pharmaceutical industries, computer 
techniques, printing industries, energy industries are devel 
oped toward miniaturization. The fluid transportation devices 
used in for example micro pumps, micro atomizers, print 
heads or industrial printers are very important components. 
Consequently, it is critical to improve the fluid transportation 
devices. 

0003 FIG. 1A is a schematic cross-sectional view illus 
trating a micro pump in a non-actuation status. The micro 
pump 10 principally comprises an inlet channel 13, a micro 
actuator 15, a transmission device 14, a diaphragm 12, a 
compression chamber 111, a Substrate 11 and an outlet chan 
nel 16. The compression chamber 111 is defined between the 
diaphragm 12 and the Substrate 11 and accommodates a fluid 
therein. Depending on the deformation amount of the dia 
phragm 12, the capacity of the compression chamber 111 is 
varied. 

0004. When a voltage is applied on both electrodes of the 
micro actuator 15, an electric field is generated. The electric 
field causes downward deformation of the micro actuator 15 
such that the micro actuator 15 is moved toward the dia 
phragm 12 and the compression chamber 111. As such, a 
pushing force generated by the micro actuator 15 is exerted on 
the transmission device 14. Through the transmission device 
14, the pushing force is transmitted to the diaphragm 12 and 
thus the diaphragm 12 is distorted. Since the diaphragm 12 is 
compressed and deformed as shown in FIG. 11B, the fluid 
within the compression chamber 111 will flow to a predeter 
mined vessel (not shown) through the outlet channel 16 in the 
direction indicated as the arrow X. With continuous flow of 
the fluid, the fluid in the inlet channel 13 is supplied to the 
compression chamber 111. 
0005 FIG. 2 is a schematic top view of the micro pump 
shown in FIG. 1A. As shown in FIG. 2, the fluid is transported 
by the micro pump in the direction indicated as the arrow Y 
The micro pump 10 has an inlet flow amplifier 17 and an 
outlet flow amplifier 18. The inlet flow amplifier 17 and the 
outlet flow amplifier 18 are cone-shaped. The relatively larger 
end of the inlet flow amplifier 17 is connected to the inlet 
channel 191 and the relatively smaller end of the inlet flow 
amplifier 17 is connected to the compression chamber 111. 
The relatively larger end of the outlet flow amplifier 18 is 
connected to the compression chamber 111 and the relatively 
smaller end of the outlet flow amplifier 18 is connected to the 
outlet channel 192. In addition, the inlet flow amplifier 17 and 
the outlet flow amplifier 18 are arranged in the same direction. 
Due to the different flow resistances at both ends of the flow 
amplifiers and the Volume expansion/compression of the 
compression chamber 111, a unidirectional net flow rate is 
rendered. That is, the fluid flows from the inlet channel 191 
into the compression chamber 111 through the inlet flow 
amplifier 17 and then flows out of the outlet channel 192 
through the outlet flow amplifier 18. 
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0006. This valveless micro pump 10, however, still has 
Some drawbacks. For example, some fluid may return back to 
the input channel when the micro pump is in the actuation 
status. For enhancing the net flow rate, the compression ratio 
of the compression chamber 111 should be increased to result 
in a Sufficient chamber pressure. Under this circumstance, a 
costly micro actuator is required. 
0007. Therefore, there is a need of providing a fluid trans 
portation device for use in a micro pump to obviate the draw 
backs encountered from the prior art. 

SUMMARY OF THE INVENTION 

0008. It is an object of the present invention to provide a 
fluid transportation device. A valve seat, a valve membrane, a 
valve cap, an actuating module and a cover plate are sequen 
tially stacked from bottom to top, thereby assembling the 
fluid transportation device. The actuating module is activated 
to deform the vibrating film and thus the volume of the pres 
Sure cavity is changed to result in a positive or negative 
pressure difference. In addition, the inlet/outlet valve struc 
tures of the valve membrane are quickly opened or closed. At 
the moment when the volume of the pressure cavity is 
expanded or shrunken, Suction or impulse is generated to flow 
the fluid. The fluid transportation device of the present inven 
tion can transport gases or liquids at excellent flow rate and 
output pressure. By using the fluid transportation device of 
the present invention, the problem of returning back the fluid 
during fluid transportation is avoided. 
0009. In accordance with an aspect of the present inven 
tion, there is provided a fluid transportation device for trans 
porting a fluid. The fluid transportation device includes a 
valve seat, a valve cap, a valve membrane, multiple buffer 
chambers, a vibration film and an actuator. The valve seat has 
an inlet channel and an outlet channel. The valve cap is 
disposed on the valve seat. The valve membrane has substan 
tially uniform thickness, is arranged between the valve seat 
and the valve cap, and includes several hollow-types valve 
switches, which includes at least a first valve switch and a 
second valve switch. The multiple buffer chambers include a 
first buffer chamber between the valve membrane and the 
valve cap and a second buffer chamber between the valve 
membrane and the valve seat. The vibration film has a periph 
ery fixed on the valve cap. The vibration film has a periphery 
fixed on said valve cap, and is separated from the valve cap 
when the fluid transportation device is in a non-actuation 
status, thereby defining a pressure cavity. The actuator is 
connected to the vibration film. When the actuator is driven to 
be subject to deformation, the vibration film connected to the 
actuator is transmitted to render a Volume change of the 
pressure cavity and result in a pressure difference for moving 
the fluid to be introduced from the inlet channel, flowed 
through the first valve switch, the first buffer chamber, the 
pressure cavity, the second buffer chamber and the second 
valve switch, and exhausted from the outlet channel. 
0010. The above contents of the present invention 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 

0011 FIG. 1A is a schematic cross-sectional view illus 
trating a micro pump in a non-actuation status; 
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0012 FIG. 1B is a schematic cross-sectional view illus 
trating a micro pump in an actuation status; 
0013 FIG. 2 is a schematic top view of the micro pump 
shown in FIG 1A: 
0014 FIG.3 is a schematic exploded view of a fluid trans 
portation device according to a first preferred embodiment of 
the present invention; 
0.015 FIG. 4 is a schematic cross-sectional view illustrat 
ing the valve seat of the fluid transportation device shown in 
FIG.3: 
0016 FIG. 5A is a schematic backside view illustrating 
the valve cap of the fluid transportation device shown in FIG. 
3: 
0017 FIG. 5B is a schematic cross-sectional view of the 
valve cap shown in FIG. 5A; 
0018 FIGS. 6A, 6B and 6C schematically illustrate the 
valve membrane of the fluid transportation device shown in 
FIG.3: 
0.019 FIG. 7A is a schematic cross-sectional view illus 
trating the fluid transportation device in a non-actuation status 
according to the present invention; 
0020 FIG. 7B is a schematic cross-sectional view illus 
trating the fluid transportation device of the present invention, 
in which the volume of the pressure cavity is expanded; 
0021 FIG. 7C is a schematic cross-sectional view illus 
trating the fluid transportation- device of the present inven 
tion, in which the volume of the pressure cavity is shrunken; 
and 
0022 FIG. 8 is a flowchart illustrating a process of fabri 
cating a fluid transportation device according to a second 
preferred embodiment of the present invention 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0023 The present invention will now be described more 
specifically with reference to the following embodiments. It 
is to be noted that the following descriptions of preferred 
embodiments of this invention are presented herein for pur 
pose of illustration and description only. It is not intended to 
be exhaustive or to be limited to the precise form disclosed. 
0024. Referring to FIG. 3, a schematic exploded view of a 
fluid transportation device according to a first preferred 
embodiment of the present invention is illustrated. The fluid 
transportation device 20 may be used in many sectors such as 
pharmaceutical industries, computer techniques, printing 
industries, energy industries for transporting fluids Such as 
gases or liquids. The fluid transportation device 20 princi 
pally comprises a valve seat 21, a valve cap 22, a valve 
membrane 23, several buffer chambers, an actuating module 
24 and a cover plate 25. The valve seat 21, the valve cap 22 
and the valve membrane 23 collectively define a flow valve 
seat assembly 201. A pressure cavity 226 is formed between 
the valve cap 22 and the actuating module 24 for storing a 
fluid therein. 
0025. After the valve membrane 23 is sandwiched 
between the valve seat 21 and the valve cap 22 and placed in 
proper positions such that the valve seat 21 and the valve cap 
22 are disposed on opposite sides of the valve membrane 23. 
A first buffer chamber is defined between the valve membrane 
23 and the valve cap 22 and a second buffer chamber is 
defined between the valve membrane 23 and the valve seat 21. 
The actuating module 24 is disposed above the valve cap 22, 
and comprises a vibration film 241 and an actuator 242. The 
actuating module 24 is operated to actuate the fluid transpor 
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tation device 20. The cover plate 25 is disposed over the 
actuating module 24. Meanwhile, the valve seat 21, the valve 
membrane 23, the valve cap 22, the actuating module 24 and 
the cover plate 25 are sequentially stacked from bottom to top, 
thereby assembling the fluid transportation device 20. 
0026. In particular, the valve seat 21 and the valve cap 22 
are responsible for guiding the fluid into or out of the fluid 
transportation device 20. FIG. 4 is a schematic cross-sectional 
view illustrating the valve seat 21 of the fluid transportation 
device 20 shown in FIG. 3. Please refer to FIGS. 3 and 4. The 
valve seat 21 comprises an inlet channel 211 and an outlet 
channel 212. The ambient fluid is introduced into the inlet 
channel 211 and then transported to an opening 213 in a 
surface 210 of the valve seat 21. In this embodiment, the 
second buffer chamber defined between the valve membrane 
23 and the valve seat 21 is the outlet buffer cavity 215, which 
is formed in the surface 210 of the valve seat 21 and over the 
outlet channel 212. The outlet buffer cavity 215 is communi 
cated with the outlet channel 212 for temporarily storing the 
fluid therein. The fluid contained in the outlet buffer cavity 
215 is transported to the outlet channel 212 through another 
opening 214 and then exhausted out of the valve seat 21. 
Moreover, several recess structures are formed in the valve 
seat 21 and several sealing rings 26 (as shown in FIG. 7A) are 
embedded into corresponding recess structures. In this 
embodiment, the valve seat 21 has two recess structures 216 
and 218 annularly Surrounding the opening 213 and another 
recess structure 217 surrounding the outlet buffer cavity 215. 
0027 FIG. 5A is a schematic backside view illustrating 
the valve cap 22 of the fluid transportation device 20 shown in 
FIG. 3. Please refer to FIGS. 3 and 5A. The valve cap 22 has 
an upper surface 220 and a lower surface 228. The valve cap 
22 further comprises an inlet valve channel 221 and an outlet 
valve channel 222, which are perforated from the upper sur 
face 220 to the lower surface 228 of the valve cap 22. The inlet 
valve channel 221 is aligned with the opening 213 of the valve 
seat 21. The outlet valve channel 222 is aligned with the 
opening 214 within the outlet buffer cavity 215 of the valve 
seat 21. In this embodiment, the first buffer chamber defined 
between the valve membrane 23 and the valve cap 22 is the 
inlet buffer cavity 223, which is formed in the lower surface 
228 of the valve cap 22 and under the inlet valve channel 221. 
The inlet buffer cavity 223 is communicated with the inlet 
valve channel 221. 

0028 FIG. 5B is a schematic cross-sectional view of the 
valve cap 22 shown in FIG. 5A. As shown in FIG. 5B, the 
pressure cavity 226 is formed in the upper surface 220 of the 
valve cap 22 corresponding to the actuator 242 of the actuat 
ing module 24. The pressure cavity 226 is communicated with 
the inlet buffer cavity 223 through the inlet valve channel 221. 
The pressure cavity 226 is also communicated with the outlet 
valve channel 222. In a case that the actuator 242 is subject to 
upwardly convex deformation due to a Voltage applied 
thereon, the volume of the pressure cavity 226 is expanded to 
result in a negative pressure difference from the ambient air. 
In response to the negative pressure difference, the fluid is 
transported into the pressure cavity 226 through the inlet 
valve channel 221. In a case that the direction of the electric 
field applied on the actuator 242 is changed such that the 
actuator 242 is subject to downwardly concave deformation, 
the volume of the pressure cavity 226 is shrunk to result in a 
positive pressure difference from the ambient air. In response 
to the positive pressure difference, the fluid is exhausted out 
of the pressure cavity 226 through the outlet valve channel 
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222 while a portion of fluid is introduced into the inlet valve 
channel 221 and the inlet buffer cavity 223. Since the inlet 
valve structure 231 is pressed down to its closed position at 
this moment (as shown in FIG. 6C), no fluid is allowed to flow 
through the inlet valve structure 231 and thus the fluid will not 
be returned back. Furthermore, if the actuator 242 is subject to 
upwardly convex deformation to expand the volume of the 
pressure cavity 226 again, the fluid temporarily stored in the 
inlet buffer cavity 223 will be transported into the pressure 
cavity 226 through the inlet valve channel 221. 
0029. Similarly, the valve cap 22 further has several recess 
structures. In this embodiment, the valve cap 22 has a recess 
structure 227 formed in the upper surface 220 and surround 
ing the pressure cavity 226. The valve cap 22 has another 
recess structure 224 formed in the lower surface 228 and 
surrounding the inlet buffer cavity 223. In addition, valve cap 
22 has recess structures 225 and 229 formed in the lower 
Surface 228 and annularly Surrounding the outlet valve chan 
nel 222. Similarly, several sealing rings 27 (as shown in FIG. 
7A) are embedded into corresponding recess structures 224, 
225, 227 and 229. 
0030 FIG. 6A is a schematic top view of the valve mem 
brane 23 of the fluid transportation device 20 shown in FIG.3. 
Please refer to FIGS. 3 and 6A. The valve membrane 23 is 
produced by a conventional machining process, a photoli 
thography and etching process, a laser machining process, an 
electroforming process, an electric discharge machining pro 
cess and so on. The valve membrane 23 is a sheet-like mem 
brane with Substantially uniform thickness and comprises 
several hollow-types valve Switches (e.g. first and second 
valve switches). In this embodiment, the first valve switch is 
an inlet valve structure 231 and the second valve switch is an 
outlet valve structure 232. The inlet valve structure 231 com 
prises an inlet valve slice 2313 and several perforations 2312 
formed in the periphery of the inlet valve slice 2313. In 
addition, the inlet valve structure 231 has several extension 
parts 2311 between the inlet valve slice 2313 and the perfo 
rations 2312. In a case that a stress transmitted from the 
pressure cavity 226 is exerted on the valve membrane 23, the 
whole inlet valve structure 231 is pressed down to lie flat on 
the valve seat 21 (as shown in FIG. 7C). In other words, the 
inlet valve slice 2313 is in close contact with the sealing ring 
26 received in the recess structure 216 so as to seal the 
opening 213 of the valve seat 21 while the perforations 2312 
and the extension parts 2311 are floated over the valve seat 21. 
Under this circumstance, the inlet valve structure 231 is in a 
closed position and thus no fluid can flow therethrough. 
0031. If the volume of the pressure cavity 226 is expanded 
to result in Suction, the sealing ring 26 received in the recess 
structure 216 will provide a pre-force on the inlet valve struc 
ture 231. Since the extension parts 2311 may facilitate Sup 
porting the inlet valve slice 2313 to result in a stronger sealing 
effect, the fluid will not be returned back through the inlet 
valve structure 231. If a negative pressure difference in the 
pressure cavity 226 causes upward shift of the inlet valve 
structure 231 (as shown in FIG. 6B), the fluid is flowed from 
the valve seat 21 into the inlet buffer cavity 223 through the 
perforations 2312 and then transmitted to the pressure cavity 
226 through the inlet buffer cavity 223 and the inlet valve 
channel 221. Under this circumstance, the inlet valve struc 
ture 231 is selectively opened or closed in response to the 
positive or negative pressure difference in the pressure cavity 
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226, so that the fluid is controlled to flow through the fluid 
transportation device without being returned back to the valve 
seat 21. 

0032 Similarly, the outlet valve structure 232 comprises 
an outlet valve slice 2323 and several perforations 2322 
formed in the periphery of the outlet valve slice 2323. In 
addition, the outlet valve structure 232 has several extension 
parts 2321 between the outlet valve slice 2323 and the perfo 
rations 2322. The operation principles of the outlet valve slice 
2323, the extension parts 2321 and the perforations 2322 
included in the outlet valve structure 232 are similar to cor 
responding components of the inlet valve structure 231, and 
are not redundantly described herein. On the other hand, the 
sealing rings 26 in the vicinity of the outlet valve structure 232 
are opposed to the sealing rings 27 in the vicinity of the inlet 
valve structure 231. If the volume of the pressure cavity 226 
is shrunken to result in an impulse (as shown in FIG. 6C), the 
sealing ring 27 received in the recess structure 225 will pro 
vide a pre-force on the outlet valve structure 232. Since the 
extension parts 2321 may facilitate Supporting the outlet 
valve slice 2323 to result in a stronger sealing effect, the fluid 
will not be returned back through the outlet valve structure 
232. If a positive pressure difference in the pressure cavity 
226 causes downward shift of the outlet valve structure 232, 
the fluid is flowed from the pressure cavity 226 into the output 
buffer chamber 215 through the perforations 2322 of the 
valve seat 21 and then exhausted out of the fluid transporta 
tion device 20 through the opening 214 and the outlet channel 
212. Under this circumstance, the outlet valve structure 232 is 
opened to drain out the fluid contained in the pressure cavity 
226 so as to transport the fluid. 
0033 FIG. 7A is a schematic cross-sectional view illus 
trating the fluid transportation device in a non-actuation status 
according to the present invention. In this embodiment, three 
sealing rings 26 are respectively received in the recess struc 
tures 216, 217 and 218, and three sealing rings 27 are respec 
tively received in the recess structures 224, 225 and 229. The 
sealing rings 26 and 27 are made of excellent chemical 
resistant rubbery material. The sealing ring 26 received in the 
recess structure 216 and Surrounding the opening 213 is a 
cylindrical ring. The thickness of the sealing ring 26 is greater 
than the depth of the recess structure 216 such that the sealing 
ring 26 is partially protruded from the upper surface 210 of 
the valve seat 21. Since the sealing ring 26 is partially pro 
truded from the upper surface 210 of the valve seat 21, the 
inlet valve slice 2313 of the valve membrane 23 that lies flat 
on the valve seat 21 is raised but the remainder of the valve 
membrane 23 is Sustained against the valve cap 22 Such that 
the sealing ring 26 received in the recess structure 216 will 
provide a pre-force on the inlet valve structure 231. The 
pre-force results in a stronger sealing effect, and thus the fluid 
will not be returned back through the inlet valve structure 231. 
In addition, since the raised structure of the sealing ring 26 is 
in the vicinity of the inlet valve structure 231 of the valve 
membrane 23, a gap is formed between the inlet valve slice 
2313 and the upper surface 210 of the valve seat 21 if the inlet 
valve structure 231 is not actuated. Similarly, the sealing ring 
27 received in the recess structure 225 and surrounding the 
outlet valve channel 222 is also a cylindrical ring. Since the 
sealing ring 27 is formed in the lower surface 228 of the valve 
cap 22, the sealing ring 27 is partially protruded from the 
recess structure 225 to form a raised structure. Consequently, 
the sealing ring 27 received in the recess structure 225 will 
provide a pre-force on the outlet valve structure 232. The 
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raised structure of the sealing ring 27 and the raised structure 
of the sealing ring 26 are arranged on opposite sides of the 
valve membrane 23. The functions of the raised structure of 
the sealing ring 27 are similar to that of the raised structure of 
the sealing ring 26, and are not redundantly described herein. 
The sealing rings 26, 27 and 28 received in the recess struc 
tures 217, 218, 224, 229 and 227 may facilitate close contact 
between the valve seat 21 and the valve membrane 23, 
between the valve membrane 23 and the valve cap 22, and 
between the valve cap 22 and the actuating module 24 to 
avoid fluid leakage. 
0034. In the above embodiments, the raised structures are 
defined by the recess structures and corresponding sealing 
rings. Alternatively, the raised structures may be directly 
formed on the valve seat 21 and the valve cap 22 by a photo 
lithography and etching process, an electroplating process or 
an electroforming process. 
0035. Please refer to FIGS. 7A,7B and 7C. The coverplate 
25, the actuating module 24, the valve cap 22, the valve 
membrane 23, the sealing rings 26 and the valve seat 21 are 
assembled as described above. As shown in the drawings, the 
opening 213 of the valve seat 21 is aligned with the inlet valve 
structure 231 of the valve membrane 23 and the inlet valve 
channel 221 of the valve cap 22. In addition, the opening 214 
of the valve seat 21 is aligned with the outlet valve structure 
232 of the valve membrane 23 and the outlet valve channel 
222 of the valve cap 22. Since the sealing ring 26 received in 
the recess structure 216 is partially protruded from the recess 
structure 216, the inlet valve structure 231 of the valve mem 
brane 23 is slightly raised from the valve seat 21. Under this 
circumstance, the sealing ring 26 received in the recess struc 
ture 216 will provide a pre-force on the inlet valve structure 
231. If the inlet valve structure 231 is not actuated, a gap is 
formed between the inlet valve structure 231 and the upper 
surface 210 of the valve seat 21. Similarly, the sealing ring 27 
received in the recess structure 225 results in gap between the 
outlet valve structure 232 and the lower surface 228 of the 
valve cap 22. 
0036 When a voltage is applied on the actuator 242, the 
actuating module 24 is Subject to deformation. As shown in 
FIG. 7B, the actuating module 24 is upwardly deformed in the 
direction “a” and thus the volume of the pressure cavity 226 
is expanded to result in Suction. Due to the Suction, the inlet 
valve structure 231 and the outlet valve structure 232 of the 
valve membrane 23 are uplifted. Meanwhile, the inlet valve 
slice 2313 of the inlet valve structure 231 possessing the 
pre-force is quickly opened (as also shown in FIG. 6B) so that 
a great amount offluid is introduced into the inlet channel 211 
of the valve seat 21, transported through the opening 213 of 
the valve seat 21, the perforations 2312 of the inlet valve 
structure 231 of the valve membrane 23, the inlet buffer 
chamber 223 of the valve cap 22, the inlet valve channel 221 
of the valve cap 22, and flowed into the pressure cavity 226. 
Since the inlet valve structure 231 and the outlet valve struc 
ture 232 of the valve membrane 23 are uplifted at this 
moment, the outlet valve channel 222 of the valve cap 22 is 
blocked by the outlet valve slice 2323 of outlet valve structure 
232. Consequently, the outlet valve structure 232 is closed to 
prevent the fluid from being returned back. 
0037. In a case that the actuating module 24 is down 
wardly deformed in the direction “b' by switching the electric 
field (as shown in FIG.7C), the volume of the pressure cavity 
226 is shrunken to exert an impulse on the fluid in the pressure 
cavity 226. Due to the impulse, the inlet valve structure 231 
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and the outlet valve structure 232 of the valve membrane 23 
are moved downwardly such that the outlet valve slice 2323 of 
outlet valve structure 232 is quickly opened (as shown in FIG. 
6C). Meanwhile, the fluid in the pressure cavity 226 is flowed 
through the outlet valve channel 222 of the valve cap 22, the 
perforations 2322 of the outlet valve structure 232 of the valve 
membrane 23, the outlet buffer chamber 215 of the valve seat 
21, the opening 214 and the outlet channel 212, and then 
exhausted out of the fluid transportation device 20. Since the 
impulse is also exerted on the inlet valve structure 231, the 
opening 213 is blocked by the inlet valve slice 2313. Conse 
quently, the inlet valve structure 231 is closed to prevent the 
fluid from being returned back. In other words, the inlet valve 
structure 231, the outlet valve structure 232 and the sealing 
rings 26 and 27 received in the recess structures 216 and 225 
may collectively facilitate preventing the fluid from being 
returned back during transportation, thereby achieving effi 
cient fluid transportation. 
0038. The valve seat 21 and the valve cap 22 used in the 
fluid transportation device 20 of the present invention is pref 
erably made of thermoplastic material Such as polycarbonate 
(PC), polysulfone (PSF), acrylonitrile butadiene styrene 
(ABS) resin, linear low density polyethylene (LLDPE), low 
density polyethylene (LDPE), high density polyethylene 
(HDPE), polypropylene (PP), polyphenylene sulfide (PPS), 
syndiotactic polystyrene (SPS), polyphenylene oxide (PPO). 
polyacetal (POM), polybutylene terephthalate (PBT), poly 
vinylidene fluoride (PVDF), ethylene-tetrafluoroethylene 
(ETFE), cyclic olefin copolymer (COC) and so no. Prefer 
ably, the pressure cavity 226 has a depth of 100 um to 300 um 
and a diameter of 10 mm to 30 mm. 

0039. The valve membrane 23 is separated from the valve 
seat 21 and the valve cap 22 by a gap of 10 um to 790 um 
(preferably 180 um to 300 um). The vibrating film 241 of the 
actuating module 24 is separated from the valve cap 22 by a 
gap of 10 um to 790 Lum (preferably 100 um to 300 um). 
0040. The valve membrane 23 may be produced by a con 
ventional machining process, a photolithography and etching 
process, a laser machining process, an electroforming pro 
cess, an electric discharge machining process and so on. The 
valve membrane 23 is made of excellent chemical-resistant 
organic polymeric material having a Young's modulus of 2 to 
20 GPa or metallic material having a Young's modulus (or 
elastic modulus) of 2 to 240 GPa. An example of the organic 
polymeric material includes polyimide (PI) (Young's modu 
lus=10 GPa). An example of the metallic material includes 
but is not limited to aluminum (Young's modulus=70 GPa), 
aluminum alloy, nickel (Young's modulus=210 GPa.), nickel 
alloy, copper, copper alloy or stainless steal (Young's modu 
lus=240 GPa). The thickness of the valve membrane 23 is 
ranged from 10 um to 50 um, preferably from 21 um to 40 um. 
0041. In a case that the valve membrane 23 is made of 
polyimide (PI), the valve membrane 23 is preferably pro 
duced by a reactive ion etching (RIE) process. After a photo 
sensitive photoresist is applied on the valve structure and the 
pattern of the valve structure is exposed and developed, the 
polyimide layer uncovered by the photoresist is etched so as 
to define the valve structure of the valve membrane 23. In a 
case that the valve membrane 23 is made of stainless steel, the 
valve membrane 23 is preferably produced by a photolithog 
raphy and etching process, a laser machining process or a 
machining process. By using the photolithography and etch 
ing process, a photoresist pattern of the valve structure is 
formed on a stainless steel piece, and then dipped in a solution 
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of FeC1 and HCl to perform a wet etching procedure. The 
stainless steel piece uncovered by the photoresist is etched so 
as to define the valve structure of the valve membrane 23. In 
a case that the valve membrane 23 is made of nickel, the valve 
membrane 23 is preferably produced by an electroforming 
process. After a photoresist pattern of the valve structure is 
formed on a stainless Steel piece by a photolithography and 
etching process, the stainless steel piece uncovered by the 
photoresist is electroformed by nickel. Until the nickel thick 
ness is desired, the nickel is detached from the stainless steel 
piece so as to form the valve membrane 23 having the valve 
structures 231 and 232. In addition to the above processes, the 
valve membrane 23 may be produced by a precise punching 
process, a conventional machining process, a laser machining 
process, an electroforming process or an electric discharge 
machining process. 
0042. In some embodiments, the actuator 242 of the actu 
ating module 24 is a piezoelectric strip made of highly piezo 
electric material such as lead zirconate titanate (PZT). The 
actuator 24 has a thickness of 100 um to 500 um (preferably 
150 um to 250 um) and aYoung's modulus of about 100 to 150 
GPa. 

0043. The vibration film 241 is a single-layered metallic 
structure having a thickness of 10 Lum to 300 Lum (preferable 
100 um to 250 um). For example, the vibration film 241 is 
made of stainless steel (having a thickness of 140 um to 160 
um and a Young's modulus of 240 GPa) or copper (having a 
thickness of 190 um to 210 um and a Young's modulus of 100 
GPa). Alternatively, the vibration film 241 is a two-layered 
structure, which includes a metallic layer and a biochemical 
resistant polymeric sheet attached on the metallic layer. 
0044. In some embodiments, for complying with the 
requirement of large flow rate transportation, the actuator 242 
of the actuating module 24 is operated at a frequency of 
10-50 Hz, and under the following conditions. 
0045. For example, the actuator 24 has a rigid property and 
a thickness of about 100 um to 500 um. Preferably, the actua 
tor 24 has a thickness of about 150 um to 250 um and a 
Young's modulus of about 100 to 150 GPa. In addition, the 
vibration film 241 is a single-layered metallic structure hav 
ing a thickness of 10um to 300 um (preferable 100 um to 250 
um) and a Young's modulus of 60 to 300 GPa. For example, 
the vibration film 241 is made of stainless steel (having a 
thickness of 140 um to 160 um and a Young's modulus of 240 
GPa) or copper (having a thickness of 190 um to 210 um and 
a Young's modulus of 100 GPa). Alternatively, the vibration 
film 241 is a two-layered structure, which includes a metallic 
layer and a biochemical-resistant polymeric sheet attached on 
the metallic layer. Each of the inlet valve structure 231 and the 
outlet valve structure 232 is made of excellent chemical 
resistant organic polymeric or metallic material having a 
thickness of 10 um to 50 um and a Young's modulus of 2 to 
240 GPa. The valve membrane 23 is made of polymeric 
material having a Young's modulus of 2 to 20 GPa, such as 
polyimide (PI) (Young's modulus=10 GPa.); metallic material 
having a Young's modulus of 2 to 240 GPa, Such as aluminum 
(Young's modulus-70 GPa), aluminum alloy, nickel 
(Young's modulus=210 GPa), nickel alloy, copper, copper 
alloy or stainless steal (Young's modulus=240 GPa). In addi 
tion, the valve membrane 23 is separated from the valve seat 
21 and the valve cap 22 by a gap of 10 um to 790 um 
(preferably 180 um to 300 um). 
0046 By selecting proper parameters of the actuator 242, 
the vibrating film 241, the pressure cavity 226 and the valve 
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membrane 23, the inlet valve structure 231 and the outlet 
valve structure 232 of the valve membrane 23 are selectively 
opened or closed. Consequently, a unidirectional net flow rate 
of the fluid is rendered and the fluid in the pressure cavity 226 
is transported at a flow rate of 5 cc/min. 
0047. From the above description, when the fluid trans 
portation device 20 of the present invention is actuated by the 
actuating module 24, the inlet valve structure 231 of the valve 
membrane 23 and the sealing ring 26 in the recess structure 
216 are cooperated to open the inlet valve structure 231 such 
that the fluid is transported to the pressure cavity 226. Next, 
by switching the electric field of the actuating module 24, the 
volume of the pressure cavity 226 is changed. The outlet valve 
structure 232 of the valve membrane 23 and the sealing ring 
27 in the recess structure 225 are cooperated to open the outlet 
valve structure 232 such that the fluid is transported out of the 
pressure cavity 226. Since the Suction or the impulse gener 
ated when the volume of the pressure cavity 226 is expanded 
or shrunken is very large, the valve structures are quickly 
opened to transport a great amount of fluid and prevent the 
fluid from being returned back. 
0048. Hereinafter, a process of fabricating a fluid transpor 
tation device of the present invention will be illustrated with 
reference to the flowchart of FIG. 8 and the exploded view of 
FIG. 3. First of all, a valve seat 21 is provided (Step S81). 
Next, a valve cap 22 having a pressure cavity 226 is provided 
(Step S82). Next, raised structures are formed on the valve 
seat 21 and the valve cap 22 (Step S83). The raised structures 
may be formed as described in FIG. 3. That is, at least one 
recess structure is formed in each of the valve seat 21 and the 
valve cap 22. For example, a sealing ring 26 is received in the 
recess structure 216 of the valve seat 21 (as shown in FIG. 
7A). Since the sealing ring 26 received in the recess structure 
216 is partially protruded from the upper surface 210 of the 
valve seat 21, a raised structure is formed on the upper Surface 
210 of the valve seat 21. Likewise, since the sealing ring 27 
received in the recess structure 225 is partially protruded from 
the lower surface 228 of the valve cap 22, another raised 
structure is formed on the lower surface 228 of the valve cap 
22 (as shown in FIG. 5B). Alternatively, the raised structures 
may be directly formed on the valve seat 21 and the valve cap 
22 by a photolithography and etching process, an electroplat 
ing process or an electroforming process. 
0049. Next, a flexible membrane is used to define the valve 
membrane 23 having the valve structures 231 and 232 (Step 
S84). Next, a vibrating film 241 is formed (Step S85) and an 
actuator 242 is formed (Step S86). The actuator 242 is 
attached on the vibrating film 241 to form an actuating mod 
ule 24 (Step S87), in which the actuator 242 faces the pressure 
cavity 226. Next, the valve membrane 23 is sandwiched 
between the valve seat 21 and the valve cap 22 to define a flow 
valve seat assembly 201 (Step S88) such that the valve seat 21 
and the valve cap 22 are disposed on opposite sides of the 
valve membrane 23. Afterwards, the actuating module 24 is 
placed on the valve cap 22 and the pressure cavity 226 of the 
valve cap 22 is sealed by the actuating module 24, thereby 
fabricating the fluid transportation device of the present 
invention (Step S89). 
0050. The fluid transportation device of the present inven 
tion is applicable to a micro pump. The valve seat, the valve 
membrane, the valve cap, the actuating module and the cover 
plate are sequentially stacked from bottom to top, thereby 
assembling the fluid transportation device. The actuating 
module is activated to change the Volume of the pressure 
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cavity so as to open or close the inlet/outlet valve structures of 
the valve membrane. The sealing rings and the recess struc 
tures in the valve seat or the valve cap are cooperated to 
facilitate fluid transportation. The fluid transportation device 
of the present invention can transport gases or liquids at 
excellent flow rate and output pressure. The fluid can be 
pumped in the initial state and with a high precision control 
lability. Since the fluid transportation device is able to trans 
port gases, the bubble generated during the fluid transporta 
tion may be removed so as to achieve efficient transportation. 
0051 While the invention has been described in terms of 
what is presently considered to be the most practical and 
preferred embodiments, it is to be understood that the inven 
tion needs not be limited to the disclosed embodiment. On the 
contrary, it is intended to cover various modifications and 
similar arrangements included within the spirit and scope of 
the appended claims which are to be accorded with the broad 
est interpretation so as to encompass all Such modifications 
and similar structures. 

What is claimed is: 
1. A fluid transportation device for transporting a fluid, said 

fluid transportation device comprising: 
a valve seat having an inlet channel and an outlet channel; 
a valve cap disposed on said valve seat; 
a valve membrane having Substantially uniform thickness, 

arranged between said valve seat and said valve cap, and 
comprising several hollow-types valve Switches, which 
includes at least a first valve switch and a second valve 
Switch; 

multiple buffer chambers including a first buffer chamber 
between said valve membrane and said valve cap and a 
second buffer chamber between said valve membrane 
and said valve seat; 

a vibration film having a periphery fixed on said valve cap, 
wherein said vibration film is separated from said valve 
cap when said fluid transportation device is in a non 
actuation status, thereby defining a pressure cavity; and 

an actuator connected to said vibration film, wherein when 
said actuator is driven to be subject to deformation, said 
vibration film connected to said actuator is transmitted 
to render a Volume change of said pressure cavity and 
result in a pressure difference for moving said fluid to be 
introduced from said inlet channel, flowed through said 
first valve switch, said first buffer chamber, said pressure 
cavity, said second buffer chamber and said second valve 
Switch, and exhausted from said outlet channel. 

2. The fluid transportation device according to claim 1 
wherein said valve seat and said valve cap have several recess 
structures, and said fluid transportation device further com 
prises several sealing rings received in corresponding recess 
structures but partially protruded from said recess structures 
So as to provide a pre-force on said valve membrane. 

3. The fluid transportation device according to claim 1 
wherein said valve membrane has a thickness of 10 um to 50 
lm. 

4. The fluid transportation device according to claim 1 
wherein said valve membrane has a thickness of 21 um to 40 
lm. 

5. The fluid transportation device according to claim 1 
wherein said valve membrane is made of polymeric material 
having an elastic modulus of 2 to 20 GPa. 

6. The fluid transportation device according to claim 1 
wherein said valve membrane is made of metallic material 
having an elastic modulus of 2 to 240 GPa. 
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7. The fluid transportation device according to claim 1 
wherein said actuator is a piezoelectric strip having a thick 
ness of 100 um to 500 um. 

8. The fluid transportation device according to claim 1 
wherein said actuator is a piezoelectric strip having a thick 
ness of 150 um to 250 um. 

9. The fluid transportation device according to claim 1 
wherein said vibration film is a single-layered metallic struc 
ture. 

10. The fluid transportation device according to claim 1 
wherein said vibration film is a two-layered structure, which 
includes a metallic layer and a biochemical-resistant poly 
meric sheet attached on said metallic layer. 

11. The fluid transportation device according to claim 1 
wherein said vibration film has a thickness of 10 um to 300 
lm. 
12. The fluid transportation device according to claim 1 

wherein said vibration film has a thickness of 100 um to 250 
lm. 
13. The fluid transportation device according to claim 1 

wherein said pressure cavity has a depth of 100 um to 300 um 
and a diameter of 10 mm to 30 mm. 

14. A fluid transportation device for transporting a fluid, 
said fluid transportation device comprising: 

a valve seat having an inlet channel, an outlet channel and 
at least one recess structure; 

a valve cap disposed on said valve seat and comprising at 
least one recess structure; 

a valve membrane having substantially uniform thickness 
of 10um to 50 um, arranged between said valve seat and 
said valve cap, and comprising several hollow-types 
valve switches, which includes at least a first valve 
Switch and a second valve Switch; 

multiple buffer chambers including a first buffer chamber 
between said valve membrane and said valve cap and a 
second buffer chamber between said valve membrane 
and said valve seat; 

a vibration film having a periphery fixed on said valve cap, 
wherein said vibration film is separated from said valve 
cap when said fluid transportation device is in a non 
actuation status, thereby defining a pressure cavity; 

several sealing rings received in corresponding recess 
structures of said valve seat and said valve cap but par 
tially protruded from said recess structures so as to pro 
vide a pre-force on said valve membrane; and 

an actuator connected to said vibration film, wherein when 
said actuator is driven to be subject to deformation, said 
vibration film connected to said actuator is transmitted 
to render a Volume change of said pressure cavity and 
result in a pressure difference for moving said fluid to be 
introduced from said inlet channel, flowed through said 
first valve switch, said first buffer chamber, said pressure 
cavity, said second buffer chamber and said second valve 
Switch, and exhausted from said outlet channel. 

15. A fluid transportation device for transporting a fluid, 
said fluid transportation device comprising: 

a valve seat having an inlet channel, an outlet channel and 
at least one recess restructure; 

a valve cap disposed on said valve seat and comprising at 
least one recess restructure; 

a valve membrane having Substantially uniform thickness 
of 10um to 50 um, arranged between said valve seat and 
said valve cap, and comprising several hollow-types 
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valve switches, which includes at least a first valve 
Switch and a second valve Switch; 

multiple buffer chambers including a first buffer chamber 
between said valve membrane and said valve cap and a 
second buffer chamber between said valve membrane 
and said valve seat; 

a vibration film having a periphery fixed on said valve cap, 
wherein said vibration film is separated from said valve 
cap by a gap of 100 um to 300 um when said fluid 
transportation device is in a non-actuation status, 
thereby defining a pressure cavity; 

several sealing rings received in corresponding recess 
structures of said valve seat and said valve cap but par 
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tially protruded from said recess structures so as to pro 
vide a pre-force on said valve membrane; and 

an actuator connected to said vibration film, wherein when 
said actuator is driven to be subject to deformation, said 
vibration film connected to said actuator is transmitted 
to render a Volume change of said pressure cavity and 
result in a pressure difference for moving said fluid to be 
introduced from said inlet channel, flowed through said 
first valve switch, said first buffer chamber, said pressure 
cavity, said second buffer chamber and said second valve 
Switch, and exhausted from said outlet channel. 
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