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(57) ABSTRACT 

A device for moving a ?uid in a ?uidics system. The device 
may include one or more controllably openable closed 
chambers. The pressure Within the closed chamber(s) is 
loWer than the ambient pressure outside the ?uidics system 
or loWer than the pressure Within another channel of the 
?uidic system. The closed chamber(s) is con?gured for 
being controllably opened. The chamber (or chambers) is 
con?gured such that When a chamber is opened the chamber 
is in ?uidic communication With a ?oW channel included 
Within the ?uidics system. The ?uid may be moved into the 
?oW channel or may be moved Within the ?oW channel. The 
?uid may be a liquid, a gas, a mixture of gases or an aerosol. 
The ?uidics system may include a controller for controlling 
the opening of a selected chamber or chambers. 
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APPARATUS, AND METHOD FOR PROPELLING 
FLUIDS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of devices and methods for moving ?uids Within ?uidic 
systems, and more speci?cally to methods and devices for 
moving ?uids in micro?uidics systems and devices. 

BACKGROUND OF THE INVENTION 

[0002] Micro?uidics systems and devices knoWn in the art 
often propel ?uids such as liquids or gasses by moving the 
?uids through channels or passages formed Within various 
substrates. Typically, in such micro?uidics systems, the 
moving of the ?uids may be achieved by capillary effects or 
by using suitable micropumps and/or other material trans 
port devices or sub-systems. Such micropumps may operate, 
inter alia, by using pieZoelectric effects, electrostatic effects, 
electro-osmotic effects, mechanical effects or electromag 
netic effects. The construction of such micropumps may 
require costly manufacturing methods. Certain types of 
mechanical or electromechanical micropumps, such as, for 
eXample valve or diaphragm operated micropumps may 
move or propel ?uids Within ?uidic channels by controllably 
and actively producing positive or negative pressure Within 
parts of such ?uidic channels in the ?uidic system to induce 
a pressure gradient Within different portions of the ?uidic 
system for pushing or pulling ?uids in a desired direction 
Within a ?oW channel. 

[0003] Typically, the amounts of ?uids pumped by such 
micropumps may depend, inter alia, on the type of ?uid 
pumped. Often, in mechanically or valve based micropumps 
the amount of ?uid pumped may depend on the number of 
pump strokes. In some micropumps it may be necessary to 
count and calibrate pump strokes for different types of 
pumped ?uids, or to use ?oW sensors or detectors for 
quantitating or monitoring the pumped ?uid volume or the 
?uid’s ?oW or position. 

[0004] Integrated micro?uidics systems may also be con 
nected through suitable ports or channels to one or more 
external sources of positive and/or negative pressure for 
propelling one or more ?uids Within one or more ?oW 

channels included in the system. 

[0005] In addition, the operation of some micropumps 
may involve further design considerations Which take into 
account dead volume and pump priming. Integration of such 
micropumps With other components to form entire systems 
may therefore often be complicated, costly and cumber 
some. 

[0006] There is therefore a long felt need for simple 
methods and devices for moving or propelling ?uids in 
micro?uidics systems and other ?uidic systems Which may 
be easily integrated into, or fabricated Within, or added to 
such systems, using standard manufacturing and/or micro 
fabrication techniques and Which may alloW for controllably 
propelling ?uids such as liquids or gasses Within such ?uidic 
systems and/or micro?uidics systems and other ?uidic sys 
tems. 

SUMMARY OF THE INVENTION 

[0007] There is therefore provided, in accordance With a 
preferred embodiment of the present invention, a method for 
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moving a ?uid in a ?uidics system. The method includes the 
step of providing a ?oW channel having a ?rst pressure level 
therein. The method also includes the step of providing at 
least one openable closed chamber in operative communi 
cation With the ?oW channel. The at least one openable 
closed chamber has a second pressure level thereWithin. The 
second pressure level is loWer than the ?rst pressure level. 
The method also includes the step of opening the at least one 
openable chamber for reducing the pressure Within the ?oW 
channel to move a ?uid disposed Within the ?oW channel. 

[0008] Furthermore, in accordance With another preferred 
embodiment of the present invention, the ?rst pressure level 
is the pressure level outside the ?uidics system. 

[0009] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a liquid into a ?uidics system. The method includes 
the step of providing a ?oW channel. The ?oW channel is in 
operative communication With at least one inlet port. The at 
least one inlet port is sealingly covered With the liquid. The 
?oW channel has a ?rst pressure level therein. The method 
also includes the step of providing at least one openable 
closed chamber in operative communication With the ?oW 
channel. The at least one openable closed chamber has a 
second pressure level thereWithin. The second pressure level 
is loWer than the ?rst pressure level. The method also 
includes the step of opening the at least one openable 
chamber for reducing the pressure Within the ?oW channel to 
move the liquid into the ?oW channel. 

[0010] Furthermore, in accordance With another preferred 
embodiment of the present invention, the ?rst pressure level 
is the pressure level outside the ?uidics system. 

[0011] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a ?uid into a ?uidics system. The method includes 
the step of providing a ?oW channel. The ?oW channel is in 
operative communication With at least one inlet port. The at 
least one inlet port is disposed Within the ?uid. The ?oW 
channel has a ?rst pressure level therein. The method also 
includes the step of providing at least one openable closed 
chamber in operative communication With the ?oW channel. 
The at least one openable closed chamber has a second 
pressure level thereWithin. The second pressure level is 
loWer than the ?rst pressure level. The method also includes 
the step of opening the at least one openable chamber for 
reducing the pressure Within the ?oW channel to move the 
?uid into the ?oW channel. 

[0012] Furthermore, in accordance With another preferred 
embodiment of the present invention, the ?rst pressure level 
is the pressure level outside the ?uidics system. 

[0013] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
constructing a ?uidic device. The method includes the step 
of providing at least one ?oW channel Within the device. The 
method also includes the step of providing at least one 
openable closed chamber in operative communication With 
the at least one ?oW channel. The closed chamber has a ?rst 
pressure level thereWithin. The ?rst pressure level is loWer 
than the pressure level outside the ?uidic device. 

[0014] Furthermore, in accordance With another preferred 
embodiment of the present invention, the at least one open 
able closed chamber is con?gured for being controllably 
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opened to allow pressure equalization between the at least 
one openable chamber and the at least one How channel. 

[0015] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a liquid into a ?uidics system. The method includes 
the step of providing a How channel having at least one inlet 
port. The method also includes the step of providing one or 
more openable closed chambers. The pressure Within the one 
or more openable closed chambers is loWer than the ambient 
pressure outside the ?uidic system. Each chamber of the one 
or more openable closed chambers is con?gured for being 
controllably openable. Each chamber of the one or more 
openable closed chambers is in operative communication 
With the How channel. The one or more openable closed 
chambers are con?gured for being controllably opened to 
alloW pressure equalization betWeen the How channel and 
the one or more openable closed chambers. The method also 
includes the step of sealingly covering the at least one inlet 
port of the How channel With the liquid. The method also 
includes the step of opening at least one chamber of the one 
or more openable closed chambers for moving at least a 
portion of the liquid into the How channel. 

[0016] Furthermore, in accordance With another preferred 
embodiment of the present invention, the step of opening 
includes opening one or more chambers of the one or more 

openable closed chambers to reduce the pressure Within the 
How channel beloW the ambient pressure. 

[0017] Furthermore, in accordance With another preferred 
embodiment of the present invention, the moving of the 
liquid into the How channel is controlled by varying the 
number of chambers opened in the step of opening. 

[0018] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers comprises a plurality of openable 
closed chambers. At least one of the plurality of openable 
closed chambers has a volume different than the volume of 
the remaining chambers of the plurality of openable closed 
chambers. The moving of the liquid into the How channel is 
controlled by the total volume of the chambers opened in the 
step of opening. 

[0019] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers comprises a plurality of openable 
closed chambers. The step of opening includes simulta 
neously or sequentially opening a selected number of cham 
bers of the plurality of openable closed chambers to control 
one or more parameters of How of the liquid into the How 
channel, through the at least one inlet port. 

[0020] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
parameters of How are selected from the rate of How of the 
liquid into the How channel, the amount of the liquid ?oWing 
into the How channel, the rate of change of the rate of How 
of the liquid Within the How channel and combinations 
thereof. 

[0021] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a ?uid into a ?uidics system. The method includes 
the step of providing a How channel having at least one inlet 
port. The at least one inlet port has an opening. The method 
also includes the step of providing one or more openable 
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closed chambers. The pressure Within the one or more 
openable closed chambers is loWer than the ambient pres 
sure outside the ?uidic system. Each chamber of the one or 
more openable closed chambers is con?gured for being 
controllably openable. Each chamber of the one or more 
openable closed chambers is in operative communication 
With the How channel. The one or more openable closed 
chambers are con?gured for being controllably opened to 
alloW pressure equaliZation betWeen the How channel and 
the one or more openable closed chambers. The method also 
includes the step of disposing the opening of the at least one 
inlet port of the How channel Within the ?uid. The method 
also includes the step of opening at least one chamber of the 
one or more openable closed chambers for moving at least 
a portion of the ?uid into the How channel. 

[0022] Furthermore, in accordance With another preferred 
embodiment of the present invention, the step of opening 
includes opening one or more chambers of the one or more 

openable closed chambers to reduce the pressure Within the 
How channel beloW the ambient pressure. 

[0023] Furthermore, in accordance With another preferred 
embodiment of the present invention, the moving of the ?uid 
into the How channel is controlled by varying the number of 
chambers opened in the step of opening. 

[0024] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers includes a plurality of openable 
closed chambers. At least one of the plurality of openable 
closed chambers has a volume different than the volume of 
the remaining chambers of the plurality of openable closed 
chambers. The moving of the ?uid into the How channel is 
controlled by the total volume of the chambers opened in the 
step of opening. 

[0025] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers includes a plurality of openable 
closed chambers. The step of opening includes simulta 
neously or sequentially opening a selected number of cham 
bers of the plurality of openable closed chambers to control 
one or more parameters of How of the ?uid into the How 
channel, through the at least one inlet port. 

[0026] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
parameters of How are selected from the rate of How of the 
?uid into the How channel, the amount of the ?uid ?oWing 
into the How channel, the rate of change of the rate of How 
of the ?uid Within the How channel and combinations 
thereof. 

[0027] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a liquid Within a ?uidics system. The method 
includes providing a How channel having at least a ?rst end 
and a second end thereof. The method also includes provid 
ing one or more openable closed chambers. The pressure 
Within the one or more openable closed chambers is loWer 
than the ambient pressure outside the ?uidic system. Each 
chamber of the one or more openable closed chambers is in 
operative communication With a portion of the How channel. 
Each chamber of the one or more openable closed chambers 
is con?gured for being controllably opened to alloW pressure 
equaliZation betWeen the How channel and the one or more 
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openable closed chambers. The method also includes pro 
viding a quantity of the liquid disposed Within the ?oW 
channel betWeen the ?rst end and the second end of the ?oW 
channel. The ?rst end of the ?oW channel opens outside the 
?uidic system and is subjected to the ambient pressure. The 
method also includes opening at least one chamber of the 
one or more openable closed chambers to the portion of the 
?oW channel for loWering the pressure Within the portion of 
the ?oW channel beloW the ambient pressure for moving the 
liquid Within the ?oW channel. 

[0028] Furthermore, in accordance With another preferred 
embodiment of the present invention, the moving of the 
liquid into the ?oW channel is controlled by varying the 
number of chambers opened in the step of opening. 

[0029] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers includes a plurality of openable 
closed chambers. At least one of the plurality of openable 
closed chambers has a volume different than the volume of 
the remaining chambers of the plurality of openable closed 
chambers. The moving of the liquid into the ?oW channel is 
controlled by the combined volume of the chambers opened 
in the step of opening. 

[0030] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers includes a plurality of openable 
closed chambers. The opening comprises simultaneously or 
sequentially opening a selected number of chambers of the 
plurality of openable closed chambers to control one or more 
parameters of ?oW of the liquid ?oWing into the ?oW 
channel. 

[0031] Furthermore, in accordance With another preferred 
embodiment of the present invention, The one or more 
parameters of ?oW are selected from the rate of ?oW of the 
liquid into the ?oW channel, the amount of the liquid ?oWing 
into the ?oW channel, the rate of change of the rate of ?oW 
of the liquid Within the ?oW channel and combinations 
thereof. 

[0032] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a liquid Within or into a micro?uidics device. The 
method includes opening at least one openable closed cham 
ber included in the micro?uidics device. The pressure Within 
the at least one openable closed chamber is loWer than the 
ambient pressure outside the micro?uidics device. The 
opening produces a net force acting on a quantity of the 
liquid disposed Within or on the micro?uidics device to 
move at least a portion of the quantity of liquid Within or into 
the device. 

[0033] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a liquid disposed Within at least one ?oW channel in 
a micro?uidics device. The method includes opening at least 
one openable closed chamber included in the micro?uidics 
device. The at least one openable closed chamber is in 
operative communication With the at least one ?oW channel. 
The pressure Within the at least one openable closed cham 
ber is loWer than the ambient pressure outside the microf 
luidics device, to produce a net force acting on the liquid for 
moving at least a portion of the liquid Within the device. 

[0034] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
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introducing a liquid into a micro?uidics device. The method 
includes the step of sealingly covering an opening of at least 
one inlet port included in the micro?uidics device With a 
quantity of the liquid. The inlet port is in communication 
With at least one ?oW channel included Within the microf 
luidics device. The method also includes the step of opening 
at least one openable closed chamber included in the microf 
luidics device, to produce a net force acting on a portion of 
the liquid disposed Within the micro?uidics device to move 
at least a portion of the quantity of liquid into the at least one 
?oW channel. The pressure Within the at least one openable 
closed chamber is loWer than the ambient pressure outside 
the micro?uidics device. 

[0035] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a ?uid Within or into a micro?uidics device. The 
method includes opening at least one openable closed cham 
ber included in the micro?uidics device. The pressure Within 
the at least one openable closed chamber is loWer than the 
ambient pressure outside the micro?uidics device. The 
opening reduces the pressure Within the micro?uidics device 
to move at least a portion of a quantity of the ?uid disposed 
Within or outside the micro?uidics device Within or into the 
device. 

[0036] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
moving a ?uid disposed Within at least one ?oW channel in 
a micro?uidics device. The method includes opening at least 
one openable closed chamber included in the micro?uidics 
device. The at least one openable closed chamber is in 
operative communication With the at least one ?oW channel, 
to induce a ?oW of the ?uid for moving at least a portion of 
the ?uid Within the device. The pressure Within the at least 
one openable closed chamber is loWer than the ambient 
pressure outside the micro?uidics device. 

[0037] There is also provided, in accordance With another 
preferred embodiment of the present invention, a method for 
introducing a ?uid into a micro?uidics device. The method 
includes the step of disposing an opening of at least one inlet 
port included in the micro?uidics device Within the ?uid. 
The inlet port is in communication With at least one ?oW 
channel included Within the micro?uidics device. The 
method also includes the step of opening at least one 
openable closed chamber included in the micro?uidics 
device. The pressure Within the at least one openable closed 
chamber is loWer than the ambient pressure outside the 
micro?uidics device. The opening induces a ?oW of the ?uid 
for moving at least a portion of the ?uid into the device 
through the opening of the at least one inlet port. 

[0038] There is also provided, in accordance With another 
preferred embodiment of the present invention, a device for 
moving a ?uid in a ?uidic system. The device includes one 
or more openable closed chambers. The pressure Within the 
one or more openable closed chambers is loWer than the 
ambient pressure outside the ?uidic system. The one or more 
openable closed chambers are in operative communication 
With a ?oW channel included Within the ?uidic system. The 
one or more openable closed chambers are con?gured for 
being controllably opened to alloW pressure equaliZation 
betWeen the ?oW channel and the one or more openable 
closed chambers. 

[0039] Furthermore, in accordance With another preferred 
embodiment of the present invention, the at least one of the 
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one or more openable closed chambers comprises a plurality 
of operatively interconnected chambers. 

[0040] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least one chamber 
of the plurality of operatively interconnected chambers is 
con?gured for being controllably opened. 

[0041] Furthermore, in accordance With another preferred 
embodiment of the present invention, more than one cham 
ber of the plurality of operatively interconnected chambers 
is con?gured for being controllably opened. 

[0042] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers are formed Within a substrate. 

[0043] Furthermore, in accordance With another preferred 
embodiment of the present invention, the substrate is a multi 
layered substrate. 

[0044] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least one chamber 
of the one or more openable closed chambers comprises an 
openable sealed cavity formed Within a substrate. 

[0045] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least one chamber 
of the one or more openable closed chambers comprises a 
passage formed Within a substrate, and at least tWo sealing 
members sealingly attached to the substrate. 

[0046] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least one chamber 
of the one or more openable closed chambers is con?gured 
for being controllably opened by an opening mechanism. 

[0047] Furthermore, in accordance With another preferred 
embodiment of the present invention, the one or more 
openable closed chambers comprises a plurality of individu 
ally openable closed chambers, the pressure Within each 
openable closed chamber of the plurality of individually 
openable closed chambers is loWer than the ambient pres 
sure outside the ?uidic system. 

[0048] Furthermore, in accordance With another preferred 
embodiment of the present invention, each chamber of the 
plurality of individually openable closed chambers is select 
ably openable. 
[0049] Furthermore, in accordance With another preferred 
embodiment of the present invention, the ?uidic system 
includes a controller for controlling the opening of one or 
more chambers of the plurality of individually openable 
closed chambers. 

[0050] Furthermore, in accordance With another preferred 
embodiment of the present invention, the controller is a 
programmable controller, con?gured for being programmed 
to controllably open any combination of chambers selected 
from the plurality of individually openable closed chambers. 

[0051] Furthermore, in accordance With another preferred 
embodiment of the present invention, all openable closed 
chambers of the plurality of individually openable closed 
chambers have a substantially similar volume. 

[0052] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least one openable 
closed chamber of the plurality of individually openable 
closed chambers has a volume different than the volume of 
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the remaining openable closed chambers of the plurality of 
individually openable closed chambers. 

[0053] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least one chamber 
of the one or more openable closed chambers comprises an 
openable closed primary chamber and one or more non 
openable secondary chambers. The one or more secondary 
chambers are in operative communication With the openable 
primary chamber. 

[0054] Furthermore, in accordance With another preferred 
embodiment of the present invention, each chamber of the 
one or more openable closed chambers includes a portion of 
a substrate having a cavity formed therein, and an openable 
sealing member sealingly attached to the substrate for seal 
ing the cavity. 

[0055] Furthermore, in accordance With another preferred 
embodiment of the present invention, the substrate is a multi 
layered substrate. 

[0056] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member is con?gured for being mechanically opened by an 
opening member included in the ?uidic system. 

[0057] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member is con?gured for being mechanically opened by a 
controllably actuated opening mechanism included in the 
?uidic system. 

[0058] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member includes a sealing layer attached to the substrate, 
and a heating element thermally coupled to the sealing layer. 

[0059] Furthermore, in accordance With another preferred 
embodiment of the present invention, the heating element 
comprises an electrically resistive member, operatively con 
nectable to an electrical poWer source. 

[0060] Furthermore, in accordance With another preferred 
embodiment of the present invention, the heating element is 
attached to or deposited on the sealing layer. 

[0061] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member includes a sealing layer attached to the substrate 
and at least one electrically resistive member attached to the 
sealing layer or thermally coupled thereto. The at least one 
electrically resistive member is operatively connected to an 
electrical poWer source included in the ?uidics system. 

[0062] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member is con?gured to be thermo-mechanically opened by 
controllably passing current from the poWer source through 
the at least one electrically resistive member for heating the 
at least one electrically resistive member and the sealing 
layer. The heating generates mechanical stress in the sealing 
layer to open the layer by forming at least one opening 
therein. 

[0063] Furthermore, in accordance With another preferred 
embodiment of the present invention, the sealing layer 
includes a meltable substance. The openable sealing mem 
ber is con?gured to be thermally opened by controllably 
passing an electrical current from the electrical poWer source 
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through the at least one resistive member for heating the at 
least one resistive member and the sealing layer attached 
thereto or thermally coupled thereto. The heating melts at 
least a portion of the sealing layer to form at least one 
opening therethrough. 
[0064] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member includes a layer including an electrically resistive 
material. The layer is attached to the substrate to seal the 
cavity. The layer is operatively connectable to an electrical 
poWer source included in the ?uidics system. 

[0065] Furthermore, in accordance With another preferred 
embodiment of the present invention, the layer is con?gured 
for being thermally opened by controllably passing current 
from the electrical poWer source through the layer, for 
melting, or burning, or vaporiZing at least a portion of the 
layer to open or breach the openable sealing member. 

[0066] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least one openable 
closed chamber of the one or more openable closed cham 
bers includes a portion of a substrate having a passage 
passing therethrough. The passage has a ?rst opening and a 
second opening. The openable closed chamber also includes 
an openable sealing member sealingly attached to the sub 
strate for sealing the ?rst opening. The openable closed 
chamber also includes a second sealing member sealingly 
attached to the substrate for sealing the second opening. 

[0067] Furthermore, in accordance With another preferred 
embodiment of the present invention, the substrate is a multi 
layered substrate. 

[0068] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member is con?gured for being mechanically opened by an 
opening member included in the ?uidic system. 

[0069] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member is con?gured for being mechanically opened by a 
controllably actuated opening mechanism included in the 
?uidic system. 

[0070] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member includes a sealing layer and at least one resistive 
member attached to the sealing layer or thermally coupled 
thereto. The at least one resistive member is operatively 
connectable to an electrical poWer source included in the 
?uidics system. 

[0071] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member is con?gured for being thermo-mechanically 
breached by controllably passing current from the electrical 
poWer source through the at least one resistive member for 
heating the at least one resistive member and the sealing 
layer attached thereto or thermally coupled thereto. The 
heating produces mechanical stress in the sealing layer to 
breach the sealing layer. 

[0072] Furthermore, in accordance With another preferred 
embodiment of the present invention, the sealing layer 
includes a meltable substance. The openable sealing mem 
ber is con?gured to be thermally opened by controllably 
passing an electrical current from the electrical poWer source 
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through the at least one resistive member, for heating the at 
least one resistive member and the sealing layer attached 
thereto or thermally coupled thereto. The heating melts at 
least a portion of the sealing layer to form at least one 
opening therethrough. 
[0073] Furthermore, in accordance With another preferred 
embodiment of the present invention, the openable sealing 
member includes a resistive layer attached to the substrate to 
seal the ?rst opening. The resistive layer is operatively 
electrically connectable to an electrical poWer source. 

[0074] Furthermore, in accordance With another preferred 
embodiment of the present invention, the electrical poWer 
source is included in the ?uidics system. 

[0075] Furthermore, in accordance With another preferred 
embodiment of the present invention, the resistive layer is 
con?gured to be thermally opened by controllably passing 
an electrical current from the poWer source through the 
resistive layer, for melting, burning, or vaporiZing at least a 
portion of the resistive layer to open the resistive layer. 

[0076] There is also provided in a micro?uidics system, in 
accordance With another preferred embodiment of the 
present invention, a device for moving a ?uid Within the 
micro?uidics system. The device includes at least one open 
able closed chamber. The pressure Within the closed cham 
ber is loWer than the pressure outside the micro?uidics 
system. The at least one openable closed chambers is in 
operative communication With a How channel included 
Within the ?uidic system. The at least one openable closed 
chamber is con?gured for being controllably opened to 
alloW pressure equalization betWeen the How channel and 
the at least one openable closed chambers. 

[0077] Furthermore, in accordance With another preferred 
embodiment of the present invention, the at least one open 
able chamber includes an openable sealed cavity formed 
Within a substrate. 

[0078] Furthermore, in accordance With another preferred 
embodiment of the present invention, at least part of the 
micro?uidics system is formed Within the substrate. 

[0079] Furthermore, in accordance With another preferred 
embodiment of the present invention, the substrate is a 
multi-layered substrate. 

[0080] There is also provided, in accordance With another 
preferred embodiment of the present invention, a micro?u 
idics system. The micro?uidics system includes a How 
channel disposed Within the micro?uidics system. The 
micro?uidics system also includes at least one openable 
closed chamber. The at least one openable closed chamber is 
in operative communication With a How channel included 
Within the micro?uidics system. The at least one openable 
closed chamber is con?gured for being controllably opened 
to alloW pressure equalization betWeen the How channel and 
the at least one openable closed chambers. 

[0081] There is also provided, in accordance With another 
preferred embodiment of the present invention, a micro?u 
idics device. The micro?uidics device includes at least one 
openable closed chamber. The pressure Within the at least 
one openable closed chamber is loWer than the ambient 
pressure outside the micro?uidics device. The at least one 
openable closed chamber is in operative communication 
With a How channel included Within the micro?uidics 
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device. The at least one openable closed chamber is con 
?gured for being controllably opened to induce a ?uid to 
?oW Within the ?oW channel. 

[0082] Finally, in accordance With another preferred 
embodiment of the present invention, the ?uid is selected 
from a liquid, a gas, a miXture of gases, and an aerosol. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0083] The invention is herein described, by Way of 
eXample only, With reference to the accompanying draWings, 
in Which like components are designated by like reference 
numerals, Wherein: 

[0084] FIGS. 1A-1C are schematic diagrams useful in 
understanding the principles of operation of the methods, 
devices and systems for propelling ?uids of the present 
invention; 
[0085] FIGS. 2A-2C are schematic cross-sectional dia 
grams useful in understanding the principles of operation of 
a method and devices for introducing a ?uid into a ?uidics 
system, in accordance With a preferred embodiment of the 
present invention; 

[0086] FIG. 2D is a schematic cross-sectional diagram 
illustrating a ?uidics system having multiple inlet ports, in 
accordance With another preferred embodiment of the 
present invention; 

[0087] FIG. 3 is a schematic cross-sectional diagram of a 
part of a micro?uidics system including a device for moving 
a ?uid into a micro?uidics system, in accordance With a 
preferred embodiment of the present invention; 

[0088] FIG. 4 is a schematic top vieW of part of the device 
of FIG. 3 illustrating the details of the heating element 
illustrated in FIG. 3; 

[0089] FIG. 5 is a schematic diagram illustrating part of a 
micro?uidics device having a plurality of chamber groups, 
in accordance With another preferred embodiment of the 
present invention; 

[0090] FIG. 6 is a schematic diagram illustrating part of a 
?uidic device having a plurality of openable closed cham 
bers having different dimensions, in accordance With 
another preferred embodiment of the present invention; 

[0091] FIG. 7 is a schematic top vieW of part of a 
non-linearly arranged chamber group, Which may be used 
Within a ?uidic device, in accordance With another preferred 
embodiment of the present invention; 

[0092] FIG. 8 is a schematic diagram illustrating a cross 
sectional vieW of part of a micro?uidics system including an 
openable closed chamber group having multiple openable 
sealing members; 

[0093] FIG. 9A is a schematic cross sectional vieW of part 
of a ?uidic device including a mechanical opening member 
for opening an openable closed chamber, in accordance With 
yet another preferred embodiment of the present invention; 

[0094] FIG. 9B is a schematic cross sectional vieW of part 
of a ?uidic device including a mechanical opening member 
attached to a sealing member of an openable closed cham 
ber, in accordance With still another preferred embodiment 
of the present invention; 
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[0095] FIG. 10 is a schematic part cross-sectional, part 
functional block diagram, illustrating part of a micro?uidics 
device including an openable closed chamber and an actua 
tor driven opening mechanism for opening the closed cham 
ber, in accordance With a preferred embodiment of the 
present invention; 

[0096] FIG. 11 is a schematic part diagram illustrating the 
arrangement of heating elements on an openable closed 
chamber having tWo heating elements, in accordance With a 
preferred embodiment of the present invention; 

[0097] FIG. 12 is a schematic diagram illustrating a top 
vieW of tWo heating elements having a common pair of 
electrically conducting members, useful in opening an open 
able closed chamber, in accordance With a preferred embodi 
ment of the present invention; 

[0098] FIGS. 13A-13B are schematic diagrams illustrat 
ing tWo different ?uidics systems including a controller, a 
poWer source and a plurality of controllably openable closed 
chambers, in accordance With additional preferred embodi 
ments of the present invention; and 

[0099] FIGS. 14A-14D are schematic part cross-sectional 
diagrams illustrating another method for producing a ?uidics 
device having an openable closed chamber, in accordance 
With a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Notation Used Throughout 

[0100] The folloWing notation is used throughout this 
document. 

Term De?nition 

AC Alternating Current 
CVD Chemical Vapor Deposition 
DC Direct current 
LPCVD LoW Pressure Chemical Vapor Deposition 
PVDC Polyvinylidene Chloride 

[0101] It is noted that for the sake of clarity of illustration, 
the devices and systems of the present application illustrated 
in the draWing ?gures are not draWn to scale and that the 
dimensions of the various layers and components illustrated 
in the draWing ?gures relative to each other do not neces 
sarily represent their true dimensions or their dimensions 
relative to other layers or components Within the same 
draWing ?gure. 
[0102] It is further noted that for the purpose of the present 
application the Word ?uid means a liquid or a gas or a 
mixture of gases or an aerosol including ?ne solid particles 
or droplets of liquid dispersed in a gas or in a mixture of 
gases. 

[0103] The method of moving or propelling ?uids of the 
present invention is generally based on including one or 
more controllably openable closed chambers Within the 
?uidic system. The pressure Within each of these sealed 
chambers is loWer than the ambient pressure outside the 
?uidic system. Each sealed chamber is con?gured for being 
controllably opened. The ?uidic system is constructed such 
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that When a chamber is opened, the chamber is in ?uidic 
communication With a ?oW channel or a compartment 
included Within the ?uidic system. The chamber or cham 
bers are operatively connected With one or more ?uid 
channel or passage or space Within the ?uidic system, but is 
not initially in ?uidic communication With the ?uid chan 
nel(s) or passage or space. Each of the chamber or chamber 
may be controllably opened or breached to alloW the loW 
ering of the pressure Within the ?uid channel(s) or passage 
or space. The loWering of the pressure Within the ?uid 
channel(s) or passage or space propels or moves the ?uid 
Within the ?uid channel or passage or space in a desired 
direction as is disclosed in detail hereinafter. 

[0104] Reference is noW made to FIGS. 1A-1C Which are 
schematic diagrams useful in understanding the principles of 
operation of the methods, devices and systems for propelling 
?uids of the present invention. FIG. 1 schematically illus 
trates a device 2 Which is a part of a micro?uidics system 
(the entire micro?uidics system is not shoWn in detail for the 
sake of clarity of illustration). The device 2 includes an 
openable closed chamber 10. The openable closed chamber 
10 may include chamber Walls 10A. The chamber Walls 10A 
de?ne a space 10B enclosed therebetWeen. Alternatively, the 
openable closed chamber 10 may be an openable sealed 
cavity formed Within a substrate (not shoWn) as disclosed in 
detail hereinafter. The chamber Walls 10A may include an 
openable member 12. The openable member 12 may be an 
integral breachable or openable part or portion of the cham 
ber Walls 10A. The openable member 12 may also be a 
sealing member (not shoWn in detail in FIG. 1A) or a sealing 
layer (not shoWn in detail in FIG. 1A) Which is sealingly 
attached to a substrate (not shoWn) having a cavity formed 
thereWithin ( cavity not shoWn) to form a closed chamber in 
the substrate as is disclosed in detail hereinafter. 

[0105] The openable closed chamber 10 may be opera 
tively connected to a ?oW channel 14. The ?oW channel 14 
may be a discrete holloW tube or conduit or a holloW channel 
formed Within a substrate (not shoWn), or the like. For 
eXample, the chamber 10 and the ?oW channel 14 may be 
formed Within the same substrate (not shoWn). In another 
eXample, the chamber 10 may be suitably attached to the 
?oW channel 14. 

[0106] The ?oW channel 14 may include a drop or a 
quantity of liquid 16 therein. The liquid 16 divides the ?oW 
channel 14 into tWo portions 14A and 14B. The portion 14A 
is opened to the external environment outside the device 2 
through a suitable port or opening 6 Which is in ?uidic 
communication With the environment outside the device 2 or 
the micro?uidics system (not shoWn) Which includes the 
device 2. The pressure Within the portion 14A is equal to the 
ambient pressure P1. The pressure Within the portion 14B of 
the ?oW channel 14 is also equal to the ambient pressure P1. 
The portion 14B is de?ned betWeen the quantity of ?uid 16 
and the openable member 12. 

[0107] In operation, as long as the openable closed cham 
ber 10 remains closed, the pressure P2 Within the space 10B 
is loWer than the ambient pressure P1 outside the device 2 
and the quantity of liquid 16 is stationary. 

[0108] Turning to FIG. 1B, When the openable member 12 
is opened or breached, an opening 12A is formed in the 
openable member 12. The opening 12A may be a crack or a 
passage or a hole, or a number of cracks or passages or holes, 
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or the like, Which are formed in the openable member 12. 
After the openable member 12 is opened, the portion 14B of 
the ?oW channel 14 and the space 10B are in ?uid commu 
nication With each other. The initial pressure P3 Within the 
portion 14B and the space 10B is noW loWer than the 
ambient pressure P1. The pressure gradient AP (AP=P1—P3) 
across the quantity of liquid 16 noW eXerts a net force F1 
schematically represented by the arroW labeled F1 on the 
quantity of liquid 16. The quantity of liquid 16 Will therefore 
move Within the ?oW channel in the direction of the arroW 
labeled F1. As the quantity of liquid 16 further moves Within 
the ?oW channel 14 in the direction of the arroW labeled F1, 
the pressure gradient AP decreases as the pressure Within the 
space 10B increases. 

[0109] Turning to FIG. 1C, the quantity of liquid 16 stops 
moving Within the ?oW channel 14 When the pressure Within 
the space 10B is again equal to the ambient pressure P1. 

[0110] It is noted that the distance AX Which the quantity 
of liquid 16 moves along the ?oW channel 14 betWeen its 
initial position X1 (FIG. 1A) and its ?nal position X2 (FIG. 
1 C), depends, inter alia, on the initial value of the pressures 
P1 and P2, on the initial volume of the portion 14B and on 
the volume of the space 10B. Thus, the distance AX may be 
controlled by changing, inter alia, one or more of the 
parameters, such as but not limited to, the initial value of the 
pressure P2, the initial volume of the portion 14B, and the 
volume of the space 10B. 

[0111] It Will be appreciated by those skilled in the art, that 
the moving of a ?uid Within the device 2 is not limited to the 
moving of a liquid only and that the opening of the openable 
closed chamber 10 may also be used to move another type 
of ?uid, such as a quantity of a gas (not shoWn) or a mixture 
of gases (not shoWn) Within the device 2 or into the device 
2, as is disclosed in detail hereinafter. 

[0112] It is noted that the openable closed chambers of the 
present invention are not limited to moving liquids con 
tained Within a ?oW channel but may also be used for 
draWing a liquid or ?uid into a ?oW channel included Within 
the device. 

[0113] Reference is noW made to FIGS. 2A-2C Which are 
schematic cross-sectional diagrams useful in understanding 
the principles of operation of a method and devices for 
introducing a ?uid into a ?uidics system, in accordance With 
a preferred embodiment of the present invention. 

[0114] In FIG. 2A, the micro?uidics system 22 includes a 
substrate 24 such as but not limited to a silicon substrate 
layer, a slab of glass, a slab of plastic material or any other 
suitable material. The substrate 24 has a holloW passage 25 
formed therein. The passage 25 has a ?rst opening 25A and 
a second opening 25B. The micro?uidics system 22 also 
includes a ?rst openable sealing member 30 sealingly 
attached to the substrate 24 to seal the ?rst opening 25A 
thereof. The ?rst openable sealing member 30 includes a 
sealing layer 32 and a heating element 34 attached to the 
sealing layer 32. Preferably, the sealing layer is made from 
a material having loW permeability to gasses, such as, but 
not limited to silicon nitride, a suitable plastic material or 
any other suitable material. Preferably, the sealing layer 32 
may be attached or bonded to the substrate 24 by being 
deposited upon or formed on the substrate 24 by any suitable 
deposition or forming method knoWn in the art. Alterna 
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tively, the sealing layer 32 may be attached or bonded to the 
substrate 24 by a suitable glue or adhesive (not shown) or by 
any other suitable bonding method. 

[0115] The micro?uidics system 22 also includes a second 
sealing member 36. The second sealing member 36 is 
sealingly attached or bonded to the substrate 24 to seal the 
second opening 25B thereof. Preferably, the second sealing 
member 36 is made from a layer or slab of a material having 
loW permeability to gasses, such as, but not limited to silicon 
nitride, a suitable plastic material such as for eXample 
Kapton®, or any other suitable material. The sealing layer 
32 may be attached to the substrate 24 by a suitable glue (not 
shoWn) or by any other suitable bonding method. 

[0116] The sealing of the passage 25 betWeen the openable 
sealing member 30 and the second sealing member 36 
effectively forms an openable closed chamber 38 Within the 
micro?uidics system 22. The pressure P2 Within the open 
able closed chamber 38 is loWer than the ambient pressure 
P1 outside the micro?uidics system 22. 

[0117] The micro?uidics system 22 also includes a spacer 
layer 40 suitably attached or glued or bonded to the substrate 
24, and a cover layer 42 suitably attached or glued or bonded 
to the spacer layer 40. The spacer layer 40 and the cover 
layer 42 may be made from plastic (such as, for eXample, 
kapton®), silicon, glass or any other suitable material. The 
cover layer 42 has an inlet port 46 formed therein. The inlet 
port 46 comprises a hole or a passage suitably formed Within 
the cover layer 42 and having an opening 46A on the surface 
42A of the cover layer 42. A holloW flow channel 48 is thus 
formed Within the micro?uidics system 22. The flow channel 
48 is in ?uidic communication With the inlet port 46, and the 
pressure Within the flow channel 48 is equal to the ambient 
pressure P1. The heating element 34 of the openable sealing 
member 30 may be an electrically resistive layer of alumi 
num or another suitable metal, or another suitable electri 
cally resistive material. The heating element 34 may be 
operatively connected by suitable electrical conductors (not 
shoWn for the sake of clarity of illustration) or Wires (not 
shoWn) or electrically conducting layers (not shoWn) to a 
suitable electrical poWer source (not shoWn in FIG. 2A), 
such as a battery, an electrochemical chemical cell, a 
charged capacitor, or any other suitable poWer source knoWn 
in the art. When an electrical current flows through the 
heating element 34, the temperature of the heating element 
34 is raised by the poWer dissipated by the current flowing 
through the heating element 34. The heating element 34 is 
thermally coupled to the sealing layer 32. The sealing layer 
32 is therefore heated by the heat flowing from the heating 
element 34. If the sealing layer 32 is made from a brittle or 
refractory material, such as, but not limited to silicon nitride, 
or from other materials such as silicon dioXide, silicon 
carbide, or the like, the heating may result in the develop 
ment of mechanical stresses Within the sealing layer 32. 
These mechanical stresses may open or breach the sealing 
member 30 by causing the formation of cracks or openings 
44 (best seen in FIG. 2C) in the sealing layer 32. 

[0118] If the sealing layer 32 is made from a suitable 
plastic material, such as, but not limited to, Kapton® 
Mylar®, , Polyvinylidene Chloride (PVDC), or from a 
laminate or composite layer including one or more of these 
polymers, the heating may result in the melting of parts of 
the sealing layer 32 or in burning or vaporiZing of part of or 
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all of the sealing layer 32. The burning or melting or 
vaporiZing of the sealing layer 32 or of a part thereof may 
open or breach the sealing member 30 by causing the 
formation of holes, cracks or openings 44 (best seen in FIG. 
2C) in the sealing layer 32. 

[0119] It is noted that, While the heating element 34 of 
FIG. 2B is directly in contact With the sealing layer 32, the 
contact betWeen the heating element 34 and the sealing layer 
is not obligatory. Thus, one or more additional layers (not 
shoWn) may be disposed betWeen the heating element 34 
and the sealing layer. Preferably, but not necessarily, the 
heating element 34 may be thermally coupled to the sealing 
layer 32 by any layers or structures (not shoWn) Which 
intervene betWeen the heating element 34 and the sealing 
layer 32, to ensure heat transfer therebetWeen. HoWever, the 
structure and composition of the heating element 34 and the 
sealing layer 32 may be any suitable structure and compo 
sition, as long as the heating of the heating element 34 
results in the opening or breaching of the sealing member 30 
as disclosed hereinabove, irrespective of the eXact mecha 
nism of the opening or breaching. 

[0120] The breaching or opening of the openable sealing 
member 30 puts the chamber 38 and the flow channel 48 in 
?uidic communication With each other. 

[0121] Turning to FIG. 2B, 21 drop of liquid 50 may be 
placed on the surface 42A of the cover layer 42 such that the 
drop 50 covers the opening 46A of the inlet port 46. Initially, 
after the placement of the drop 50, the pressure Within the 
?ow channel 48 may be nearly equal to the ambient pressure 
P1 outside the micro?uidics system 22 (the pressure Within 
the flow channel 48 need not be identical to the ambient 
pressure due to capillary forces acting on the liquid). 

[0122] Turning noW to FIG. 2C, When an electrical current 
is passed through the heating element 34, the sealing mem 
ber 30 is breached or opened as disclosed in detail herein 
above. The openings 44 formed Within the sealing layer 32 
of the sealing member 30 alloW the pressures Within the flow 
channel 48 and the noW open chamber 38 to equaliZe. The 
initial pressure Within the chamber 38 and the flow channel 
48 is loWer than the ambient pressure P1. This pressure 
difference Will cause the How of liquid from the drop 50 into 
the flow channel 48 of the micro?uidics system 22. Some of 
the liquid from the drop 50 Will thus be draWn into the 
micro?uidics system 22. 

[0123] It is noted that the amount of liquid draWn into the 
flow channel 48 after the opening of the openable closed 
chamber 38 may depend, inter alia, on the pressure P2 Within 
the chamber 38 prior to opening (breaching) of the chamber 
38, on the volume of air (or other gas or gasses) in the flow 
channel 48 after placement of the drop 50 on the opening 
46A of the inlet port 46, and on the internal volume of the 
chamber 38. These parameters may be suitably designed to 
ensure that the desired amount of liquid is draWn into the 
flow channel 48 or a part thereof. It is noted that these 
parameters may be designed such that after the opening of 
the chamber 48, the liquid 50 completely ?lls the flow 
channel 48 and may even partially flow into the chamber 38. 

[0124] Some of the amount of the liquid 50 Which is draWn 
into the flow channel 48 may enter a sample reservoir (not 
shoWn in detail in FIGS. 2A-2C) Which is constructed as part 
of the flow channel 48. The liquid in such a sample reservoir 




































