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(57) ABSTRACT 

A?uidic valve (125, 300, 500, 900, 1000, 1100, 1200, 1300) 
sWitches a state of ?oW of a ?uid in a ?uid communication 
channel of a ?uid guiding structure (505). Heating a bi-phase 
valve element (515, 1065, 1215) causes a change a state of 
the bi-phase valve element from a high viscosity state to a 
low viscosity state. A bi-phase valve element that clogs the 
?uid communication channel can be pushed into an 
expanded portion (135, 320, 520, 915, 1220) of the ?uid 
communication channel by an application of pressure to the 
?uid While the bi-phase valve element is in the loW viscosity 
state, unclogging the ?uid communication channel. A bi 
phase valve element can be pushed from a valve element 
source chamber (550, 1250) into the ?uid communication 
channel by using a pumped ?uid entering the source cham 
ber at a pump inlet (551) While the bi-phase valve element 
is in the loW viscosity state, clogging the ?uid communica 
tion channel. 
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[1405 
HEATING A BI-PHASE VALVE ELEMENT, THE HEATING CAUSING A CHANGE OF 
STATE OF THE BI-PHASE VALVE ELEMENT FROM A HIGH VISCOSITY STATE 

TO A LOW VISCOSITY STATE ‘,1 

fl410 
PUSHING AY LEAST A PORTION OF A BI-PHASE VALVE ELEMENT INTO AN 

EXPANDED PORTION OF THE FLUID COMMUNICATION CHANNEL WHILE IN THE HIGH 
VOSCOSITY STATE, UNCLOGGING THE FLUID COMMUNICATION CHANNEL 

PUSHING AT LEAST A PORTION OF A BI-PHASE VALVE ELEMENT INTO THE 
FLUID COMMUNICATION CHANNEL FROM A VALVE ELEMENT SOURCE CHAMBER 

WHILE THE BI-PHASE VALVE ELEMENT IS IN THE LOW VISCOSITY STATE, CLOGGING 
THE FLUID COMMUNICATION CHANNEL 

FIG- 14 
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FLUIDIC VALVE HAVING A BI-PHASE VALVE 
ELEMENT 

FIELD OF THE INVENTION 

[0001] This invention relates generally to mechanical 
valves, and in particular to ?uidic valves used for microf 
luidic applications such as biological assaying. 

BACKGROUND OF THE INVENTION 

[0002] There is a groWing demand for biological ?uid 
processing systems that has generated a need for small 
?uidic valves. One class of biological ?uid processing 
systems consists of disposable systems that are for single 
use. Many small ?uidic valves are under investigation and a 
feW have been distributed commercially. Most of these 
existing small ?uidic valves couple a ?exible diaphragm to 
a thermopneumatic, pieZoelectric, electrostatic, electromag 
netic, bimetallic, or other type of actuator. They generally 
suffer from complicated design and are generally too expen 
sive to build. Fabrication of many existing small ?uidic 
valves involves bulk processes (e. g., bulk etching of silicon) 
and surface processes (e.g., thin ?lm process). Disparate 
materials (e.g., thin ?lm resistive heaters in thermopneu 
matic valves, pieZo material in pieZoelectric valves, TiNi 
alloy in shape memory alloy valves, etc.) are often used in 
addition to a substrate material (e.g., Si). Not only is the 
fabrication process of such small ?uidic valves complicated, 
but the integration into complex, micro?uidic devices has 
also proven to be non-trivial. These types of small ?uidic 
valves have generally found to be undesirable for used in 
single-use bio-micro?uidic devices. 

[0003] What is needed is a very loW cost, highly reliable, 
micro?uidic valve for disposable, single use bio-micro?u 
idic devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The present invention is illustrated by Way of 
example and not limitation in the accompanying ?gures, in 
Which like references indicate similar elements, and in 
Which: 

[0005] FIGS. 1 and 2 are schematic representations of a 
?uidic cartridge and a printed circuit board (PCB) that make 
up a bio-micro?uidic device, in accordance With an embodi 
ment of the present invention; 

[0006] FIGS. 3 and 4 are schematic representations of a 
close-open ?uidic valve, in accordance With an embodiment 
of the present invention; 

[0007] FIGS. 5, 6, and 7 are schematic draWings of an 
open-close-open ?uidic valve 500, in accordance With an 
embodiment of the present invention; 

[0008] FIG. 8 is a simpli?ed schematic of the open-close 
open ?uidic valve shoWn in FIG. 9, in accordance With the 
open-close-open embodiment of the present invention; 

[0009] FIG. 9 is a simpli?ed schematic of a toggle ?uidic 
valve, in accordance With an embodiment of the present 
invention; 
[0010] FIG. 10 is a simpli?ed schematic of another toggle 
?uidic valve is shoWn, in accordance With an embodiment of 
the present invention; 
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[0011] FIGS. 11-13 are simpli?ed schematics of selecting 
?uidic valves, in accordance With an embodiment of the 
present invention; and 

[0012] FIG. 14 is a ?oW chart of a method of sWitching a 
state of ?oW of a controlled ?uid in a ?uid communication 
channel, in accordance With an embodiment of the present 
invention. Skilled artisans Will appreciate that elements in 
the ?gures are illustrated for simplicity and clarity and have 
not necessarily been draWn to scale. For example, the 
dimensions of some of the elements in the ?gures may be 
exaggerated relative to other elements to help to improve 
understanding of embodiments of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0013] A fully integrated, micro-biological analytical 
device needs to perform all analytical functions including 
sample preparation, mixing steps, chemical reactions, and 
detection in an integrated bio-micro?uidic device. Most of 
the currently demonstrated micro?uidic or microarray 
device components pursue single functionality other than 
sample preparation, and use puri?ed DNA as an input 
sample. Existing micro?uidic and microarray technologies 
Work very Well for highly predictable and homogeneous 
samples common in genetic testing and drug discovery 
processes. One of the biggest challenges for current bio 
chips, hoWever, is to perform analysis in samples as complex 
and heterogeneous as Whole blood or contaminated envi 
ronmental ?uids. For most biochips (including lab chips and 
microarray chips), sample preparation is still performed 
off-chip. Embodiments of the present invention are suitable 
for the sample preparation function on the micro-?uidic 
level. 

[0014] A fully integrated bio-micro?uidic device that can 
both amplify and electronically detect high abundance DNA 
(deoxyribonucleic acid) targets (e.g., human genomic DNA 
from diluted blood solution or other bodily ?uids) and 
perform SNP (single nucleotide polymorphisms) detection 
assays can bene?t greatly from embodiments of the present 
invention. In an example of an integrated bio-micro?uidic 
device, a sample preparation bio-micro?uidic module (com 
prising cell lysis folloWed by asymmetric PCR (polymerase 
chain reaction) ampli?cation and mixing With hybridiZation 
reagents) made in accordance one or more embodiments of 
the present invention could be integrated With an electro 
chemical detection technology to provide a solution leading 
to a complete sample-to-ansWer on-chip bio-assay. Refer 
ring to FIGS. 1 and 2, schematic representations are shoWn 
of a ?uidic cartridge 100 (FIG. 1) and a printed circuit board 
(PCB) 200 (FIG. 2) that make up a bio-micro?uidic device 
When the ?uidic cartridge 100 and PCB 200 are bonded 
together, in accordance With an embodiment of the present 
invention. The ?uidic cartridge 100 is a structure that 
comprises a self-contained air pump chamber 105, a hybrid 
iZation buffer storage chamber 110, a polymeriZed chain 
reaction (PCR) chamber 115, and a hybridiZation detection 
chamber and mixing unit 120, all coupled by ?uid commu 
nication channels 130, and three paraf?n bi-phase valve 
elements 125. The ?uid communication channels 130 have 
sink chambers 135, the purpose of Which is explained beloW. 
The PCB 200 contains a pump heater 205, a valve element 
heater 210, temperature sensors (not shoWn), a DNA heater 
215, detection electrodes (16 are shoWn) With DNA capture 
probes (detection electrodes) 220, required circuits (not 
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shown), and contacts for electronic connection 225. The 
?uidic cartridge 100 is bonded With the PCB 200 in such a 
Way that the pump heater 205 is in contact With the air pump 
chamber 105 in the ?uidic cartridge 100 and the detection 
electrodes 220 sense a solution When it is in the detection 
chamber 120 Within the ?uidic cartridge. The pump heater 
205, the valve element heater 210, and the DNA heater 
(detection chamber heater) 215 are in this example resistive 
patterns printed on the PCB 200. The bio-micro?uidic 
device in this example is approximately 2.5 centimeters by 
8.5 centimeters. The ?uidic cartridge 100 in this example is 
chambered piece of plastic that forms a sealed ?uid guiding 
structure When it is bonded to the PCB 200. In an alternative 
embodiment, a sealed ?uid guiding structure is formed by 
sealing the ?uidic cartridge 100, Which is a chambered piece 
of plastic, With a thin plastic back Wall bonded to it. In the 
alternative embodiment, the DNA capture probes pass 
through the back Wall and are sealed to it. 

[0015] In this example, a sample input to the PCR cham 
ber 115 is a 60 uL mixture that contains a 2 microliter sample 
of blood or a puri?ed DNA sample as Well as PCR reagents 
that amplify the sample in a PCR product. The hybridiZation 
buffer storage chamber 110 is loaded With 60 uL hybridiZa 
tion buffer and reagents, Which Will mix With the PCR 
product in the PCR chamber 115 folloWing the PCR ampli 
?cation and Will be subsequently pumped into the detection 
chamber 120 for hybridiZation assay. The material structure 
of the ?uidic cartridge 100 is compatible With PCR ampli 
?cation and is capable of a loW level of multiplexing in the 
single PCR chamber 115. The detection chamber 120 in this 
example has 16 detection electrodes. The bio-micro?uidic 
device of this example is for use in conjunction With an 
instrument that provides required poWer supply and ambient 
heating/cooling capabilities needed for ampli?cation ther 
mal cycling, temperature monitoring, and data acquisition. 
[0016] After a user loads a sample and reagents via 
pipetting into the PCR chamber 115 and the hybridiZation 
buffer storage chamber 110, the device is plugged into the 
instrument, in a vertical orientation. An asymmetric PCR 
can then be performed in the PCR chamber 115 using a 
heating block incorporated Within the instrument. After the 
PCR reaction is completed, the pump heater 205 in the PCB, 
can be activated. As a result of the localiZed heating of the 
pump chamber 105, air in the pump chamber Will expand 
and act as a forWard pump. At the same time, the valve 
element heater 210 Will melt the three bi-phase valve 
elements 125, Which are composed of paraf?n, (needed there 
to initially isolate the PCR chamber 115 from the hybrid 
iZation buffer storage chamber 110 during the ampli?cation 
reaction). The pressure from the heated air in the air pump 
chamber 105 Will cause the melted paraffin bi-phase valve 
elements 125 to How into the sink chambers 135, Which are 
expanded portions of the ?uid communication channels 130, 
Where the paraf?n resolidi?es along the Walls of the sink 
chambers 135 of the ?uid communication channels 130, 
thereby opening the ?uid communication channels 130 
connecting the chambers. The pressuriZed air from the air 
pump chamber 105 can then move the hybridiZation buffer 
into the PCR chamber 115, mixing With the PCR product, 
and then move the mixed solution into the detection cham 
ber 120 for hybridiZation. During the hybridiZation, the 
DNA heater 215 in the PCB 200 Will maintain the tempera 
ture of the reaction solution at a required level. An acoustic 
mixing can be implemented in the detection chamber 120 to 
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enhance mixing betWeen the solutions, and also betWeen the 
target DNA in the solution and the detection probes 220 on 
the electrodes. The instrument can scan the detection elec 
trodes at required intervals until the hybridiZation is com 
pleted (signal saturation). The bio-micro?uidic device 
requires no user intervention betWeen the initial loading of 
sample and reagents and ?nal assay completion, other than 
loading the device into the instrument and initiating the 
instrument’s operation. The assay should be completed in 
less than 4 hours. 

[0017] Since the bio-micro?uidic device is operated ver 
tically and the amount of ?uid is on the order of tens of 
microliters, ?uid gravity is considered together With other 
forces such as liquid/gas interface force and surface tension 
in the design of the ?uidic cartridge 100. For example, the 
surface-to-volume ratio of the cartridge is implemented high 
enough so that the air/liquid surface tension is able to hold 
air bubbles in place, Without the bubbles moving upWard and 
causing unexpected effects. 

[0018] The PCR chamber 115 is thermally isolated from 
the air pump chamber 105 and the paraf?n bi-phase valve 
elements 125 by, for example the choice of plastic and the 
relative locations of the functions, so that during the PCR 
reaction When the PCR chamber 115 is thermally cycled for 
1-2 hours, the air pump chamber 105 and the paraf?n valve 
elements 125 remain at relatively loW temperature. The 
pump, valve element, and detection chamber heaters 205, 
210, 215 in the bio-micro?uidic device are implemented to 
be in good contact With the ?uidic cartridge 100 to ensure an 
ef?cient thermal transfer. Temperature sensors are used to 
detect and regulate the temperature in the PCR chamber 115 
and detection chamber 120. 

[0019] The above description of a bio-micro?uidic device 
is just one example of a ?uidic device that can bene?t from 
one or more embodiments of the present invention. Other 
embodiments are described beloW that can be used in a Wide 
variety of ?uidic devices. 

[0020] Referring to FIGS. 3 and 4, schematic represen 
tations of a close-open ?uidic valve 300 are shoWn, in 
accordance With an embodiment of the present invention. 
The ?uidic valve 300 has tWo mutually exclusive states, 
open and closed, and may have states of other description 
(for example, “initial”, “in transition”). Not all the states are 
necessarily mutually exclusive. For example, the ?uidic 
valve 300 is shoWn in FIG. 3 in an initial, closed state. The 
?uidic valve 300 comprises a portion of a ?uid guiding 
structure 305, a ?uid communication channel 310, a bi 
phase valve element 315, a sink chamber 320, a heating Zone 
335, and a heat source (not shoWn in FIG. 3) thermally 
coupled to the heating Zone 335. The ?uid communication 
channel 310 ?uidically couples an inlet port 325 to an outlet 
port 330, although in the state shoWn in FIG. 1 the ?uid 
communication channel is blocked by the bi-phase valve 
element 315. An arroW 340 With an “X” over it indicates the 
presence of a controlled ?uid that is under pressure at the 
inlet port 325. The portion of the ?uid guiding structure 305 
can be a portion of a larger ?uid guiding structure, such as 
the one described With reference to FIGS. 1 and 2, and the 
inlet and outlet ports 325, 330 need not be at an outer surface 
of the overall ?uid guiding structure. The bi-phase valve 
element 315 is implemented in a material that can be 
compound or mixture that has a state (typically de?ned 
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either as a solid state or a highly viscous liquid state) at an 
operational temperature range having an upper limit in 
Which it Will normally clog the ?uid communication channel 
in locations that are not the sink chamber 320 and another 
state that can be described as a liquid state or a state of loW 
viscosity) at a sWitching temperature that is above the upper 
limit of the operational temperature range, in Which state it 
can be moved by either gravity or ?uid pressure, or both, to 
another location in the ?uid communication channel 310, 
either in or out of the sink chamber 320. The operational 
temperature range and sWitching temperature of the bi-phase 
valve element are preferably compatible With the controlled 
?uid—that is, the controlled ?uid’s characteristics of interest 
are not undesirably affected by being at temperatures in the 
operational temperature range or the sWitching temperature, 
for the duration such temperatures are maintained during the 
operation of the ?uidic valve 300. In accordance With the 
embodiments of the present invention described herein, the 
preferred material for the bi-phase valve element is a para?in 
material that has a solid state beloW approximately 70 
degrees Celsius and can be melted by heating above 70 
degrees. When the para?in is at approximately 80 degrees 
Celsius (Which is 10 degrees above the upper limit of the 
high viscosity, or solid, state of the para?in), the paraffin is 
in a loW viscosity liquid state that alloWs it to be pushed 
Within the ?uidic guiding structure, While remaining as 
essentially one bulk of material. In an example of the 
close-open ?uidic valve 300 implemented in accordance 
With this embodiment, the ?uid guiding structure is made of 
plastic and the standard portions of the ?uid communication 
channel 310 (i.e., those portions that are not the sink 
chamber 320) is a rectangular channel approximately 0.5 
mm deep (e.g., into the plane of the paper in FIG. 3) and 1 
mm Wide (e.g., vertical in FIG. 3). When clogging the ?uid 
communication channel 310, the paraffin bi-phase valve 
element 315 of this example blocks a controlled ?uid that 
can exerts up to approximately 40 pounds per square inch 
275,790.28 Pascal) of pressure Without the blockage failing. 
The sink chamber 320 has dimensions large enough to 
ensure that When the melted bi-phase valve element passes 
therein, the additional volume in the sink chamber 320 can 
hold substantially all of the bulk of the bi-phase valve 
element 315 material, thereby leaving the sink chamber 320 
With an opening of substantially the same cross sectional 
area as the non-expanded parts (standard portions) of the 
?uid communication channel 310. The heat source in this 
example is formed as a resistive heating element (in the 
manner of heaters 205, 210, 215 illustrated in FIG. 2) that, 
When activated, raises the temperature of the heating Zone 
335 of the ?uid guiding structure 305 to Which it is attached 
to about 90 degrees Celsius. The heating Zone 335 is a region 
around the bi-phase valve element 315. The paraf?n valve 
element 315 in this example, Which melts at approximately 
70 degrees Celsius, melts about 10 seconds after the heat 
source is activated and begins to ?oW toWard the outlet port 
due to pressure exerted by the ?uid at the inlet port, indicated 
in FIG. 3 by arroW 340. 

[0021] Referring to FIG. 4, the valve element 315 is 
illustrated after the ?uid pressure has moved it into the sink 
chamber 320 of the ?uid communication channel, Wherein 
gravity has moved it doWn into the sink chamber 320 Where 
it has resolidi?ed, leaving the ?uid communication channel 
310 and the close-open ?uidic valve 300 in an open state, as 
indicated by the arroW 405 (Without a cross on it). 
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[0022] Referring to FIGS. 5, 6, and 7, schematic draWings 
of an open-close-open ?uidic valve 500 are shoWn in 
accordance With an embodiment of the present invention. 
The ?uidic valve 500 has tWo mutually exclusive states, 
open and closed, and may have states of other description 
(for example, “initial”, “in transition”). Not all the states are 
necessarily mutually exclusive. The ?uidic valve 500 is 
shoWn in FIG. 5 in an initial, open state. The ?uidic valve 
500 comprises a portion of a ?uid guiding structure 505, a 
?uid communication channel 510, a bi-phase valve element 
515, a sink chamber 520, tWo heating Zones 535, 536, tWo 
heat source (not shoWn in FIG. 5) thermally coupled to the 
heating Zones 535, 536, a valve element pump 545, a valve 
element source chamber 550, and a pump inlet port 551 of 
the valve element source chamber 550. The ?uid commu 
nication channel 510 ?uidically couples an inlet port 525 to 
an outlet port 530. The valve element source chamber 550 is 
coupled to the ?uid communication channel 510 and has 
essentially the same cross sectional dimensions as the stan 
dard portions of the ?uid communication channel 510. The 
valve element pump 545 is ?uidically coupled to the valve 
element source chamber 550 at the pump inlet port 551. In 
the open state shoWn in FIG. 5, the bi-phase valve element 
515 is in the valve element source chamber 550. An arroW 
540 indicates the presence of a controlled ?uid ?oWing 
under pressure from the inlet port 525 to the outlet port 530. 
The portion of the ?uid guiding structure 505 can be a 
portion of a larger ?uid guiding structure, and the inlet and 
outlet ports 525, 530 need not be at an outer surface of the 
overall ?uid guiding structure. In the example shoWn in 
FIGS. 5-7, the materials and characteristics of the ?uid 
guiding structure 505, the bi-phase valve element 515, the 
?uid communication channel 510 and the sink chamber 520 
of the ?uid communication channel 510 are the same as 
those of the respective items in FIGS. 3-4. When the 
temperature of the heating Zone 536 is raised su?iciently to 
change the phase of the bi-phase valve element 515 to a 
melted phase, and the valve element pump 545 is activated, 
the melted bi-phase valve element 515 is pushed into the 
?uid communication channel 510 by a ?uid acted upon by 
the valve element pump 545, moving to a portion 511 of the 
?uid communication channel 510 that is Within the heating 
Zone 536. The melted bi-phase valve element 515 is then 
pushed, by a pressure exerted by the controlled ?uid and the 
?uid acted upon by the valve element pump 545, into a 
portion 512 of the ?uid communication channel 510 that is 
not heated at this time, and the bi-phase material resolidi?es 
in the portion 512 of the ?uid communication channel 510, 
as shoWn in FIG. 6, putting the ?uidic valve 500 into a 
closed state, as indicated by the arroW 555 With an X on it. 
Then, the ?uidic valve 500 can be sWitched to a open state 
in the manner described With reference to FIGS. 3-4 by 
activating the heat source that is thermally coupled to 
heating Zone 535. It Will be appreciated that, depending on 
the heat transfer characteristics of the ?uid guiding structure 
505 and the bi-phase valve element 515 and the ?oW rate of 
the melted bi-phase valve element 515, the heat sources 
coupled to heating Zones 535 and 536 can be combined and 
controlled as one heat source to reduce the complexity of the 
?uidic valve 500. 

[0023] Referring to FIG. 8, a simpli?ed schematic of the 
open-close-open ?uidic valve 500 is shoWn, in accordance 
With the open-close-open embodiment of the present inven 
tion. FIG. 8 introduces simpler schematic symbols that are 



US 2004/0007275 A1 

used Without element numbers to describe other embodi 
ments of the present invention in subsequent ?gures. The 
simpler schematic symbols in FIG. 8 have the same refer 
ence numbers as those in FIG. 7 and represent the same 
items described With reference to FIG. 7. The ?uid guiding 
structure (e.g., 505) is left out of FIG. 8 and is also left out 
of the simpli?ed schematics that folloW FIG. 8, for sim 
plicity. The valve element source chamber 550 is repre 
sented by a boX in the simpli?ed schematic of FIG. 8, but 
in FIG. 7 it is shoWn as a ?uid channel that couples the ?uid 
communication channel 510 to the valve element pump 545. 
In more detail, it is a portion of that ?uid channel that 
contains the bi-phase valve element 515 during the initial 
state. 

[0024] Referring to FIG. 9, a simpli?ed schematic of a 
toggle ?uidic valve 900 is shoWn, in accordance With an 
embodiment of the present invention. This embodiment is 
capable of providing an open-close-open-close-open-close 
operation, as is evident because it comprises three sections 
905 that replicate elements (as shoWn) of the open-close 
valve described With reference to FIG. 7, Which provide the 
open-close-open-close-open-close operation by activating 
the heating Zones of the three sections 905 in sequence. It 
can also be used as ?uidic valve that provides a truncated 
version of the open-close-open-close-open-close operation 
by simply not completing some of the operations. For 
example, by stopping the sequence before heating Zone 910 
is activated, Which changes the operation of the toggle 
?uidic valve 900 to a open-close-open-close-open operation. 

[0025] Referring to FIG. 10, a simpli?ed schematic of 
another toggle ?uidic valve 1000 is shoWn, in accordance 
With an embodiment of the present invention. This differs 
from the toggle ?uidic valve 900 by having an initial state 
that is closed. The initial state of the toggle ?uidic valve 
1000 is provided by a bi-phase valve element 1065 that is 
loaded into the ?uid communication channel 510 When the 
toggle ?uidic valve is fabricated. A corresponding heating 
Zone 535 (coupled to a heat source) and a corresponding sink 
chamber 520 are also implemented, to alloW a change of 
state from the initial closed state to an open state, in the 
manner described above. This bi-phase valve element 1065 
and the bi-phase valve element 315 of FIG. 3 are alterna 
tively called blocking bi-phase valve element in order to 
distinguish them from the bi-phase valve elements 515 that 
are loaded into the valve element source chambers 550. 

[0026] Referring to FIG. 11, a simpli?ed schematic of a 
selecting ?uidic valve 1100 is shoWn, in accordance With an 
embodiment of the present invention. This selecting ?uidic 
valve 1100 comprises a portion of a ?uid guiding structure 
(not shoWn in FIG. 11), a ?uid communication channel 
comprising a common branch 1105 that is ?uidically 
coupled to a ?rst branch 1110 and a second branch 1115, a 
bi-phase valve element 515 loaded at time of fabrication into 
a valve element source chamber 550 that is ?uidically 
coupled to the ?rst branch 1110 of the ?uid communication 
channel, a valve element pump 545 coupled to the valve 
element source chamber 550, a heating Zone 536 for the 
valve element source chamber 550, a blocking bi-phase 
valve element 1065, a heating Zone 535 for the blocking 
bi-phase valve element 1065, a sink chamber 520, and tWo 
heat source (not shoWn in FIG. 11) thermally coupled to the 
heating Zones 535, 536. The ?rst branch 1110 ?uidically 
couples a ?rst sWitched ?uid port 1111 to a common ?uid 
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port 1106. The second branch 1115 ?uidically couples a 
second sWitched ?uid port 1116 to the common ?uid port 
1106. In this eXample, common ?uid port 1106 is an ?uid 
inlet port for a controlled ?uid and the ?rst and second 
sWitched ?uid ports 1111 and 1116 are outlets ports for the 
controlled ?uid. FIG. 11 represents the selecting ?uidic 
valve 1100 in a ?rst state of at least tWo states that the 
selecting ?uidic valve 1100 can assume, in Which a con 
trolled ?uid can ?oW from the common ?uid port 1106 out 
through the ?rst sWitched ?uid port 1111, but is blocked by 
the blocking bi-phase valve element 1065 from ?oWing out 
the second sWitched ?uid port 1116. The blocking bi-phase 
valve element 1065 is placed in the second branch 1115 of 
the ?uid communication channel, near an inlet end of the 
sink chamber 520 When the selecting ?uidic valve 1100 is 
fabricated. When the heating Zone 536 is heated, the bi 
phase valve element 515 is melted and ?oWs into the ?rst 
branch 1110 of the ?uid communication channel, Where it 
blocks the How of the controlled ?uid out the ?rst sWitched 
?uid port 1111. The bi-phase valve element is initially 
moved by pressure from the valve element pump 545 and 
gravity, and When it reaches the ?rst branch 1110 of the ?uid 
communication channel, it is moved by a combination of the 
pressure from the valve element pump 545 and pressure of 
the controlled ?uid, until it resolidi?es. When the heating 
Zone 535 is heated, the blocking bi-phase valve element 
1065 is melted and ?oWs into the sink chamber 520 of the 
second branch 1115 of the ?uid communication channel, 
thus opening the How of the controlled ?uid out the second 
sWitched ?uid port 1116. The blocking bi-phase valve ele 
ment 1065 is moved by pressure from the controlled ?uid, 
and is moved to a doWnWard area of the sink chamber 520 
by gravity While it is melted. In accordance With a preferred 
version of this embodiment, the heating of Zones 535 and 
536 occurs essentially simultaneously, and the selectable 
?uidic valve 1100 is thereby sWitched to a second state in 
Which the controlled ?uid is directed to the second sWitched 
?uid port 1116. 

[0027] Referring to FIG. 12, a simpli?ed schematic of a 
second selecting ?uidic valve 1200, in accordance With an 
embodiment of the present invention. This selecting ?uidic 
valve 1200 comprises the elements of the selecting ?uidic 
valve 1100, and further comprises a bi-phase valve element 
1215 loaded at time of fabrication into a valve element 
source chamber 1250 that is ?uidically coupled to the 
second branch 1115 of the ?uid communication channel, a 
valve element pump 1245 coupled to the valve element 
source chamber 1250, a heating Zone 1235 for the valve 
element source chamber 1250, a heating Zone 1236, a sink 
chamber 1220, and tWo heat sources (not shoWn in FIG. 12) 
thermally coupled to the heating Zones 1235, 1236. FIG. 12 
represents the selecting ?uidic valve 1200 in a second state, 
Which is the same as the second state achieved by the 
operation of the selecting ?uidic valve 1100 described 
above. The bi-phase valve element 515 can noW be moved 
into the sink chamber 1220 by activating the heating source 
coupled to the heating Zone 1235, alloWing the How of the 
controlled ?uid from the common ?uid port 1106 to the ?rst 
sWitched ?uid port 1111, and the blocking bi-phase valve 
element 1065 can noW be moved into the second branch 
1115 of the ?uid communication channel, blocking the How 
of the controlled ?uid to the second sWitched ?uid port 1116. 
This puts the selecting ?uidic valve 1200 back into a ?rst 
state. 
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[0028] By now, it Will be appreciated that the controlled 
?uid can be switched betWeen the ?rst and second sWitched 
?uid ports 1111 and 1116 (i.e., the ?rst and second states) any 
?nite number of times by adding to the selecting ?uidic 
valve 1100 at least one set comprising a valve element 
chamber, a bi-phase valve element, and a valve sink cham 
ber. For each set, the location of the coupling of the valve 
element source chamber to the ?uid communication channel 
and the location of the sink chamber in each additional set 
are in different ones of the ?rst and second branches of the 
?uid communication channel. Furthermore, the location of 
the coupling of the valve element source chamber to the ?uid 
communication channel and the location of the additional 
sink chamber Within each branch of the ?uid communication 
channel are alternated along the branch. Other operations are 
also possible With these con?gurations, such as a state in 
Which How of the controlled ?uid is closed to both sWitched 
?uid ports 1111, 1116 or opened to both sWitched ?uid ports 
1111, 1116. 

[0029] Referring to FIG. 13, a simpli?ed schematic of a 
third selecting ?uidic valve 1300 is shoWn, in accordance 
With an embodiment of the present invention. This selecting 
?uidic valve 1300 comprises a portion of a ?uid guiding 
structure (not shoWn in FIG. 13), a ?uid communication 
channel comprising a common branch 1105 that is ?uidi 
cally coupled to a ?rst branch 1110 and a second branch 
1115, a bi-phase valve element 515 loaded at time of 
fabrication into a valve element source chamber 550 that is 
?uidically coupled to the ?rst branch 1110 of the ?uid 
communication channel, a valve element pump 545 coupled 
to the valve element source chamber 550, a heating Zone 536 
for the valve element source chamber 550, a blocking 
bi-phase valve element 1065, a heating Zone 535 for the 
blocking valve element 1065, a sink chamber 520, and tWo 
heat source (not shoWn in FIG. 11) thermally coupled to the 
heating Zones 535, 536. The ?rst branch 1110 ?uidically 
couples a ?rst sWitched ?uid port 1111 to a common ?uid 
port 1106. The second branch 1115 ?uidically couples a 
second sWitched ?uid port 1116 to the common ?uid port 
1106. In this example, common ?uid port 1106 is an ?uid 
outlet port for one of a ?rst and second controlled ?uids, the 
?rst sWitched ?uid port 1111 is a ?uid inlet port for the ?rst 
controlled ?uid, and sWitched ?uid port 1116 is a ?uid inlet 
port for the second controlled ?uid. FIG. 13 represents the 
selecting ?uidic valve 1300 in a ?rst state of at least tWo 
states that the selecting ?uidic valve 1100 can assume, in 
Which the ?rst controlled ?uid can ?oW from the ?rst 
sWitched ?uid port 1111 to the common ?uid port 1106, 
While the second controlled ?uid is blocked by the blocking 
bi-phase valve element 1065 from ?oWing from the second 
sWitched ?uid port 1116 to the common ?uid port 1106. The 
blocking valve element 1065 is placed in the second branch 
1115 of the ?uid communication channel, near an inlet end 
of the sink chamber 520 When the selecting ?uidic valve 
1100 is fabricated. The initial location of the blocking 
bi-phase valve element 1065 and heating Zone 535 in the 
selecting ?uidic valve 1300 are spatially opposite the end of 
the sink chamber near Which the blocking valve element 
1065 and heating Zone 535 are located in the initial state of 
selecting ?uidic valve 1100. When the heating Zone 536 is 
heated, the bi-phase valve element 515 is melted and ?oWs 
into the ?rst branch 1110 of the ?uid communication chan 
nel, Where it blocks the How of the controlled ?uid out the 
?rst ?uid port 1111. The bi-phase valve element is initially 
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moved by pressure from the valve element pump 545 and 
gravity, and When it reaches the ?rst branch 1110 of the ?uid 
communication channel, it is moved by a combination of the 
pressure from the valve element pump 545 and pressure of 
the controlled ?uid, until it resolidi?es. When the heating 
Zone 535 is heated, the blocking bi-phase valve element 
1065 is melted and ?oWs into the sink chamber 520 of the 
second branch 1115 of the ?uid communication channel, 
thus opening the How of the second controlled ?uid from the 
second sWitched ?uid port 1116 to the common ?uid port 
1106. The blocking bi-phase valve element 1065 is moved 
by pressure from the second controlled ?uid, and is moved 
to a doWnWard area of the sink chamber 520 by gravity 
While it is melted. In accordance With a preferred version of 
this embodiment, the heating of Zones 535 and 536 occurs 
essentially simultaneously, and the selectable ?uidic valve 
1100 is thereby sWitched to a second state in Which the 
controlled ?uid is selected from the second sWitched ?uid 
port 1116. 

[0030] It Will be appreciated that the ?rst and second states 
can repeated a ?nite number of times by adding one or more 
sets comprising a valve element chamber, a bi-phase valve 
element, and a valve sink chamber in a manner analogous to 
that described above With reference to FIG. 12. 

[0031] Referring to FIG. 14, a How chart of a method of 
sWitching a state of How of a controlled ?uid in a ?uid 
communication channel is shoWn, in accordance With an 
embodiment of the present invention. The method alloWs 
combinations of a step 1405 of heating one or more bi-phase 
valve elements, a step 1410 of pushing at least a portion of 
one bi-phase valve element into an expanded portion of the 
?uid communication channel, and a step 1415 of pushing at 
least a portion of one bi-phase valve element into the ?uid 
communication channel. 

[0032] In the step 1405 of heating, a bi-phase valve 
element is heated and the heating causes a change of state of 
the bi-phase valve element from a high viscosity state to a 
loW viscosity state. 

[0033] In the step 1410 of pushing at least a portion of one 
of the bi-phase valve elements into an expanded portion of 
the ?uid communication channel, at least a portion of a 
bi-phase valve element that clogs the ?uid communications 
channel While in the high viscosity state is pushed, While in 
the loW viscosity state, from a standard portion of the ?uid 
communication channel to the expanded portion of the ?uid 
communication channel. The pushing is caused by applica 
tion of pressure to the ?uid While the bi-phase valve element. 
The pressure is generated by gravitational force or a con 
trolled ?uid that is under pressure or a ?uid that is pumped 
for the express purpose of moving the bi-phase valve 
element, or any combination of these forces. The portion 
pushed into the expanded portion of the communication 
channel is suf?cient to unclog the ?uid communication 
channel, permitting the How of the controlled ?uid through 
the portion of the communication channel that Was clogged. 

[0034] In the step 1415 of pushing at least a portion of a 
bi-phase valve element into the ?uid communication chan 
nel, at least a portion of the bi-phase valve element is pushed 
from a valve element source chamber into the ?uid com 
munication channel using an application of pressure to the 
bi-phase valve element, While the bi-phase valve element is 
in the loW viscosity state. The pressure is generated by a 
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gravitational force or a controlled ?uid under pressure or a 
?uid that is pumped for the express purpose of moving the 
bi-phase valve element, or any combination of these forces. 
The portion of the bi-phase valve element pushed into the 
?uid communication channel reverts to the high viscosity 
state and clogs the ?uid communication channel, blocking 
?oW of the controlled ?uid through the portion of the ?uid 
communication channel that is clogged. 

[0035] The eXpanded portion of the ?uid communication 
channel has suf?cient additional cross sectional area in 
comparison to a cross sectional area of a standard portion of 
the ?uid communication channel to contain essentially the 
entirety of the bi-phase valve element. 

[0036] It Will be appreciated that the types of valves 
described herein can be designed for controlling organic 
?uids such as blood samples or DNA samples, using a Wax 
bi-phase valve element that has a phase change temperatures 
that is compatible With the ?uid and that does not undesir 
ably become miXed With the controlled ?uid. The descrip 
tion “a phase change temperatures that is compatible With 
the ?uid” means that over the temperature range used to 
change and maintain the phase of the bi-phase valve ele 
ment, the ?uid being controlled by the ?uidic valve remains 
in a liquid state and essential characteristics of the controlled 
?uid are not damaged. For example, if the ?uid is a blood 
sample taken for testing of biological organisms, then the 
temperature range must be such that the biological organ 
isms are not damaged.” For different ?uids that need to be 
controlled, the material for the bi-phase valve element can 
be one of a variety of paraf?ns (e.g., container, mould, 
dipping and microcrystalline, gel) and other Waxes (e. g., soy 
Wax, carnuba Wax) having a variety of phase change tem 
peratures and other properties of importance. There may 
eXist inorganic bi-phase materials that are appropriate When 
used With other ?uids and ?uid guiding structures. For 
eXample, a loW melting temperature metal alloy may be 
appropriate for a one time emergency valve in a engine 
control that controls the poWer steering ?uid. Among the 
variety of possible bi-phase valve element materials, some 
may be used at temperatures at Which the material is not 
clearly ever in a solid, but is in a high viscosity state at a loW 
operational temperature such that it can effectively clog the 
?uid communication channel at parts that are not the 
expanded portion, and at a high operational temperature is in 
a loW viscosity state that alloWs it to be moved by the 
pressure of the controlled ?uid and/or gravity. 

[0037] It Will be further appreciated that although the heat 
sources have been described above as being resistive pat 
terns, the heat source could be of any other type. TWo 
eXamples are peltier heaters and chemical heaters. Chemical 
heaters could be implemented as tWo chemicals in tWo 
chambers that become connected using a ?uidic valve of the 
type described herein. Thus, a small peltier heater could 
activate a large area chemical heater, or a chemical heater 
could activate another chemical heater in a delayed fashion. 

[0038] It Will be further appreciated that the shape and 
orientation of the eXpanded portions (e.g., 320, 520) of the 
?uid communication channels (e.g., 310, 510) are not con 
strained to that implied by the illustrations in FIGS. 3-8. For 
eXample, a sink chamber could have a circular cross section 
and the standard portions of the ?uid communication chan 
nel could couple to the sink chamber at the aXis of the sink 
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chamber cross section. Also, the transition betWeen the sink 
chamber and the other parts of the ?uid communication 
channel could be gradual instead of abrupt (as represented in 
FIGS. 3-5). Such con?guration differences of the sink cham 
ber (circular cross section, gradual transition) could be 
appropriate in situations Where gravity is not relied upon to 
guide the melted (loW viscosity) phase of the bi-phase 
material While it is changing to the resolidi?ed (high vis 
cosity) phase. It may also be appropriate for the sink 
chamber to be at a bend of a ?uid communication channel. 

[0039] While gravity has been described above as a force 
that is involved in moving the controlled ?uids in desired 
directions, it Will be appreciated that With an appropriate 
combination of small communication channels and corre 
spondingly small co-aXial sink chambers, along With a 
bi-phase valve element material chosen for appropriate 
capillary characteristics, the bi-phase valve element material 
may be moved contrary to the direction of the gravitational 
force and may be moved aWay from a central ?oW portion 
of the sink chambers. It Will be further appreciated that in 
some instances, such as moving a bi-phase valve element 
from a valve element source chamber into a communication 

channel, the pressure of the controlled ?uid may not be 
needed to accomplish the desired relocation of the bi-phase 
valve element. In the foregoing speci?cation, the invention 
has been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art appreciates that 
various modi?cations and changes can be made Without 
departing from the scope of the present invention as set forth 
in the claims beloW. Accordingly, the speci?cation and 
?gures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modi?cations are intended to 
be included Within the scope of present invention. 

[0040] It Will be appreciated that a ?uidic valve imple 
mented in accordance With the embodiments of the present 
invention can be bene?cially used in a fully integrated 
bio-micro?uidic device, for eXample, one that can both 
amplify and electronically detect high abundance DNA 
targets (e.g., human genomic DNA from diluted blood 
solution or other bodily ?uids) and perform SNP detection 
assays, as Well as many other types of ?uidic systems. By 
appropriate arrangement of the elements of the present 
invention, a loW cost single use or multiple use valve 
arrangement can be implemented. 

[0041] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions 
to problems, and any element(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
features or elements of any or all the claims. As used herein, 
the terms “comprises,”“comprising,” or any other variation 
thereof, are intended to cover a non-exclusive inclusion, 
such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not eXpressly listed or 
inherent to such process, method, article, or apparatus. 

1. A method for sWitching a state of ?oW of a ?uid in a 
?uid communication channel, comprising: 

heating a bi-phase valve element that clogs the ?uid 
communication channel, the heating causing a change 
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of state of the bi-phase valve element from a high 
viscosity state to a loW viscosity state; and 

pushing at least a portion of the bi-phase valve element 
into a sink chamber of the ?uid communication channel 
by application of pressure to the ?uid While the bi 
phase valve element is in the loW viscosity state, 
Wherein the portion pushed into the sink chamber is 
su?icient to unclog the ?uid communication channel. 

2. The method according to claim 1, Wherein the pressure 
is generated by at least one of a gravitational force and the 
?uid and a pumped ?uid. 

3. A method for sWitching a state of ?oW of a ?uid in a 
?uid communication channel, comprising: 

heating a bi-phase valve element that is in a valve element 
source chamber ?uidically coupled to the ?uid com 
munication channel, the heating causing a change of 
state of the bi-phase valve element from a high viscos 
ity state to a loW viscosity state; and 

pushing at least a portion of the bi-phase valve element 
from the valve element source chamber into the ?uid 
communication channel using a pumped ?uid While the 
bi-phase valve element is in the loW viscosity state, 
Wherein the portion pushed into the ?uid communica 
tion channel reverts to the high viscosity state and clogs 
the ?uid communication channel. 

4. A method for sWitching a state of ?oW of a ?uid in a 
?uid communication channel of a ?uid guiding structure, 
comprising at least one of tWo sets {(a) and and and 

(a) heating a bi-phase valve element that clogs the ?uid 
communication channel, the heating causing a change 
a state of the bi-phase valve element from a high 
viscosity state to a loW viscosity state; 

(b) pushing at least a portion of the bi-phase valve element 
into a sink chamber of the ?uid communication channel 
by an application of pressure to the ?uid While the 
bi-phase valve element is in the loW viscosity state, 
Wherein the portion pushed into the sink chamber is 
su?icient to unclog the ?uid communication channel; 

(c) heating a bi-phase valve element that is in a valve 
element source chamber ?uidically coupled to the ?uid 
communication channel, the heating causing a change 
a state of the bi-phase valve element from a high 
viscosity state to a loW viscosity state; and 

(d) pushing at least a portion of the bi-phase valve element 
from the valve element source chamber into the ?uid 
communication channel by using a pumped ?uid While 
the bi-phase valve element is in the loW viscosity state, 
Wherein the portion pushed into the ?uid communica 
tion channel solidi?es and clogs the ?uid communica 
tion channel. 

5. The method according to claim 4, Wherein the bi-phase 
valve element comprises a material that is in a high viscosity 
state over an operational temperature range having an upper 
limit and is in a loW viscosity state at an activation tem 
perature that is at least 10 degrees Celsius above the upper 
limit. 

6. The method according to claim 4, Wherein the bi-phase 
valve element comprises a material that is in a loW viscosity 
state above 80 degrees Centigrade. 
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7. The method according to claim 4, Wherein the bi-phase 
valve element comprises a para?in material that melts at 
approximately 70 degrees Celsius. 

8. The method according to claim 4, Wherein the sink 
chamber of the ?uid communication channel has su?icient 
additional cross sectional area in comparison to a cross 
sectional area of a standard portion of the ?uid communi 
cation channel to contain essentially an entirety of a bi-phase 
valve element. 

9. A ?uidic valve for sWitching a state of ?oW of a 
controlled ?uid, comprising: 

a ?iud guiding structure 

a ?uid communication channel having at least one ?uid 
inlet port and one ?uid outlet port; and 

at least one of 

a bi-phase valve element source chamber having a 
pump inlet, ?uidically coupled to the ?uid commu 
nication channel and 

a bi-phase element sink chamber that is an eXpanded 
portion of the ?uid communication channel. 

10. The ?uidic valve according to claim 9, further com 
prising at least one bi-phase valve element, Wherein the at 
least one bi-phase valve element comprises a material that is 
in a high viscosity state over an operational temperature 
range of the ?uidic valve having an upper limit and is in a 
loW viscosity state at an activation temperature that is at least 
10 degrees Celsius above the upper limit. 

11. The ?uidic valve according to claim 9, further com 
prising at least one bi-phase valve element, Wherein the at 
least one bi-phase valve element comprises a material that is 
in a loW viscosity state above 80 degrees Centigrade. 

12. The ?uidic valve according to claim 9, further com 
prising at least one bi-phase valve element, Wherein the at 
least one bi-phase valve element comprises a paraffin mate 
rial that melts at approximately 70 degrees Celsius. 

13. The ?uidic valve according to claim 9, Wherein the 
bi-phase element sink chamber of the ?uid communication 
channel has su?icient additional cross sectional area in 
comparison to a cross sectional area of a standard portion of 
the ?uid communication channel to contain essentially an 
entirety of a bi-phase valve element. 

14. A ?uidic system comprising the ?uidic valve accord 
ing to claim 9. 

15. Amicro-bio?uidic device comprising the ?uidic valve 
according to claim 9. 

16. A?uidic valve having a state that can be one of opened 
or closed, comprising: 

a ?uid guiding structure; 

a ?uid communication channel, formed Within the ?uid 
guiding structure, and ?uidically coupling a ?uid inlet 
port and a ?uid outlet port; 

a valve element source chamber, formed Within the ?uid 
guiding structure, ?uidically coupled to the ?uid com 
munication channel and having a pump inlet port; 

a bi-phase valve element that is in the valve element 
source chamber While the ?uidic valve is in an initial 
state that is the opened state; and 

a heat source that can change the state of the ?uidic valve 
by heating the bi-phase valve element. 
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17. The ?uidic valve according to claim 16, wherein a 
portion of the bi-phase valve element suf?cient to block the 
?uid communication channel is in the ?uid communication 
channel during the closed state. 

18. A?uidic valve having a state that can be one of opened 
or closed, comprising: 

a ?uid guiding structure; 

a ?uid communication channel, formed Within the ?uid 
guiding structure, ?uidically coupling a ?uid inlet port 
to a ?uid outlet port; 

a sink chamber, formed Within the ?uid guiding structure 
as an eXpanded portion of the ?uid communication 
channel; 

a bi-phase valve element that is in the ?uid communica 
tion channel betWeen the ?uid inlet port and the sink 
chamber While the ?uidic valve is in an initial state that 
is closed; and 

a heat source that can change the state by heating the 
bi-phase valve element. 

19. The ?uidic valve according to claim 18, Wherein a 
portion of the bi-phase valve element suf?cient to open the 
?uid communication channel is in the sink chamber during 
the opened state. 

20. A?uidic valve having a state that can be one of opened 
or closed, comprising: 

a ?uid guiding structure; 

a ?uid communication channel, formed Within the ?uid 
guiding structure, ?uidically coupling a ?uid inlet port 
to a ?uid outlet port; 

a valve element source chamber, formed Within the ?uid 
guiding structure, ?uidically coupled to the ?uid com 
munication channel and having a pump inlet port; 

a sink chamber, formed Within the ?uid guiding structure 
as an eXpanded portion of the ?uid communication 
channel; 

a bi-phase valve element that is in the valve element 
source chamber While the ?uidic valve is in an initial 
state; and 

at least one heat source that can change the state of the 
?uidic valve by heating the bi-phase valve element. 

21. The ?uidic valve according to claim 20, Wherein the 
bi-phase valve element is in the ?uid communication chan 
nel betWeen the ?uid inlet port and the sink chamber While 
the ?uidic valve is in a closed state. 

22. The ?uidic valve according to claim 20, Wherein the 
initial state is the opened state, and Wherein the valve 
element source chamber is coupled to the ?uid communi 
cation channel on an inlet side of the sink chamber. 

23. The ?uidic valve according to claim 20, further 
comprising a blocking bi-phase valve element, Wherein the 
initial state is the closed state, and Wherein the blocking 
bi-phase valve element can be heated by at least one of the 
at least one heat source to change the state. 

24. The ?uidic valve according to claim 23, Wherein the 
bi-phase valve element is in the valve element source 
chamber and the blocking bi-phase valve element is in the 
?uid communication channel at a location on an inlet side of 
the valve sink chamber during the initial state. 
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25. The ?uidic valve according to claim 20, comprising 
one or more additional valve element chambers having 
corresponding additional bi-phase valve elements therein 
and one or more corresponding additional sink chambers, 
Wherein locations of couplings of the additional valve ele 
ment source chambers to the ?uid communication channel 
and locations of the additional sink chambers are alternated 
along the ?uid communication channel. 

26. The ?uidic valve according to claim 25, Wherein the 
additional bi-phase valve element corresponding to each 
additional valve element source chamber is in the valve 
element source chamber during the initial state. 

27. The ?uidic valve according to claim 25, further 
comprising a blocking bi-phase valve element in the ?uid 
communication channel during the initial state, Which is the 
closed state. 

28. A?uidic valve that has a state that can be one of a ?rst 
state and a second state, comprising: 

a ?uid guiding structure; 

a ?uid communication channel, formed Within the ?uid 
guiding structure, having a ?rst branch that ?uidically 
couples a ?uid inlet port to a ?rst ?uid outlet port, and 
a second branch that ?uidically couples the ?uid inlet 
port to a second ?uid outlet port; 

a valve element source chamber, formed Within the ?uid 
guiding structure, ?uidically coupled to the ?rst branch 
of the ?uid communication channel and having a pump 
inlet port; 

a sink chamber, formed Within the ?uid guiding structure 
as an eXpanded portion of the second branch of the ?uid 
communication channel; 

a bi-phase valve element that is in the valve element 
source chamber during the ?rst state in Which ?uid can 
only ?oW from the ?uid inlet port to the ?rst ?uid outlet 
port; 

a blocking bi-phase valve element is in the second branch 
of the ?uid communication channel, betWeen the sink 
chamber of the second branch and a junction of the ?rst 
and second branches, during the ?rst state; and 

at least one heat source that can change the state of the 
?uidic valve by heating one or both of the bi-phase 
valve element and the blocking bi-phase valve element. 

29. The ?uidic valve according to claim 28, Wherein the 
bi-phase valve element is in the ?uid communication chan 
nel and the blocking bi-phase valve element is in the sink 
chamber of the second branch during the second state, in 
Which ?uid can only ?oW from the ?uid inlet port to the 
second ?uid outlet port. 

30. A?uidic valve having a state that can be one of a ?rst 
or second state, comprising: 

a ?uid guiding structure; 

a ?uid communication channel, formed Within the ?uid 
guiding structure, having a ?rst branch that ?uidically 
couples a ?rst sWitched ?uid port to a common ?uid 
port, and a second branch that ?uidically couples a 
second sWitched ?uid port to the common ?uid port; 

a valve element source chamber, formed Within the ?uid 
guiding structure, ?uidically coupled to the ?rst branch 
of the ?uid communication channel and having a pump 
inlet port; 
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a sink chamber, formed Within the ?uid guiding structure 
as an expanded portion of the second branch of the ?uid 
communication channel; 

a bi-phase valve element; 

a blocking bi-phase valve element; and 

at least one heat source that can change the state of the 
?uidic valve by heating one or both of the bi-phase 
valve element and blocking bi-phase valve element. 

31. The ?uidic-valve according to claim 30, Wherein the 
bi-phase valve element is in the valve element source 
chamber and the blocking bi-phase valve element is in the 
second branch of the ?uid communication channel near an 
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inlet end of the sink chamber during an initial state in Which 
?uid can ?oW only betWeen the ?rst sWitched ?uid port and 
the common ?uid port of the ?uid communication channel. 

32. The ?uidic valve according to claim 30, further 
comprising at least one set comprising an valve element 
chamber, a bi-phase valve element, and a valve sink cham 
ber, Wherein a location of the coupling of the valve element 
source chamber to the ?uid communication channel and a 
location of the sink chamber in each additional set are in 
different ones of the ?rst and second branches of the ?uid 
communication channel. 


