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is a continuation of U.S. Patent Application No. 09/543,326, filed on April 5, 2000, now 
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5 [3] The invention is further related to U.S. Patent Application No. 10/997,714, 

filed November 24, 2004, by Facer et. al, entitled Devices and Methods for Holding 

Microfluidic Devices, which claims priority to U.S. Provisional Application 60/525,245, 

filed November 26, 2003, by Facer, et. al, the complete disclosures of which are 
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FIELD OF THE INVENTION 

[5] This invention relates to the fields of microfluidics, lab-on-a-chip, and 

20 Polymerase Chain Reactions ("PCR"), biochemical analysis, protein crystallization and 

screening for protein crystallization conditions, microfabrication, laboratory robotics, and 

automated biological screening and analysis, among other fields. 

BACKGROUND OF THE INVENTION 
25 

[6] Crystallization is an important technique to the biological and chemical arts. 

Specifically, a high-quality crystal of a target compound can be analyzed by x-ray 

diffraction techniques to produce an accurate three-dimensional structure of the target. 
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This three-dimensional structure information can then be utilized to predict functionality 

and behavior of the target. 

[7] In theory, the crystallization process is simple. A target compound in pure 

form is dissolved in solvent. The chemical environment of the dissolved target material is 

5 then altered such that the target is less soluble and reverts to the solid phase in crystalline 

form. This change in chemical environment is typically accomplished by introducing a 

crystallizing agent that makes the target material less soluble, although changes in 

temperature and pressure can also influence solubility of the target material. 

[8] In practice however, forming a high quality crystal is generally difficult and 

10 sometimes impossible, requiring much trial and error and patience on the part of the 

researcher. Specifically, the highly complex structure of even simple biological 

compounds means that they are not amenable to forming a highly ordered crystalline 

structure. Therefore, a researcher must be patient and methodical, experimenting with a 

large number of conditions for crystallization, altering parameters such as sample 

15 concentration, solvent type, countersolvent type, temperature, and duration in order to 

obtain a high quality crystal, if in fact a crystal can be obtained at all. 

[9] Accordingly, there is a need in the art for methods and structures for 

performing high throughput screening of crystallization of target materials. 

[10] Microfluidic devices are defined as devices having one or more fluidic 

20 pathways, often called channels, microchannels, trenches, or recesses, having a cross-

sectional dimension below 1000 Inn, and which offer benefits such as increased 

throughput and reduction of reaction volumes. Interfacing microfluidic devices to 

macrosale systems, such as robotic liquid dispensing systems, has been challenging, often 

resulting in a loss of the number of reactions that can be carried out in parallel in a single 

25 microfluidic device. As a non-limiting example, Delucas discloses, among other things, 
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BACKGROUND OF THE INVENTION 25 [6] Crystallization is an important technique
to the biological and chemical arts. Specifically, a high-quality crystal of a
target compound can be analyzed by x-ray diffraction techniques to produce an
accurate three-dimensional structure of the target.  This three-dimensional
structure information can then be utilized to predict functionality and
behavior of the target. (007fIn theory, the crystallization process is simple.
A target compound in pure form is dissolved in solvent. The chemical
environment of the dissolved target material is 5then altered such that the
target is less soluble and reverts to the solid phase in crystalline form.
This change in chemical environment is typically accomplished by introducing a
crystallizing agent that makes the target material less soluble, although
changes in temperature and pressure can also influence solubility of the
target material.  [8] In practice however, forming a high quality crystal is
generally difficult and 10sometimes impossible, requiring much trial and error
and patience on the part of the researcher. Specifically, the highly complex
structure of even simple biological compounds means that they are not amenable
to forming a highly ordered crystalline structure. Therefore, a researcher
must be patient and methodical, experimenting with a large number of
conditions for crystallization, altering parameters such as sample 



using a microfluidic device to conduct nanoliter scale protein crystallization screening 

reactions in a parallel array format. 

[11] Unger discloses, among other things, microfluidic devices having an_ 

elastomeric block with a deflectable membrane. In one embodiment disclosed, -which is 

5 depicted in Figs. 1A and 1B, first elastomeric layer 1, having bottom surface 8 with 

microfabricated recess 2 formed therein, is bonded to top surface 7 of second elastomeric 

layer 3 having microfabricated recess 4 formed therein, to form an elastomeric block 5 

having a first channel 6 fonned from the recess 2 of the first elastomeric layer 1 being 

closed off by top surface 7 of second elastomeric layer 3, and where recess 4 of the 

10 second elastomeric layer is overlapped by first channel 6 fonned, deflectable membrane 8 

is formed by a portion of second elastomeric layer 3 separating first channel 6 from recess 

4 of second elastomeric layer 3. Elastomeric block 5 may then be attached to substrate 9 

so that recess 4 of second elastomeric layer 3 forms second channel 10 with a top surface 

of substrate 9. Fluid flow through second channel 10 may be controlled by actuating 

15 

20 

deflectable membrane 8 to deflect into and out of second channel 10. Deflectable 

membrane 8 may be actuated by increasing or decreasing the fluid pressure in first 

channel 6 to cause deflectable membrane 8 to deflect into or out of second channel 10, 

respectively, Alternatively, by increasing or decreasing the fluid pressure in second 

channel 10, deflectable membrane 8 can be deflected into or out of first channel 6, 

respectively. 

[12] Fig. 1C depicts the use of the device just described wherein liquid is 

introduced into second channel 10 through via 11, which was made by coring a fluid path 

from the top of the elastomeric block through first elastomeric layer 1 part of second 

elastomeric layer 3 into second channel 10. The fluid filling second channel 10 could 

25 then be partitioned by applying fluid pressure, such as gas pressure, through second via 

4 

15concentration, solvent type, countersolvent type, temperature, and duration
in order to obtain a high quality crystal, if in fact a crystal can be
obtained at all.  [9] Accordingly, there is a need in the art for methods and
structures for performing high throughput screening of crystallization of
target materials  [10] Microfluidic devices are defined as devices having one
or more fluidic pathways, often called channels, microchannels, trenches, or
recesses, having a cross-sectional dimension below 1000 bun, and which offer
benefits such as increased throughput and reduction of reaction volumes.
Interfacing microfluidic devices to macrosale systems, such as robotic liquid
dispensing systems, has been challenging, often resulting in a loss of the
number of reactions that can be carried outparallel in a single microfluidic
device. As a non-limiting example, Delucas discloses, among other things,
using a n crofluidic device to conduct nanoliter scale protein crystallization
screening reactions in a parallel array format. [0111Unger discloses, among
other things, microfluidic devices having an. elastomerm block with a
deflectable membrane. In one embodiment disclosed, -which is depicted in Figs.
IA and 1B, first elastomeric layer 1, having bottom surface 8 with
microfabricated recess 2 formed therein, is bonded to top surface 7 of second
elostomel c layer 3 having microfabricated recess 4 formed therein, to form an
elastorneric block 5 having a first channel 6 formed from the recess 2 of the
first elastomeric layer 1 being closed off by top surface 7 of second
elastomeric layer 3, and where recess 4 of the 10 second elastorneric layer is
overlapped by first channel 6 formed, deflectable membrane 8 is formed by a
portion of second elastomeric layer 3 separating first channel 6 from recess 4
of second elastomeric layer 3. Elastomerie block 5 may then be attached to
substrate 9 so that recess 4 of second elastorneric layer 3 forms second
channel 10 with a tnp surface of substrate 9. Fluid flow through second
channel 10 may be controlled by actuating 15deflectable membrane 8 to deflect
into and out of second channel 10. Deflectable membrane 8 may be actuated by
increasing or decreasing the fluid pressure in first channel 6 to cause
deflectable membrane 8 to deflect into or out of second channel 10,
respectively. Alternatively, by increasing or decreasing the fluid pressure in
second channel 10, deflectable membrane 8 can be deflected into or out of
first channel 6, 20respectively. 1012]Fig. 1C depicts the use of the device
just described wherein liquid is 



13, which was made by coring through first elastomeric layer 1 into first channel 6 so that 

when the pressure was increased in first channel 6, deflectable membrane 8 deflected 

down into second channel 10 to contact the surface of substrate 9. Particular devices of 

Unger provide for high-density, reliable microfluidic devices in which the movement of 

5 fluid therein could be evoked and/or regulated by actuating the deflectable membrane to 

cause the membrane to function as part of a valve or pump. 

[13] An ideal application for microfluidic devices is screening for conditions that 

will cause a protein to form a crystal large enough for structural analysis. Protein 

crystallization is an important step in determining the structure of such proteins. 

10 Typically, reactions were set up by manually pipetting a solution containing a protein and 

a solution containing a protein crystallization reagent to cause the protein to form a 

crystal large enough to place in line with an X-ray source to perform X-ray diffraction 

studies. Determining the right conditions that will form a large enough crystal is often 

determined by seemingly countless trial and error experiments. Consequently, precious 

15 protein isolates are exceedingly limited in supply and therefore need to be judiciously 

used while screening for the right crystallization conditions. As a way to spare protein 

consumption during condition screening, efforts were made to reduce the volume of 

protein crystallization assays while increasing the number of experiments performed in 

parallel during the screen. Delucas discloses, among other things, methods and devices 

20 for carrying out nanoliter scale (nanoscale) protein crystallization experiments. In one 

embodiment disclosed, a microfluidic device is used to carryout nanoscale protein 

crystallization experiments in wells formed in a substrate. 

[14] Hansen discloses, among other things, microfluidic devices for carrying out 

protein crystallization reactions. Some of the embodiments disclosed in Hansen employ 

25 Unger's elastomeric block having deflectable membranes therein to regulate fluid flow. 
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introduced into second channel 10 through via 11, which was made by coring a
fluid path from the top of the elastomeric block through first elastomeric
layer 1 part of second elastomeric layer 3 into second channel 10. The fluid
filling second channel 10 could 25then be partitioned by applying fluid
pressure, such as gas pressure, through second via  13, which was made by
coring through first elastornerie layer 1 into first channel 6 so that when
the pressure was increased in first channel 6, delectable membrane 8
deflected down into second channel 10 to contact the surface of substrate 9.
Particular devices of Unger provide for high-density, reliable microfluidic
devices in which the movement of 5fluid therein could be evoked aridlor
regulated by actuating the deflectable membrane to cause the membrane to
function as part of a valve or pump.  [13] An ideal application for
microfluidic devices is screening for conditions that will cause a protein to
form a crystal large enough for structural analysis. Protein crystallization
is an important step in determining the structure of such proteins.
10Typically, reactions were set up by manually pipetting a solution
containing a protein and a solution containing a protein crystallization
reagent to cause the protein to form a crystal large enough to place in line
with an X-ray source to perform K-ray diffraction studies. Determining the
right conditions that will form a large enough crystal is often determined by
seemingly countless trial and error experiments. Consequently, precious
15protein isolates are exceedingly limited in supply and therefore need to be
judiciously used while screening for the right crystallization conditions. As
a way -to spare protein consumption during condition screening, efforts were
made to reduce the volume of protein crystallization assays while increasing
the number of experiments performed in parallel during the screen. Dehicas
discloses, among other things, methods and devices 20for carrying out
nancliter scale (nanoscale) protein crystallization experiments. In one
embodiment disclosed, a microlluidic device is used to carryout nanoscale
protein crystallization experiments in wells formed in a substrate.      [14]
ffanseii discloses, among other things, microflu die devices for carrying out
protein crystallization reactions. Some of the embodiments disclosed in
Hansen employ 25Unger's elastomerie block having deflectable membranes
therein to regulate fluid flow. 



For example, a microfluidic device having a first chamber containing a solution of a 

protein is in fluid communication with a second chamber containing a solution containing 

a crystallizing agent that when contacted with the protein in the first chamber, may induce 

that protein to form crystals. In one example of many, the fluid communication between 

5 each chamber is through one or more channels. A valve situated between each of the 

chambers and in communication with the channel can be actuated to regulate the 

diffusion between the two chambers. The first chamber is in communication with a first 

inlet for introducing the solution containing the protein into the first chamber, and the 

second chamber agent is in communication with a second inlet for introducing the 

10 crystallization agent into that chamber. 

[015] 	Hansen discloses, among other things, a carrier for holding the microfluidic 

device of Hansen. An example of the Hansen carrier is shown in Fig. 2 where 

microfluidic structure 11000, which has several inlets and inlet rows such as well row 

11012a and well row 11012b, sample inlet 11012c and containment valve control inlet 

15 11012d and interface valve control inlet 11012e, is placed inside a frame base 11002 in 

receiving area 1106 having view window 1103 therein. Top frame 11014, which has 

pressure cavities 11026 and 11024 is placed upon frame base 11002 with microfluidic 

structure 11000 sandwiched between so that each pressure cavities seals against well rows 

11012a and 11012b to form pressure chambers on top of each well row. In use, each well 

20 in well rows 11012a and 11012b are typically filled with different reagents for 

crystallizing proteins and sample inlet 11012c is loaded with a sample solution containing 

a protein to be crystallized. Containment valve control inlet 11012d and interface valve 

control inlet 11012e are typically filled with a liquid, such as an oil or water, to 

hydraulically actuate the valves in the microfluidic device. Pneumatic lines are inserted 

25 into control inlets 11012d and 11012e to apply pressurized gas in fluidic communication 
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For example, a microtluid.c device having a first chamber containing a
solution of a protein is in fluid communication with a second chamber
containing a solution containing a crystallizing agent that when contacted
with the pmtein in the first chamber, may induce that protein to form
crystals. In one example of many, the fluid communication between 5each
chamber is through one or more channels. A valve situated between each of the
chambers and in communication with the channel can be actuated to regulate the
diffusion between the two chambers. The first chamber is in communication with
a first inlet for introducing the solution containing the protein into the
first chamber, and the second chamber agent is in communication with a second
inlet for introducing the 10crystallization agent into that chamber.
[0151Hansen discloses, among other things, a carrier for holding the
microfiu'dic device of Hansen. An example of the Hansen carrier is shown in
Fig. 2 where microfluidic structure 11000, which has several inlets and inlet
rows such as well row 11012a and well row 11012b, sample inlet 11012c and
containment valve control inlet 1511012d and interface valve control inlet
11012e, is placed inside a frame base 11002 in receiving area 1106 having view
window 1103 therein. Top frame 11014, which has pressure cavities 11026 and
11024 is placed upon frame base 11 002 with micronuidic structure 11000
sandwiched between so that each pressure cavities seals against wellrows
11012a and 11012b to form pressure chambers on top of each well row. In use,
each well 20in well rows 11012a and 11012b are typically filled with different
reagents for crystallizing proteins and sample inlet 11012c is loaded with a
sample solution containing a protein to be crystallized. Containment valve
control inlet 11012d and interface valve control inlet 11012e are typically
filled with a liquid, such as an oil or water, to hydraulically actuate the
valves in the microfluidic device. Pneumatic lines are inserted 25into control
inlets 11012d and 11012e to apply pressurized gas in fluidic communication  



with the liquid contained within each control inlet channel within the microfluidic device, 

which in turn deflect membrane valve at certain intersections between the channels of the 

first elastomeric layer and the second elastomeric layer, as shown in Fig. 1. 

[16] Likewise, sample solution can be driven into a channel and on into chambers 

5 inside the microfluidic device by similarly applying gas pressure to the sample inlet 

11012c to cause the sample solution to develop hydraulic pressure to move it through the 

channel into the chambers. Reagents loaded into wells of well row 11012a and 11012b 

can also be driven into their corresponding channels and on into chambers inside the 

microfluidic device by applying gas pressure to each of the pressure cavities. Once each 

10 o f sample and reagent chambers within the microfluidic device have been filled, 

containment valves may be then closed by actuating deflectable membranes in 

communication with the inlet channel preceding the chamber to keep the sample and 

reagents inside their corresponding chambers. Meanwhile, an interface valves between 

each of the sample/reagent chamber pairs is kept closed to keep the reagent from 

15 diffusing into the sample and the sample from diffusing into the reagent chambers. After 

the filling of all chambers is complete, free interface diffusion can begin by opening the 

interface valves, while keeping the containment valves closed. 

[17] Protein crystallization experiments performed using the devices disclosed in 

Hansen may take several days to perform. As mentioned, the containment valves must be 

20 kept closed at all time to prevent sample or reagents from moving out of the chambers, 

potentially cross-contaminating each other. Accordingly, a source of pneumatic pressure 

to create a constant source of hydraulic pressure need be maintained to keep the 

containment valves closed. This can be done by having an "umbilical cord" connecting 

the carrier connected to a source of gas pressure such as a regulated gas supply. 

25 However, such umbilical cords may limit a user's ability to move a carrier about a 
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with the liquid contained within each control inlet channel within the
microfluidic device, which in turn deflect membrane valve at certain
intersections between the channels of the first elastomeric layer and the
second elastomeric layer, as shown in Fig. 1. [016]Lilcewise, sample solution
can be driven into a channel and on into chambers inside the microfiuidic
device by similarly applying gas pressure to the sample inlet 11012c to cause
the sample solution to develop hydraulic pressure to move it through the
channel into the chambers. Reagents loaded into wells of well row 11012a and
11912b can also be driven into their corresponding channels and on into
chambers inside the microfluidic device by applying gas presstu-e to each of
the pressure cavities. Once each 10of sample and reagent chambers within the
microfluidie device have been filled, containment valves may be then closed by
actuating deflectable membranes in communication with the inlet channel
preceding the chamber to keep the sample and reagents inside their
corresponding chambers. Meanwhile, an interface valves between each of the
sample/reagent chamber pairs is kept closed to keep the reagent from 15
diffusing into the sample and the sample from diffusing into the reagent
chambers. After the filling of all chambers is complete, free interface
diffusion can begin by opening die interface valves, while keeping the
containment valves closed (017]Protein crystallization experiments performed
using the devices disclosed in Hansen may take several days to perform. As
mentioned, the containment valves must be 20kept closed at all 0. e to prevent
sample or reagents from moving out of the chambers, potentially
cross-contaminating each other. Accordingly, a source of pneumatic pressure to
create a constant source of hydraulic pressure need be maintained to keep the
containment valves closed. This can be done by having an "umbilical cord"
connecting the carrier connected to a source of gas pressure such as a
regulated gas supply. 25However, such umbilical cords may limit a user's
ability to move a carrier about a 



laboratory, for example, into a refrigerator or incubator to achieve temperature control. 

Thus, there is a need for a system that would liberate a microfluidic device, such as those 

described by Hansen or Unger, from the apparent need for an umbilical cord to maintain 

valve actuation. 

5 [18] Schulte, et al. ("Schulte"), US Patent Publication No. 2003-0034306 Al, 

published on February 20, 2003, entitled Well-Plate Microfluidics, which is hereby 

incorporated by reference for all purposes, discloses microfluidic devices, however, there 

are numerous and substantial differences between the invention disclosed herein and the 

devices of Schulte. 

10 

SUMMARY OF THE INVENTION 

[19] The present invention provides microfluidic devices and methods for their use. 

The invention further provides apparatus and systems for using the microfluidic devices 

of the invention, analyze reactions carried out in the microfluidic devices, and systems to 

15 generate, store, organize, and analyze data generated from using the microfluidic devices. 

The invention further provides methods of using and making microfluidic systems and 

devices which, in some embodiments, are useful for crystal formation. 

[20] The invention provides apparatus for operating a microfluidic device. In one 

embodiment, the apparatus includes a platen having a platen face with one or more fluid 

20 ports therein. The fluid ports spatially correspond to one or more wells on a surface of 

the microfluidic device. A platform for holding the microfluidic device relative to the 

platen is included, and a platen actuator for urging the platen against the microfluidic 

device so that at least one of the fluid ports of the platen is urged against one of the wells 

to form a pressure chamber comprising the well and the port, so that when pressurized 
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laboratory, for example, into a refrigerator or incubator to achieve
temperature control. Thus, there Is a need for a system that would liberate a
microflunlic device, such as those described by Hansen or Unger, from the
apparent need for an umbilical cord to maintain valve actuation.
1018]Schulte, et al. ("Schulte"), US Patent Publication No. 2003-0034306 Al,
published on February 20, 2003, entitled Well-Plate Microfluidies, which is
hereby incorporated by reference for all purposes, discloses micro fluidic
devices, however, there are numerous and substantial differences between the
invention disclosed herein and the devices of Schulte. l 0 SUMMARY OF THE
INVENTION 1019]The present invention provides microfluidic devices and
methods for their use. The invention further provides apparatus and systems
for using the microfluidic devices of the invention, analyze reactions
carried out in the microfluidic devices, and systems to 15generate, store,
organize, and analyze data generated from using the microfluidic devices. The
invention further provides methods of using and making microfluidic systems
and devices which, in some embodiments, are useful for crystal formation.
020]The invention provides apparatus for operating a microfluidic device. In
one embodiment, the apparatus includes a platen having a platen face with one
or more fluid 20ports therein. The fluid ports spatially correspond to one or
more wells on a surface of the microfluidic device. A platform for holding
the microfluidic device relative to the platen is included, and a platen
actuator for it.4.ng the platen against the microfluidic device so that at
least one of the fluid ports of the platen is urged against one of the wells
to form a pressure chamber comprising the well and the port, so that when
pressurized 



fluid is introduced or removed into or from the pressure chamber through one of the ports, 

fluid pressure is changed therein. 

[21] In other embodiments, the apparatus includes a robotic platen actuator; the 

platen actuator is under electronic control by a controller; the controller is a computer or 

5 under computer control; the computer is following a program; the program was 

customized by a user of the apparatus; the microfluidic device includes first and second 

chambers in fluid communication with each other through a channel and a valve disposed 

along the channel which when opened or closed controls fluid communication between 

the first and second chambers, and wherein the valve is under the control of an automated 

10 valve actuating device when the microfluidic device is coupled to the platen; the 

automated valve actuating device is further under computer control; the valve is opened 

and closed using the automated valve actuating device; the valve comprises a deflectable 

membrane; and the platen actuator is adapted for delivering a pressurized fluid to the at 

least one fluid pressure port using a pressure between about one pound per square inch (1 

15 psi) and about thirty-five pounds per square inch (35 psi). 

[22] The present invention further provides for microfluidic systems. One such 

system includes a microfluidic device having a plurality of chambers, with the 

microfluidic device coupled to a carrier and at least some of the plurality of chambers 

coupled to a plurality of inlets in the carrier. The system includes an interface plate 

20 adapted to engage at least one of the inlets in the carrier, a fluid source coupled to the 

interface plate and adapted to provide pressurized fluid to at least one of the inlets in the 

carrier, and a controller coupled to the fluid source and to the interface plate for directing 

fluid from the fluid source to the carrier. 

[23] In other embodiments, the microfluidic device further comprises a plurality of 

25 valve lines, and the fluid is directed into at least some of the valve lines by the controller; 

9 

fluid is introduced or removed into or from the pressure chamber through one
of the ports, fluid pressure is changed therein. 10211In other embodiments,
the apparatus includes a robotic platen actuator; the platen actuator is under
electronic control by a controller; the controller is a computer or under
compater control, the computer is following a program; the program was
customized by a user of the apparatus; the microfluidic device includes first
and second chambers in fluid communication with each other through a channel
and a valve disposed along the channel which when opened or closed controls
fluid communication between the first and second chambers, and wherein the
valve is under the control of an automated lvalve actuating device when the
microfluidic device is coupled to the platen; the automated valve actuating
device is further under computer control; the valve is opened and closed using
the automated valve actuating device; the valve comprises a deflectable
membrane; and the platen actuator is adapted for delivering a pressurized
fluid to the at least one fluid pressure port using a pressure between about
one pound per square inch (1 15psi) and about thirty-Five pounds per square
inch (35 psi). [0221The present invention further provides for microfluidic
systems. One such system includes a microfluidic device having a plurality of
chambers, with the rnicrofluidic device coupled to a carrier and at least some
of the plurality of chambers coupled to a plurality of inlets in the carrier.
The system includes an interface plate adapted to engage at least one of the
inlets in the carrier, a fluid source coupled to the interface plate and
adapted to provide pressurized fluid to at least one of the inlets in the
carrier, and a controller coupled to the fluid source and to the interface
plate for directing fluid from the fluid source to the carrier. [0231In other
embodiments, the microfluidic device further comprises a plurality of 25valve
lines, and the fluid is directed into at least some of the valve lines by the
controller;  the controller is further adapted to open and close at least some
of the valve lines; the carrier farther comprises a plurality of wells, and
wherein at least some of the wells are coupled to corresponding inlets of the
plurality of inlets, the corresponding inlets being adapted to receive a fluid
for analysis in the micro fluidic device; the controller is adapted 



the controller is further adapted to open and close at least some of the valve lines; the 

carrier further comprises a plurality of wells, and wherein at least some of the wells are 

coupled to corresponding inlets of the plurality of inlets, the corresponding inlets being 

adapted to receive a fluid for analysis in the micro fluidic device; the controller is adapted 

5 to apply a pressure through the interface plate to at least some of the plurality of wells in 

order to drive the fluid therein into at least some of the plurality of chambers; the 

interface plate comprises two or more separate interface plates each adapted to engage at 

least one inlet in the carrier; the carrier comprises an accumulator chamber having an 

accumulator port, and wherein the interface plate comprises a port that is in fluid 

10 communication with the accumulator chamber; the accumulator chamber further 

comprises a valve for controlling fluid movement into the accumulator chamber through 

the accumulator port, the valve being in fluid communication with the accumulator port; 

the valve permits fluid flow into the accumulator chamber through the accumulator port 

while restricting fluid flow out of the accumulator chamber through the accumulator port; 

15 the valve permits fluid flow out of the accumulator when the valve is actuated; the valve 

is actuated mechanically; the valve is a check valve; the interface plate comprises a valve 

actuator which is adapted to engage the valve when the interface plate and carrier are 

coupled; the accumulator chamber further comprises a liquid; the accumulator chamber 

further comprises a gas, or a gas and a liquid; the gas is pressurized relative to a gas 

20 pressure outside of the accumulator chamber; the interface plate further comprises a 

sealing gasket; the accumulator is adapted to maintain a pressure above a desired pressure 

level in order to a maintain a valve in the microfluidic device in a closed state; and the 

closed valve lasts for at least two (2) days. 

[024] 	The present invention further provides methods for conducting a step in a 

25 protein crystallization condition screening. In one embodiment, the method includes 

10 

5to apply a pressure through the interface plate to at least some of the
plurality of wells in order to drive tile fluid therein into at least some of
the plurality of chambers; the interface plate comprises two or more separate
interface plates each adapted to engage at least one inlet in the carrier;
the carrier comprises an accumulator chamber having an accumulator port, and
wherein the interface plate comprises a port that is in fluid 10communication
with the accumulator chamber; the accumulator chamber further comprises a
valve for controlling fluid movement into the accumulator chamber through the
accumulator port, the valve being in fluid communication with the accumulator
port; the valve permits fluid flow into the accumulator chamber through the
accumulator port while restricting fluid flow out of the accumulator chamber
through the accumulator port; 15the valve permits fluid flow out of the
accumulator when the valve is actuated; the valve is actuated mechanically;
the valve is a check valve; the interface plate comprises a valve actuator
which is adapted to engage the valve when the interface plate and carrier are
coupled the accumulator chamber further comprises a liquid; the accumulator
chamber further comprises a gas, or a gas and a liquid; the gas is
pressurized relative to a gas 20pressure outside of the accumulator chamber;
the interface plate further comprises a scaling gasket; the accumulator is
adapted to maintain a pressure above a desired pressure level in order to a
maintain a valve in the microfluidic device in a closed state; and the closed
valve lasts for at least two (2) days. 10241The present invention further
provides methods for conducting a step in a 25protein crystallization
condition screening. In one embodiment, the method includes  providing a
tnierofluidic device and performing one of the steps from the group
consisting of: robotically filling a well in the microiluidie device with a
reagent, robotically moving the microfluidic device from a robotic liquid
dispensing station to a 



providing a microfluidic device and performing one of the steps from the group 

consisting of: robotically filling a well in the microfluidic device with a reagent, 

robotically moving the microfluidic device from a robotic liquid dispensing station to a 

different location, robotically placing the microfluidic device into the apparatus; 

5 removing the microfluidic device from the apparatus, robotically placing the microfluidic 

device into an optical inspection station, and optically interrogating the microfluidic 

device using an automated imaging system. Robotically means movement of the 

microfluidic device caused by a mechanical device under control of a computer or 

electronic controller. 

10 [25] The invention provides methods for crystallizing a protein. In one 

embodiment the method includes providing a microfluidic device having a first chamber 

having a dimension between 1000 p.m and 1 pm, a second chamber having a dimension 

between 1000pm and 1pm, and a channel having a dimension between 1000 pm and 

1pm. The first and second chambers are in fluid communication with each other through 

15 the channel. A valve is disposed along the channel which, when actuated to open or 

close, controls fluid communication between the first and second chambers. The method 

includes introducing a crystallization reagent into the first chamber, introducing the 

protein in a solution into the second chamber, opening the valve so that the solution 

containing the protein in the second chamber becomes in fluid communication with the 

20 crystallization reagent in the first chamber, and closing the valve after a period of time to 

interrupt fluid communication between the first and second chambers. 

[26] In some embodiments, the method includes wherein the valve is under the 

control of an automated valve actuating device; the automated valve actuating device is 

further under computer control; the valve is opened and closed two or more times; the 

25 microfluidic device is a multilayer microfluidic device; the multilayer microfluidic device 
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different location, robotically placing the in crolluidic device into the
apparatus; 5removing the microtluidie device from the apparatus, robotically
placing the microfluidic device into an optical inspection station, and
optically interrogating the microfluidic device using an automated imaging
system. Robotically means movement of the mierofluidic device caused by a
mechanical device under control of a computer or electronic controller.
1010251The invention provides methods for crystallizing a protein. hi one
embodiment the method includes providing a microfluidic device having a first
chamber having a dimension between 1000 AM and t pm, a second chamber having a
dimension between 1000pm and lpm, and a channel having a dimension between
1000 pm and The first and second chambers are in fluid communication with each
other through 15the channel. A valve is disposed along the channel which, when
actuated to open or close, controls fluid communication between the first and
second chambers. The method includes introducing a crystallization reagent
into the first chamber, introducing the protein in a solution into the second
chamber, opening the valve so that the solution containing the protein in the
second chamber becomes in fluid communication with the 20crystallization
reagent in the first chamber, and closing the valve after a period of time to
interrupt fluid communication between the first and second chambers. [026]In
sonic embodiments, the method includes wherein the valve is under the control
of an automated valve actuating device; the automated valve actuating device
is further under computer control; the valve is opened and closed two or more
times; the 25microfluidic device is a multilayer microfluidic device; the
multilayer microfluidic device 



comprises at least one eiastomeric layer and the valve is comprises a deflectable 

membrane; the two layers of the multilayer microfluidic device comprise an elastomeric 

material and may be bonded together to form an elastomeric block; the two or more 

layers of the multilayer microfluidic device comprise a first channel in a first layer, and a 

5 second channel in a second layer, wherein a portion of the first channel and a portion of 

the second channel overlap at an overlap region; the first and second channels are in fluid 

communication through a via located at the overlap region; the overlap region further 

comprises a deflectable membrane deflectable into either of the first or second channel to 

control fluid movement along the first or second channel; and the deflectable membrane 

10 is integral to either of the first or second layer. 

[27] The invention provides, in one aspect, for a microfluidic device, comprising: a 

first elastomeric layer having a recess with a width dimension between 0.1p,m and 1000 

Am, a second elastomeric layer having a recess with a width dimension between 0.1gm 

and 1000 Am, and a top surface, wherein the first elastomeric layer is bonded to the top 

15 surface of the second elastomeric layer to form an elastomeric block having a deflectable 

portion therein, the elastomeric block having a bottom surface defining a surface area, 

and the elastomeric block having a height, a substrate having a recess therein and a first 

surface, the substrate having a port in the first surface of the substrate, the port being in 

fluid communication with the recess of the substrate, wherein the elastomeric block is 

20 attached to the substrate to form the microfluidic device without the elastomeric block 

occluding the port. 

[28] In some embodiments, the port is a well having an opening in the first surface 

of the substrate, the elastomeric block not occluding the well opening when attached to 

the substrate, the substrate further comprises a second surface different than the first 

25 surface of the substrate, and wherein the elastomeric block is attached to the second 
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comprises at least one elastomeric layer and the valve is comprises a
deflectable membrane; the two layers of the multilayer microfluidic device
comprise an elastorneric material and may be bonded together to form an
elastomeric block; the two or more layers of the multilayer rnicroiluiclic
device comprise a first channel in a first layer, and a 5second channel in a
second layer, wherein a portion of the first channel and a portion of the
second channel overlap at an overlap region; the first and second channels are
in fluid comnumication through a via located at the overlap region; the
overlap region further comprises a deflectable membrane deflectable into
either of the first or second channel to control fluid movement along the
first or second channel; and the deflectable membrane 10is integal to either
of the first or second layer. [0271The invention provides, in one aspect, for
a microfluidic device, comprising: a first elastomeric layer having a recess
with a width dimension between 0.1ra and 1000 gin, a second elastomeric layer
having a recess with a width dimension between 0.1 gm and 1000 gm, and a top
surface, wherein the first elastomeric layer is bonded to the top 15surface of
the second elastomeric layer to form an elastomeric block having a deflectable
portion therein, the elastomeric block having a bottom surface defining a
surface area, and the elastomeric block having a height, a substrate having a
recess therein and a first surface, the substrate having a port in the first
surface of the substrate, the port being in fluid communication with the
recess of the substrate, wherein the elastomeric block is 20attached to the
substrate to form the microfluidic device without the elastomeric block
occluding the port. [0281In some embodiments, the port is a well having an
opening in the first surface     of the substrate, the elastomeric block not
occluding the well opening when attached to the substrate, the substrate
further comprises a second surface different than the first 25surface of the
substrate, and wherein the elastomeric block is attached to the second 



surface of the substrate, the first surface is a top surface of the substrate and the second 

surface is a bottom surface of the substrate, the elastomeric block is attached to the first 

surface of the substrate without the elastomeric block occluding the port, the port is a 

well, the well has a wall having a height that extends above the first surface of the 

5 substrate where the elastomeric block is attached to the substrate, the well wall height is 

coextensive with the elastomeric block height, the well wall height is less than the 

elastomeric block height, the well wall height is greater that the elastomeric block height, 

the recess is a plurality of recesses and the port is a plurality of ports, wherein each port is 

in fluid communication with at least one of the plurality of recesses of the substrate, at 

10 least one of the plurality of ports is a well, the well defines a volume between 0.1 ill and 

400 p,l, the well defines a volume between 0.1 ill and 250 Al, the well defines a volume 

between 0.1 pi and 100 µ1, the well defines a volume between 0.1 ul and 10 ul, at least 

one recess of the plurality of recesses of the substrate has a at least one region having a 

cross-sectional dimension between 0.1 tun and 1000 p,m, at least one of the plurality of 

15 recesses of the substrate has a at least one region having a cross-sectional dimension 

between 0.1 Am and 500 Arn, the recesses of the substrate has a at least one region having 

a cross-sectional dimension between 0.1 ttni and 100 p,M, at least one of the plurality of 

recesses of the substrate has a cross-sectional dimension between 0.1 p,m and 10 Ani, 

and/or where the substrate comprises a polymer, the substrate comprises a polymer is 

20 selected from the group consisting of polymethylmethacrylate, polystyrene, 

polypropylene, polyester, fluoropolymers, polytetrafluoroethylene, polycarbonate, 

polysilicon, and polydimethylsiloxane, the substrate comprises glass or quartz, the 

substrate further comprises a sealing layer attached to the substrate for sealing the 

recesses to form a channel from the recess, the sealing layer comprises a film, the film is 

25 attached by an adhesive, the film is an adhesive film having adhesive thereon prior to 
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surface of the substrate, We lust surface is a top surface of the substrate
and the second surface is a bottom surface of the substrate, the elastomeric
block is attached to the first surface of the substrate without the
elastorneric block occluding the port, the port is a well, the well has a
wall having a height that extends above the first surface of the substrate
where the elastomeric block is attached to the substrate, the well wall
height is coextensive with the elastomeric block height, the well wall height
is less than the elastomeric block height, the well wall height is greater
that the elastorneric block height, the recess is a plurality of recesses and
the port is a plurality of ports, wherein each port is in fluid communication
with at least one of the plurality of recesses of the substrate, at 10 least
one of the plurality of ports is a well, the well defines a volume between
0.1 id and 400 Al, the well defines a volume between 0.1 ill and 250 p1, the
well defines a volume between 0.1 Al and 100 p1, the well defines a volume
between 0.1 ul and 10 ul, at least one recess of the plurality of recesses of
the substrate has a at least one region having a cross-sectional dimension
between 0.1 pm and 1000 pm, at least one of the plurality of 15recesses of
the substrate has a at least one region having a cross-sectional dimension
between 0.1 pm and 500 ft m, the recesses of the substrate has a at least one
region having a cross-sectional dimension between 0,1 pm and 100 pm, at least
one of the plurality of recesses of the substrate has a cross-sectional
dimension between 0,1 nin and 10 pm, and/or where the substrate comprises a
polymer, the substrate comprises a polymer is selected from the group
consisting of polymethylmethacrylate, polystyrene, polypropylene, polyester,
fluoropolymers, polytetrafluoroethylene, polycarbonate, polysilicon, and
polydimethylsiloxane, the substrate comprises glass or quartz, the substrate
nigher comprises a sealing layer attached to the substrate for sealing the
recesses to form a charnel from the recess, the sealing layer comprises a
film, the film is attached by an adhesive, the film is an adhesive film
having adhesive thereon prior to  awaefinteilL or me nun to me substrate, the
elasto eric block further comprises a via, the via provides fluid
communication between the recess in the substrate and the recess in the first
elastomeric layer, the via was formed by coring the elastomeric block, the
via was formed by drilling the elastomeric block, the via was formed by
ablation, the ablation was 5achieved us ng a laser beam, the laser beam was
generated by an ex cimer laser, the via was formed by etching one of the
first or second elastorrieric layers, the via is formed one of the first or
second elastomeric layers prior to forming the elastorneric block, the recess
in the elastomeric layer overlaps the recesses of the second elastameric
layer, wherein the deflectable portion of the elastomeric block is formed
from the second elastomeric layer 10where the recess of the second
clastorneric layer is overlapped by the recess of the first elastomeric layer
to form a deflectable membrane separating the recesses of the first
elastomeric layer from the recess of the second elastomeric, layer, the
recess of the substrate and the via and the recess in the first elastomeric
layer contain a fluid, the fluid, when at a pressure different than a
pressure of a second fluid in the recess of the second 15layer, actuates the
deflectable membrane causing the deflectable membrane to deflect into one of
the recess of first elastomeric layer or the recesses of the second
elastomeric layer, the via is formed by a process using a robotic device
movable in x and y dimensions, the robotic device comprises an x,y movable
stage, at least one of the first and second elastomeric layers comprises an
elastomeric material having a Young's modulus between 1000 Pa and 1,000,000
Pa, at least one of the first and second elastomeric layers comprises an
elastonaeric material having a Young's modulus between 10,000 Pa and 



audonmeni or me nun to me substrate, the elastomeric block further comprises a via, the 

via provides fluid communication between the recess in the substrate and the recess in the 

first elastomeric layer, the via was formed by coring the elastomeric block, the via was 

formed by drilling the elastomeric block, the via was formed by ablation, the ablation was 

5 achieved using a laser beam, the laser beam was generated by an excimer laser, the via 

was formed by etching one of the first or second elastomeric layers, the via is formed one 

of the first or second elastomeric layers prior to forming the elastomeric block, the recess 

in the elastomeric layer overlaps the recesses of the second elastomeric layer, wherein the 

deflectable portion of the elastomeric block is formed from the second elastomeric layer 

10 where the recess of the second elastomeric layer is overlapped by the recess of the first 

elastomeric layer to form a deflectable membrane separating the recesses of the first 

elastomeric layer from the recess of the second elastomeric layer, the recess of the 

substrate and the via and the recess in the first elastomeric layer contain a fluid, the fluid, 

when at a pressure different than a pressure of a second fluid in the recess of the second 

15 layer, actuates the deflectable membrane causing the deflectable membrane to deflect into 

one of the recess of fast elastomeric layer or the recesses of the second elastomeric layer, 

the via is formed by a process using a robotic device movable in x and y dimensions, the 

robotic device comprises an x,y movable stage, at least one of the first and second 

elastomeric layers comprises an elastomeric material having a Young's modulus between 

20 1000 Pa and 1,000,000 Pa, at least one of the first and second elastomeric layers 

comprises an elastomeric material having a Young's modulus between 10,000 Pa and 

1,000,000 Pa, at least one of the first and second elastomeric layers comprises an 

elastomeric material having a Young's modulus between 100,000 Pa and 1,000,000 Pa, at 

least one of the first and second elastomeric layers comprises an elastomeric material 

25 having a Young's modulus between 360,000 Pa and 870,000 Pa, at least one of the 
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1,000,000 Pa, at least one of the first and second elastomeric layers
comprises an elastemeric material having a Young's modulus between 100,000 Pa
and 1,000,000 Pa, at least one of the first and second elastornenc layers
comprises an elastomeric material 25haying a Young's modulus between 360,000
Pa and 870,000 Pa, at least one of the  elastomeric layers comprises
polydimethylsiloxane, at least one of the elastomeric layers comprises a
polymer made from a two-part polymer forming material, at least one of the
elastomeric layers has been plasma etched, the elastomeric block contacts the
substrate, the elastomeric block is bonded to the substrate, between the
elastomeric block and the substrate further comprises a gasket, the
elastoraeric block is glued to the substrate, the port is in fluid
communication with an accumulator chamber, the accumulator chamber has an
accumulator port for introducing fluid into the accumulator chamber, the
accumulator chamber further comprises a valve for controlling fluid movement
into the accumulator chamber through the accumulator port, the valve being in
fluid 10communication with the accumulator port, the valve permits fluid flow
into the accumulator chamber through the accumulator port while restricting
fluid flow out of the accumulator chamber through the accumulator port, the
valve pennits fluid flow out of the accumulator when the valve is actuated,
the valve is actuated mechanically, the valve is a check valve, the
accumulator further comprises a liquid, the accumulator chamber 15further
comprises a gas, the accumulator further comprises a gas and a liquid, the gas
is pressurized relative to a gas pressure outside of the accumulator chamber,
the port is a plurality of ports, and the recess in the substrate is a
plurality of recesses in the substrate, each of the plurality of ports being
in fluid communication with at least one of the plurality of recesses, each of
the plurality of ports are in fluidic communication with one 20 of a plurality
of wells, the wells each have an opening in the first surface, the elastomeric
block not occluding the well opening when attached to the substrate, the well
openings have a center point, and the plurality of wells is spatially arranged
such that the center-tocenter spacing of each well is that of the center-point
spacing of a microliter plate having a format selected from the group of a 96
well microtiter plate, a 384 well microtiter plate, 25a 864 well microtiter
plate, a 1536 well microtiter plate, and a 6144 well microtiter plate,  the
well openings have a center point, and the plurality of wells is spatially
arranged such that the center point-to-center point spacing is about 4.5rnm.
[029]Another aspect of the invention provides for a microfluidic device
comprising: 



elastomeric layers comprises polydimethylsiloxane, at least one of the elastomeric layers 

comprises a polymer made from a two-part polymer follning material, at least one of the 

elastomeric layers has been plasma etched, the elastomeric block contacts the substrate, 

the elastomeric block is bonded to the substrate, between the elastomeric block and the 

5 substrate further comprises a gasket, the elastomeric block is glued to the substrate, the 

port is in fluid communication with an accumulator chamber, the accumulator chamber 

has an accumulator port for introducing fluid into the accumulator chamber, the 

accumulator chamber further comprises a valve for controlling fluid movement into the 

accumulator chamber through the accumulator port, the valve being in fluid 

10 communication with the accumulator port, the valve permits fluid flow into the 

accumulator chamber through the accumulator port while restricting fluid flow out of the 

accumulator chamber through the accumulator port, the valve permits fluid flow out of 

the accumulator when the valve is actuated, the valve is actuated mechanically, the valve 

is a check valve, the accumulator further comprises a liquid, the accumulator chamber 

15 further comprises a gas, the accumulator further comprises a gas and a liquid, the gas is 

pressurized relative to a gas pressure outside of the accumulator chamber, the port is a 

plurality of ports, and the recess in the substrate is a plurality of recesses in the substrate, 

each of the plurality of ports being in fluid communication with at least one of the 

plurality of recesses, each of the plurality of ports are in fluidic communication with one 

20 

25 

of a plurality of wells, the wells each have an opening in the first surface, the elastomeric 

block not occluding the well opening when attached to the substrate, the well openings 

have a center point, and the plurality of wells is spatially arranged such that the center-to-

center spacing of each well is that of the center-point spacing of a microtiter plate having 

a format selected from the group of a 96 well microtiter plate, a 384 well microtiter plate, 

a 864 well microtiter plate, a 1536 well microtiter plate, and a 6144 well microtiter plate, 
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a first layer having therein a first recess; a second layer having a second
layer top surface 5and a second recess therein substrate layer having a top
surface, wherein the first layer is bonded to the second layer such that a
first channel is formed from the first recess and the second layer op surface,
and the second layer is bonded to the substrate such that a second charnel is
formed from the second recess and the substrate top surface, and a portion of
the first channel overlaps a portion of the second channel to form a channel
10overlap and, a first channel-second charnel via establishing fluid
communication between the second channel and the first channel at the channel
overlap, wherein the first channel-second channel via is fowled after the
first layer and the second layer are bonded together to form a microfluidic
block. 10301In other aspects, the first channel-second channel via extends
from the second 15channel and through and beyond the first channel; the first
channel-second channel via is formed by laser ablation; at least one or at
least two of the layers comprises an elastomer; the substrate comprises a
polymer, glass, or quartz; the polymer is selected from the group consisting
of polymethylmethacrylate, polystyrene, polypropylene, polycarbonate,
polysilicon, and plastic; the second layer further comprises a third channel
formed from a 20third recess in the second layer and the top surface of the
substrate wherein a portion of the third channel and a second portion of the
first channel overlap to form a second overlap and wherein the third channel
and the second channel are in fluid communication th-ough a first
channel-third channel via located at the second overlap; the first
channel-second channel via is formed after the first layer and second layer
are bonded; the 75substrate further comprises a substrate recess, a portion of
which is overlapped by a  portion of the first channel to form a first
channel-substrate channet overlap; a sealing layer having a top surface bonded
to the substrate such that at least one of the substrate recesses forms a
substrate channel; and a first channel-substrate channel via located at the
first channel-substrate channel overlap, wherein the first channel and the
substrate 5channel are in fluid communication through the first channel. 



the well openings have a center point, and the plurality of wells is spatially arranged such 

that the center point-to-center point spacing is about 4.5mm. 

[29] Another aspect of the invention provides for a microfluidic device comprising: 

a first layer having therein a first recess; a second layer having a second layer top surface 

5 and a second recess therein; a substrate layer having a top surface, wherein the first layer 

is bonded to the second layer such that a first channel is formed from the first recess and 

the second layer top surface, and the second layer is bonded to the substrate such that a 

second channel is formed from the second recess and the substrate top surface, and a 

portion of the first channel overlaps a portion of the second channel to form a channel 

10 overlap; and, a first channel-second channel via establishing fluid communication 

between the second channel and the first channel at the channel overlap, wherein the first 

channel-second channel via is formed after the first layer and the second layer are bonded 

together to font& a microfluidic block. 

[30] In other aspects, the first channel-second channel via extends from the second 

15 channel and through and beyond the first channel; the first channel-second channel via is 

formed by laser ablation; at least one or at least two of the layers comprises an elastomer; 

the substrate comprises a polymer, glass, or quartz; the polymer is selected from the 

group consisting of polymethylmethacrylate, polystyrene, polypropylene, polycarbonate, 

polysilicon, and plastic; the second layer further comprises a third channel formed from a 

20 third recess in the second layer and the top surface of the substrate wherein a portion of 

the third channel and a second portion of the first channel overlap to form a second 

overlap and wherein the third channel and the second channel are in fluid communication 

through a first channel-third charnel via located at the second overlap; the first channel-

second channel via is formed after the first layer and second layer are bonded; the 

25 substrate further comprises a substrate recess, a portion of which is overlapped by a 
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[01311Another aspect of the invention provides for increasing the density of
reactions within a microfluidic device by interconnecting channels located
within different layers of the rnicrofluidic device, wherein said
interconnections are made using vias, preferably vias formed after two or more
layers containing channels are bonded 10together, more preferably by forming
the vias using a laser ablationTool.  [32] The invention provides, in one
aspect, for a carrier for holding a microfluidic device comprising: a housing,
the housing defining a chamber therein and having a receiving portion for
receiving the microfluidic device; a connection block for retaining the
microfluidic device, wherein the connection block is attachable to the
rnicrofluidic 15device through one or more prongs, and the imicrofluidic
device, when retained by the connection block, is insertable into the
receiving portion of the housing.  [33] Other embodiments include having the
one or more prongs be two or more prongs, having at least one of the one or
more prongs is a tube, having the receiver has at least one slot for guiding
and retaining the rnicrofluidic device when inserted into the 20 receiving
portion, having the receiver further comprises one or more pipette supports
for guiding a pipette tip into the microfluidic device when inserted into the
receiving portion, including one or more accumulators for providing fluid
under pressure to the microfluidic device when inserted into the receiving
portion, preferably where at least one accumulator further comprises a check
valve, having the housing comprises a housing base and a 25housing cover,
preferably where an accumulator is attached to the housing, and preferably
where the housing cover and the housing base are sealed together by a gasket,
including a humidity control material within the housing for providing
humidity control, preferably where the humidity control material is selected
from the group consisting of a sponge, a gel matrix, a desiccant, and a woven
material, having the housing is preferably be made 5from a polymer, more
preferably where the polymer is either polycarbonate or acrylic or
polystyrene, preferably where the accumulator is in fluid communication with
the connection block through one or more accumulator-connection block tubes,
wherein the accumulator-connection block tubes are preferably flexible, having
a first tube of the one or more tubes is in communication with the
microituidic device for controlling one or 10more first valves, preferably
wherein a second tube of the one or more tubes is in 



portion of the first channel to form a first channel-substrate channel overlap; a sealing 

layer having a top surface bonded to the substrate such that at least one of the substrate 

recesses forms a substrate channel; and a first channel-substrate channel via located at the 

first channel-substrate channel overlap, wherein the first channel and the substrate 

5 channel are in fluid communication through the first channel. 

[31] Another aspect of the invention provides for increasing the density of 

reactions within a microfluidic device by interconnecting channels located within 

different layers of the microfluidic device, wherein said interconnections are made using 

vias, preferably vias formed after two or more layers containing channels are bonded 

10 together, more preferably by forming the vias using a laser ablation tool. 

[32] The invention provides, in one aspect, for a carrier for holding a microfluidic 

device comprising: a housing, the housing defining a chamber therein and having a 

receiving portion for receiving the microfluidic device; a connection block for retaining 

the microfluidic device, wherein the connection block is attachable to the microfluidic 

15 device through one or more prongs, and the microfluidic device, when retained by the 

connection block, is insertable into the receiving portion of the housing. 

[33] Other embodiments include having the one or more prongs be two or more 

prongs, having at least one of the one or more prongs is a tube, having the receiver has at 

least one slot for guiding and retaining the microfluidic device when inserted into the 

20 receiving portion, having the receiver further comprises one or more pipette supports for 

guiding a pipette tip into the microfluidic device when inserted into the receiving portion, 

including one or more accumulators for providing fluid under pressure to the microfluidic 

device when inserted into the receiving portion, preferably where at least one accumulator 

further comprises a check valve, having the housing comprises a housing base and a 

25 housing cover, preferably where an accumulator is attached to the housing, and preferably 
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communication with the naicrofluidic device for controlling one or more second
valves, for example, but not limited to, wherein the first valves are
interface valves and/or wherein the second valves are containment valves.
[0341In another embodiment, the present invention provides a device for
15positioning protein crystal within an energy beam comprising a chip for
holding the crystal therein, the chip being made from an elastomeric block
having disposed therein a deflectable membrane. The device includes an adapter
plate for connecting the chip to a post, the chip being connected to the
adapter plate through one or more posts penetrating into the chip, and a
goniometer, wherein the post is connected to the post for positioning 20the
crystal within the beam. In other aspects, the adapter plate is movably
translatable so as to further position the crystal within an axis
perpendicular to the beam; and the goniorneter is rotatable about an axis
perpendicular and intersecting the beam, and the chip is rotated about the
axis of the beam so as to expose different facets of the crystal to the beam.
5  BRIEF DESCRIPTION OF TILE DRAWINGS  [35] Figs. 1.A-1C are simplified
cross-sections of prior art clastonieric blocks; [36] Fig. 2 is a an exploded
view of a prior art carrier and imicrofluidic device;  [37] Fig. 3 is an
exploded view of a carrier and microfluidic device according to an embodiment
of the present invention;  [38] Fig. 4 depicts a perspective view of a carrier
according to an embodiment of 



where the housing cover and the housing base are sealed together by a gasket, including a 

humidity control material within the housing for providing humidity control, preferably 

where the humidity control material is selected from the group consisting of a sponge, a 

gel matrix, a desiccant, and a woven material, having the housing is preferably be made 

5 from a polymer, more preferably where the polymer is either polycarbonate or acrylic or 

polystyrene, preferably where the accumulator is in fluid communication with the 

connection block through one or more accumulator-connection block tubes, wherein the 

accumulator-connection block tubes are preferably flexible, having a first tube of the one 

or more tubes is in communication with the microfluidic device for controlling one or 

10 more first valves, preferably wherein a second tube of the one or more tubes is in 

communication with the microfluidic device for controlling one or more second valves, 

for example, but not limited to, wherein the first valves are interface valves and/or 

wherein the second valves are containment valves. 

[034] 	In another embodiment, the present invention provides a device for 

15 positioning protein crystal within an energy beam comprising a chip for holding the 

crystal therein, the chip being made from an elastomeric block having disposed therein a 

deflectable membrane. The device includes an adapter plate for connecting the chip to a 

post, the chip being connected to the adapter plate through one or more posts penetrating 

into the chip, and a goniometer, wherein the post is connected to the post for positioning 

20 the crystal within the beam. In other aspects, the adapter plate is movably translatable so 

as to further position the crystal within an axis perpendicular to the beam; and the 

goniometer is rotatable about an axis perpendicular and intersecting the beam, and the 

chip is rotated about the axis of the beam so as to expose different facets of the crystal to 

the beam. 
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the present invention;  [39] Fig. 5 depicts a plan view of the carrier shown
in Figs. 3 and 4;  [40] Fig. 6 depicts a cross-sectional view of the
accumulator chamber of the carrier 10shown in Figs. 3-5;  [41] Fig. 7 is a
perspective view of another carrier according to an embodiment of the present
invention;  [42] Fig. 8A depicts a substrate of a microfluidic device that has
integrated pressure accumulator wells according to an embodiment of the
present invention; 15[043]Fig. 8B depicts an exploded view of the microfluidic
device shown in Fig. SA, and bather including an elastomeric block; [44] Fig.
SC is an overall view of the rnicrofluidic device shown in Fig. 8B; [45] Fig.
8D is a plan view of the microfluidic device shown in Fig. 813; [46] Fig. SE
depicts a plan view of the microfinidic device shown in Fig. 8B; 20[047]Fig.
SF depicts a bottom plan view ofmicrofluidic device shown in Fig. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[35] Figs. 1A-1C are simplified cross-sections of prior art elastomeric blocks; 

[36] Fig. 2 is a an exploded view of a prior art carrier and microfluidic device; 

[37] Fig. 3 is an exploded view of a carrier and microfluidic device according to an 

5 embodiment of the present invention; 

[38] Fig. 4 depicts a perspective view of a carrier according to an embodiment of 

the present invention; 

[39] Fig. 5 depicts a plan view of the carrier shown in Figs. 3 and 4; 

[40] Fig. 6 depicts a cross-sectional view of the accumulator chamber of the carrier 

10 shown in Figs. 3-5; 

[41] Fig. 7 is a perspective view of another carrier according to an embodiment of 

the present invention; 

[42] Fig. 8A depicts a substrate of a microfluidic device that has integrated 

pressure accumulator wells according to an embodiment of the present invention; 

15 [43] Fig. 8B depicts an exploded view of the microfluidic device shown in Fig. 8A, 

and further including an elastomeric block; 

[44] Fig. SC is an overall view of the microfluidic device shown in Fig. 8B; 

[45] Fig. 8D is a plan view of the microfluidic device shown in Fig. 8B; 

[46] Fig. 8E depicts a plan view of the microfluidic device shown in Fig. 8B; 

20 [47] Fig. 8F depicts a bottom plan view of the microfluidic device shown in Fig. 

8B; 

[48] Fig. 8G depicts a cross-sectional view of the microfluidic device shown in Fig. 

8B; 

[49] Figs. 9A and 9B are close-up views of a fluidic interface according to an 

25 embodiment of the present invention; 
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8B;  [48] Fig. SG depicts a cross-sectional view of the microfluidic device
shown in Fig. 813;  [49] Figs. 9A and 9B are close-up views of a fluidic
interface according to an 25embodiment of the present invention;  [050]Fig. 9C
is a cross sectional view of a via for use in sonic embodiments of
microfluidic devices of the present invention; [0511Fig. 9D is a blown up view
of a via for use in some embodiments of microfluidic devices of the present
invention; [052]F12. 10 is a plan view of one embodiment of a chip for use
with the present invention; [0531Fig. 11A.-D are close up plan view of
exemplary metering cells in various valve states according to embodiments of
the present invention; [054]Fig. 11E is a photograph of an exemplaty metering
cell format; 



[50] Fig. 9C is a cross sectional view of a via for use in some embodiments of 

microfluidic devices of the present invention; 

[51] Fig. 9D is a blown up view of a via for use in some embodiments of 

microfluidic devices of the present invention; 

5 [52] Fig. 10 is a plan view of one embodiment of a chip for use with the present 

invention; 

[53] Fig. 11A-D are close up plan view of exemplary metering cells in various 

valve states according to embodiments of the present invention; 

[54] Fig. 11E is a photograph of an exemplary metering cell format; 

10 [55] Fig. 11F depicts a high density formal for reacting a plurality of samples 

according to an embodiment of the present invention; 

[56] Fig. 11G is a plan view of one embodiment of a chip for use with the present 

invention; 

[57] Fig. 12A is a perspective view of a station for actuating a microfluidic device 

15 according to an embodiment of the present invention; 

[58] Fig. 12B and 12D are perspective and side views, respectively, of the station 

of Fig. 12A with the platen in a down position; 

[59] Fig. 12C is a side view of the station of Fig. 12A with the platen in an up 

position; 

20 [60] Fig. 12E depicts a close-up view of the platen of Fig. 12A; 

[61] Fig. 12F depicts a cut-away side view of the platen of Fig. 12A; 

[62] Fig. 12G is a close-up view of a purge actuator acting on a check valve 

according to an embodiment of the present invention; 

[63] Fig. 12H depicts a cut-away view of a platen urged against the upper face of a 

25 microfluidic device according to an embodiment of the present invention; 

20 

10[055]Fig. 11.F depicts a high density formal for reacting a plurality of
samples according to an embodiment of the present invention;  [56] Fig. I 1
CT is a plan view of one embodiment of a chip for use with the present
invention;  [57] Fig. 12A is a perspective view of a station for tuating a
microlluidic device 15according to an embodiment of the present invention;
[058.1Fig. 12B and 12D are perspective and side views, respectively, of the
station of Fig. 12A with the platen in a down position; [059]Fig. 12C is a
side view of the station of Fig. 12A with the platen in an up position;
70[060]Fig. 12E depicts a close-up view of the platen of Fig. 12A; [061]Fig,
12F depicts a cut-away side view of the platen of Fig. 12A; [0621Fig. 12G is
a close-up view of a purge actuator acting on a check valve according to an
embodiment of the present invention; 10631Fig. 12H depicts a cut-away view of
a platen urged against the upper face of a 
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[64] Fig. 13 is a rear plan view of fluidic routing within a plate interface or platen 

according to an embodiment of the present invention; 

[65] Fig. 14A is perspective view of a carrier in accordance with an embodiment of 

the present invention; 

[66] Fig. 14B is a top view of an integrated carrier and chip according to an 

embodiment of the present invention; 

[67] Fig. 15A is a simplified overall view of a system according to an embodiment 

of the present invention; 

[68] Fig. 15B is a perspective view of a receiving station in the system of Fig. 15A; 

[69] Fig. 15C is a rear plan view of fluidic routing within a plate interface or platen 

according to another embodiment of the present invention 

[70] Figs. 16A and 16B are cross sectional side views showing an interface plate 

mated to a carrier according to an embodiment of the present invention; and 

[71] Fig_ 17 is an example screen shot available with the system of Fig. 15A. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[72] Systems of the present invention will be particularly useful for metering small 

volumes of material in the context of performing crystallization of target material. A host 

of parameters can be varied during such crystallization screening. Such parameters 

include but are not limited to: 	1) volume of crystallization trial, 2) ratio of target solution 

to crystallization solution, 3) target concentration, 4) cocrystallization of the target with a 

secondary small or macromolecule, 5) hydration, 6) incubation time, 7) temperature, 8) 

pressure, 9) contact surfaces, 10) modifications to target molecules, 11) gravity, and (12) 

chemical variability. Volumes of crystallization trials can be of any conceivable value, 

from the picoliter to milliliter range. 
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25111 icro flutchc device according to an embodiment of the presentinvention;
according to an embodithent of the present invention;  [65] Fig, 14A is
perspective view of a carrier in accordance with an embodiment of the present
invention;  [66] Fig. 14B is a top view of an integrated carrier and chip
according to an embodiment of the present invention;  [67] Fig. 15A is a
simplified overall view of a system according to an embodiment of the present
invention; [0681Fig. 1573 is a perspective view of a receiving station in the
system of Fig. 15A; 10[069]Fig. 15C is a rear plan view of fluidic routing
within a plate interface or platen according to another embodiment of the
present invention  [70] Figs. 16A and 16B are cross sectional side views
showing an interface plate mated to a carrier according to an embodiment of
the present invention and          [71] Fig. 17 is an example-screen shot
available with the system of Fig. 15A. 15 DETAILED DESCRIPTION OF THE
PREFERRED EIVII3ODEvIENTS  [72] Systems of the present invention will be
particularly useful for metering small volumes of material in the context of
performing crystallization of target material. A host of parameters can be
varied during such crystallization screening. Such parameters 20 include but
are not limited to: 1) volume of crystallization trial, 2) ratio of target
solution to crystallization solution, 3) target concentration, 4)
cocrystallization of the target with a secondary small or macromolecule, 5)
hydration, 6) incubation time, 7) temperature, 8) pressure, 9) contact
surfaces, 10) modifications to target molecules, 11) gravity, and (12)
chemical variability. Volumes of crystallization trials can be of any
conceivable value, 



[73] The length of time for crystallization experiments can range from minutes or 

hours to weeks or months. Most experiments on biological systems typically show results 

within 24 hours to 2 weeks. This regime of incubation time can be accommodated by the 

microfluidics devices in accordance with embodiments of the present invention. 

5 [74] The temperature of a crystallization experiment can have a great impact on 

success or failure rates. This is particularly true for biological samples, where 

temperatures of crystallization experiments can range from 0-42° C. Some of the most 

common crystallization temperatures are: 0, 1, 2, 4, 5, 8, 10, 12, 15, 18, 20, 22, 25, 30, 35, 

37, and 42. Microfluidics devices in accordance with embodiments of the present 

10 invention can be stored at the temperatures listed, or alternatively may be placed into 

thermal contact with small temperature control structures such as resistive heaters or 

Peltier cooling structures. In addition, the small footprint and rapid setup time of 

embodiments in accordance with the present invention allow faster equilibration to 

desired target temperatures and storage in smaller incubators at a range of temperatures. 

15 [75] Embodiments of microfluidic structures in accordance with the present 

invention may be employed for applications other than crystallization screening. 

Examples of such applications include those described in PCT application 

PCTfUS01/44869, filed November 16, 2001 and entitled "Cell Assays and High 

Throughput Screening", hereby incorporated by reference for all purposes. Examples of 

20 microfluidic structures suitable for performing such applications include those described 

herein, as well as others described in U.S. Patent Application No. 10/118,466, entitled 

Nucleic Acid Amplification Utilizing Microfluidic Devices, filed April 5, 2002, the 

complete disclosure of which is hereby incorporated by reference for all purposes. 

[76] An embodiment of a method of fabricating a microfluidic device in 

25 accordance with the present invention comprises etching a top surface of a glass substrate 
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25from the picoliter to milliliter range.  10731The length of time for
crystallization experiments can range from minutes or hours to weeks or
months. Most experiments on biological systems typically show results within
24 hours to 2 weeks. This regime of incubation time can be accommodated by
the microfluidies devices in accordance with embodiments of the present
invention. 5[074]The temperature of a crystallization experiment can have a
great impact on success or failure rates. This is particularly true for
biological samples, where temperatures of crystallization experiments can
range from 0-42' C. Some of the most common crystallization temperatures are:
0, 1., 2, 4, 5, 8, 10, 12, 15, 18, 20, 22, 25, 30, 35, 37, and 42.
Microilluidics devices in accordance with embodiments of the present
10invention can be stored at the temperatures listed, or alternatively may be
placed into thermal contact with small temperature control structures such as
resistive heaters or Peltier cooling structures. In addition, the small
footprint and rapid setup time of embodiments in accordance with the present
invention allow faster equilibration to desired target temperatures and
storage in smaller incubators at a range of temperatures. 15[075]Embodiments
of microIluidic structures in accordance with the present invention may be
employed for applications other than crystallization screening. Examples of
such applications include those described in PCT application PCT/US01/44869,
'filed November 16, 2001 and entitled "Cell Assays and High Throughput
Screening", hereby incorporated by reference for all purposes. Examples of
microfluidic structures suitable for performing such applications include
those described herein, as well as others described in U.S. Patent
Application No. 10/118,466, entitled Nucleic Acid Amplification Utilizing
Microfluidic Devices, filed April 5, 2002, the complete disclosure of which
is hereby incorporated by reference for all purposes. [076]An embodiment of a
method of fabricating a microfluidic device in 25accordance with the present
invention comprises etching a top surface of a glass substrate  



to produce a plurality of wells, molding an elastomer block such that a bottom surface 

bears a patterned recess, placing a bottom surface of the molded elastomer block into 

contact with the top surface of the glass substrate, such that the patterned recess is aligned 

with the wells to form a flow channel between the wells. 

5 [77] An embodiment of a method for forming crystals of a target material 

comprises priming a first chamber of an elastomeric microfluidic device with a first 

predetermined volume of a target material solution. A second chamber of an elastomer 

microfluidic device is primed with a second predetennined volume of a crystallizing 

agent. The first chamber is placed into fluidic contact with the second chamber to allow 

10 diffusion between the target material and the crystallizing agent, such that an environment 

of the target material is changed to cause formation of crystal. 

[78] In yet another aspect, chambers or metering cells may be formed in a first 

elastomer layer, said chambers or metering cells being in fluid communication through 

fluid channels, and a second layer having formed therein control channels, wherein 

15 deflectable membranes between the first and second layers are deflectable into the first 

layer to control fluid flow through the fluid channels. A substrate may be mated to the 

first and second layers to impart rigidity or provide for additional fluidic interconnections. 

The microfluidic devices then may be used in conjunction with carriers and/or systems 

for providing process control as further detailed herein. 

20 [79] The present invention provides for microfluidic devices and methods for their 

use. The invention further provides for apparatus for using the microfluidic devices of 

the invention, analyze reactions carried out in the microfluidic devices, and systems to 

generate, store, organize, and analyze data generated from using the microfluidic devices. 

Devices, systems and methods of the present invention will be particularly useful with 

25 various microfluidic devices, including without limitation the Topaz°  series of devices 
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to produce a plurality of wells, molding an elastomer block such that a bottom
surface bears a patterned recess, placing a bottom surface of the molded
elastomer block into contact with the top surface of the glass substrate, such
that the patterned recess is aligned with the wells to loinu a flow channel
between the wells. [077jAn embodiment of a method for forming crystals of a
target material comprises priming a first chamber of an elastomeric
microfluidic device with a first predetermined volume of a target material
solution. A second chamber of an elastomer rnicrofluidic device is primed with
a second predetermined volume of a crystallizing agent. The first chamber is
placed into fluidic contact with the second chamber to allow 10diffusion
between the target material and the crystallizing agent, such that an
environment of the target material is changed to cause fonuation of crystal.
10781In yet another aspect, chambers or metering cells may be formed in a
first elastomer layer, said chambers or metering cells being in fluid
communication through fluid channels, and a second layer having formed therein
control channels, wherein 15deflectable membranes between the first and second
layers are deflectable mbo the first layer to control fluid flow through the
fluid channels. A substrate may be mated to the fast and second layers to
impart rigidity or provide for additional fluidic intercoluiections. The
microfluidic devices then may be used in conjunction with carriers and/or
systems for providing process control as farther detailed herein. [0791The
present invention provides for microfluidic devices and methods for their use.
The invention further provides for apparatus for using the microfluidic
devices of the invention, analyze reactions carried out in the microfluidic
devices, and systems to generate, store, organize, and analyze data generated
from using the micrefluidic devices. Devices, ices, systems and methods of the
present invention will be particularly useful with various microfhaidic
devices, including without limitation the Topa series of devices  available
from Fluidigm, Corporation of South San Francisco, California. The present
invention also will be useful for other in crofabricated fluidic devices
utilizing elastomer materials, including those described generally in U.S.
patent applications 09/826,583 filed April 6, 2001 and entitled
Microfabricated Elastoinerie Valve and Pump Systems; 



available from Fluidig-m, Corporation of South San Francisco, California. The present 

invention also will be useful for other microfabricated fluidic devices utilizing elastomer 

materials, including those described generally in U.S. patent applications 09/826,583 filed 

April 6, 2001 and entitled Microfabricated Elastomeric Valve and Pump Systems; 

5 09/724,784, filed November 28, 2000 and entitled Microfabricated Elastomeric Valve 

and Pump Systems; and 09/605,520, filed June 27, 2000 and entitled Microfabricated 

Elastomeric Valve and Pump Systems. These patent applications are hereby incorporated 

by reference. 

[80] High throughput screening of crystallization of a target material, or 

10 purification of small samples of target material by recrystallization, is accomplished by 

simultaneously introducing a solution of the target material at known concentrations into 

a plurality of chambers of a microfabricated fluidic device. The microfabricated fluidic 

device is then manipulated to vary solution conditions in the chambers, thereby 

simultaneously providing a large number of crystallization environments. Control over 

15 changed solvent conditions may result from a variety of techniques, including but not 

limited to metering of volumes of a crystallizing agent into the chamber by volume 

exclusion, by entrapment of liquid volumes determined by the dimensions of the 

microfabricated structure, or by cross-channel injection into a matrix of junctions defined 

by intersecting orthogonal flow channels. 

20 [81] Crystals resulting from crystallization in accordance with embodiments of the 

present invention can be utilized for x-ray crystallography to determine three-dimensional 

molecular stricture. Alternatively, where high throughput screening in accordance with 

embodiments of the present invention does not produce crystals of sufficient size for 

direct x-ray crystallography, the crystals can be utilized as seed crystals for further 

25 crystallization experiments. Promising screening results can also be utilized as a basis for 
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5091724,784, filed November 28, 2000 and entitled Microfabrteated Elastomeric
Valve and Pump Systems; and 09/605,520, filed June 27, 2000 and entitled
Mierafabricated Elastomeric Valve and Pump Systems. These patent applications
are hereby incorporated by reference, 10801High throughput screening of
crystallization of a target material, or 10purification of small samples of
target material by recrystallization, is accomplished by simultaneously
introducing a solution of the target material at known concentrations into a
plurality of chambers of a microfabricated fluidic device. The mierofabricated
fluidic device is then manipulated to vary solution conditions in the
chambers, thereby simultaneously providing a large number of crystallization
environments. Control over 15changed solvent conditions may result from a
variety of techniques, including but not limited to metering of volumes of a
crystallizing agent into the chamber by volume exclusion, by entrapment of
liquid volumes determined by the dimensions of the rnicrofabricated structure,
or by cross-channel injection into a matrix ofjunctions defined by
intersecting orthogonal flow channels. 2010811Crystals resulting from
crystallization in accordance with embodiments of the present invention can be
utilized for x-ray crystallography to determine three-dimensional molecular
structure. Alternatively, where high throughput screening in accordance with
embodiments of the present invention does not produce crystals of sufficient
size for direct x-ray crystallography, the crystals can be utilized as seed
crystals for further 25crystallization experiments. Promising screening
results can also be utilized as a basis for  further screening focusing on a
narrower spectrum of crystallization conditions, in a manner analogous to the
use of standardized sparse matrix techniques. 



further screening focusing on a narrower spectrum of crystallization conditions, in a 

manner analogous to the use of standardized sparse matrix techniques. 

[82] Systems and methods in accordance with embodiments of the present 

invention are particularly suited to crystallizing larger biological macromolecules or 

5 aggregates thereof, such as proteins, nucleic acids, viruses, and protein/ligand complexes. 

However, crystallization in accordance with the present invention is not limited to any 

particular type of target material. Further, while embodiments of the present invention 

discussed utilize diffusion of crystallizing agent in the liquid phase, vapor diffusion is 

another technique that has been employed to induce crystal formation. 

10 [83] Embodiments of microfluidic devices in accordance with the present invention 

may utilize on-chip reservoirs or wells. However, in a microfluidic device requiring the 

loading of a large number of solutions, the use of a corresponding large number of input 

tubes with separate pins for interfacing each well may be impractical given the relatively 

small dimensions of the fluidic device. In addition, the automated use of pipettes for 

15 dispensing small volumes of liquid is known, and thus it therefore may prove easiest to 

utilize such techniques to pipette solutions directly on to wells present on the face of a 

chip. 

[84] Capillary action may not be sufficient to draw solutions from on-chip wells 

into active regions of the chip, particularly where dead-ended chambers are to be primed 

20 with material. In such embodiments, one way of loading materials into the chip is 

through the use of external pressurization. Again however, the small dimensions of the 

device coupled with a large number of possible material sources may render impractical 

the application of pressure to individual wells through pins or tubing. 

1085] 	Turning now to Fig. 3, a microfluidic device according to an embodiment of 

25 the present invention will be described having one or more integrated fluid pressure 
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[082]Systems and methods in accordance with embodiments of the present
invention are particularly suited to crystallizing larger biological
macromolecules or 5aggregates thereof, such as proteins, nucleic acids,
viruses, and prote'n/ligand complexes. However, crystallization in accordance
with the present invention is not limited to any particular type of target
material. Further, while embodiments of the present invention discussed
utilize diffusion of crystallizing agent in the liquid phase, vapor diffusion
is another technique that has been employed to induce crystal formation,
10[083]Embodiments of rnicrofluidic devices in accordance with the present
invention may utilize on-chip reservoirs or wells. However, in a microfluidic
device requiring the loading of a large number of solutions, the use of a
corresponding large number of input tubes with separate pins for interfacing
each well may be impractical given the relatively small dimensions of the
fluidic device. In addition, the automated use of pipettes for 15 dispensing
small volumes of liquid is known, and thus it therefore may prove easiest to
utilize such techniques to pipette solutions directly on to wells present on
the face of a chip, [084]Capillary action may not be sufficient to draw
solutions from on-chip wells into active regions of the chip, particularly
where dead-ended chambers are to be primed 20with material. In such
embodiments, one way of loading materials into the chip is through the use of
external pressurization. Again however, the small dimensions of the device
coupled with a large number of possible material sources may render
impractical the application of pressure to individual wells through pins or
tubing. 10851Turning now to Fig. 3, a microfluidie device according to an
embodiment of 25the present invention will be described having one or more
integrated fluid pressure  



storage chambers or accumulators to provide a source of fluid pressure to one or more 

deflectable membranes within the microfluidic device. Fig. 3 depicts a preferred 

embodiment of a carrier 323 with an integrated pressure accumulator. Carrier 323 

comprises a carrier base 301 which has a receiving area 300 for receiving and maintaining 

5 the position of a microfluidic device 305 inside carrier 323. Microfluidic device 305 may 

be a wide range of devices within the scope of the present invention, including Topaz®  

1.96 and Topaz°  4.96 chips available from Fluidigm Corporation. 

[86] Microfluidic device 305 comprises one or more well rows 306 having one or 

more inlet wells 307 that are in fluid communication with channels inside microfluidic 

10 device 305, a containment valve inlet 320, an interface valve inlet 321, and a sample inlet 

324. A carrier top 309 includes pressure cavities 310 and 311 which are positioned in 

contact with well rows 306 to form a common pressure chamber over each well 307 for 

each well row 306. Pressure chamber inlets 313 and 314 are used to supply gas pressure 

to each pressure chamber when formed with each pressure cavity contacting the surface 

15 of microfluidic device 305. 

[87] Carrier 323 further includes a pressure accumulator 324 which is preferably 

formed by attaching an accumulator top portion 303 to a portion of carrier base 301 

forming an accumulator chamber 304 therein. Fluid, preferably gas, is introduced into 

acctunulator chamber 304 through an accumulator inlet 317 which is in fluid 

20 communication with accumulator chamber 304. Preferably, an accumulator check valve 

302 is placed in-line between accumulator inlet 317 and accumulator chamber 304 to 

maintain fluid pressure within accumulator chamber 304 even after the disconnection of a 

fluid pressure source (not shown) from accumulator inlet 317. Preferably, accumulator 

check valve 302 is housed in a "dry-well" inside of accumulator chamber 304 when gas is 

25 used to pressurize accumulator chamber 304 while a portion of accumulator chamber 304 
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storage chambers or accumulators to provide a source of fluid pressure to one
or more deflectable membranes within the microfluidic device. Fig. 3 depicts a
preferred embodiment of a carrier 323 with an integrated pressure accumulator.
Carrier 323 comprises a carrier base 301 which has a receiving area 300 for
receiving and maintaining 5the position of a rnicrofluiclic device 305 inside
carrier 323, ivficrofluidic device 305 may be a wide range of devices within
the scope of the present invention, including Topaz''' 1.96 and Topaz(r) 4.96
chips available from Fluidigni. Corporation. [086]Microfluidic device 305
comprises one or more well rows 306 having one or more inlet wells 307 that
are in fluid communication with channels inside mierofluidic 10device 305, a
containment valve inlet 320, an interface valve inlet 321, and a sample inlet
324. A carrier top 309 includes pressure cavities 310 and 311  wh ch are
positioned in contact with well rows 306 to form a common pressure chamber
over each well 307 for each well row 306. Pressure chamber inlets 313 and 314
are used to supply gas pressure to each pressure chamber when formed with each
pressure cavity contacting the surface 15of microfluidic device 305.
10871Carrier 323 further includes a pressure accumulator 324 which is
preferably formed by attaching an accumulator top portion 303 to a portion of
carrier base 301 forming an accumulator chamber 304 therein. Fluid, preferably
gas, is introduced into accumulator chamber 304 through an accumulator inlet
317 which is in fluid 20communication with accumulator chamber 304.
Preferably, an accumulator check valve 302 is placed in-line between
accumulator inlet 317 and accumulator chamber 304 to maintain fluid pressure
within accumulator chamber 304 even after the disconnection of a fluid
pressure source (not shown) from aceumulator inlet 317. Preferably,
accumulator check valve 302 is housed in a "dry-well" inside of accumulator
chamber 304 when gas is used to pressurize accumulator chamber 304 while a
portion of accumulator chamber 304  



contains a liquid to create hydraulic pressure with the liquid contained therein. The 

liquid, under hydraulic pressure, can be in turn used to actuate a deflectable portion, such 

as a membrane, preferably a valve membrane, inside of microfluidic device 305 by 

supplying hydraulic pressure through an accumulator outlet 316 that is in fluid 

5 communication with accumulator chamber 304 and at least one channel within 

microfluidic device 305. 

[088] 	In the embodiment shown in Fig. 3, carrier top 309 is attached to carrier base 

301 by one or more screws 309 being threaded into corresponding one or more screw 

holes 333 of carrier base 301 so that a compressive force is maintained between carrier 

10 top 309 and the top surface of microfluidic device 305 so that pressure cavities 310 and 

311 form fluid tight seals around well rows 306. An interface pressure supply line inlet 

318 connects to an interface pressure supply line 319 which is also inserted into interface 

valve inlet 321 of microfluidic device 305 to provide a source of pressurized fluid, 

preferably gas, or hydraulic pressure to a second channel within microfluidic device 305 

15 to actuate at least one second deflectable portion, preferably a deflectable membrane of a 

second interface valve, within microfluidic device 305. One or more metering cells 308 

within microfluidic device 305 are in fluid communication with well inlets 307 and a 

sample inlet 334. In some embodiments, a protein crystallization metering cell, such as 

one described in Hansen, is provided, wherein a first and a second chamber are in fluid 

20 communication through one or more interface channels therebetween, wherein the 

interface channels further comprise an interface valve for controlling diffusion or fluid 

movement between each chamber. Each chamber is further in fluid communication with 

an inlet for introducing a fluid into each chamber, the inlets being in fluid communication 

with the chambers through channels inside the microfluidic device. 
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contains a liquid to create hydraulic pressure with the liquid contained
therein. The liquid, under hydraulic pressure, can be in turn used to actuate
a deflectable portion, such as a membrane, preferably a valve membrane, inside
of microrluidic device 305 by supplying hydraulic pressure through an
accumulator outlet 316 that is in fluid 5communication with accumulator
chamber 304 and at least one channel within microlluidic device 305. [088]In
the embodiment shown in Fig. 3, carrier top 309 is attached to carrier base
301 by one or more screws 309 being threaded into corresponding one or more
screw holes 333 of carrier base 301 so that a compressive force is maintained
between carrier 10top 309 and the top surface of rnicrofluidic device 305 so
that pressure cavities 310 and 311 form fluid tight seals around well rows
306. An interface pressure supply line inlet 318 connects to an interface
pressure supply line 319 which is also inserted into interface valve inlet 321
of microfluirlio device 305 to provide a source of pressurized fluid,
preferably gas, or hydraulic pressure to a second channel within microfluidic
device 305 15to actuate at least one second deflectable portion, preferably a
deflectable membrane of a second interface valve, within microfluidic device
305. One or more metering cells 308 within microfluidic device 305 are in
fluid communication with well inlets 307 and a sample inlet 334. In some
embodiments, a protein crystallization metering cell, such as one described in
Hansen, is provided, wherein a first and a second chamber are in fluid
communication through one or more interface channels therebetwecn, wherein the
interface channels further comprise an interface valve for controlling
diffusion or fluid movement between each chamber. Each chamber is further in
fluid communication with an inlet for introducing a fluid into each chamber,
the inlets being in fluid communication with the chambers through channels
Inside the microfluidic device.  [0891One method of using carrier 323
according to the present invention will be described. With carrier top 309
off, wells 307 are filled with reagents. A sample solution is injected into
sample inlet 334 using a micropipettor. The interface valve within each
metering cell 308 is closed by applying pressure to interface valve inlet 321
through 5interface pressure supply line 319. The sample solution may be
further moved inside of microfluidic device 305 by further applying pressure
(e,g., in the form of gas pressure) into sample inlet 334 to push the sample
solution into the sample reagent of metering cell 308. Hydraulic liquid,
preferably water, more preferably oil, still more preferably Krytox(R) GL I
00(tm) oil, which is polyhexafluoropropylene oxide, or a blend of oils and 



1989.1 	One method of using carrier 323 according to the present invention will be 

described. With carrier top 309 off, wells 307 are filled with reagents. A sample solution 

is injected into sample inlet 334 using a micropipettor. The interface valve within each 

metering cell 308 is closed by applying pressure to interface valve inlet 321 through 

5 interface pressure supply line 319. The sample solution may be further moved inside of 

microfluidic device 305 by further applying pressure (e.g., in the form of gas pressure) 

into sample inlet 334 to push the sample solution into the sample reagent of metering cell 

308. Hydraulic liquid, preferably water, more preferably oil, still more preferably 

Krytox(R) GL100(tm) oil, which is polyhexafluoropropylene oxide, or a blend of oils and 

10 other solvents, such as water, is introduced into interface valve inlet 320 and containment 

valve inlet 321, preferably by using a micropipettor. Containment line 300 and control 

line 319 are inserted into inlets 320 and 321, respectively, and carrier top 309 is affixed to 

carrier base 301 with microfluidic device 3 05 therebetween. 

[90] Fig. 4 depicts a perspective view of carrier 323 shown in Fig. 3. Fig. 5 depicts 

15 a plan view of the carrier shown in Fig. 3 and 4. Fig. 6 depicts a cross-sectional view of 

accumulator chamber 304 inside accumulator 324 showing an angled chamber floor 

angled downward with respect to accumulator chamber cover 303 which permits liquid to 

drain towards line 300, and also shows access screw 335 which can be removed for 

adding or removing fluids, preferably liquids as shown partially occupying accumulator 

20 chamber 304. A side view of check valve 302 is shown situated inside of dry-well 340 

defined by dry-well wall(s) 340.1. 

[91] Fig. 7 depicts a carrier similar to the carrier shown in Figs 3-6, however, 

instead of a single accumulator being present, two separate accumulators 303.1 and 303.2 

are integrated into the carrier. In a preferred use, the second accumulator is used to 

25 actuate, and maintain actuation of a second deflectable portion of the microfluidic device, 
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10other solvents, such as water, is introduced into interface valve inlet 320
and containment valve inlet 321, preferably by using a micropipettor.
Containment line 300 and control line 319 are insetted into inlets 320 and
321, respectively, and carrier top 309 is affixed to carrier base 301 with
microfluidic device 305 therebetween.  [90] Fig. 4 depicts a perspective view
of carrier 323 shown in Fig. 3. Fig. 5 depicts 15a plan view of the carrier
shown in Fig. 3 and 4. Fig, 6 depicts a cross-sectional view of accumulator
chamber 304 inside accumulator 324 showing an angled chamber floor angled
downward with respect to accumulator chamber cover 303 which permits liquid to
drain towards line 300, and also shows access screw 335 which can be removed
for adding or removing fluids, preferably liquids as shown partially occupying
accumulator 20chamber 304. A side view of check valve 302 is shown situated
inside of dry-well 340 defined by dry-well wall(s) 340,1.  [91] Fig. 7 depicts
a carrier similar to the carrier shown in Figs 3-6, however, instead of a
single accumulator being present, two separate accumulators 303.1 and 303.2
are integrated into the carrier. In a preferred use, the second accumulator
used to 25actuate, and maintain actuation of a second deflectable portion of
the micro fluidic device,  preterably a second deflectable membrane valve. In
a particularly preferred embodiment, the first accumulator is used to actuate
interface valves within a metering cell, and the second accumulator is used to
actuate containment valves within a metering cell, independent of each other.
In yet other embodiments, a plurality of accumulators may also be included to
provide for independent actuation of additional valve systems or to drive
fluid through a microfhfidic device. [092]In an alternative embodiment of the
present invention, Fig. 8A depicts a substrate 800 of a microfluidie device
that has integrated pressure accumulator wells 801 and 802, each having
therein a drywell 803, 804 for receiving a valve, preferably a check 



preterably a second deflectable membrane valve. In a particularly preferred embodiment, 

the first accumulator is used to actuate interface valves within a metering cell, and the 

second accumulator is used to actuate containment valves within a metering cell, 

independent of each other. 	In yet other embodiments, a plurality of accumulators may 

5 also be included to provide for independent actuation of additional valve systems or to 

drive fluid through a microfluidic device. 

[92] In an alternative embodiment of the present invention, Fig. 8A depicts a 

substrate 800 of a microfluidic device that has integrated pressure accumulator wells 801 

and 802, each having therein a drywell 803, 804 for receiving a valve, preferably a check 

10 valve attached to a cover (see Fig. 8B). Substrate 800 further includes one or more well 

banks 806a, b, c, and d, each having one or more wells 805 located therein. Each of the 

wells 805 of substrate 800 have channels leading from well 805 to elastomeric block 

location 807 within substrate 800 for attaching an elastomeric block, preferably an 

elastomeric block formed from two or more layers of elastomeric material having 

15 microfabricated recesses or channels formed therein. 

[93] Fig. 8B depicts an exploded view of a complete microfluidic device 899 

comprising the components shown in Fig. 8A, and further comprising an elastomeric 

block 808 which is attached, or more preferably bonded, and yet more preferably directly 

bonded, preferably without use of adhesives to the elastomeric block location 807 of 

20 substrate 800 to form the complete microfluidic device 899 (Fig. 8C). Within elastomeric 

block 808 are one or more channels in fluid communication with one or more vias 814, 

which in turn provide fluid communication between the channels within the elastomeric 

block and channels within the substrate which then lead to wells 805 within well rows 

806a-d to provide for fluid communication between wells 805 of substrate 800 and the 

25 channels within elastomeric block 808. Accumulator well tops 809 and 810 are attached 
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10valve attached to a cover (see Fig. 8B). Substrate 800 further includes one
or more well banks 806a, b, c, and d, each having one or more wells 805
located therein. Each of the wells 805 of substrate 800 have channels leading
from well 805 to elastomeric block location 807 within substrate 800 for
attaching an elastomeric block, preferably an elastomeric block formed from
two or more layers of elastomenic material having 15microfabricated recesses
or channels formed therein. [0931Fig. 8B depicts an exploded view of a
complete rnicrofluidic device 899 conmdsing the components shown in Fig. 8A,
and further comprising an elastorneric block 808 which is attached, or more
preferably bonded, and yet more preferably directly bonded, preferably without
use of adhesives to the elastomeric block location 807 of 20substrate 800 to
form the complete microfluidic device 899 (Fig. 8C). Within elastomeric block
808 are one or more channels in fluid communication with one or more vias 814,
which in turn provide fluid communication between the channels within the
elastomeric block and channels within the substrate which then lead to wells
805 within well rows 806a-d to provide for fluid communication between wells
805 of substrate 800 and the 25channels within elastorneric block 808.
Accumulator well tops 809 and 810 are attached  to accumulator welts bUl. and
bUZ to fonn accwnulator chambers 815 and 816. Accumulator well tops 809 and
810  include valves 812 and 811, respectively, which are preferably check
valves for introducing and holding gas under pressure into accumulator
chambers 815 and 816. Valves 811  and 812 are situated inside of drywells 802
and 804 to keep liquid, when present in accumulator chambers 815 and 816, from
contacting valves 811  and 812. Valves 811 and 812 preferably may be
mechanically opened by pressing a shave, pin or the like, within a preferred
check valve to overcome the self closing force of the check valve to permit
release of pressure from the accumulator chamber to reduce the pressure of the
fluid contained within the accumulator chamber. l[0941Fig. 8D depicts a plan
view of microfluiclic device 899 and wells 805, wherein a port located
adjacent the base of the well, preferably the bottom, or alternatively the
side of well 805 for passage of fluid from the well into a channel formed in
substrate 800, preferably on the side of substrate 800 opposite of well 805.
In a particularly preferred embodiment, substrate 800 is molded with recesses
therein, the recesses being made into 15channels by a sealing layer,
preferably an adhesive film or a sealing layer. [0951Substrate 800 and its
associated components may be fabricated from 



to accumulator wells bui and 602 to form accumulator chambers 815 and 816. 

Accumulator well tops 809 and 810 include valves 812 and 811, respectively, which are 

preferably check valves for introducing and holding gas under pressure into accumulator 

chambers 815 and 816. Valves 81 1 and 812 are situated inside of drywells 802 and 804 

5 to keep liquid, when present in accumulator chambers 815 and 816, from contacting 

valves 811 and 812. Valves 811 and 812 preferably may be mechanically opened by 

pressing a shave, pin or the like, within a preferred check valve to overcome the self 

closing force of the check valve to permit release of pressure from the accumulator 

chamber to reduce the pressure of the fluid contained within the accumulator chamber. 

10 [94] Fig. 8D depicts a plan view of microfluidic device 899 and wells 805, wherein 

a port is located adjacent the base of the well, preferably the bottom, or alternatively the 

side of well 805 for passage of fluid from the well into a channel formed in substrate 800, 

preferably on the side of substrate 800 opposite of well 805. In a particularly preferred 

embodiment, substrate 800 is molded with recesses therein, the recesses being made into 

15 channels by a sealing layer, preferably an adhesive film or a sealing layer. 

[95] Substrate 800 and its associated components may be fabricated from 

polymers, such as polypropylene, polyethylene, polycarbonate, high-density 

polyethylene, polytetrafluoroethylene PTFE or Teflon (R), glass, quartz, or a metal (for 

example, aluminum), transparent materials, polysilicon, or the like. Accumulator well 

20 tops 809 and 810 further may comprise access screws 812 which can be removed to 

introduce or remove gas or liquid from accumulator chambers 815 and 816. Preferably, 

valves 812 and 811 can be actuated. to release fluid pressure otherwise held inside of 

accumulator chambers 815 and 816. Notch 817 is used to assist correct placement of the 

microfluidic device into other instrumentation, for example, instrumentation used to 

25 operate or analyze the microfluidic device or reactions carried out therein. Fig. 8D 
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polymers, such as polypropylene, polyethylene, polycarbonate, high-density
polyethylene, polytetrafluoroethylene PTFE or Teflon 02.), glass, quartz, or
a metal (for example, aluminum), transparent materials, polysilicon, or the
like. Accumulator well 20tops 809 and 810 further may comprise access screws
812 which can he removed to introduce or remove gas or liquid atm accumulator
chambers 815 and 816. Preferably, valves 812 and 811 can be actuated to
release fluid pressure otherwise held inside of accumulator chambers 815 and
816. Notch 817 is used to assist correct placement of the microfluidic device
into other instrumentation, for example, instrumentation used to 25operate or
analyze the microfluidic device or reactions carried out therein. Fig. 8D
runner depicts a hydration chamber 850 surrounding elastomeric block region
807, which can be covered with a hydration cover 851 to form a humidification
chamber to facilitate the control of humidity around the elastomeric block.
Humidity can be increased by adding volatile liquid, for example water, to
humidity chamber 851, preferably by wetting 5a blotting material or sponge.
Polyvinyl alcohol may preferably be used. Humidity control can be achieved by
varying the ratio of polyvinyl alcohol and water, preferably used to wet a
blotting material or sponge. Hydration can also be controlled by using a
humidity control device such as a HUM[IDEPAKPA humidification package which,
for example, uses a water vapor perrneable but liquid impermeable envelop to
hold a salt 10solution having a salt concentration suitable for maintaining a
desired humidity level. See U.S. Patent No. 6,244,432 by Saari et al" which
is herein incorporated by reference for all purposes including the specific
purpose of humidity control devices and methods. Hydration cover 850 is
preferably transparent so as to not hinder visualization of events within the
elastomeric block daring use. Likewise, the portion of substrate 800 beneath
15the elastorneric block region 807 is preferably transparent, but may also
be opaque or reflective. 1096]Fig. 8E depicts a plan view of substrate 800
with its channels formed therein 



ninner depicts a hydration chamber 850 surrounding elastomeric block region 807, which 

can be covered with a hydration cover 851 to form a humidification chamber to facilitate 

the control of humidity around the elastomeric block. Humidity can be increased by 

adding volatile liquid, for example water, to humidity chamber 851, preferably by wetting 

5 a blotting material or sponge. Polyvinyl alcohol may preferably be used. Humidity 

control can be achieved by varying the ratio of polyvinyl alcohol and water, preferably 

used to wet a blotting material or sponge. Hydration can also be controlled by using a 

humidity control device such as a HUMIDTPAK" humidification package which, for 

example, uses a water vapor permeable but liquid impermeable envelop to hold a salt 

10 solution having a salt concentration suitable for maintaining a desired humidity level. See 

U.S. Patent No. 6,244,432 by Saari et al, which is herein incorporated by reference for all 

purposes including the specific purpose of humidity control devices and methods. 

Hydration cover 850 is preferably transparent so as to not hinder visualization of events 

within the elastomeric block during use. Likewise, the portion of substrate 800 beneath 

15 the elastomeric block region 807 is preferably transparent, but may also be opaque or 

reflective. 

[96] Fig. 8E depicts a plan view of substrate 800 with its channels formed therein 

providing fluid communication between wells 805 and elastomeric block 808 (not shown) 

which is attached to substrate 800 within elastomeric block region 807, through channels 

20 872. Accumulator chambers 801 and 802 are in fluid communication with elastomeric 

block region 807 and ultimately, elastomeric block 808, through channels 870. 

[97] Fig. SF depicts a bottom plan view of substrate 800. In a particularly preferred 

embodiment, recesses are formed in the bottom of substrate 800 between a first port 890 

which passes through substrate 800 to the opposite side where wells 805 are formed and a 
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providing fluid communication between wells 805 and elastomeric block 808 (not
shown) which is attached to substrate 800 within elastomeric block region 807,
through channels ')c)872. Accumulator chambers 801 and 802 are in fluid
communication with elastomeric block region 807 and ultimately, elastorneric
block 808, through channels 870. [097]Fig. SF depicts a bottom plan view of
substrate 800. In a particularly preferred embodiment, recesses are formed in
the bottom of substrate SOO between a first port 890 which passes through
substrate 800 to the opposite side where wells 805 are formed and a  second
port 892 which passes through substrate 800 in fluid communication with a via
in elastomeric block 808 (not shown). [098]Fig. 8G depicts a cross-sectional
view of substrate 800 with elastomeric block 808 situated in elastomeric block
region 807 along with sealing layer 881 attached to the 5side of substrate 800
opposite of elastomeric block 808. Well 805 is in fluid communication with
elastomeric block 808 through first port 890, channel 870, and second port 892
and into a recess of elastomeric layer 808, which is sealed by a top surface
897 of substrate 800 to form a channel 885. Sealing layer 881 forms channel
870 from recesses molded or machined into a bottom surface 898 substrate 800.
Sealing layer 10881 is preferably a transparent material, for example,
polystyrene, polycarbonate, or polypropylene. In one embodiment, sealing layer
881 is flexible such as in adhesive tape, and may be attached to substrate 800
by bonding, such as with adhesive or heat sealing, or mechanically attached
such as by compression. Preferably materials for sealing layer 881 are
compliant to form fluidic seals with each recess to form a fluidic channel
with 15minimal leakage. Seating layer 881 may further be supported by an
additional support 



second port 892 which passes through substrate 800 in fluid communication with a via in 

elastomeric block 808 (not shown). 

[98] Fig. 8G depicts a cross-sectional view of substrate 800 with elastomeric block 

808 situated in elastomeric block region 807 along with sealing layer 881 attached to the 

5 side of substrate 800 opposite of elastomeric block 808. Well 805 is in fluid 

communication with elastomeric block 808 through first port 890, channel 870, and 

second port 892 and into a recess of elastomeric layer 808, which is sealed by a top 

surface 897 of substrate 800 to form a channel 885. Sealing layer 881 forms channel 870 

from recesses molded or machined into a bottom surface 898 substrate 800. Sealing layer 

10 881 is preferably a transparent material, for example, polystyrene, polycarbonate, or 

polypropylene. In one embodiment, sealing layer 881 is flexible such as in adhesive tape, 

and may be attached to substrate 800 by bonding, such as with adhesive or heat sealing, 

or mechanically attached such as by compression. Preferably materials for sealing layer 

881 are compliant to form fluidic seals with each recess to faun a fluidic channel with 

15 minimal leakage. Sealing layer 881 may further be supported by an additional support 

layer that is rigid (not shown). In another embodiment, sealing layer 881 is rigid. 

[99] Fig. 9A depicts a close-up detail of the fluidic interface between elastomeric 

block 808 and elastomeric block region 807 of substrate 800. As described in Unger and 

Hansen, elastomeric blocks may be fanned from multiple layers of elastomeric material 

20 bonded together to form an elastomeric block. Preferably at least two of the layers of the 

elastomeric block have recesses. For example, a first elastomeric layer having recesses 

formed therein is bonded to a second elastomeric layer having recesses fanned therein to 

form an elastomeric block having recesses formed therein. The recesses of the first 

elastomeric layer are wholly or partly closed off to form channels in the first elastomeric 

25 layer. The recesses formed in the second elastomeric layer are likewise wholly or partly 
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layer that is rigid (not shown). In another embodiment, sealing layer 881 is
rigid. 10991Fig. 9A depicts a close-up detail of the fluidic interface
between elasto ieric block 808 and elastomeric block region 807 of substrate
800. As described in Unger and Hansen, elastorneric blocks may be formed from
multiple layers of elastomeric material bonded together to form an
elastomeric block. Preferably at least two of the layers of the elastomeric
Hock have recesses. For example, a first elastomerie layer having recesses
formed therein is bonded to a second elastomeric layer having recesses formed
therein to form an elastomeric block having recesses formed therein. The
recesses of the first elastomeric layer are wholly or partly closed off to
form channels in the first elastomeric 25layer. The recesses foirred in the
second elastomeric layer are likewise wholly or partly  closed off to form
channels in the second elastomeric layer when the elastomeric layer is bonded
to a substrate, thereby forming a microfluidic device having multiple layers
with channels formed therein. [0100]Turning to Figs. 9A and 93, a first
elastomeric layer 920 having a bottom surface with first recesses 901 formed
therein and second elastomeric layer 923 having a top surface and a bottom
surface with second recesses 905 formed therein are bonded together to form
elastomeric block having channel 907 (formed from first recess 901 and the
top surface of second elastomeric layer 923. Substrate 800 is attached to the
bottom surface of the second elastomeric layer 923 to form channel 909 from
top surface 897 of 10 substrate 800 and the bottom surface of second
elastorneric layer 923. Port 892 may connect channel 872 of substrate 800
with channel 909 of the second elastomeric layer, which is partly formed by
the top surface of substrate 800. Alternatively as shown in Figs. 9A-9B, port
892 connects channel 872 of substrate 800 with channel 907 for first
elastomeric layer 920 of elastonaeric block 808 through a via 950, Via 950 is
formed 15about normal to substrate surface 897, preferably formed in second
elastomeric layer 923, prior to its bonding with elastonaeric layer 920, and
more preferably after the first and second clastomerie layers are bonded
together. See co-pending and commonly assigned U.S. Provisional Patent
Application Serial 'No. 60/557,715 by Unger filed on March 29, 2004, which is
incorporated by reference for all purposes and the specific purpose of
70teaching via formation using automated laser ablation systems and methods.
Exemplary methods for creating vias include microfabricating while forming
second clastomeric layer 923, laser drilling, laser drilling with a CO2
laser, laser drilling with an excimer laser, drilling mechanically, and
coring, preferably wherein the drilling is performed by a robotic drill
system, preferably one having an x,y automated stage.  



closed off to form channels in the second elastomeric layer when the elastomeric layer is 

bonded to a substrate, thereby forming a microfluidic device having multiple layers with 

channels formed therein. 

[0100] 	Turning to Figs. 9A and 9B, a first elastomeric layer 920 having a bottom 

5 surface with first recesses 901 formed therein and second elastomeric layer 923 having a 

top surface and a bottom surface with second recesses 905 formed therein are bonded 

together to form elastomeric block having channel 907 (formed from first recess 901 and 

the top surface of second elastorneric layer 923. Substrate 800 is attached to the bottom 

surface of the second elastomeric layer 923 to form channel 909 from top surface 897 of 

10 substrate 800 and the bottom surface of second elastomeric layer 923. Port 892 may 

connect channel 872 of substrate 800 with channel 909 of the second elastomeric layer, 

which is partly formed by the top surface of substrate 800. Alternatively as shown in 

Figs. 9A-9B, port 892 connects channel 872 of substrate 800 with channel 907 for first 

elastomeric layer 920 of elastomeric block 808 through a via 950. Via 950 is formed 

15 about normal to substrate surface 897, preferably formed in second elastomeric layer 923, 

prior to its bonding with elastomeric layer 920, and more preferably after the first and 

second elastorneric layers are bonded together. See co-pending and commonly assigned 

U.S. Provisional Patent Application Serial No. 60/557,715 by Unger filed on March 29, 

2004, which is incorporated by reference for all purposes and the specific purpose of 

20 teaching via formation using automated laser ablation systems and methods. Exemplary 

methods for creating vias include microfabricating while forming second elastomeric 

layer 923, laser drilling, laser drilling with a CO2  laser, laser drilling with an excimer 

laser, drilling mechanically, and coring, preferably wherein the drilling is performed by a 

robotic drill system, preferably one having an x,y automated stage. 
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[0101]Fig. 9B depicts the microfluidic device of Fig. 9A, wherein channel 907
of first elastomeric layer 920 overlaps channel 909 of second elastomeric
layer 923 to form a deflectable portion within the elastorneric block,
preferably an elastomeric membrane, preferably formed from a portion of
second elastomeric layer 923. Fluid pressure is 5 transmitted to channel 907
of first &Easton-ter-ie. layer 920 from a pressurized fluid source (not
shown) through channel 872, port 892, and via 950 to cause elastorneric
membrane 990 to deflect downward to control fluid flow or diffusion through
channel 909 of second elastomeric layer 923. [0102]Fig. 9C depicts a cross
sectional view of another preferred use of a via in the 10microfluidic
devices described herein. Microfluidic block 921 includes first layer 920
having first layer recess (or channel when bonded to a second layer) 907
formed therein and second layer 923 having second layer recesses (or channels
when bonded to a substrate) 950 therein. l'wo second layer channels are in
fluid communication through a first layer channel by way of two or more vias
950. Preferably, at least one via 950 is in 15further fluid communication
with well 999 of substrate 800 through a substrate recess 892 (or channel if
a sealing layer (not shown) is bonded to substrate SOO). At least one second
layer channel 909 is overlapped by a portion of first layer channel 907
without being in fluid communication. In the embodiment shown in Fig. 9C, a
higher density of reaction and/or detection zones per lit area of
microiluidic device may be achieved because a 20fluid channel in one layer
can be routed over or under an intervening fluid channel within the same
layer. Ablation debris chambers 989 are present to catch debris produced from
laser ablating via 950. Debris chamber 989 may be cast into layer 920 by
two-layer casting methods, wherein after a first layer of photoresist has
been patterned and developed, a second layer of photoresist is overlaid over
the first pattern, and a second 25pattern is formed upon the pattern of the
first photoresist layer such that a regions of  



[0101] 	Fig. 9B depicts the microfluidic device of Fig. 9A, wherein channel 907 of 

first elastomeric layer 920 overlaps channel 909 of second elastomeric layer 923 to form a 

deflectable portion within the elastomeric block, preferably an elastomeric membrane, 

preferably formed from a portion of second elastomeric layer 923. Fluid pressure is 

5 transmitted to channel 907 of first elastomeric layer 920 from a pressurized fluid source 

(not shown) through channel 872, port 892, and via 950 to cause elastomeric membrane 

990 to deflect downward to control fluid flow or diffusion through channel 909 of second 

elastomeric layer 923. 

[0102] 	Fig. 9C depicts a cross sectional view of another preferred use of a via in the 

10 microfluidic devices described herein. Microfluidic block 921 includes first layer 920 

having first layer recess (or channel when bonded to a second layer) 907 formed therein 

and second layer 923 having second layer recesses (or channels when bonded to a 

substrate) 950 therein. Two second layer channels are in fluid communication through a 

first layer channel by way of two or more vias 950. Preferably, at least one via 950 is in 

15 further fluid communication with well 999 of substrate 800 through a substrate recess 892 

(or channel if a sealing layer (not shown) is bonded to substrate 800). At least one second 

layer channel 909 is overlapped by a portion of first layer channel 907 without being in 

fluid communication. In the embodiment shown in Fig. 9C, a higher density of reaction 

and/or detection zones per unit area of microfluidic device may be achieved because a 

20 fluid channel in one layer can be routed over or under an intervening fluid channel within 

the same layer. Ablation debris chambers 989 are present to catch debris produced from 

laser ablating via 950. Debris chamber 989 may be cast into layer 920 by two-layer 

casting methods, wherein after a first layer of photoresist has been patterned and 

developed, a second layer of photoresist is overlaid over the first pattern, and a second 

25 pattern is formed upon the pattern of the first photoresist layer such that a regions of 
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photoresist pattern may be of different heights. Multiple layers can be built
up upon one another to create patterns of varying heights. Different
photoresist materials may also be used so that, for example, the upper layer
of photoresist is capable of reflowing when heated, while the lower layer is
made of a photoresist that does not substantially reflow at 5the same heated
temperature. [0103]Fig. 9D depicts a blovni up view of a via 950 that
interconnects channels from two different layers. IViicrofluidic block 921 is
formed from first layer 920 having channel 907 therein, and second layer 923
having second channel 909 formed therein. Via 950 interconnects channels 907
and 909 together. Also shown is debris chamber 989 1.0which was cast into
layer 920 by a multi-height molding process as described above. When via 950
is formed by laser ablation, debris or material from one of the layers may
reside in the upper portion of channel 907 where the via is formed. Providing
a chamber for such debris or material to reside in after ablation helps to
prevent closure or stenosis of channel 907 or 909. 15[0104]The flow channels
of the present invention may optionally be designed with different cross
sectional sizes and shapes, offering different advantages, depending upon
their desired application. For example, the cross sectional shape of the
lower flow channel may have a curved upper surface, either along its entire
length or in the region disposed under an upper cross channel). Such a curved
upper surface facilitates valve sealing, as 20follows. Membrane thickness
profiles and flow channel cross-sections contemplated by the present
invention include rectangular, trapezoidal, circular, ellipsoidal, parabolic,
hyperbolic, and polygonal, as well as sections of the above shapes. More
complex cross-sectional shapes, such as an embodiment with protrusions or an
embodiment having concavities in the flow channel, are also contemplated by
the present invention.  L0105]in addition, while the invention is described
primarily in conjunction with an embodiment wherein the walls and ceiling of
the flow channel are formed from 



photoresist pattern may be of different heights. Multiple layers can be built up upon one 

another to create patterns of varying heights. Different photoresist materials may also be 

used so that, for example, the upper layer of photoresist is capable of reflowing when 

heated, while the lower layer is made of a photoresist that does not substantially reflow at 

5 the same heated temperature. 

[0103] 	Fig. 9D depicts a blown up view of a via 950 that interconnects channels from 

two different layers. Microfluidic block 921 is formed from first layer 920 having 

channel 907 therein, and second layer 923 having second channel 909 formed therein. 

Via 950 interconnects channels 907 and 909 together. Also shown is debris chamber 989 

10 which was cast into layer 920 by a multi-height molding process as described above. 

When via 950 is formed by laser ablation, debris or material from one of the layers may 

reside in the upper portion of channel 907 where the via is formed. Providing a chamber 

for such debris or material to reside in after ablation helps to prevent closure or stenosis 

of channel 907 or 909. 

15 [0104] 	The flow channels of the present invention may optionally be designed with 

different cross sectional sizes and shapes, offering different advantages, depending upon 

their desired application. For example, the cross sectional shape of the lower flow channel 

may have a curved upper surface, either along its entire length or in the region disposed 

under an upper cross channel). Such a curved upper surface facilitates valve sealing, as 

20 follows. Membrane thickness profiles and flow channel cross-sections contemplated by 

the present invention include rectangular, trapezoidal, circular, ellipsoidal, parabolic, 

hyperbolic, and polygonal, as well as sections of the above shapes. More complex cross-

sectional shapes, such as an embodiment with protrusions or an embodiment having 

concavities in the flow channel, are also contemplated by the present invention. 
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elastomer, and the floor of the channel is formed from an underlying
substrate, the present invention is not limited to this particular
orientation. Walls arid floors of channels could 5also be formed in the
underlying substrate, with only the ceiling of the flow channel constructed
from elastomer. This elastomer flow channel ceiling would project downward
into the channel in response to an applied actuation force, thereby
controlling the flow of material through the flow channel. In general,
monolithic elastomer structures are preferred for microfluidic applications.
However, it may be useful to employ 10channels founed in the substrate where
such an arrangement provides advantages. For instance, a substrate including
optical waveguicles could be constructed so that the optical waveguides direct
light specifically to the side of a microfluidic channel. [0106]Fig. 10
depicts a plan view of a preferred embodiment wherein ninety-six (96) separate
metering cells are foimed within an elastomeric block 808. In a preferred
15embodiment, hydration lines 1010 are provided adjacent each elastorneric
block inlet which connects ports within substrate 800 (not shown) to channels
within elastomeric block 808, to provide a source of solutions at a selected
osmolarity to provide a source of hydration and/or osmo -regulation to
portions of elastomeric block 808. [0107]Fig. 11A depicts a close-up plan view
of an exemplary metering cell used for 20protein crystallization wherein fluid
flow in adjacent channels and chambers is controlled by deflectable membrane
valves, preferably opposing "T" or tee shaped interdigitated valves 1100. hi
preferred embodiments, when a series of channels and reagent chambers are
located in close proximity such that osmolarity differences between adjacent
reagent chambers or channels may cause migration of fluid, typically in vapor
form, through the 25elastcnneric layers of the elastorneric block, using
discontinuous valve lines serve to 



[0105] 	In addition, while the invention is described primarily in conjunction with an 

embodiment wherein the walls and ceiling of the flow channel are formed from 

elastomer, and the floor of the channel is formed from an underlying substrate, the present 

invention is not limited to this particular orientation. Walls and floors of channels could 

5 also be formed in the underlying substrate, with only the ceiling of the flow channel 

constructed from elastomer. This elastomer flow channel ceiling would project 

downward into the channel in response to an applied actuation force, thereby controlling 

the flow of material through the flow channel. In general, monolithic elastomer structures 

are preferred for microfluidic applications. However, it may be useful to employ 

10 channels formed in the substrate where such an arrangement provides advantages. For 

instance, a substrate including optical waveguides could be constructed so that the optical 

waveguides direct light specifically to the side of a microfluidic channel. 

[0106] 	Fig. 10 depicts a plan view of a preferred embodiment wherein ninety-six (96) 

separate metering cells are formed within an elastomeric block 808. In a preferred 

15 embodiment, hydration lines 1010 are provided adjacent each elastomeric block inlet 

which connects ports within substrate 800 (not shown) to channels within elastomeric 

block 808, to provide a source of solutions at a selected osmolarity to provide a source of 

hydration and/or osmo-regulation to portions of elastomeric block 808. 

[0107] 	Fig. 11A depicts a close-up plan view of an exemplary metering cell used for 

20 protein crystallization wherein fluid flow in adjacent channels and chambers is controlled 

by deflectable membrane valves, preferably opposing ''T" or tee shaped interdigitated 

valves 1100. In preferred embodiments, when a series of channels and reagent chambers 

are located in close proximity such that osmolarity differences between adjacent reagent 

chambers or channels may cause migration of fluid, typically in vapor form, through the 

25 elastomeric layers of the elastomeric block, using discontinuous valve lines serve to 
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"osmotically" isolate reagent chambers when compared to linear valve lines 119
which have a shorter fluid distance between each chamber. [0108]Fig. 11B
depicts a valve state for a metering cell. Within metering cell 1101 show,
reagent chambers 1103 and protein chamber 1104 are isolated from each other by
5the actuation of interface valves 1106 while reagent and protein solution are
introduced into each respective chamber. Once filled, containment valves 1109
are closed, as shown in Fig. 11C and free interface diffusion is performed by
opening interface valves 1106. As shown in Fig. 11D, diffusion may be
interrupted by closing interface valve 1106 to permit, for example,
dehydration to occur if the ambient humidity around or within 10elastomerie
block 808 is reduced. 10109]Fig. lIE is a photograph of an exemplary metering
cell format. [01101Fig. 11F depicts a high density format for reacting a
plurality of samples with a plurality of reagents, for example, preferably
four (4) samples with ninety-six (96) reagents; eight (8) samples with
ninety-two (92) reagents, and so forth, including, but not 15limited to
forty-eight (48) samples with forty-eight (48) reagents. Each reaction pair
may be separately mixed or combined, such as by diffusion, the format
utilizing fluid channel overpasses or underpasses to route other intervening
fluid channels. Fig. 11F is a close up view of an example of a use of vias to
increase the reaction/detection region density of a rnicrofluidic chip. A
close up view 11110 is provided of four sets of metering cells for 20 carrying
out reactions such as protein crystallization experiments. Metering cell 11100
comprises four sets of chambers in each set having a first chamber and a
second chamber in fluid communication and separated by an interface valve
11020. With interface valve 11020 closed, reagents are introduced though ports
such as poet 11050 which is in fluid communication with a metering cell 11100
for filling reagent chambers 11030, and 25sample inlet ports 11080 and 11070,
and two of which are not shown, such as protein 



"osmotically" isolate reagent chambers when compared to linear valve lines 119 which 

have a shorter fluid distance between each chamber. 

[0108] 	Fig. 11B depicts a valve state for a metering cell. Within metering cell 1101 

show, reagent chambers 1103 and protein chamber 1104 are isolated from each other by 

5 the actuation of interface valves 1106 while reagent and protein solution are introduced 

into each respective chamber. Once filled, containment valves 1109 are closed, as shown 

in Fig. 11C and free interface diffusion is performed by opening interface valves 1106. 

As shown in Fig. 11D, diffusion may be interrupted by closing interface valve 1106 to 

pen-nit, for example, dehydration to occur if the ambient humidity around or within 

10 elastomeric block 808 is reduced. 

[0109] 	Fig. 11E is a photograph of an exemplary metering cell format. 

[0110] 	Fig. 11F depicts a high density format for reacting a plurality of samples with 

a plurality of reagents, for example, preferably four (4) samples with ninety-six (96) 

reagents; eight (8) samples with ninety-two (92) reagents, and so forth, including, but not 

15 limited to forty-eight (48) samples with forty-eight (48) reagents. Each reaction pair may 

be separately mixed or combined, such as by diffusion, the format utilizing fluid channel 

overpasses or underpasses to route other intervening fluid channels. Fig. 11F is a close 

up view of an example of a use of vias to increase the reaction/detection region density of 

a microfluidic chip. A close up view 11110 is provided of four sets of metering cells for 

20 carrying out reactions such as protein crystallization experiments. Metering cell 11100 

comprises four sets of chambers in each set having a first chamber and a second chamber 

in fluid communication and separated by an interface valve 11020. With interface valve 

11020 closed, reagents are introduced though ports such as port 11050 which is in fluid 

communication with a metering cell 11100 for filling reagent chambers 11030, and 

25 sample inlet ports 11080 and 11070, and two of which are not shown, such as protein 
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samples, which are transported to sample chambers 11090 through channels which
are interconnected through vies 11040, which allow or the samples to pass over
the sample branch channels 11120. Widened channel paths, such as 11020a
indicate where a deflectable membrane valve is present that is formed by the
overlapping of a first layer channel and a second layer channel. Comparatively
narrower charnel segments represent, when overlapping other channels, regions
where a deflectable membrane is not formed and therefore does net act as a
valve. The architectures described herein this application may, as one of
skill in the art would realize, be reversed in order. For example, a fluid
layer may be foimed inside of a thicker layer, and a thinner layer may be
10used as a control layer, and that each layer may possess both control and
fluid channels therein and may be in fluid communication with one or more
different layers through vies. Preferably, the devices described herein may be
made of one or more elastomeric layers, preferably wherein two or more layers
are bonded together. Layers may be bonded together, preferably by using
complimentary chemistries in two or more layers 15which, when contacted, bond
together, or more preferably, wherein one at more layers is treated with
plasma, preferably Ar plasma, and more preferably, clean dry air plasmas
etching prior to bonding, and preferably by bonding with an adhesive,
preferably an adhesive comprising components similar or complimentary to the
chemistry of one or more of the layers being bonded together. Adhesives may be
applied by spin coating a 20layer surface, or by spin coating a layer of
adhesive onto a surface and stamping a layer on such spun adhesive to apply
adhesive to such layer prior to bonding the layer to another layer. [0111]Fig.
11G depicts a plan view of a preferred embodiment wherein four (4) sets of
ninety-six (96) separate metering cells are forming in an elastomenc block.
101121'the extremely small volumes capable of being delivered by pumps and
valves in accordance with the present invention represent a substantial
advantage. Specifically, the smallest known volumes of fluid capable of being
manually metered is around 0.1 1.tl. The smallest known volumes capable of
being metered by automated systems is about ten-times larger (1 id). Utilizing
pumps and valves in accordance with the present invention, volumes of liquid
of 10 n1 or smaller can routinely be metered and dispensed. 



samples, which are transported to sample chambers 11090 through channels which are 

interconnected through vias 11040, which allow for the samples to pass over the sample 

branch channels 11120. Widened channel paths, such as 11020a indicate where a 

deflectable membrane valve is present that is formed by the overlapping of a first layer 

5 channel and a second layer channel. Comparatively narrower channel segments 

represent, when overlapping other channels, regions where a deflectable membrane is not 

formed and therefore does not act as a valve. The architectures described herein this 

application may, as one of skill in the art would realize, be reversed in order. For 

example, a fluid layer may be formed inside of a thicker layer, and a thinner layer may be 

10 used as a control layer, and that each layer may possess both control and fluid channels 

therein and may be in fluid communication with one or more different layers through 

vias. Preferably, the devices described herein may be made of one or more elastomeric 

layers, preferably wherein two or more layers are bonded together. Layers may be 

bonded together, preferably by using complimentary chemistries in two or more layers 

15 which, when contacted, bond together, or more preferably, wherein one or more layers is 

treated with plasma, preferably Ar plasma, and more preferably, clean dry air plasmas 

etching prior to bonding, and preferably by bonding with an adhesive, preferably an 

adhesive comprising components similar or complimentary to the chemistry of one or 

more of the layers being bonded together. Adhesives may be applied by spin coating a 

20 layer surface, or by spin coating a layer of adhesive onto a surface and stamping a layer 

on such spun adhesive to apply adhesive to such layer prior to bonding the layer to 

another layer. 

[01111 	Fig. 11G depicts a plan view of a preferred embodiment wherein four (4) sets 

of ninety-six (96) separate metering cells are forming in an elastomeric block. 
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The accurate metering of extremely small volumes of fluid enabled by the
present invention would be extremely valuable in a large number of biological
applications, including diagnostic tests and assays. 10[0113]Equation 1
represents a highly simplified mathematical model of deflection of a
rectangular, linear, elastic, isotropic plate of uniform thickness by an
applied pressure: [0114]w = (BP1?)/(Eh3), where: [0115]w - deflection of
plate; [0116]B = shape coefficient (dependent upon length vs. width and
support of cedges of plate); [0117]P = applied pressure; [0118]h = plate width
[0119]E = Young's modulus [0120]h= plate thickness. 20[0121]Thus even in this
extremely simplified expression, deflection of an elastomenc membrane in
response to a pressure will be a function of: the length, width, and thickness
of the membrane, the flexibility of the membrane (Young's modulus), and the
applied actuation force. Because each of these parameters will vary widely
depending upon the actual dimensions and physical composition of a particular
elastomeric device in accordance with the present invention, a wide range of
membrane thicknesses and 



[0112] 	The extremely small volumes capable of being delivered by pumps and valves 

in accordance with the present invention represent a substantial advantage. Specifically, 

the smallest known volumes of fluid capable of being manually metered is around 0,1 IAl. 

The smallest known volumes capable of being metered by automated systems is about 

5 ten-times larger (1111). Utilizing pumps and valves in accordance with the present 

invention, volumes of liquid of 10 n1 or smaller can routinely be metered and dispensed. 

The accurate metering of extremely small volumes of fluid enabled by the present 

invention would be extremely valuable in a large number of biological applications, 

including diagnostic tests and assays. 

10 [0113] 	Equation 1 represents a highly simplified mathematical model of deflection of 

a rectangular, linear, elastic, isotropic plate of unifoi 	in thickness by an applied pressure: 

[0114] 	w = (BPb4)/(Eh3), where: 

[0115] 	w = deflection of plate; 

[0116] 	B = shape coefficient (dependent upon length vs. width and support of 

15 edges of plate); 

[0117] 	P = applied pressure; 

[0118] 	b = plate width 

[0119] 	E = Young's modulus; and 

[0120] 	h = plate thickness. 

20 [0121] 	Thus even in this extremely simplified expression, deflection of an elastomeric 

membrane in response to a pressure will be a function of: the length, width, and thickness 

of the membrane, the flexibility of the membrane (Young's modulus), and the applied 

actuation force. Because each of these parameters will vary widely depending upon the 

actual dimensions and physical composition of a particular elastomeric device in 

25 accordance with the present invention, a wide range of membrane thicknesses and 
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elasticity's, channel widths, and actuation forces are contemplated by the
present invention. [0122]it should be understood that the formula just
presented is only an approximation, since in general the membrane does not
have uniform thickness, the 5membrane thickness is not necessarily small
compared to the length and width, and the deflection is not necessarily small
compared to length, width, or thickness of the membrane. Nevertheless, the
equation serves as a useful guide for adjusting variable parameters to achieve
a desired response of deflection versus applied force. [0123]The microfluidic
devices of the present invention may be used as stand-alone 10devices, or
preferably, may be used as part of a system as provided for by the present
invention. Fig. 12A depicts a perspective view of a robotic station for
actuating a microfluidic device. An automated pneumatic control and
accumulator charging station 1200 includes a receiving bay 1203 for holding a
mierofluidic device 1205 of the present invention such as the type depicted in
Figs. 8A-G. A platen 1207 is adapted to contact an upper face 1209 of
microfluidic device 1205. Platen 1207 has therein ports that align with
microfluidic device 1205 to provide fluid pressure,preferably gas pressure to
wells and accumulators within microfluidic device 1205. In one embodiment,
platen 1207 is urged against upper face 1221 of microfluidic device 1205 by
movement of an arm 1211, which hinges upon a pivot 1213 and is motivated by a
piston 1215 which is attached at one end to aim 1211 and at the other end to a
platform 1217. Sensors along piston 1215 detect piston movement and relay
information about piston position to a controller, preferably a controller
under control of a computer (not shown) following a software script. A plate
detector 1219 detects the presence of microfluidic device 1205 inside of
receiving bay 1203, and preferably can detect proper orientation of
microfluidie device 251205. This may occur, for example, by optically
detecting the presence and orientation of  microfluidic device 1205 by
reflecting light off of the side of microfluidic device 1205. Platen 1207 may
be lowered rohotically, pneumatically, electrically, or the like. In some
embodiments, platen 1207 is manually lowered to engage device 1205. [0124]Fig.
12B depicts charging station 1200 with platen 1207 in the down position 5urged
against upper face 1221 of microlluidic device 1205, which is now covered by a



elasticity's, channel widths, and actuation forces are contemplated by the present 

invention. 

[0122] 	It should be understood that the formula just presented is only an 

approximation, since in general the membrane does not have uniform thickness, the 

5 membrane thickness is not necessarily small compared to the length and width, and the 

deflection is not necessarily small compared to length, width, or thickness of the 

membrane. Nevertheless, the equation serves as a useful guide for adjusting variable 

parameters to achieve a desired response of deflection versus applied force. 

[0123] 	The microfluidic devices of the present invention may be used as stand-alone 

10 devices, or preferably, may be used as part of a system as provided for by the present 

invention. Fig. 12A depicts a perspective view of a robotic station for actuating a 

microfluidic device. An automated pneumatic control and accumulator charging station 

1200 includes a receiving bay 1203 for holding a microfluidic device 1205 of the present 

invention such as the type depicted in Figs. 8A-G. A platen 1207 is adapted to contact an 

15 upper face 1209 of microfluidic device 1205. Platen 1207 has therein ports that align 

with microfluidic device 1205 to provide fluid pressure, preferably gas pressure, to wells 

and accumulators within microfluidic device 1205. In one embodiment, platen 1207 is 

urged against upper face 1221 of microfluidic device 1205 by movement of an arm 1211, 

which hinges upon a pivot 1213 and is motivated by a piston 1215 which is attached at 

20 one end to arm 1211 and at the other end to a platform 1217. Sensors along piston 1215 

detect piston movement and relay information about piston position to a controller, 

preferably a controller under control of a computer (not shown) following a software 

script. A plate detector 1219 detects the presence of microfluidic device 1205 inside of 

receiving bay 1203, and preferably can detect proper orientation of microfluidic device 

25 1205. This may occur, for example, by optically detecting the presence and orientation of 
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shroud of platen 1207. In one embodiment, fluid lines leading to platen 1207
are located within arm 1211 and are connected to fluid pressure supplies,
preferably automatic pneumatic pressure supplies under control of a
controller. The pressure supplies provide controlled fluid pressure to ports
within a platen face (not shown) of platen 1207, to 10supply controlled
pressurized fluid to rnicrofluidic device 1205, Fine positioning of platen
1207 is achieved, at least in-part, by employing a gimbal joint 1223 where
platen 1207 attaches to arm 1211 so that platen 1207 may gimbal about an axis
perpendicular to upper face 1221 of microfluidic device 1205. [0125]Figs. 12C
and 12D provide side-views of charging station 1200 in both up and 15down
positions, respectively. Fig. 12E depicts a close-up view of platen 1207 in a
down position. [0126]Fig. 12F depicts a cut-away side-view of platen 1207
urged against upper face 1221 of rnicrofluidic device 1205. Platen 1207 is
urged against upper face 1221 of microfluidic device 1205 to form a fluid
tight seal between m crofluidic device 1205 and 20a platen face 1227, or
between portions of device 1205 and face 1227. Platen face 1227, in one
embodiment, includes or is made of a compliant material such as a resilient
elastomer, preferably chemical resistant rubber or the like. Inside platen
1207 are separate fluid pressure lines, preferably gas pressure lines, which
mate with various locations on upper face 1221 of mierofluidic device 1205.
Also shown are check valve 25purge actuators 1233 which are actuated,
preferably pneumatically, and which when  actuated, push a pin 1231 downward
into check valve 812 to open and relieve fluid pressure, or permit the
introduction of fluid through check valve 812 by overcoming its opening
resistance. In one embodiment, platen 1207 has first and second purge
actuators 1233 which engage check valves 811 and 812 (see Fig. 8B). 101271In
another embodiment, chip or device 1205 is manufactured with normally 



microfluidic device 1205 by reflecting light off of the side of microfluidic device 1205. 

Platen 1207 may be lowered robotically, pneumatically, electrically, or the like. In some 

embodiments, platen 1207 is manually lowered to engage device 1205. 

[0124] 	Fig. 12B depicts charging station 1200 with platen 1207 in the down position 

5 urged against upper face 1221 of microfluidic device 1205, which is now covered by a 

shroud of platen 1207. In one embodiment, fluid lines leading to platen 1207 are located 

within arm 1211 and are connected to fluid pressure supplies, preferably automatic 

pneumatic pressure supplies under control of a controller. The pressure supplies provide 

controlled fluid pressure to ports within a platen face (not shown) of platen 1207, to 

10 supply controlled pressurized fluid to microfluidic device 1205. Fine positioning of 

platen 1207 is achieved, at least in-part, by employing a gimbal joint 1223 where platen 

1207 attaches to arm 1211 so that platen 1207 may gimbal about an axis perpendicular to 

upper face 1221 of microfluidic device 1205. 

[0125] 	Figs. 12C and 12D provide side-views of charging station 1200 in both up and 

15 down positions, respectively. Fig. 12E depicts a close-up view of platen 1207 in a down 

position. 

[0126] 	Fig. 12F depicts a cut-away side-view of platen 1207 urged against upper face 

1221 of microfluidic device 1205. Platen 1207 is urged against upper face 1221 of 

microfluidic device 1205 to form a fluid tight seal between microfluidic device 1205 and 

20 a platen face 1227, or between portions of device 1205 and face 1227. Platen face 1227, 

in one embodiment, includes or is made of a compliant material such as a resilient 

elastomer, preferably chemical resistant rubber or the like. Inside platen 1207 are 

separate fluid pressure lines, preferably gas pressure lines, which mate with various 

locations on upper face 1221 of microfluidic device 1205. Also shown are check valve 

25 purge actuators 1233 which are actuated, preferably pneumatically, and which when 
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closed containment ancllor interface valves. In this embodiment, accumlators
would not be necessary to hold valves shut during incubation. Pressure would
be applied to carrier or device 1205 well regions when interface andlor
containment valves are desired to be opened. For all or most other times, the
valves would remain closed to separate the 10various chip experiments from one
another, andJor to separate reagent and protein wells on the chip from one
another. [01281Fig. 12G provides an extreme close-up view of purge actuator
1233 acting upon check valve 812 located within substrate 800 of microfluidic
device 1205. [0129]Fig. 12H depicts a cut-away view of platen 1207 urged
against upper face 151221 of microfluidic device 1205 wherein a pressure
cavity 1255 is formed above well row 806 by contacting platen face 1227
against a ridge 1250 of upper face 1221. Fluid pressure, preferably gas
pressure,is then applied to pressure cavity 1255 by introducing a fluid into
cavity 1255 from pressure lines running down arm 1211 of charging station
1200. Pressure is regulated by pressure regulators associated with charging
station 1200, 20preferably by electronically controlled vatiable pressure
regulators that can change output pressure in accordance with signals sent by
a charging station controller, preferably under computer control. Fluid
pressure inside of pressure cavity 1255 in turn drives liquid within well 805
through the channels within substrate 800 and into channels and/or chambers of
elastmneric block 808 to fill channels or chambers or to actuate a deflectable
portion of eiastomeric block 808, preferably a deflectable membrane valve as
previously described. [0130]Fig. 13 depicts a rear plan view of the fluidic
routing within platen face 1227, and the spatial location of each fluid
pressure port of platen face 1227 according to a 5particular embodiment of the
present invention. In a particular embodiment, fluid 



actuated, push a pin 1231 downward into check valve 812 to open and relieve fluid 

pressure, or permit the introduction of fluid through check valve 812 by overcoming its 

opening resistance. In one embodiment, platen 1207 has first and second purge actuators 

1233 which engage check valves 811 and 812 (see Fig. 8B). 

5 [0127] 	In another embodiment, chip or device 1205 is manufactured with normally 

closed containment and/or interface valves. In this embodiment, accumlators would not 

be necessary to hold valves shut during incubation. Pressure would be applied to carrier 

or device 1205 well regions when interface and/or containment valves are desired to be 

opened. For all or most other times, the valves would remain closed to separate the 

10 various chip experiments from one another, and/or to separate reagent and protein wells 

on the chip from one another. 

[0128] 	Fig. 12G provides an extreme close-up view of purge actuator 1233 acting 

upon check valve 812 located within substrate 800 of microfluidic device 1205. 

[0129] 	Fig. 12H depicts a cut-away view of platen 1207 urged against upper face 

15 

20 

1221 of microfluidic device 1205 wherein a pressure cavity 1255 is formed above well 

row 806 by contacting platen face 1227 against a ridge 1250 of upper face 1221. Fluid 

pressure, preferably gas pressure, is then applied to pressure cavity 1255 by introducing a 

fluid into cavity 1255 from pressure lines running down aun 1211 of charging station 

1200. Pressure is regulated by pressure regulators associated with charging station 1200, 

preferably by electronically controlled variable pressure regulators that can change output 

pressure in accordance with signals sent by a charging station controller, preferably under 

computer control. Fluid pressure inside of pressure cavity 1255 in turn drives liquid 

within well 805 through the channels within substrate 800 and into channels and/or 

chambers of elastomeric block 808 to fill channels or chambers or to actuate a deflectable 
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interfaces of platen 1207 arc positioned to be aligned with fluid ports,
wells 805, check valves and the like when platen 1207 engages microfluidie
device 1205. In a particular embodiment, microfluidic device 1205 is an
integrated carrier and microfluidic chip such as the Topaz(r) 1.96 or
Topaz(r) 4.96 chips. 10101311Interrupted diffusion is believed to allow
diffusion for a period of time sufficient to cause the smaller crystallizing
agents to diffuse into the chamber containing protein while limiting the
counter diffusion of proteins into the crystallization reagent chamber by
closing the interface valve. The interface valve, when actuated, separates
the chamber containing protein from the chamber containing crystallization
reagent. 15[0132]The present invention provides for devices, systems and
methods for using such devices and systems, for holding and manipulating
micro fluidic devices, in particular, multilayer elastoinentc microfluidic
devices wherein at least one deflectable membrane acts as a valve to
interrupt or separate fluid within a microfluidic channel having a
cross-sectional dimension of about 500 micrometers. Exemplary microfluidic
20devices are used to screen for conditions which cause protein crystals to
form from protein solutions by free-interface diffusion (FD). In use, the
microfluidic devices are loaded with a protein solution and a crystallization
agent, typically in the form of a reagent solution, wherein each solution
enters into individual chambers interconnected by a channel having a valve
therein. Containment valves are then used to keep each of the solutions in
their respective chamber as the valve located in the channel separating the
chambers is opened to initiate diffusion between the chambers. In preferred
devices, the valves are actuated by changes in fluid pressure, for example
either hydraulically or pneumatically. Therefore, a means for changing fluid
pressure to each of the valve is helpful. 5101331The invention provides, in
one aspect, for a carrier that provides access to controlled fluid pressure.
Fig. 14A depicts a perspective view of a preferred embodiment. The carrier in
Fig. 14A, which in one embodiment has about a three inch square footprint and
is about one inch in height, is preferably made from a polymer, preferably
acrylic. Other materials may be used depending on the nature of the
experiments to be performed I 0 using the carrier, and the solvents that the
Garde' may be exposed to during use. For example, a carrier could be made
from polypropylene to provide resistance to certain solvents such as acetone.
[01341Turning now to Figs. 14A and 14B a particular embodiment of the present



portion of elastomeric block 808, preferably a deflectable membrane valve as previously 

described. 

[0130] 	Fig. 13 depicts a rear plan view of the fluidic routing within platen face 1227, 

and the spatial location of each fluid pressure port of platen face 1227 according to a 

5 particular embodiment of the present invention. In a particular embodiment, fluid 

interfaces of platen 1207 are positioned to be aligned with fluid ports, wells 805, check 

valves and the like when platen 1207 engages microfluidic device 1205. In a particular 

embodiment, microfluidic device 1205 is an integrated carrier and microfluidic chip such 

as the Topaz®  1.96 or Topaz®  4.96 chips. 

10 [0131] 	Interrupted diffusion is believed to allow diffusion for a period of time 

sufficient to cause the smaller crystallizing agents to diffuse into the chamber containing 

protein while limiting the counter diffusion of proteins into the crystallization reagent 

chamber by closing the interface valve. The interface valve, when actuated, separates the 

chamber containing protein from the chamber containing crystallization reagent. 

15 [0132] 	The present invention provides for devices, systems and methods for using 

such devices and systems, for holding and manipulating microfluidic devices, in 

particular, multilayer elastomeric microfluidic devices wherein at least one deflectable 

membrane acts as a valve to interrupt or separate fluid within a microfluidic channel 

having a cross-sectional dimension of about 500 micrometers. Exemplary microfluidic 

20 devices are used to screen for conditions which cause protein crystals to form from 

protein solutions by free-interface diffusion (FID). In use, the microfluidic devices are 

loaded with a protein solution and a crystallization agent, typically in the form of a 

reagent solution, wherein each solution enters into individual chambers interconnected by 

a channel having a valve therein. Containment valves are then used to keep each of the 

25 solutions in their respective chamber as the valve located in the channel separating the 
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invention will be described. Fig. 14A depicts a carrier 1400 adapted to
receive a 15microfluidic device or chip (not shown in Fig. 14A), such as a
chip used to grow protein crystals. The chip is mounted in carrier 1400,
integrally formed with carrier 1400, or is a stand alone chip having similar
size, features and functions as carrier 1400. In one embodiment, carrier 1400
includes a plurality of ports or wells that are in fluid communication with
corresponding wells on the rnicrofluidic device! In this manner, 20fluids
provided to the carrier wells can in turn be delivered to the microfluidic
device. Further, fluids disposed in the canier or device wells can be
delivered to testing regions within the device by applying pressure to the
ports or wells on carrier 1400 [0135]In a particular embodiment, the
microfluidic device or chip is received in a chip region 1410 disposed in
carrier 1400, or integrally fanned therewith. In one 95embodiment, carrier
1400 includes a first well region 1420 and a second well region 1422  adapter'
to receive a plurality ot reagents. In one embodiment, first well region 1420
and second well region 1422 are each adapted to receive up to forty-eight (48)
reagents apiece. In one embodiment, regions 1420 and 1422 comprise a plurality
of wells that are coupled to corresponding wells on the microfluidic device
when the device is disposed 5within carrier 1400. This may occur, for example,
using channels in carrier 1400 as previously described. In one embodiment,
carrier 1400 further includes a first protein region 1430 and a second protein
region 1432. First protein region 1430 includes a plurality of wells, and in a
particular embodiment four wells or ports, adapted to receive desired
proteins. In another embodiment, second protein region 1432 is adapted to
10receive up to four proteins. In a particular embodiment, second protein
region 1432 



chambers is opened to initiate diffusion between the chambers. In preferred devices, the 

valves are actuated by changes in fluid pressure, for example either hydraulically or 

pneumatically. Therefore, a means for changing fluid pressure to each of the valve is 

helpful. 

5 [0133] 	The invention provides, in one aspect, for a carrier that provides access to 

controlled fluid pressure. Fig. 14A depicts a perspective view of a preferred embodiment. 

The carrier in Fig. 14A, which in one embodiment has about a three inch square footprint 

and is about one inch in height, is preferably made from a polymer, preferably acrylic. 

Other materials may be used depending on the nature of the experiments to be performed 

10 using the carrier, and the solvents that the carrier may be exposed to during use. For 

example, a carrier could be made from polypropylene to provide resistance to certain 

solvents such as acetone. 

[0134] 	Turning now to Figs. 14A and 14B a particular embodiment of the present 

invention will be described. Fig. 14A depicts a carrier 1400 adapted to receive a 

15 

20 

microfluidic device or chip (not shown in Fig. 14A), such as a chip used to grow protein 

crystals. The chip is mounted in carrier 1400, integrally formed with carrier 1400, or is a 

stand alone chip having similar size, features and functions as carrier 1400. In one 

embodiment, carrier 1400 includes a plurality of ports or wells that are in fluid 

communication with corresponding wells on the microfluidic device. In this manner, 

fluids provided to the carrier wells can in turn be delivered to the microfluidic device. 

Further, fluids disposed in the carrier or device wells can be delivered to testing regions 

within the device by applying pressure to the ports or wells on carrier 1400. 

[0135] 	In a particular embodiment, the microfluidic device or chip is received in a 

chip region 1410 disposed in carrier 1400, or integrally formed therewith. In one 

25 embodiment, carrier 1400 includes a first well region 1420 and a second well region 1422 
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provides vents for carrier 1400. hi other embodiments, the number of wells
vary from those noted herein for regions 1420, 1422, 1430 and 1432 depending
on a wide range of factors including, without limitation, the desired number
of experiments or tests, the desired well or crystal size, the carrier size,
and the like. 15[0136)In some embodiments it is desirable to control the
humidity of the chip. In one embodiment, a hydration chamber 1440 is formed
around the chip, with hydration chamber 1440 adapted to hold a fluid or a
fluid source. In a particular embodiment, a sponge, a gel package, a woven
material such as a piece of cloth or a cotton ball/pad, or other material
adapted to hold a liquid is disposed within hydration chamber 1440. In a
20particular embodiment, fluid-containing material may be disposed on both
sides of the chip as indicated in Fig. 14B. The sponge or other material may
be hydrated with water, buffer, a crystallization reagent, or a solvent.
Alternatively, a desiccating material may added to remove moisture from the
microftuidic device. Carrier 1400 farther includes an interface accumulator
1460 having a check valve 1465 and a containment accumulator 251450 having a
check valve 1455. As previously described in conjunction with earlier
embodiments, cneck valves 1455, 1465 are adapted to allow the increase or
release of pressure within accumulators 1450 and 1460, to introduce or remove
fluids from accumulators 1450 and 1460, and also to operate to maintain the
pressure within carrier 1400, and thus to maintain or apply pressure to
appropriate regions of the microfluidic 5device disposed therein. The
advantage of having an "on-board" source of controlled fluid pressure is that
the microfluidic device, if actuated by changes in fluid pressure, can be kept
in an actuated state independent of an external source of fluid pressure, thus
Liberating the microfluidic device and carrier from an umbilical cord attached
to that external source of fluid pressure. The accumulator may further include
a gas 10pressurization inlet port, a liquid addition port, and a pressurized
fluid outlet for communicating fluid pressure to the connection block.
101371In a particular embodiment, the integrated carrier 1400 and microfluidic



adapted to receive a plurality of reagents. In one embodiment, first well region 1420 and 

second well region 1422 are each adapted to receive up to forty-eight (48) reagents 

apiece. In one embodiment, regions 1420 and 1422 comprise a plurality of wells that are 

coupled to corresponding wells on the microfluidic device when the device is disposed 

5 within carrier 1400. This may occur, for example, using channels in carrier 1400 as 

previously described. In one embodiment, carrier 1400 further includes a first protein 

region 1430 and a second protein region 1432. First protein region 1430 includes a 

plurality of wells, and in a particular embodiment four wells or ports, adapted to receive 

desired proteins. In another embodiment, second protein region 1432 is adapted to 

10 receive up to four proteins. In a particular embodiment, second protein region 1432 

provides vents for carrier 1400. 	In other embodiments, the number of wells vary from 

those noted herein for regions 1420, 1422, 1430 and 1432 depending on a wide range of 

factors including, without limitation, the desired number of experiments or tests, the 

desired well or crystal size, the carrier size, and the like. 

15 [0136] 	In some embodiments it is desirable to control the humidity of the chip. In 

one embodiment, a hydration chamber 1440 is formed around the chip, with hydration 

chamber 1440 adapted to hold a fluid or a fluid source. In a particular embodiment, a 

sponge, a gel package, a woven material such as a piece of cloth or a cotton ball/pad, or 

other material adapted to hold a liquid is disposed within hydration chamber 1440. In a 

20 particular embodiment, fluid-containing material may be disposed on both sides of the 

chip as indicated in Fig. 14B. The sponge or other material may be hydrated with water, 

buffer, a crystallization reagent, or a solvent. Alternatively, a desiccating material may 

added to remove moisture from the microfluidic device. Carrier 1400 further includes an 

interface accumulator 1460 having a check valve 1465 and a containment accumulator 

25 1450 having a check valve 1455. As previously described in conjunction with earlier 
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device are adapted for performing desired experiments according to
embodiments of the present invention by using the systems of the present
invention. More specifically, as 15shown in Fig. 15A, a system 1500 includes
one or more receiving stations 1510 each adapted to receive a carrier 1400.
In a particular embodiment, system 1500 includes four (4) receiving stations
1510, although fewer or a greater number of stations 1510 are provided in
alternative embodiments of the present invention. Fig. 15B depicts carrier
1400 and a device in combination disposed in station 1510 under an interface
plate 1520. 20Interface plate 1520 is adapted to translate downward in Fig.
15B so that interface plate 1520 engages the upper surface of carrier 1400
and its microfluidic device. In some embodiments, station 1510 and platen
1520 are similar to station 1200 and platen 1207. Interface plate 1520
includes one or more ports 1525 for coupling with regions in carrier 1400
which are adapted to receive fluids, pressure, or the like. In some
embodiments, 25interface plate 1520 includes two ports, three ports, four
ports, five ports, six ports, seven  ports, eight ports, nine ports, ten
ports,or the like. In a preferred embodiment, interface plate 1520 is coupled
to six lines for providing pressure to desired regions of carrier 1400, and
two lines for providing a mechanism for activating check valves 1455 and
1465. 1101381Fig. 15C depicts various regions of interface plate 1520
according to a 5particular embodiment of the present invention, s nilar to
Fig. 13. In alternative embodiments interface plate 1520 includes a different
number or configuration of ports than those depicted in Fig. 15C. [0139]As
shown in Fig. 15A, system 1500 further includes a processor that, in one
embodiment, is a processor associated with a laptop computer or other
computing device 101530. Computing device 1530 includes memory adapted to
maintain software, scripts, 



embodiments, check valves 1455, 1465 are adapted to allow the increase or release of 

pressure within accumulators 1450 and 1460, to introduce or remove fluids from 

accumulators 1450 and 1460, and also to operate to maintain the pressure within carrier 

1400, and thus to maintain or apply pressure to appropriate regions of the microfluidic 

5 device disposed therein. The advantage of having an non-board" source of controlled 

fluid pressure is that the microfluidic device, if actuated by changes in fluid pressure, can 

be kept in an actuated state independent of an external source of fluid pressure, thus 

liberating the microfluidic device and carrier from an umbilical cord attached to that 

external source of fluid pressure. The accumulator may further include a gas 

10 pressurization inlet port, a liquid addition port, and a pressurized fluid outlet for 

communicating fluid pressure to the connection block. 

[0137] 	In a particular embodiment, the integrated carrier 1400 and microfluidic 

device are adapted for performing desired experiments according to embodiments of the 

present invention by using the systems of the present invention. More specifically, as 

15 shown in Fig. 15A, a system 1500 includes one or more receiving stations 1510 each 

adapted to receive a carrier 1400. In a particular embodiment, system 1500 includes four 

(4) receiving stations 1510, although fewer or a greater number of stations 1510 are 

provided in alternative embodiments of the present invention. Fig. 15B depicts carrier 

1400 and a device in combination disposed in station 1510 under an interface plate 1520. 

20 

25 

Interface plate 1520 is adapted to translate downward in Fig. 15B so that interface plate 

1520 engages the upper surface of carrier 1400 and its microfluidic device. In some 

embodiments, station 1510 and platen 1520 are similar to station 1200 and platen 1207. 

Interface plate 1520 includes one or more ports 1525 for coupling with regions in carrier 

1400 which are adapted to receive fluids, pressure, or the like. In some embodiments, 

interface plate 1520 includes two ports, three ports, four ports, five ports, six ports, seven 
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and the like for performing desired processes of the present invention,
Further, computing device 1530 includes a screen 1540 for depicting results of
studies and analyses of microfluidic devices, with Fig. 17 depicting one
embodiment of a screen shot for display on system 1500. System 1500 is coupled
to one or more pressure sources, 15such as a pressurized fluid, gas, or the
like, for delivering same to the mierofluidic devices which are fluidly
coupled to interface plate(s) 1520. [0140]Figs. 16A and 16B depict a
particular embodiment of system 1500, and more specifically, of interface
plate 1520. In Fig. 16A, interface plate 1520 is coupled to the integrated
chip and can- tier 1400 in a manner that fluidly seals certain regions thereof
In 20particular, fluid seals are provided between interface plate 1520 and one
or more regions of carrier 1400 and chip, such as the first protein region
1430, second protein region 1432, first well region 1420, second well region
1422, interface accumulator 1460, check valve 1465, containment accumulator
1450, and/or check valve 1455. In one embodiment, interface plate 1520
provides fluid seals to regions 1420, 1422, 1430, 1432,  and to accumulator
1450 and 1460. In one embodiment, interface plate 1520 provides one or more
check valve actuators 1570 as best seen in Fig. 16B. [0141]In some
embodiments, interface plate 1520 provides all of the desired fluid seals to
carrier 1400 and the microfluidic device, in doing so, interface plate 1520
may 5include a sealing gasket 1580. Sealing gasket 1580 may comprise a wide
range of materials, including without limitation silicon rubber, an elastomer,
or the like. In some embodiments, gasket 1580 comprises a compliant material
to help Form fluidic seals at the desired locations. In this marmer, system
1500 can provide the desired pressures to appropriate regions of chip and
carrier 1400. In other embodiments, interface plate 1520 10is a two or more
plate components. For example, the regions or ports on carrier 1400 and 



ports, eight ports, nine ports, ten ports, or the like. In a preferred embodiment, interface 

plate 1520 is coupled to six lines for providing pressure to desired regions of carrier 1400, 

and two lines for providing a mechanism for activating check valves 1455 and 1465. 

[0138] 	Fig. 15C depicts various regions of interface plate 1520 according to a 

5 particular embodiment of the present invention, similar to Fig. 13. In alternative 

embodiments interface plate 1520 includes a different number or configuration of ports 

than those depicted in Fig. 15C. 

[0139] 	As shown in Fig. 15A, system 1500 further includes a processor that, in one 

embodiment, is a processor associated with a laptop computer or other computing device 

10 

15 

1530. Computing device 1530 includes memory adapted to maintain software, scripts, 

and the like for performing desired processes of the present invention. Further, 

computing device 1530 includes a screen 1540 for depicting results of studies and 

analyses of microfluidic devices, with Fig. 17 depicting one embodiment of a screen shot 

for display on system 1500. System 1500 is coupled to one or more pressure sources, 

such as a pressurized fluid, gas, or the like, for delivering same to the microfluidic 

devices which are fluidly coupled to interface plate(s) 1520. 

[0140] 	Figs. 16A and 16B depict a particular embodiment of system 1500, and more 

specifically, of interface plate 1520. In Fig. 16A, interface plate 1520 is coupled to the 

integrated chip and canier 1400 in a manner that fluidly seals certain regions thereof. In 

20 particular, fluid seals are provided between interface plate 1520 and one or more regions 

of carrier 1400 and chip, such as the first protein region 1430, second protein region 

1432, first well region 1420, second well region 1422, interface accumulator 1460, check 

valve 1465, containment accumulator 1450, and/or check valve 1455. In one 

embodiment, interface plate 1520 provides fluid seals to regions 1420, 1422, 1430, 1432, 
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the microfluidic device each may be fluidly coupled to a separate plate 1520
adapted to fit that port or region. System 1500 then would include the
necessary number of interface plates 1520 for the various ports or regions.
Further, in some embodiments, more than one region or port is coupled to a
particular interface plate 1520, while other regions or  ports are coupled to
a separate interface plate 1520. Other combinations of interface plates and
carrier/chip regions and ports also fall within the scope of the present
invention. [01421The operation of system 1500, in one embodiment, involves the
loading of one or more carriers 1400 into receiving station(s) 1510. In sonic
embodiments, carriers 1400 include the microiluidic device coupled thereto,
and have desired reagents and proteins loaded into the carrier wells prior to
placing the carriers into receiving stations 1510. In other embodiments, the
carriers 1400 are placed into receiving stations 1510, and subsequently loaded
with reagents and proteins. Carriers 1400 further may be loaded with a
hydration fluid. Hydration fluid may be placed in hydration chamber 1440.
After carriers 1400 are loaded into system 1500, interface plates 1520 are
lowered or otherwise  translated to engage carriers 1400. Plates 1520 may be
manually, robotically, or otherwise lowered to fluidly seal with portions or
all of chip/carrier 1400. A hydration fluid is provided to interface
accumulator 1460 and/or containment accumulator 1450 and is driven into the
chip by applying the appropriate pressure to accumulators 1450, 1460 using a
pressure source coupled to interface plate 1520. In a particular embodiment,
system 1500 automatically performs this process, which in a particular
embodiment occurs within about twenty (20) hours after the hydration fluid is
added to carrier 1400. As a result, the chip is sufficiently loaded with
hydraulic fluid to operate chip containment and/or interface valves, as
described herein and more fully in the patents and 10applications previously
incorporated herein by reference. [0143]The proteins and reagents are
dispensed into the chip by applying the desired pressure to the appropriate
sealed chip regions around the appropriate inlets. For example, applying a
pressure between about I psi and about 35 psi to first and second well regions
1420 and 1422 operates to drive the reagents into the chip. Similarly,
15applying a pressure between about 1 psi and about 35 psi to first and second
protein regions 1430, 1432 operates to drive the proteins into the chip. In a
particular embodiment, this occurs within about sixty (60) minutes after
loading the chip with hydraulic fluid. Once the proteins and reagents have
been driven to the desired wells, chambers, reservoirs or the like within the
chip, the interface valves within the chip are 20opened by releasing check
valve 1465 in interface accumulator 1460. In a particular 



and to accumulator 1450 and 1460. In one embodiment, interface plate 1520 provides 

one or more check valve actuators 1570 as best seen in Fig. 16B. 

[0141] 	In some embodiments, interface plate 1520 provides all of the desired fluid 

seals to carrier 1400 and the microfluidic device. In doing so, interface plate 1520 may 

5 include a sealing gasket 1580. Sealing gasket 1580 may comprise a wide range of 

materials, including without limitation silicon rubber, an elastomer, or the like. In some 

embodiments, gasket 1580 comprises a compliant material to help form fluidic seals at 

the desired locations. In this manner, system 1500 can provide the desired pressures to 

appropriate regions of chip and carrier 1400. In other embodiments, interface plate 1520 

10 is a two or more plate components. For example, the regions or ports on carrier 1400 and 

the microfluidic device each may be fluidly coupled to a separate plate 1520 adapted to fit 

that port or region. System 1500 then would include the necessary number of interface 

plates 1520 for the various ports or regions. Further, in some embodiments, more than 

one region or port is coupled to a particular interface plate 1520, while other regions or 

15 ports are coupled to a separate interface plate 1520. Other combinations of interface 

plates and carrier/chip regions and ports also fall within the scope of the present 

invention. 

[0142] 	The operation of system 1500, in one embodiment, involves the loading of one 

or more carriers 1400 into receiving station(s) 1510. In some embodiments, carriers 1400 

20 include the microfluidic device coupled thereto, and have desired reagents and proteins 

loaded into the carrier wells prior to placing the carriers into receiving stations 1510. In 

other embodiments, the carriers 1400 are placed into receiving stations 1510, and 

subsequently loaded with reagents and proteins. Carriers 1400 further may be loaded 

with a hydration fluid. Hydration fluid may be placed in hydration chamber 1440. After 

25 carriers 1400 are loaded into system 1500, interface plates 1520 are lowered or otherwise 
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embodiment, check valve 1465 is released, to open interface valves in the
chip, when system 1500 activates check valve actuator 1570 which engages check
valve 1465. In some embodiments, check valve actuator 1570 includes a pin, a
post, or the like adapted to engage check valve 1465 in order to release
pressure within interface accumulator 251460. In an alternative embodiment,
check valve 1465 is manually released or opened.  using free interface
diffusion or other appropriate processes, the interface valves are closed. A
pressure is applied to actuators 1450 and/or 1460 in order to maintain closed
interface valves and containment valves. The carrier 1400 may he removed from
system 51500 for incubation or storage. Actuators 1450 and 1460 hold the
pressure for a desired period of time, from hours to days in order to prevent
or help prevent the containment and interface valves from opening. In a
particular embodiment, actuators 1450 and 1460 maintain the pressure within
the chip above a desired threshold pressure sufficient to keep containment
and/or interface valves closed, In one embodiment, actuators 1450 and 1460
10maintain the pressure above the threshold pressure for at least two (2)
days, at least seven (7) days, and the like. The length of time actuators 1450
and 1460 maintain the desired pressure depends in part on the incubation
temperature, Depending in part on the desired incubation period length and/or
incubation conditions, carrier 1400 may be returned to system 1500 in order to
recharge or repressurize actuators 1450, 1460. In this manner, the incubation
period may be extended to help provide for desired crystal growth or other
chemical or related processes [0145]Fig. 17 depicts a typical graphical user
interface computer screen generated by a computer driving station 1510 as
described above. In a preferred embodiment which is shown, four different
charging stations can be actuated independently, as shown by the 20four
separate screen columns indicating status. The software can be linked to a
data input device and a database to correlate experimental conditions,
reagents used, user identification, sample character, valve actuation
profiles, humidity, and post reaction analysis data by associating a unique
identifier, preferably a bar or spatial dot optical code or an encoded radio
frequency device with a microfluidic device of the present invention.
25Information may be generated by different laboratory instrtunents, such as
robotic  



translated to engage carriers 1400. Plates 1520 may be manually, robotically, or 

otherwise lowered to fluidly seal with portions or all of chip/carrier 1400. A hydration 

fluid is provided to interface accumulator 1460 and/or containment accumulator 1450 and 

is driven into the chip by applying the appropriate pressure to accumulators 1450, 1460 

5 using a pressure source coupled to interface plate 1520. In a particular embodiment, 

system 1500 automatically performs this process, which in a particular embodiment 

occurs within about twenty (20) hours after the hydration fluid is added to carrier 1400. 

As a result, the chip is sufficiently loaded with hydraulic fluid to operate chip 

contairunent and/or interface valves, as described herein and more fully in the patents and 

10  applications previously incorporated herein by reference. 

15 

[0143] 	The proteins and reagents are dispensed into the chip by applying the desired 

pressure to the appropriate sealed chip regions around the appropriate inlets. For 

example, applying a pressure between about 1 psi and about 35 psi to first and second 

well regions 1420 and 1422 operates to drive the reagents into the chip. Similarly, 

applying a pressure between about 1 psi and about 35 psi to first and second protein 

regions 1430, 1432 operates to drive the proteins into the chip. In a particular 

embodiment, this occurs within about sixty (60) minutes after loading the chip with 

hydraulic fluid. Once the proteins and reagents have been driven to the desired wells, 

chambers, reservoirs or the like within the chip, the interface valves within the chip are 

20 opened by releasing check valve 1465 in interface accumulator 1460. In a particular 

embodiment, check valve 1465 is released, to open interface valves in the chip, when 

system 1500 activates check valve actuator 1570 which engages check valve 1465. In 

some embodiments, check valve actuator 1570 includes a pin, a post, or the like adapted 

to engage check valve 1465 in order to release pressure within interface accumulator 

25 1460. In an alternative embodiment, check valve 1465 is manually released or opened. 

49 

dispensing stations,  robotic plate handlers, incubators, charging stations as
described herein, and optical inspection stations, such as those described in
copending US Provisional Patent Application Nos. 60/472,226 by Lee et al f led
on May 20, 2003, 60/490,712 and 60/490,584, both by Taylor, and 60/490,666 by
Quan, each of the three 5filed on July 28, 2003 and are all commonly assigned
to the assignee of the present application, and which are each herein
incorporated by reference in their entireties for all purposes. 101461Software
used to operate the charging stations described herein may further provide for
an end-user script writing feature which allows an end user to write custom
10scripts to actuate and otherwise control or manipulate the microfluidic
devices described herein. Such custom scripts may further integrate with other
computer programs and computer controlled devices used in experiments
involving the microfluidic devices of the present invention. 101471Example 1:
In a preferred embodiment, a protein crystallizalto eactions may 15be carried
out by controlling diffusion by closing the interface valve after a period of
time, for example, after 60 minutes. Table I, below, highlights the steps for
using an exemplary protein crystallization device of the invention in a manner
for which diffusion is internmied after a period of time. [0148]Table 1.
Merges 2Load 1.96 with 5_Ctrld FID 60 min. Use in place of the two scripts. 



[0144] 	After the reagent and proteins are allowed to mix for a desired period of time, 

using free interface diffusion or other appropriate processes, the interface valves are 

closed. A pressure is applied to actuators 1450 and/or 1460 in order to maintain closed 

interface valves and containment valves. The carrier 1400 may be removed from system 

5 1500 for incubation or storage. Actuators 1450 and 1460 hold the pressure for a desired 

period of time, from hours to days, in order to prevent or help prevent the containment 

and interface valves from opening. In a particular embodiment, actuators 1450 and 1460 

maintain the pressure within the chip above a desired threshold pressure sufficient to keep 

containment and/or interface valves closed, In one embodiment, actuators 1450 and 1460 

10 maintain the pressure above the threshold pressure for at least two (2) days, at least seven 

15 

(7) days, and the like. The length of time actuators 1450 and 1460 maintain the desired 

pressure depends in part on the incubation temperature. Depending in part on the desired 

incubation period length and/or incubation conditions, carrier 1400 may be returned to 

system 1500 in order to recharge or repressurize actuators 1450, 1460. In this manner, 

the incubation period may be extended to help provide for desired crystal growth or other 

chemical or related processes. 

[0145] 	Fig. 17 depicts a typical graphical user interface computer screen generated by 

a computer driving station 1510 as described above. In a preferred embodiment which is 

shown, four different charging stations can be actuated independently, as shown by the 

20 four separate screen columns indicating status. The software can be linked to a data input 

device and a database to correlate experimental conditions, reagents used, user 

identification, sample character, valve actuation profiles, humidity, and post reaction 

analysis data by associating a unique identifier, preferably a bar or spatial dot optical code 

or an encoded radio frequency device with a microfluidic device of the present invention. 

25 Information may be generated by different laboratory instruments, such as robotic 
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Use to blind fill reagents, begin diffusion, and then stop RD after to rain.
Use if TO scan is not needed.     Closes interface valves, pressurizes reagent
and protein blindfill up to interface valves, closes containment valves. Use
if wells are not completely filled at the end of the 2_Load 1.96 script. Chip
is ready for TO scan at end of script.     100 min.Merges 2_Load 1.9652 I3C
Ctrld F1D SOmin. 



dispensing stations, robotic plate handlers, incubators, charging stations as described 

herein, and optical inspection stations, such as those described in copending US 

Provisional Patent Application Nos. 60/472,226 by Lee et al filed on May 20, 2003, 

60/490,712 and 60/490,584, both by Taylor, and 60/490,666 by Quan, each of the three 

5 filed on July 28, 2003 and are all commonly assigned to the assignee of the present 

application, and which are each herein incorporated by reference in their entireties for all 

purposes. 

[0146] 	Software used to operate the charging stations described herein may further 

provide for an end-user script writing feature which allows an end user to write custom 

10 scripts to actuate and otherwise control or manipulate the microfluidic devices described 

herein. Such custom scripts may further integrate with other computer programs and 

computer controlled devices used in experiments involving the microfluidic devices of 

the present invention. 

[0147] 	Example 1: In a preferred embodiment, a protein crystallization reactions may 

15 be carried out by controlling diffusion by closing the interface valve after a period of 

time, for example, after 60 minutes. Table 1, below, highlights the steps for using an 

exemplary protein crystallization device of the invention in a manner for which diffusion 

is interrupted after a period of time. 

[0148] Table 1. 

Script Name Time Description 

l_Prime 1 min. Fills interface and containment lines with 
control line fluid 
and closes control line valves. Allows a pause 
to inspect valve closure. The last step opens 
interface valves. 

Use to prepare 1.96 Chip for experiment setup 
and test accumulator pressurization. 
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Use in place of the two scripts. Use at 13 C after 1_Prime to load reagents
and protein. Chip is ready for TO scan at end of script   4_Post TO30 sec.
Opens interface valves to begin diffusion. Use after TO scan. Chip is ready
for incubation at end of script.    [01491While the present invention has been
described herein with reference to particular embodiments thereof a latitude
of modification, various changes and substitutions are intended in the
foregoing disclosure, and it will be appreciated that some instances some
features of the invention will be employed without a corresponding use of
other features without departing from the scope of the invention as set forth.
For exaniple, in addition to pressure based actuation systems described above,
optional electrostatic and magnetic actuation systems are also contemplated.
It is also possible to 10actuate the device by causing a fluid flow in the
control channel based upon the 



2_Load 1.96 20 min. Closes containment valves, pressurizes reagent 
and protein blindfill up to containment valves, 
closes interface valves, opens containment 
valves, continues loading protein and reagent 
up to interface valve, closes containment valve. 

Chip is ready for TO scan at end of script. 

2-5_Load 120 min. Merges 2_Load 1.96 with 5_Ctrld FID 60 min. 
Use in place of the two scripts. 

Use to blind fill reagents, begin diffusion, and 
then stop FID after to min. 
Use if TO scan is not needed. 

2-52 4C Load 100 min. Merges 2_Load 1.96 5_2 4C Ctrld FID 100min. 
Use in place of the two scripts 
Use at 4 °C after 1_Prime to load reagents and 
protein. 

Chip is ready for TO scan at end of script. 

3_ Reload 1.96 16 min. Closes interface valves, pressurizes reagent and 
protein blindfill up to interface valves, closes 
containment valves. 
Use if wells are not completely filled at the end 
of the 2_Load 1.96 script. 
Chip is ready for TO scan at end of script. 

I 

2_53 13C Load 100 min. Merges 2_Load 1.96 5_2 13C Ctrld FID 80min. 
Use in place of the two scripts. 

Use at 13 °C after 1_Prime to load reagents and 
protein. 
Chip is ready for TO scan at end of script. 

4_Post TO 30 sec. Opens interface valves to begin diffusion. 
Use after TO scan. 
Chip is ready for incubation at end of script. 

5_Controlled 
FID 60min 

60.5 min. Opens interface valves to begin diffusion, then, 
after a 60-nun. period of diffusion, closes 
interface valves and recharges containment 
accumulator. 

Use after TO scan as an alternative to 4_Post TO 
to begin diffusion and then interrupt FID after 
60 min. 

5_2 4C Ctrld 
FID 100min 

100 min. Opens interface valves to begin diffusion. After 
a 100-nun. period of diffusion, closes interface 
valves and recharges containment accumulator. 
Use at 4°C after TO scan as an alternative to 
4_Post TO to begin diffusion and then interrupt 
FID after 100 min. 
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application of thennal energy, either by thermal expansion or by production
of gas from liquid. Further, in another embodiment, centrifugal force are
used to drive protein and reagents into the chip. Therefore, many
modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from the essential  scope and
spirit of the present invention. It is intended that the invention not be
limited to the particular embodiment disclosed as the best mode contemplated
for carrying out this invention, but that the invention will include all
embodiments and equivalents falling within the scope of the claims.
5[0150]The disclosure set forth above may encompass one or more distinct
inventions, with independent utility. Each of these inventions has been
disclosed in its preferred form(s). These preferred fotuis, including the
specific embodiments thereof as disclosed and illustrated herein, are not
intended to be considered in a limiting sense, because numerous variations
are possible. The subject matter of the inventions includes all novel 10and
nonobvious combinations and subcombinations of the various elements,
features, functions, andlor properties disclosed herein.  Claims  1. An
apparatus for operating a microlluidic device, comprising a carrier portion,
the apparatus comprising: a platen having a platen face with one or more
fluid ports therein and one or more check valve purge actuators, the fluid
ports spatially corresponding to one or more inlets on a surface of the
carrier portion of the microfluidic device and the one or more check valve
purge actuators comprising one or more pins; a platform for holding the
microfluidic device relative to the platen; a platen actuator for urging the
platen against the microtluidic device so that at least one of the fluid
ports of the platen is urged against one of the inlets to form a pressure
chamber comprising the inlet and the port, so that when pressurized fluid is
introduced or removed into or from the pressure chamber though one of the
ports, fluid pressure is changed therein; and a fluid line in fluid
communication with at least a portion of the platen actuator, wherein the
fluid line is configured to deliver a pressurized fluid to at least one of
the fluid ports.  2. The apparatus as in claim 1 wherein the platen actuator
comprises a robotic platen actuator.  3. The apparatus as in claim 2 wherein
the platen actuator is under electronic control by a controller.  4. The
apparatus as in claim 3 wherein the controller is a computer or under
computer control.  5. The apparatus as in claim 4 wherein the computer is
following a program. 
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5_2 13C Ctrld 
FID 80min 

80 min. Opens interface valves to begin diffusion. After 
a 80-min. period of diffusion, closes interface 
valves and recharges containment accumulator. 

Use at 4°C after TO scan as an alternative to 
4_Post TO to begin diffusion and then interrupt 
FID after 80 min. 
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possible to 

the 

of gas from 

and 

a particular 

the essential 

5_2_4C Ctrld 
FID 

2.5 hr. Opens interface valves to begin diffusion, then, 
after a 90-min, period of diffusion, closes 
interface valves and recharges containment 
accumulator. 

Use at 4 °C, after TO scan as to begin diffusion 
and then interrupt FID after 60 min. 

5_3_13C Ctrld 
FID 

2 hr. Opens interface valves to begin diffusion, then, 
after a 90-min. period of diffusion, closes 
interface valves and recharges containment 
accumulator. 
Use at 4 °C, after TO scan as to begin diffusion 
and then interrupt FID after 90 min. 

6_Recharge 30 sec. Recharges interface and contairunent 
accumulator. 
Use every 24 hr. during incubation. 

some instances 

While the present invention has been described herein with reference 
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6. The apparatus as in claims wherein the program was customized by a user of
the apparatus.  7. The apparatus as in claim 1, wherein the fluid line is
configured to deliver the pressurized fluid to the at least one fluid pressure
port using a pressure between about one (1) psi and about thirty-five (35)
psi.  8. The apparatus as in claim 7, wherein the pressurized fluid is a gas.
9. The apparatus as in claim 8, wherein the gas is air.  10. An apparatus for
operating a microfluidic device comprising a carrier portion, the apparatus
comprising: a platen having a platen face with a plurality of fluid ports
therein and one or more check valve purge actuators, the fluid ports spatially
corresponding to one or more inlets on a surface of the carrier portion of the
microfthidic device and the one or more check valve purge actuators comprising
one or more pins; a platform for holding the micrOfluidic device relative to
the platen; and a platen actuator for urging the platen against the
microfluidic device so that at least one of the fluid ports of the platen is
urged against one of the inlets to form a pressure chamber comprising the
inlet and the port, so that when pressurized fluid is introduced or removed
into or from the pressure  chamber through one of the ports, fluid pressure is
changed therein, and wherein the platen actuator is configured to deliver a
pressurized fluid to the at least one fluid pressure port using a pressure
between about one (1) psi and about thirty-five (35) psi.  11. The apparatus
as in claim 10, wherein the pressurized fluid is a gas. 12. The apparatus as
in claim 11, wherein the gas is air.  13. A carrier for holding a microfluidic
device comprising: a non-e.lastomeric substrate comprising a plurality of
wells, wherein each of the plurality of wells has a well opening with a center
point and the plurality of wells is spatially arranged such that the center
point to center point spacing is about 4.5 man; a plurality of channels within
the substrate wherein each of the plurality of wells is in fluid communication
with at least one of the plurality of channels; and a receiving portion on the
non-elastomeric substrate for receiving the microfluidic device and placing
the microfluidic device in fluid communication with the plurality of wells,
wherein the microfluidic device comprises an elastomerie material.  14. The
carrier of claim 13 comprising one or more well rows.  15. The carrier of
claim 14 comprising a plurality of well rows and wherein the plurality of rows
is divided into more than one well bank.  16. The carrier of claim 14 wherein
the well rows are divided into a first well region and a second well region
wherein the first well region and the second well region arc adapted to
receive up to 48 reagents into the wells.  17. The carrier of claim 13 wherein
the receiving portion farther comprises a thermal control device. 
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18. The carrier of claim 13 wherein the wells further comprise an upper face
and wherein the wells are adapted to form a pressure cavity when a platen is
urged against the upper face.  19. The carrier of claim 18 further comprising
a pressure accumulator.  20. The carrier of claim 13 wherein the plurality of
wells is spatially arranged such that the center-to-center spacing of each
well is that of the center-point spacing of a inicrotiter plate having a
format selected from the group consisting of a 96 well inicrotiter plate, a
384 well microtiter plate, a 864 well inicrotiter plate, a 1536 well
microliter plate, and a 6144 well microtiter plate.  21. The carrier of claim
18 further comprising arofluidic device, the microfluidie device comprising a
chamber wherein the chamb s coupled to a well through a channel in the
substrate.   22. The carrier of claim 19 further comprising a microfluidie
device, the microfluidic device comprising a chamber and a valve wherein the
chamber is coupled to a well through a channel in the substrate and wherein
the valve is coupled to an accumulator through a channel in the substrate.
23. The carrier of claim 17 further comprising a pressure accumulator and a
microfluidic device, the microfluidie device comprising a chamber and a valve
wherein the chamber is coupled to a well through a channel in the substrate
and wherein the valve is coupled to an accumulator through a channel in the
substrate.  24. The carrier of claim 13, wherein the non-elastomeric substrate
comprises acrylic or polypropylene.  25. The carrier of claim 13, wherein the
elastomeric material of the microfluidic device comprises
polydimethylsiloxane.  26. A carrier for holding a microfluidic device, the
carrier comprising: a carrier substrate comprising at least a plurality of
wells, wherein each of the plurality of wells has an exposed top opening to
receive a fluid from outside the carrier, and wherein each of the plurality of
wells has a center point and the plurality of wells are spatially arranged
such that the center point to center point spacing is about 4.5 mm; a
plurality of channels within the carrier substrate wherein each of the
plurality of wells is in fluid communication with at least one of the
plurality of channels; and a receiving portion on the carrier substrate for
receiving the microfluidic device and placing the microfluidic device in fluid
communication with the plurality of wells.  27. A carrier for holding a
rnicrotluidic device, the carrier comprising: a carrier substrate comprising
at least a plurality of wells, wherein each of the plurality of wells has a
center point and the plurality of wells are spatially arranged such that the
center point to center point spacing is about 4.5 mm; a plurality of channels
within the carrier substrate, wherein each of the channels has a first
terminus that is fluidly coupled to one of the plurality of wells and a second
terminus operable to be fluidly coupled to the niicrofluid c device; and a
receiving portion on the carrier substrate for receiving the microiluidic
device and coupling the microfluidic device to the second termini of the
plurality of channels to place the microfluidic device in fluid communication
with the plurality of welts.  28. The carrier of claim 27, wherein the first
tenuini of the channels is coupled to a bottom side of the wells that is
opposite an exposed top side of each of the wells.  



Claims 

1. An apparatus for operating a microfluidic device, comprising a carrier portion, the 
apparatus comprising: a platen having a platen face with one or more fluid ports therein 
and one or more check valve purge actuators, the fluid ports spatially corresponding to 
one or more inlets on a surface of the carrier portion of the microfluidic device and the 
one or more check valve purge actuators comprising one or more pins; a platform for 
holding the microfluidic device relative to the platen; a platen actuator for urging the 
platen against the microfluidic device so that at least one of the fluid ports of the platen is 
urged against one of the inlets to form a pressure chamber comprising the inlet and the 
port, so that when pressurized fluid is introduced or removed into or from the pressure 
chamber though one of the ports, fluid pressure is changed therein; and a fluid line in 
fluid communication with at least a portion of the platen actuator, wherein the fluid line is 
configured to deliver a pressurized fluid to at least one of the fluid ports. 

2. The apparatus as in claim 1 wherein the platen actuator comprises a robotic platen 
actuator. 

3. The apparatus as in claim 2 wherein the platen actuator is under electronic control by a 
controller. 

4. The apparatus as in claim 3 wherein the controller is a computer or under computer 
control. 

5. The apparatus as in claim 4 wherein the computer is following a program. 

6. The apparatus as in claim 5 wherein the program was customized by a user of the 
apparatus. 

7. The apparatus as in claim 1, wherein the fluid line is configured to deliver the 
pressurized fluid to the at least one fluid pressure port using a pressure between about one 
(1) psi and about thirty-five (35) psi. 

8. The apparatus as in claim 7, wherein the pressurized fluid is a gas. 

9. The apparatus as in claim 8, wherein the gas is air. 

10. An apparatus for operating a microfluidic device comprising a carrier portion, the 
apparatus comprising: a platen having a platen face with a plurality of fluid ports therein 
and one or more check valve purge actuators, the fluid ports spatially corresponding to 
one or more inlets on a surface of the carrier portion of the microfluidic device and the 
one or more check valve purge actuators comprising one or more pins; a platform for 
holding the micrOfluidic device relative to the platen; and a platen actuator for urging the 
platen against the microfluidic device so that at least one of the fluid ports of the platen is 
urged against one of the inlets to form a pressure chamber comprising the inlet and the 
port, so that when pressurized fluid is introduced or removed into or from the pressure 
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chamber through one of the ports, fluid pressure is changed therein, and wherein the 
platen actuator is configured to deliver a pressurized fluid to the at least one fluid 
pressure port using a pressure between about one (1) psi and about thirty-five (35) psi. 

11. The apparatus as in claim 10, wherein the pressurized fluid is a gas. 

12. The apparatus as in claim 11, wherein the gas is air. 

13. A carrier for holding a microfluidic device comprising: a non-elastomeric substrate 
comprising a plurality of wells, wherein each of the plurality of wells has a well opening 
with a center point and the plurality of wells is spatially uranged such that the center 
point to center point spacing is about 4.5 mm; a plurality of channels within the substrate 
wherein each of the plurality of wells is in fluid communication with at least one of the 
plurality of channels; and a receiving portion on the non-elastomeric substrate for 
receiving the microfluidic device and placing the microfluidic device in fluid 
communication with the plurality of wells, wherein the microfluidic device comprises an 
elastomeric material. 

14. The carrier of claim 13 comprising one or more well rows. 

15. The carrier of claim 14 comprising a plurality of well rows and wherein the plurality 
of rows is divided into more than one well bank. 

16. The carrier of claim 14 wherein the well rows are divided into a first well region and 
a second well region wherein the first well region and the second well region are adapted 
to receive up to 48 reagents into the wells. 

17. The carrier of claim 13 wherein the receiving portion further comprises a thermal 
control device. 

18. The carrier of claim 13 wherein the wells further comprise an upper face and wherein 
the wells are adapted to form a pressure cavity when a platen is urged against the upper 
face. 

19. The carrier of claim 18 further comprising a pressure accumulator. 

20. The carrier of claim 13 wherein the plurality of wells is spatially arranged such that 
the center-to-center spacing of each well is that of the center-point spacing of a microtiter 
plate having a format selected from the group consisting of a 96 well microtiter plate, a 
384 well microtiter plate, a 864 well microtiter plate, a 1536 well microtiter plate, and a 
6144 well microtiter plate. 

21. The carrier of claim 18 further comprising a microfluidic device, the microfluidic 
device comprising a chamber wherein the chamber is coupled to a well through a channel 
in the substrate. 
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