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FLUIDIC DEVICES WITH DIAPHRAGM VALVES

CROSS-REFERENCE

[0001] This application is related to USSN 61/183,468, filed June 2, 2009 and USSN 61/227,186, filed July 21, 2009,

which are incorporated herein by reference in their entirety for all purposes.

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH

[0002] None.

BACKGROUND OF THE INVENTION

[0003] Mathies et al. (U.S. Patent Publication 2004-0209354) describes a microfluidic structure comprising: a first
surface including a pneumatic channel; a second surface including a fluidic channel; and an elastomer membrane
located between the first and second surfaces such that the application of a pressure or a vacuum to the pneumatic

channel causes the membrane to deflect to modulate a flow of a fluid in the fluidic channel.

[0004] Fluid flow in a fluidic conduit of such devices can be regulated by a diaphragm valve in the conduit that
comprises a valve seat on which the elastomer membrane sits. When in contact with the seat, the elastomer membrane
blocks fluid flow across a fluidic conduit. When out of contact with the seat, a passage exists that allows fluid

communication across the valve.

[0005] Anderson et al. (Nucleic Acids Res. 2000 Jun 15;28(12):E60) describes a plastic device held together using

ultrasonic welding or adhesives.

[0006] In certain embodiments the elastomer membrane comprises a sheet of polydimethylsiloxane (PDMS)
sandwiched between two glass layers. The elastomer membrane normally sits on a valve seat and is displaced from the
valve seat by the application of negative pressure to the opposing surface of the elastomer. Typically, the elastomer
membrane seals the valve through contact or bonding with the surface of the fluidic and pneumatic layers, and the valve
functions as long as the elastomer membrane does not become stuck to the valve seat or other exposed surfaces or the
device de-laminates as a result of insufficient bonding between the elastomer layer and the contacting surfaces of the

fluidic and pneumatic layers.

SUMMARY OF THE INVENTION

[0007] In one aspect this invention provides a microfluidic device comprising a fluidics layer, an actuation layer and
an elastic layer sandwiched between the fluidics layer and the actuation layer, wherein: (a) the fluidics layer and the
actuation layer comprise sealing surfaces that contact the elastic layer; and (b) the fluidics layer comprises a plurality of
fluid conduits comprising surfaces, and the actuation layer comprises a plurality of actuation conduits comprising
surfaces, wherein at least a portion of the surfaces of the fluid conduits and actuation conduits are exposed to the elastic
layer and wherein at least a portion of the exposed surfaces comprise a low surface energy material. In one embodiment
the device further comprises a plurality of diaphragm valves that each regulate fluid flow in a fluid conduit, wherein
each diaphragm valve comprises (i) a valve body comprising an exposed surface of the actuation layer, (ii) a valve seat
comprising an exposed surface of the fluidic layer, (iii) a diaphragm comprised in the elastic layer and configured to sit

on or off a surface of the valve seat, and (iv) valve ports configured to allow fluid to enter and exit the valve, wherein at

-1-
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least a portion of the valve seat surface comprises the low surface energy material. In another embodiment the sealing
surfaces do not comprise the low energy material. In another embodiment at least one fluidic conduit further comprises
a chamber comprising an exposed surface that does not comprise a valve seat, wherein at least a part of the exposed
surface of the chamber comprises the low surface energy material. In another embodiment at least a part of the valve
body comprises the low surface energy material. In another embodiment all exposed surfaces of the valve comprise the
low surface energy material. In another embodiment all exposed surfaces of the fluidic conduits and the actuation
conduits comprise the low surface energy material. In another embodiment the exposed surfaces are patterned to have
only some of the exposed surfaces comprise the low surface energy material. In another embodiment the low surface
energy material is selected from a self-assembled monolayer, parylene, diamond-like carbon and a metal oxide (e.g.,
from titania and alumina), a metal and a ceramic, In another embodiment, the low surface energy material comprises a
noble metal, such as gold. In another embodiment, the noble metal is coated on a layer of a refractory metal, such as
chromium. In another embodiment the low surface energy material comprises a perfluorinated polymer. In another
embodiment the low surface energy material comprises poly(tetrafluoroethylene) (Teflon ®). In another embodiment
the surfaces comprising the low surface energy material have a water contact angle at least 20° greater than the contact
surfaces. In another embodiment the low surface energy material have a water contact angle at least 100°. In another
embodiment the fluidics layer or the actuation layer comprise a material selected from glass (e.g., borosilicate glasses
(e.g., borofloat glass, Corning Eagle 2000, pyrex), silicon, quartz, and plastic (e.g., a polycarbonate, an olefin co-
polymer (e.g., Zeonor), a cycloolefin co-polymer, a silicon acrylic, a liquid crystal polymer,
polymethylmethoxyacrylate (PMMA), a polystyrene, a polypropylene, and a polythiol). In another embodiment the
elastic layer comprises a material selected from a thermoplastic or a cross-linked plastic. In another embodiment the
elastic layer comprises a material selected from silicones (e.g., polydimethylsiloxane), polyimides (e.g., Kapton ™,
Ultem), cyclic olefin co-polymers (e.g., Topas™, Zeonor), rabbers (e.g., natural rubber, buna, EPDM), styrenic block
co-polymers (e.g., SEBS), urcthanes, perfluoro elastomers (e.g., Teflon, PFPE, Kynar), Mylar, Viton, polycarbonate,
polymethylmethacrylate, santoprene, polyethylene, and polypropylene. In another embodiment the elastic layer
comprises a silicone. In another embodiment the elastic layer comprises PDMS. In another embodiment the elastic
layer comprises PDMS treated by degassing and UV ozone ionization. In another embodiment the sealing surfaces are
heat-bonded to the elastic layer. In another embodiment the sealing surfaces held by pressure to the elastic layer. In
another embodiment a monolithic elastic layer covers a plurality of the valve seats. In another embodiment the
actuation layer is a pneumatic layer. In another embodiment the actuation layer comprises at least one actuation conduit
that actuates a plurality of diaphragm valves on different fluidic conduits. In another embodiment the device further
comprises external ports communicating with the fluidic channels. In another embodiment the device further comprises
fluidic conduits separated by no more than 1 mm. In another embodiment the device further comprises a fluidics layer

with at least 5 fluidic circuits per 1000 mm?,

[0008] In another aspect this invention provides a microfluidic device comprising a fluidics layer and an elastic layer

contacting a face of the fluidics layer, wherein: (a) the fluidics layer comprises a plurality of fluid conduits comprising

fluid-contacting surfaces, wherein at least a portion of the fluid-contacting surfaces are exposed to the elastic layer; and
(b) the face comprises sealing surfaces bonded to the elastic layer to seal the fluid conduits at exposed fluid-contacting

surfaces; wherein at least a portion of the exposed fluid-contacting surfaces comprise a low surface energy material

having greater hydrophobicity than a sealing surface.



WO 2010/141326 PCT/US2010/036464

[0009] In another aspect this invention provides a system comprising: (a) a device of claim 2; (b) a fluid delivery
system configured to deliver fluid to the fluidic conduits; and (¢) a control system configured to control the actuation
layer. Tn one embodiment the actuation layer is a pneumatic layer. In another embodiment the system further

comprises a computer programmed and configured to control action of the fluid delivery system and the control system.

[0010] In another aspect this invention provides a method of making a microfluidic device comprising: (a) providing a
fluidic layer comprising (i) at least one fluidic conduit comprising a surface and (ii) a face comprising at least one
sealing surface wherein at least a portion of each fluidic conduit surface is exposed to the face and at least a portion of
each exposed fluid conduit surface comprises a material having lower surface energy than a sealing surface; and (b)
bonding an elastic layer to a sealing surface but not to an exposed fluid conduit surface. In one aspect the method
further comprises (c) removing the low energy material from an exposed surface after bonding. In another aspect the
method further comprises (c) providing an actuation layer comprising (i) at least one actuation conduit comprising a
surface and (ii) a face comprising at least one sealing surface wherein at least a portion of each actuation conduit
surface is exposed to the face; and (d) bonding the elastic layer to the actuation sealing surface but not to and exposed
actuation conduit surface. In another embodiment the device comprises a plurality of diaphragm valves that each
regulate fluid flow in a fluid conduit, wherein each diaphragm valve comprises (i) a body comprising an exposed
surface of the actuation layer, (ii) a valve seat comprising an exposed surface of the fluidic layer, (iii) a diaphragm
comprised in the elastic layer and configured to sit on or off a surface of the valve seat, and (iv) valve ports configured
to allow fluid to enter and exit the valve, wherein at least a portion of the valve seat surface comprises the low surface
energy material. In another embodiment at least a surface of the valve seat comprises the low surface energy material.
In another embodiment providing the fluidics layer comprises: (i) providing a fluidics layer comprising a plurality of
fluidic conduits comprising surfaces and a face comprising at least one sealing surface, wherein at least a portion of
each fluidic conduit surface is exposed to the face; and (ii) coating at least a portion of the exposed surface with a
material having lower surface energy than the sealing surface. In another embodiment providing the actuation layer
comprises: (i) providing an actuation layer comprising a plurality of actuation conduits comprising surfaces and a face
comprising at least one sealing surface wherein at least a portion of each actuation conduit surface is exposed to the
face; and (ji) coating at least a portion of the exposed surface with a material having lower surface energy than the
sealing surface. In another embodiment coating at least a portion of the exposed surface comprises: (1) covering the
face with a shadow mask, wherein the mask has openings that expose portions of the surface to be coated with the low
surface energy material; and (2) depositing the low surface energy material on the exposed portions. In another
embodiment depositing is performed by chemical vapor deposition. In another embodiment depositing is performed by
physical vapor deposition. In another embodiment coating the exposed surface comprises: (1) depositing the low
surface energy material on the face and exposed surfaces; and (2) selectively removing the low surface energy material
from the face using a shadow mask and exposure to UV ozone or oxygen plasma. In another embodiment coating the
exposed surface comprises: (1) activating or deactivating portions of the face or exposed surface to be coated or left
bare; and (2) exposing the surface to the low surface energy material, wherein the material adheres to the exposed
surface. In another embodiment coating the exposed surface comprises: (1) depositing the low surface energy material
through a photoresist patterned mask; (2) contacting the face of the fluidics layer with the mask; and (3) removing the
mask in a lift-off process that leaves the low surface energy material on the exposed surface. In another embodiment
the at least one microfluidic channel is a plurality of microfluidic channels. In another embodiment the elastic layer is

heat-bonded to the sealing area. In another embodiment the elastomeric material is monolithic.
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[0011] In another aspect this invention provides a method comprising: (a) treating a layer of silicone (e.g., PDMS) by

degassing and UV ozone ionization and (b) bonding the treated silicone to a surface of a layer etched with conduits.

[0012] In another aspect this invention provides a method comprising: (a) creating a sandwich comprising a first layer
comprising at least one conduit exposed to a surface, a second layer comprising at least one conduit exposed to a
surface, and an elastic layer between the two surfaces; (b) bonding the elastic layer to the surfaces; and (c) flushing the

conduits with PEG or 1-2 propane diol.

[0013] In another aspect this invention provides a method comprising: (a) providing a device of claim 2 having fluid
in the microfluidic conduit, wherein the diaphragm valve is closed; (b) opening the diaphragm valve; (¢) allowing fluid

to pass through the open valve; and (d) closing the valve.

[0014] In another aspect this invention provides a microfluidic device comprising a plurality of diaphragm valves,
wherein the valves have a failure rate of less than 1/1000 actuations, 1/10,0000 actuation or 1/100,000 actuations. In
other embodiments the device comprises at least 10 seated diaphragm valves, at least 50 seated diaphragm valves or at
least 100 seated diaphragm valves. In another embodiment the device comprises a density of at least 1 diaphragm valve

per 1 cm?.

[0015] In another aspect this invention provides a microfluidic device comprising plurality of diaphragm valves
wherein the device is a member of a batch of at least 10 microfluidic devices having a plurality of diaphragm valves that

has a device failure rate of less than 20%, less than 1% or less than 0.1%.

[0016] In another aspect this invention provides a device comprising: (a) a first layer having a first surface wherein
the surface comprises a plurality of defined treated areas, and (b) a flexible layer wherein the flexible layer is bonded to

a portion of the first surface and is not bonded to the first surface at the defined treated areas.

[0017] In another aspect this invention provides a microfluidic device comprising a fluidics layer, an actuation layer
and an elastic layer sandwiched between them, wherein: (a) the fluidics layer and the actuation layer comprise sealing
surfaces that contact the elastic layer; and (b) the fluidics layer comprises a plurality of fluid conduits comprising
surfaces, and the actuation layer comprises a plurality of actuation conduits comprising surfaces, wherein at least a
portion of the surfaces of the fluid conduits and actuation conduits are exposed to the elastic layer; wherein the
microfluidic device comprises a plurality of diaphragm valves that each regulate fluid flow in a fluid conduit, wherein
each diaphragm valve comprises (i) a body comprising an exposed surface of the actuation layer and in the fluidics
layer, (ii) a diaphragm comprised in the elastic layer and configured to sit on or off a surface of the valve seat, and (iii)
valve ports configured to allow fluid to enter and exit the valve, wherein at least a portion of the exposed surface of the
fludic layer in the body is derivatized with a binding functionality. In one embodiment the valve further comprises a
valve seat comprising an exposed surface of the fluidic layer, wherein the diaphragm is configured to sit on the valve
seat to close the valve and the valve seat is not derivatized with the binding functionality. In another embodiment
surfaces of fluidic channels are not derivatized with the binding functionality. In another embodiment the binding

functionality comprises a nucleic acid, a protein, a carbohydrate, a metal, or a metal chelate.

[0018] In another aspect this invention provides a microfluidic device comprising first and second substrate layers and
an elastic layer sandwiched in between and contacting sealing surfaces of the substrate layers, wherein the device
comprises at least one diaphragm valve comprised of a body comprised of a cavity in at least one substrate layer, a
diaphragm comprised of a portion of the elastic layer and ports to allow entry of fluid into and out of the valve, wherein

the fluid contacts a fluid contacting surface in the valve, and the device is configured so that the elastic layer is bonded
-
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to the sealing surface but is not bonded to the fluid contacting surfaces. In one embodiment the device further
comprises a valve seat having a fluid contacting surface. In another embodiment at least a portion of the fluid

contacting surface comprises a low energy material that the sealing surface does not comprise.

[0019] In another aspect this invention provides a fluidics layer, an adhesive layer on a surface of the fluidics layer
and an elastic layer adhered to the adhesive layer, wherein: (a) the fluidics layer comprises a plurality of fluid conduits
comprising fluid-contacting surfaces, wherein at least a portion of the fluid-contacting surfaces are exposed to the
elastic layer; and (b) the adhesive layer is separated from at least part of the fluid conduits by a ridge in the fluidic layer.
In one embodiment, the adhesive layer comprises a tape, a liquid or a semi-liquid. In another embodiment, the adhesive

comprises an acrylic based adhesive or a silicone-based adhesive.

INCORPORATION BY REFERENCE

[0020] All publications and patent applications mentioned in this specification are herein incorporated by reference to
the same extent as if each individual publication or patent application was specifically and individually indicated to be

incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The novel features of the invention are set forth with particularity in the appended claims. A better
understanding of the features and advantages of the present invention will be obtained by reference to the following
detailed description that sets forth illustrative embodiments, in which the principles of the invention are utilized, and the

accompanying drawings of which:

[0022] FIG. 1 shows a clamshell view of one embodiment of a diaphragm valve of this invention. A fluidics layer
101 comprises a fluid conduit comprising a fluidic channel 102 interrupted by a valve seat 103 which, in this case, is
flush with the surface of the fluidic layer. In this embodiment, fluidic channel opens into a fluidics valve body 104.
One face of the fluidics layer contacts the elastic layer 105 in the assembled device. This face comprises sealing
surfaces 106, to which the elastic layer can be sealed, and exposed surfaces of the functional components ~ fluidic
conduit including the valve seat. An actuation Jayer 111, comprises an actuation conduit comprising an actuation
channel 112 and an actuation valve body 113 disposed opposite the valve seat. The actuation layer also comprises a
face that contacts the elastic layer in the assembled device that has sealing surfaces 114 and exposed surfaces (surfaces

of 112 and 113) of functional elements. The stippled area represents a coating of low energy material.
[0023] FIG. 2 shows an assembled diaphragm valve in three dimensions.

[0024] FIGS. 3A and 3B show a cross-section of a “three layer” diaphragm valve in closed (FIG. 3A) and open (FIG.
3B) configurations.

[0025] FIGS. 4A and 4B show a portion of a device in which the fluidics layer comprises a plurality of sublayers, in
exploded and closed views. The top or external sublayer 121 is referred to as the “etch” layer and bottom or lower
sublayer 122 is referred to as the “via” layer. In this example the etch layer comprises grooves (e.g., 123 and 128) on
the surface that faces the via layer to form a closed fluidic channel. The via layer comprises grooves (e.g., 124) on the
surface that faces the elastic layer 105. When the elastic layer is bonded to or pressed against the via layer, it covers the

channels and seals them against leakage. The via layer also includes vias (e.g., holes or bores) (e.g., 126 and 127) that
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traverse this sublayer and open onto the elastic layer on one side and the etch layer on the other. In this way, fluid

traveling in a channel in the etch layer can flow into a conduit in the via layer that faces the elastic layer.
[0026] FIG. 5 shows an embodiment of a microfluidic circuit.

[0027] FIG. 6 shows an embodiment of a microfluidic circuit.

[0028] FIG. 7 shows an embodiment of a microfluidic circuit.

[0029] FIG. 8 shows an embodiment of a microfluidic circuit.

[0030] FIG. 9 shows an embodiment of a microfluidic circuit.

[0031] FIG. 10 shows an oval-shaped chamber.

[0032] FIG. 11 shows a three-dimensional view of a device comprising three diaphragm valves in series forming a

diaphragm pump.

[0033] FIG. 12 shows a flow-through valve in which one channel 1210 is always open and communication with
another channel 1220 is regulated by a valve 1230. Flow-through channel 1210 intersects with intersecting channel

1220 at a junction where a flow-through valve 1230 is positioned.

[0034] FIG. 13 shows three channels that are connected by a valve that, when closed, prevents or reduces fluid flow
between all three channels and that, when open, allows fluid flow among the three channels. This is referred to as a "Y"

valve.
[0035] FIG. 14 shows the fluidic architecture for three microfluidic circuits connected by a common port 70.

[0036] FIG. 15 shows a collection of the circuits of FIG. 14 assembled on a device comprising a total of 24

microfluidic circuits.

[0037] FIGS. 16A and 16B shows a fluidics layer comprising a plurality of fluidic circuits and valve seats that
interrupt the circuits, and a shadow mask 1601 comprising openings over valve seats to allow deposition of a low
energy material, in exploded and closed configurations. For example, hole 1629 is aligned with valve 129 and hole
1631 is aligned with valve 131.

[0038] FIGS. 17A and 17B show a shadow mask comprising a hele 1729 that matches the valve seat only of valve
129.

[0039] FIG. 18 shows a device comprising a fluidics layer comprising a raised area bordering the channels and valve
seat. FIGS. 18A and 18B are cross-sections of FIG. 18 that show the raised areas, or ridges, that are elevated above the
rest of the surface of the fluidics layer. This contrasts with other embodiments in which the tops of the channels and the
valve seats are flush with the contact surfaces of the fluidic layer. FIG.18C is a clamshell view showing a face of the

fluidics layer 101 that contacts the elastic layer 105.
DETAILED DESCRIPTION OF THE INVENTION

[0040] 1. Introduction

[0041] The fluidic devices of this invention comprise at least one or a plurality of fluidic conduits in which fluid flow
is controlled by, for example, on-device diaphragm valves and pumps actuatable by, for example, pneumatics or
hydraulics. The devices typically comprise a fluidics layer bonded to an elastic layer, wherein the elastic layer

-
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functions as a deflectable diaphragm that regulates flow of fluids across interruptions (e.g., valve seats) in the fluidic
pathways in the fluidics layer. The elastic layer can comprise a polysiloxane, such as PDMS. In other embodiments,
the device comprises three layers: a fluidics layer, an actuation layer and an elastic layer sandwiched there-between.
The three layers are bonded together into a unit. Actuation conduits can be disposed as apertures, e.g., bores, through
the layer or as channels cut into the surface of the layer and opening at an edge of the piece. In the case of a bore, the
actuation layer can be configured so that one conduit controls one valve. Alternatively, when the actuation conduit is
configured as a channel across a surface of the actuation layer, one conduit can control the operation of a plurality of
valves. In other embodiments, the fluidics layer and the elastic layer can be bonded together to form a single unit that
can be mated with and removed from the actuation layer, e.g., by applying and releasing pressure, for example by
clamping. The devices are configured to decrease sticking between the elastic layer and functional elements of the
device, such as fluidic or actuation conduits, such as valve seats, valve chambers and channels. This is accomplished,
for example, by treating functional surfaces with low surface energy materials or by providing materials to bond fluidic

or actuation layers to the elastic layer without bonding the elastic layer to the functional parts in the process.

[0042] Fluidic conduits and actuation conduits may be formed in the surface of the fluidic or actuation layer as
furrows, dimples, cups, open channels, grooves, trenches, indentations, impressions and the like. Conduits or passages
can take any shape appropriate to their function. This includes, for example, channels having, hemi-circular, circular
rectangular, oblong or polygonal cross sections. Valves, reservoirs and chambers having circular or other shapes and
having dimensions that are larger than channels to which they connect can be made. Areas in which a conduit becomes
deeper or less deep than a connecting passage can be included. The conduits comprise surfaces or walls that contact
fluids flowing through them. The fluid in the fluidic layer can be a liquid or a gas. In the case of an actuation layer, the

fluid is referred to as an actuant. It can be a gas or a liquid.

[0043] The fluidics layer, itself, can be comprised of one or more sublayers, wherein channels in certain sublayers
connect through vias in other sublayers to communicate with other channels or with the elastic layer. In multiple
sublayer situations, fluidic paths can cross over one another without being fluidically connected at the point of

Crossover.

[0044] The diaphragm valves and pumps are comprised of functional elements in the three layers. A diaphragm valve
comprises a body, a seat (optionally), a diaphragm and ports configured to allow fluid to flow into and out of the valve.
The body is comprised of a cavity or chamber in the actuation layer that opens onto the surface facing the elastic layer
(e-g., Figure 1, 113) (“actuation valve body”). Optionally, the valve body also includes a chamber in the fluidics layer
that opens onto a surface facing the elastic layer and which is disposed opposite the actuation layer chamber (e.g.,
Figure 1, 104) (“fluidics valve body™). The actuation layer chamber communicates with a passage, e.g., a channel,
through which positive or negative pressure can be transmitted by the actuant. When the actuant is a gas, e.g., air, the
actuation layer functions as a pneumatics layer. In other embodiments, the actuant is a liquid, such as water, oil etc.
The fluidics layer can comprise a valve seat that faces the elastic layer. The valve seat interrupts a fluidic channel either
directly or by being disposed within a body chamber in the fluidics layer. The diaphragm is included in the elastic
layer. The valve may be configured so that the diaphragm naturally sits on the valve seat, thus closing the valve, and is
deformed away from the seat to open the valve. The valve also may be configured so that the diaphragm naturally does
not sit on the seat and is deformed toward the seat to close the valve. When the diaphragm is off the valve seat, it
creates a fluidic chamber or passage through which fluid may flow. The channel is in fluid communication with the

valve chamber through the valve ports.



WO 2010/141326 PCT/US2010/036464

[0045] In another embodiment a diaphragm valve is formed from a body comprising a chamber in the actuation layer
and the fluidics layer, but without an interruption or valve seat (e.g., Figure 14, valve 40). In this embodiment,
deforming the diaphragm into the actuation chamber creates a volume to accept fluid, and deforming the diaphragm into
the fluidics chamber pumps liquid out of the pump or seals a valve. In this configuration, the position of the diaphragm
also can regulate the speed of flow through the pump by changing the volume of the fluidic passage. This type of valve

is useful as a fluid reservoir and as a pumping chamber and can be referred to as a pumping valve.

[0046] The ports into a valve can take a variety of configurations. In certain embodiments, the fluidic channels are
comprised on the surface of the fluidics layer that faces the elastic layer. A valve can be formed where an interruption
interrupts the channel. In this case, the port comprises that portion of the channel that meets the interruption and that
will open into the valve chamber when the diaphragm is deflected. In another embodiment, a fluidic channel travels
within a fluidics layer. In this case, ports are formed where two vias made in the fluidics layer communicate between
two channels and the elastic layer across from an actuation valve body. (The two adjacent vias are separated by an
interruption that can function as a valve seat.) In another embodiment, a fluidic channel is formed as a bore that
traverses from one surface of the fluidic layer to the opposite surface which faces the elastic layer. A pair of such bores
separated by an interruption can function as a valve. When the elastic layer is deformed away from the interruption (to
which it is not bonded), a passage is created that allows the bores to communicate and for fluid to travel in one bore,

through the valve and out the other bore.

[0047] In the sandwich configuration just described, the surface or face of the fluidics or actuation layer that faces the
elastic layer generally comprises a substantially planar, flat or smooth surface into which indentations, depressions or
etchings have been made to form the functional elements of fluidics and actuation layers, ¢.g., channels, chambers and
valves. A portion of this surface (e.g., a planar, smooth or flat surface) that contacts the elastic layer is referred to as a
contact surface. Portions of the surfaces that are indented, depressed or etched that face the elastic layer but are not
intended to seal with the elastic layer, are referred to as "exposed surfaces". Surfaces over which fluid flows, including

conduits, channels, valve or pump bodies, valve seats, reservoirs, and the like are referred to as "functional surfaces".

[0048] In the construction of the fluidic device, contact of the elastic layer to all or part of the contact surfaces, e.g.,
by pressure or bonding, can function to cover exposed conduits and contain liquid within the fluid or actuation conduits.
The contact surfaces to which the elastic layer is bonded are referred to as “sealing surfaces”. In the functioning of the
valves and pumps, a diaphragm can move on or off a valve seat or contact surface and move toward or away from the
surface of a body chamber in the fluidics or actuation layer. If the elastic layer sticks to a valve seat, contact surface, or

to any exposed functional surface of the device, the device may not function properly.
[0049] 1.1. Functional Surfaces With Low Energy Materials

[0050] This invention provides devices in which part or all of the functional surfaces are configured not to stick to or
bond with the elastic layer during manufacture or use of the device. Functional surfaces can be so configured by
providing them with materials having a low surface energy. The functional surfaces can be configured to have lower
surface energy than the portions of the contact surfaces that seal the functional elements. Low surface energy materials
can be formed that are more hydrophobic, less chemically reactive or otherwise less sticky than the sealing surfaces. In

certain embodiments, the elastic layer does not comprise a low surface energy material.

[0051] For example, the exposed functional surfaces can be treated such that the sealing surfaces will form a chemical

bond with the elastic layer, but the functional surfaces will not form a chemical bond. The exposed functional surfaces
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can be more hydrophobic or less chemically reactive than the sealing surfaces of the fluidic and/or actuation layers. In
the assembled device, the elastic layer can be bonded to the sealing surfaces but not to the exposed functional surfaces.
This can be accomplished by selectively treating functional surfaces but not sealing or contact surfaces to comprise a

low surface energy material.

[0052] All or part of an exposed functional surface can be made less sticky in the devices of this invention. In certain
embodiments, any functional surface likely to come into contact with the elastic layer during operation of the device is
made less sticky. In other embodiments all or part of the surface of the valve seat is made less sticky. In this way, a
valve is less likely to become stuck shut during manufacture or use thus producing a more reliable valve and device. In
other embodiments, all or part of any other exposed surface in a valve or pump body also can be made less sticky,
including the all or part of the chambers in the actuation layer or the fluidics layer. All or part of fluidic or actuation
chanmels that are exposed to the surface also can be configured to be less sticky. Surfaces can be made less sticky by
providing them with a low surface energy material, particularly during a bonding process, or by protecting the surface

from bonding to the elastic layer during manufacture, optionally followed by removing a protectant.

[0053] The portions of the exposed fluidic or actuation surfaces can be configured to be less sticky than the entire
contact surfaces of the fluidic and actuation surfaces which enables selective bonding of the elastomer to controlled
areas of the valve. Alternatively, only portions of the contact surfaces meant to act as sealing surfaces can be more
sticky than the portions of the exposed functional surfaces. These areas generally are adjacent to or border the edges of
the exposed surfaces. More sticky areas can include those portions of a contact surface between functional elements

less than 1 mm apart on a fluidic or actuation surface.

[0054] In another embodiment, a low energy material, e.g., a hydrophobic material, can be applied to selected
functional surfaces and the device can be assembled and then treated to bond the elastic layer to the contact surfaces.
Then, the low energy material can be removed from the functional surfaces. In this way, the low energy material
functions as a sacrificial layer to protect the functional surfaces during the bonding process, and the valves can function

after the material is removed without sticking to the elastic layer.

[0055] After bonding the layers together, the conduits can be flushed with, for example, PEG (e.g., PEG-200) or 1-2
propane diol (Sigma # 398039).

[0056] The devices of this invention have very low failure rates. A device is considered to fail when at least one
fluidic circuit fails to perform. Failure can result from delamination of the sandwich, for example when bonding
between the layers fail, or from sticking of the elastic layer to functional portions of the fluidics or elastic layers, such as

sticking to valve seats, valve chambers or channels on the layer surface that are exposed to the elastic layer.

[0057] The devices of this invention can perform more reliably than devices in which functional surfaces do not
comprise low surface energy materials. A batch of devices according to this invention have failure rates of less than

20%, less than 10%, less than 1% or less than 0.1%. A batch can be at least 10, at least 50 or at least 100 devices.

[0058] Valves of this invention can have a failure rate of less than 1% over 1,000 actuations, over 10,000 actuations or
over 100,000 actuations. Devices herein can have failure from delamination at a rate of 1% over 1,000 actuations, over

10,000 actuations or over 100,000 actuations.
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[0059] 1.2. Valve and compartment surfaces coated with binding functionalities

[0060] Certain functional surfaces in the fluidics layer can be functionalized to have chemical or biochemical binding
functionalities attached thereto. These surfaces typically will include functional surfaces of seated or unseated valves.
In various embodiments, valve seats and/or functional surfaces that not part of a valve, such as a channel or a chamber
in the fluidics layer that does not oppose a chamber in the actuation layer. These materials can selectively or
specifically bind analytes. For example, the binding functionality could be a nucleic acid, a metal or metal chelate, a

carbohydrate or a protein, such as an antibody or antibody-like molecule, enzymes, biotin, avidin/streptavidin, etc.

[0061] These materials can be bound to surfaces, e.g., valve chamber surfaces, by any attachment chemistry known in
the art. For example, a surface can be derivatized with a functionalized silane, such as an amino silane or an acryl

silane, and the functional group reacted with a reactive group on the molecule comprising the binding functionality.
[0062] 1.2. Valve and compartment surfaces coated with binding functionalities

[0063] In another aspect, this invention provides a microfluidic device in which the elastic layer is adhered to the
fluidic and/or actuation layers with an adherent. In order to inhibit leakage of adherent into fluidic or actuation
channels, a raised area, such as a ridge or elevation is provided along the edges of the conduits. The raised ridge
functions as a dam or levee to prevent the adherent from losing into the channel. The adherent is provided on a face or
surface of the substrate layers on the other side of the raised area from the conduit. An example of this is depicted in
FI1G. 18. A fluidic layer 101 is comprises a conduit 102 with a valve seat 103. The edges of the conduit and the valve
seat are elevated with respect to the rest of the surface of the fluidic layer so as to form a ridge 123. Adhesive 121
covers the fluidic layer surface on a side opposite the ridge from the conduit. The valve seat 103 also is not flush with
the rest of the surface of the fluidic layer. Elastic layer 105 is attached to the surface of the fluidic layer through the

adhesive and stretches over the ridges.

[0064] The ridges can be created, for example, by etching the surface of the fluidic layer to remove material to create
arelative depression compared with the surface into which the conduits are etched. The adhesive can be comprised in a
layer that is thinner than the height of the raised area. This can inhibit leaking of the adhesive into the conduit or on top
of the valve seat. The adhesive can be, for example, an acrylic-based or a silicone-based adhesive. The adhesive can be
in the form of a tape, a liquid or a semi-liquid. It can be one or several mils in thickness. For example, the adhesive can
be a silicone adhesive applied using a silicone transfer adhesive tape. Examples of silicone transfer tapes include Trans-
Sil 1005 from Dielectric Polymers (Holyoke, MA), which has a 5 mil layer of adhesive, and RD-577 from PPI
Adhesive Products Limited (Waterford, Ireland) Alternatively, the adhesive could be a double stick tape. The carrier
can be polyethlylene (e.g. 2 mils) with 2 mils of acrylic adhesive on both sides. Holes matching locations of the raised
areas, can be made by dies or laser. Liquids can be applied by masks or silk screen. The device can be assembled by
laying the elastic layer on top of the adhesive and applying pressure to bond the elastic layer to the surface and to seal

the conduits. This can be done without heat.
[0065] 2. Devices

[0066] Microfluidic devices with diaphragm valves that control fluid flow have been described in U.S. Patent No.
7,445,926, U.S. Patent Publication Nos. 2006/0073484, 2006/0073484, 2007/0248958, 2008/0014576 and
2009/0253181, and PCT Publication No. WO 2008/115626.
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[0067] The fluidic devices of this invention comprise at least one or a plurality of fluidic conduits in which fluid
flows. Fluid can be introduced into or removed from the device through ports communicating with fluidic conduits
(e.g. entry ports or exit ports). Flow can be controlled by on-device diaphragm valves and/or pumps actuatable by, for
example, pressure, pneumatics or hydraulics. The devices typically comprise a fluidics layer bonded to an elastic layer,
wherein the elastic layer functions as a deflectable diaphragm that regulates flow of fluids across interruptions (e.g.,
valve seats) in the fluidic pathways in the fluidics layer. The elastic layer can comprise a polysiloxane, such as PDMS.
In other embodiments, the device comprises three layers: A fluidics layer, an actuation layer and an elastic layer
sandwiched there-between. The actuation layer can comprise actuation conduits configured to actuate or deflect the
elastic layer at selected locations, e.g., at diaphragm valves, thereby controlling the flow of fluid in the fluidic conduits.
Actuation conduits can be disposed as apertures, e.g., bores, through the layer, or as channels cut into the surface of the
layer and opening at an edge of the piece. The three layers can be bonded together into a unit. Alternatively, the
fluidics layer or the actuation layer can be bonded to the elastic layer to form a unit and the unit can be mated with
and/or removed from the other layer. Mating can be accomplished, for example, by applying and releasing pressure,
e.g., by clamping. The face of the microfluidic device that contacts the elastic layer can have an area from about 1 cm?
to about 400 cm?,

[0068] 2.1 Elastic Layer

10069] The elastic layer typically is formed of a substance that can deform when vacuum or pressure is exerted on it
and can return to its un-deformed state upon removal of the vacuum or pressure, e.g., an elastomeric material. Because
the deformation dimension is measure in less than ten mm, less than one mm, less than 500 um, or less than 100 um, the
deformation required is lessened and a wide variety of materials may be employed. Generally, the deformable material
has a Young’s modulus having a range between about 0.001 GPa and 2000 GPa, preferably between about 0.01 GPa
and 5 GPa. Examples of deformable materials include, for example but are not limited to thermoplastic or a cross-
linked polymers such as: silicones (e.g., polydimethylsiloxane), polyimides (e.g., Kapton ™, Ultem), cyclic olefin co-
polymers (e.g., Topas™, Zeonor), rubbers (e.g., natural rubber, buna, EPDM), styrenic block co-polymers (e.g., SEBS),
urethanes, perfluoro elastomers (e.g., Teflon, PFPE, Kynar), Mylar, Viton, polycarbonate, polymethylmethacrylate,
santoprene, polyethylene, or polypropylene. Other classes of material that could function as the elastic layer include,
for example, but are not limited to metal films, ceramic films, glass films or single or polycrystalline films.
Furthermore an elastic layer could comprise multiple layers of different materials such as combination of a metal film
and a PDMS layer.

[0070] At points where the fluidic channels or actuation channels open onto or are otherwise in contact with the
elastic layer, functional devices such as valves can be formed. Such a valve is depicted in cross section in FIGS. 3A
and 3B. Both the fluidics layer and the actuation layer can comprise ports that connect channels to the outside surface.

Such ports can be adapted to engage fluidics manifolds, e.g., cartridges, or pneumatics manifolds.
[0071] 2.2 Fluidics and Actuation Layers

[0072] The fluidics and/or actuation layers of the device may be made out of different materials selected from those
including, but not limited to, glass (e.g., borosilicate glasses (e.g., borofloat glass, Corning Eagle 2000, pyrex), silicon,
quartz, and plastic (e.g., a polycarbonate, an olefin co-polymer (e.g., Zeonor), a cycloolefin co-polymer, a silicon
acrylic, a liquid crystal potymer, polymethylmethoxyacrylate (PMMA), a polystyrene, a polypropylene, and a

polythiol). Depending on the choice of the material different fabrication techniques may also be used.
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[0073] In some embodiments microstructures of channels and vias are formed using standard photolithography. For
example, photolithography can be used to create a photoresist pattern on a glass wafer, such as an amorphous silicon
mask layer. In one embodiment, a glass wafer comprises of a 100 um thick glass layer atop a 1 um thick glass layer on
a 500 um thick wafer. To optimize photoresist adhesion, the wafers may be exposed to high-temperature vapors of
hexamethyldisilazane prior to photoresist coating, UV-sensitive photoresist is spin coated on the wafer, baked for 30
minutes at 90 °C, exposed to UV light for 300 seconds through a chrome contact mask, developed for 5 minutes in
developer, and post-baked for 30 minutes at 90 °C. The process parameters may be altered depending on the nature and
thickness of the photoresist. The pattern of the contact chrome mask is transferred to the photoresist and determines the

geometry of the microstructures. .

[0074] The microfluidic device typically comprises multiple microchannels and vias that can be designed and
configured to manipulate samples and reagents for a given process or assay. A microfluidic channel has at least one
cross-sectional dimension no greater than 500 microns, no greater than 400 microns, no greater than 300 microns or no
greater than 250 microns, e.g., between 1 micron and 500 microns. In some embodiments the microchannels have the
same width and depth. In other embodiments the microchannels have different widths and depths. In another
embodiment a microchannel has a width equal to or larger than the largest analyte (such as the largest cell) separated
from the sample. For example, in some embodiments, a microchannel in a microfluidics chip device can have a width
greater than 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, or 300 microns. In some embodiments, a microchannel
has a width of up to or less than 100, 90, 80, 70, 60, 50, 40, 30 or 20 microns. In some embodiments a microchannel in
a microstructure can have a depth greater than 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 or 150 microns. In some
embodiments, a microchannel has a depth of up to or less than 100, 90, 80, 70, 60, 50, 40, 30 or 20 microns. In some
embodiments a microchannel has side walls that are parallel to each other. In some other embodiments a microchannel
has a top and bottom that are parallel to each other. In some other embodiments a microchannel comprises regions with
different cross sections. In some embodiments, a microchannel has a cross section in the shape of a cheese wedge,

wherein the pointed end of the wedge is directed downstream.

[0075] The device may be made out of plastic, such as polystyrene, using a hot embossing technique. The structures
are embossed into the plastic to create the patterned surface. A second layer may then be bonded to the patterned
surface of the plastic layer. Injection molding is another approach that can be used to create such a device. Soft
lithography may also be utilized to create either a whole chamber out of plastic or only partial microstructures may be
created, and then bonded to a glass substrate to create the closed chamber. Yet another approach involves the use of
€poxy casting techniques to create the obstacles through the use of UV or temperature curable epoxy on a master that
has the negative replica of the intended structure. Laser or other types of micromachining approaches may also be
utilized to create the flow chamber. Other suitable polymers that may be used in the fabrication of the device are
polycarbonate, polyethylene, and poly(methyl methacrylate). In addition, metals like steel and nickel may also be used
to fabricate the master of the device of the invention, e.g., by traditional metal machining. Three-dimensional
fabrication techniques (e.g., stereolithography) may be employed to fabricate a device in one piece. Other methods for

fabrication are known in the art.
[0076] 2.3. Micro-Robotic on-Chip Valve and Pump (“MOVe”) Technology

[0077] MOVe elements, such as valves, routers and mixers are formed from sub-elements in the fluidics, elastic and
actuation layers of the device. A MOVe valve is a diaphragm valve formed from interacting elements in the fluidics,

elastic and actuation layers of a microfluidic chip (FIG. 1). The diaphragm valve is formed where a microfluidic
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channel and an actuation channel cross over each other and open onto the elastic layer. At this location, deflection of
the elastic layer into the space of the fluidics channel or into the space of the pneumatics channel will alter the space of
the fluidics channel and regulate the flow of fluid in the fluidics channel. The fluidics channel and actuation channels at
the points of intersection can assume different shapes. For example, the fluidics channel can comprise an interruption
that functions as a valve seat for the elastic layer. The fluidics channel could open into a chamber like space in the
valve. The actuation channel can assume a larger space and/or cross section than the channel in other parts of the

actuation layer, for example a circular chamber.

[0078] FIG. 2 shows a three-dimensional view of a MOVe valve. FIG. 3A and 3B show a MOVe valve in cross-
section. In this case, the fluidics layer comprises channels that are formed in the surface of the fluidics layer and
covered over by the elastic layer. FIG. 11 shows a three-dimensional view of a diaphragm pump formed from three
MOVe valves in series. FIG 4A and 4B depict a fluidics layer with internal channels that open onto the elastic layer
through vias. FIG. 12 shows a flow-through valve comprising one channel that is always open and a channel that
intersects in which fluid flow into the open channel is regulated by a diaphragm valve. FIG. 13 shows a valve having
three inlet ports for three channels. Opening the valve allows fluid to flow from any two channels into the third channel

or any one channel into the other two.

[0079] Referring to FIGS. 4A and 4B, fluidics layer 101, elastic layer 105 and actuation layer 111 are sandwiched
together. Microfluidic channel 128 opens onto the elastic layer through a via 126. Valve seat 129 is in contact with the
elastic layer, resulting in a closed valve. When the actuation layer is activated, the elastic layer 105 is deformed into the
pneumatic chamber 130. This opens the valve, creating a path through which liquid can flow. The pressure in the
pneumatic chamber relative to the microfluidic channel controls the position of the elastic layer. The elastic layer can
be deformed toward the pneumatic chamber when the pressure is lower in the pneumatic chamber relative to the
microfluidic channel. Alternatively, the elastic layer can be deformed toward the microfluidic channel when the
pressure is lower in the microfluidic channel relative to the pneumatic chamber. When pressure is equal or
approximately equal in the microfluidic channel and the pneumatic chamber, the valve can be in a closed position. This
configuration can allow for complete contact between the seat and the elastic layer when the valve is closed.
Alternatively, when pressure is equal or approximately equal in the microfluidic channel and the pneumatic chamber,
the valve can be in an open position. The pneumatically actuated valves can be actuated using an inlet line that is under
vacuum or under positive pressure. The vacuum can be approximately house vacuum or lower pressure than house
vacuum, e.g., at least 15 inches Hg or at least 20 inches Hg. The positive pressure can be about 0, 1, 2, 5, 10, 15, 20,
25,30, or 35 psi. The fluid for communicating pressure or vacuum from a source can be any fluid, such as a liquid or a
gas. The gas can be air, nitrogen, or oxygen. The liquid can be any pneumatic or hydraulic fluid, including organic
liquid or aqueous liquid, e.g., water, a perfluorinated liquid (e.g., Fluorinert), dioctyl sebacate (DOS) oil, monoplex

DOS oil, silicon oil, hydraulic fluid oil or automobile transmission fluid.

[0080] Diaphragm micro-valves, micro-pumps, and micro-routers can combine a fluidic layer with a deformable
membrane layer, such as polydimethyl siloxane (PDMS), that opens and closes the valve, and an actuation (e.g.,
pneumatic or hydraulic) layer to deform the membrane and actuate the valve. The fluidic layer can have multiple
configurations. In some embodiments, an open channel, furrow or groove can be etched into the surface of one of the
glass layer. In other embodiments, the channel can be internal to the layer, e.g., in the form of a tunnel, tube or via.
The fluidic channels etched in a first glass layer can be discontinuous and lead to vias, or ports, in a second glass layer

that bridge opposing discontinuous channels at a nexus of the first glass layer, wherein the vias act as valve seats. The
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elastic layer (e.g., PDMS) sits against the valve seat and normally closes the fluidic path between the two vias. On the
opposite side of PDMS membrane, a pneumatic displacement chamber, formed by etching in the layer, is connected to a
full-scale or smaller vacuum or pressure source. By controlling a miniaturized off-chip solenoid, vacuum or pressure
(approximately one-half atmosphere) can be applied to PDMS membrane to open or close the valve by simple
deformation of the flexible membrane, e.g., application of vacuum to the membrane deflects the membrane away from a

valve seat, thereby opening the valve.

[0081] Diaphragm valves of this invention can displace defined volumes of liquid. A diaphragm valve can displace a
defined volume of liquid when the valve is moved into a closed or opened position. For example, a fluid contained
within a diaphragm valve when the valve is opened is moved out of the diaphragm valve when the valve is closed. The
fluid can be moved into a microchannel, a chamber, or other structure. The diaphragm valve can displace volumes that
are about, up to about, less than about, or greater than about 1000, 750, 500, 400, 300, 200, 100, 50, 25, 20, 15, 10, 5, 4,
3,2,1,05,0.25,0.1,0.05 or 0.01 pl.. For example, the displacement volume (interchangeably referred to herein as
‘stroke volume”) can be between about 10 nL to S puL, e.g., about 100 nL to about 500 nL, or about 25 nL to about 1500
nL.

[0082] Variations on flow-through and in-line valves can include valves that are situated at intersections of greater
than two, three, four, or more channels. Valve seats or other structures can be designed such that closure of the valve
can prevent or reduce flow in one or more of the channels while allowing fluid to flow in one or more of the other
channels. For example flow can be blocked along three of five channels, while flow can continue through two of the
five channels. A flow-through valve can also be referred to as a T-valve, as described in US Application No.
12/026,510 and WO 2008/115626.

[0083] When placed in a series of three, diaphragm valves can function as a diaphragm pump, which functions as a
positive displacement pump. (See FIG. 11.) Diaphragm pumps are self-priming and can be made by coordinating the
operation of three valves (including but not limited to, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 or
more valves), and can create flow in either direction. A variety of flow rates can be achieved by the timing of the
actuation sequence, diaphragm size, altering channel widths, and other on-chip dimensions. Routers can similarly be
formed from these valves and pumps. The routers can be formed using three or more valves each on a separate channel
connecting to central diaphragm valve. A router also can be made by configuring three channels, each comprising a
diaphragm pump, to meet in a common chamber, e.g. a pumping chamber. Bus structures can also be created that
employ a series of at least two flow-through valves in which intersecting channels intersect the same flowthrough

channel.

[0084] Examples of diaphragm valves placed along microfluidic channels are shown in FIG. 5, shows a first channel
(107) and a second channel (108) that are fluidically connected to a mixing channel (110). A first in-line diaphragm
valve (507) is placed along the first channel. A second in-line diaphragm valve (505) is placed along the second
channel. Two in-line valves (511 and 513) are positioned along the mixing channel. A pump can be formed by three
diaphragm valves that are positioned linearly along a flow path. For example, valves 507, 511, and 513 can form a first
pump and valves 505, 511, and 513 can form a second pump. The centrally located valve, valve 511, can be the
pumping valve. The pumping valve can have a desired stroke volume or displacement volume (interchangeably
referred to herein) as described herein (e.g., about 10 nanoliters to 5 microliters). The first pump can move liquids from
the first channel to the mixing channel or vice-versa. The second pump can move liquids from the second channel to

the mixing channel or vice-versa. The first pump can be operated while fluid flow in the second channel is blocked by
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closure of valve 505 or another valve positioned on the second channel or on other channels that are connected to the

second channel.

[0085] FIG. 6 shows a first channel 107 and a second channel 108 that are connected to a mixing channel 110. Flow
through the first channel can be controlled by in-line valve 507 and flow through the second channel can be controlled
by flow-through valve 505. Similar to as shown in FIG. 5, the mixing channel can have two in-line valves (511 and
513).

[0086] FIG. 7 shows an alternative arrangement of microfluidic valves positioned along three channels. The first
channel 107 can have two in-line valves 701 and 703, and the second channel 108 can have two in-line valves 705 and
707. The first and second channel can be connected to a mixing channel 110. A junction valve 709 can be positioned at
the intersection between the first channel, the second channel, and the mixing channel. Closure of the junction valve
can prevent or reduce fluid flow in the first channel, the second channel, and the mixing channel. The junction valve

709 can have a seat that is triangular-shaped or shaped as shown in FIG. 13.

[0087] FIG. 8 shows a first channel 801, a second channel 805, and a third channel 803 that are connected to a mixing
channel 807. The valves and channels can be operated in a similar manner as the valves and channels shown in FIG. 7.
Referring to FIG. 8, fluid can be moved from the first channel to the mixing channel while preventing or reducing flow

of fluid in the second channel and the third channel by closure of valve 805 and 803.

[0088] FIG. 9 shows a first channel 903, a second channel 902, a third channel, 904 connected to a mixing channel
905. A junction diaphragm valve can be positioned at the intersection between the first channel, the second channel, the
third channel, and the mixing channel. The valves and channels can be operated in a similar manner as the valves and

channels shown in FIG. 8.

[0089] As shown in FIG, 10, the mixing channel can have a chamber of variable cross-sectional area. The shape of
the chamber can be oval 201, spherical, or rectangular. In some embodiments of the invention, the chamber can be
irregularly shaped to improve mixing of fluids passing through the chamber. An elastic layer can form one wall of the
chamber. The elastic layer can be deformed such that the volume of the chamber is variable. The elastic layer can be

deformed at a rate such that mixing within the chamber is improved.

[0090] Using the diaphragm valves to pump fluids can move a bolus of liquid into a microchannel. In some
embodiments of the invention, two different fluids can be pumped into a microchannel such that a bolus of a first fluid
is layered against a bolus of a second fluid in the microchannel. The first fluid and the second fluid can be different
fluids. The first fluid and the second fluid can comprise different components. The fluids can be a reagent solution and

a sample solution. The reagent solution can be a solution containing magnetic beads.

[0091] In some embodiments, the microfluidic chip devices herein include one or more reservoirs capable of
containing a sample or a reagent (e.g., enzymes, labeled nucleotides, affinity reagents). The reservoir is preferably

fluidly coupled to one or more of the microchannels or valves disclosed herein.

[0092] The ability to mix fluids on microchips and capillaries is disclosed. By actuating the proper combinations of
valves, liquids from one of the channels or reservoirs can be drawn into the central diaphragm valve and expelled into a
different channel to rout the liquid in a fluidic circuit. The liquids can comprise, without limitation, analytes, biological

samples, chemical and biochemical reagents, buffers, binding moieties, beads, magnetic particles, detection moieties
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and other materials used in the performance of assays or biochemical or chemical reactions. In other embodiments, the

fluid being pumped is a gas, such air.

[0093] The diaphragm valves, pumps, and routers are durable, easily fabricated at low cost, can operate in dense
arrays, and have low dead volumes. Arrays of diaphragm valves, pumps, and routers are readily fabricated on
microchips, such as NanoBioProcessor microchips. In one embodiment, all the diaphragm valves, pumps, and routers
on a microchip are created at the same time in a simple manufacturing process using a single or monolithic membrane,
such as a sheet of PDMS. It costs the same to make 5 diaphragm pumps on a chip as it does to create 500. This
technology provides the ability to create complex micro- and nanofluidic circuits on microchips and integrate chemical
and biochemical processes by using the circuits. Thus, the disclosure herein provides methods and the ability to create
simple and complex micro-, nano-, and pico-fluidic circuits on chips, and allows the implementation of virtually any
reaction or assay onto a chip. In general, this technology can be at least substantially insensitive to variations in

solution ionic strength and surface contamination, and does not require applied electric fields.

[0094] A device, e.g., a chip, typically will comprise a plurality of fluidics circuits, each circuit comprising a
microfluidic conduit in communication with external entry and exit ports. Circuits typically comprise channels and
functional elements, such as valves, routers, pumps (e.g., three independently operable valves in series) and chambers.
An exemplary schematic of the microfluidic circuits of the microfluidic device is shown in FIG. 14. This shows three
circuits that share a common port, 70. The microfluidic circuits can move fluids from sample input areas or reservoirs
80, mix them with reagents or other materials at valve 20 and deliver them to other areas within the microfluidic chip
device 30, 40, and 60. Two or three or more fluidic streams can be joined by configuration of the appropriate number
of valves, pumps, and channels. The streams can contain samples, reagents, buffers, and other components. The
microchannels 60, 61, 62 and ports 70 can be variable in width or height. In one embodiment, the samples and reagents
are delivered to the serpentine channel 60 in an extended shelf region of the microchip for incubation and/or processing,
and then returned to an output area in the microfluidics device 90 through a gated valve 50. The processed sample can
also be moved to a region for removal of an analyte or other component, such as magnetic beads in area 40. The
individual fluid streams can be moved by pumps comprising three or more valves including diaphragm valves or other
valves such as 10, 20, 30, 40, and 50. The valves can be created actuation of a deformable structure, changes in
temperature, pressure. Two or more streams can be combined using diaphragm and other microvalves. In one
embodiment the diaphragm valves are self priming and are under computer control; they may be driven in either
direction and the same circuit can be used to split a sample into two streams by simply running the two co-joined pumps

to move samples to two areas within the microfluidic chip device or to form an archival sample.

[0095] In certain embodiments, the chip comprises a plurality of parallel circuits. Such an embodiment is shown in
FIG. 15, which illustrates a microfluidics chip configured for 24 samples, and has an array of 24 fluidic circuits

arranged in a serpentine pattern on the extended shelf portion of the microfluidic chip device.

[0096] In certain embodiments, the microfluidic devices of this invention are monolithic devices. In monolithic
devices, a plurality of circuits are provides on a single substrate. In the case of devices comprising diaphragm valves, a
monolithic device comprises a single elastic layer functioning as a diaphragm for a plurality of valves. In certain
embodiments, one actuation channel can operate a plurality of valves on a monolithic device. This allows parallel
activation of many fluidic circuits. Monolithic devices can have dense arrays of microfluidic circuits. These circuits
function with high reliability, in part because the channels in each circuit are fabricated simultaneously on a single

substrate, rather than being made independently and assembled together. In other embodiments, an actuation conduit
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can control actuation of a single valve (e.g., each valve can be operated by a separate actuation conduit). For example,
the actuation conduit can traverse the actuation layer from the actuation surface to the other side, e.g., as a bore through
the substrate.

[0097] The fluidic circuits and actuation circuits of these chips are densely packed. A circuit comprises an open or
closed conduit. In certain embodiments, the device can comprise at least 1 fluidic circuit per 1000 mm?, at least 2
fluidic circuits per 1000 mm?’, at least 5 fluidic circuits per 1000 mm?’, at least 10 fluidic circuits per 1000 mm?, at least
20 fluidic circuits per 1000 mm?, at least 50 fluidic circuits per 1000 mm?. Alternatively, the device can comprise at
least 1 mm of channel length per 10 mm?® area, at least 5 mm channel length per 10 mm?, at least 10 mm of channel
length per 10 mm?® or at least 20 mm channel length per 10 mm?. Alternatively, the device can comprise valves (either
seated or unseated) at a density of at least 1 valve per cm?, at least 4 valves per cm?, or at least 10 valves per cm’.
Alternatively, the device can comprise features, such as channels, that are no more than 5 mm apart edge-to-edge, no

more than 2 mm apart, no more than 1 mm apart, no more than 500 microns apart or no more than 250 microns apart.

[0098] Tn other embodiments, the device can comprise at most 1 fluidic circuit per 1000 mm?, at most 2 fluidic
circuits per 1000 mm?, at most 5 fluidic circuits per 1000 mm?, at most 10 fluidic circuits per 1000 mm?, at most 20
fluidic circuits per 1000 mm”, at most 50 fluidic circuits per 1000 mm”. Alternatively, the device can comprise at most
1 mm of conduit length per 10 mm” area, at most 5 mm conduit length per 10 mm?, at most 10 mm of conduit length per
10 mm” or at most 20 mm conduit length per 10 mm”. Alternatively, the device can comprise valves (either seated or
unseated) at a density of at most 1 valves per cm>, at most 4 valves per cm?, or at most 10 valves per cm’.

Alternatively, the device can comprise features, such as channels, that are no less than 5 mm apart edge-to-edge, no less

than 2 mm apart, no less than 1 mm apart, no less than 500 microns apart or no less than 100 microns apart.
[0099] 3. Methods of Making the Device
[00100] 3.1. Functional, Exposed Surfaces Comprising Low Surface Energy Materials

[00101] In the devices of this invention, the functional surfaces have a material with sufficiently low surface energy
that they will not stick to the elastic layer, particularly during bonding of the layers together. Also, the sealing surfaces
generally will have a material with high enough surface energy to seal the functional surfaces during bonding and resist
delamination. When the elastic Jayer is a silicone, such as poly(dimethylsiloxane) (PDMS), the water contact angle of
the treated surface should be at least 90°, at least 100° degrees, at least 115°, at least 120° degrees or at least 140°
degrees.

[00102] 3.1.1. Materials

[00103] Many materials are useful to create low surface energies on exposed surfaces. In one embodiment, the
material is a low energy polymer such as a perfluorinated polymer or a poly(p-xylylene) (e.g., parylene). Teflon is a
known low surface energy material, which is also inert and biocompatible. The material can be a self-assembled
monolayer. Self-assembled monolayers can be made from silanes, including for example, chlorosilanes or from thiol
alkanes. They typically have a thickness between about 5 Angstroms and about 200 Angstroms. The low energy
material can be a metal (e.g., a noble metal such as gold, silver or platinum). Other matetials that can be used to
provide low surface energy surfaces include hard diamond, diamond-like carbon (DLC) or a metal oxide (e.g., titania,

alumina or a ceramic).
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[00104] Perfluorinated polymers include, for example, Teflon-like materials deposited from fluorinated gases, PTFE
(polytetrafluoroethylene, Teflon®), PFA (perfluoroalkoxy polymer resin), FEP (fluorinated ethylene-propylene), ETFE
(polyethylenetetrafluoroethylene), PVF (polyvinylfluoride), ECTFE (polyethylenechlorotrifluoroethylene), PVDF
(polyvinylidene fluoride) and PCTFE (polychlorotrifluoroethylene). The material can have a thickness of about 100
Angstroms to about 2000 Angstroms.

[00105] In one embodiment, the material comprises a noble metal, such as gold. The noble metal can be applied
directly to the surface to be coated. Also, the noble metal can be applied to a surface already coated with another
material, such as a refractory metal that facilitates adhesion of the noble metal to the surface. Refractory metals include,
for example, chromium, titanium, tungsten, molybdenum, niobium, tantalum and rhenium. For example, a 1000
Angstrom layer of chromium can be applied to selective surfaces, followed by a 2000 Angstrom layer of gold. The
chromium layer need only be thick enough to allow the gold to adhere, for example, at least 30 Angstroms, at least 50
Angstroms, at least 100 Angstroms, at least 500 Angstroms or at least 1000 Angstroms. The noble metal, also, need
only be thick enough to inhibit binding of the elastic layer. For example the noble metal can have a thickness of at least
50 Angstroms, at least 100 Angstroms, at least 500 Angstroms, at least 1000 Angstroms or at least 2000 Angstroms.
The metal can be applied by sputtering, evaporation, or atomic layer deposition using a shadow mask that exposes the

surfaces to be coated, or by other techniques. Sputtering can use, for example, Rf or DC energy.

[00106] Another method improves bonding between plastic pieces and an elastic layer, particularly made of a siloxane.
This method involves coating the plastic piece with a material that can produce hydroxyl groups that can react with
activated siloxane. For example, the material can be a polysiloxane or a metal oxide. When subjected to UV ozone or
oxygen plasma, these materials easily form bonds with activated polysiloxanes. Such methods are described in more

detail in U.S. provisional patent application 61/265,579, filed December 1, 2009.

[00107] The fluidic piece can comprise microfluidic elements with non-microfluidic elements in an article fabricated in
a single piece. For example, the piece can have an aperture that traverses the piece connecting microfhuidic channels on
one side with chambers having a non-microflnidic volume on another site. Such an article is described in US patent
application serial number 61/330154, filed April 30, 2010. The term “non-microfluidic volume” as used herein refers to
a volume of at least 5 microliters, at least 10 microliters, at least 100 microliters and least 250 microliters, at least S00

microliters, at least 1 milliliter or at least 10 milliliters.
[00108] 3.1.2. Methods

[00109] Materials can be deposited by a number of different methods including chemical vapor deposition processes,
physical deposition processes, flowing liquids over surfaces, photoresist or printing. Surfaces may be cleaned with

piranha solution a mixture of sulfuric acid (H,SO,) and hydrogen peroxide (H,0,).
[00110] 3.1.2.1. Chemical Vapor Deposition

[00111] One way to achieve such selective hydrophobicity is to deposit low surface energy coatings onto functional
surfaces with a chemical vapor deposition system using a shadow mask or by diffusion of the vapor into exposed
compartments. A shadow mask is made of an appropriate material, such as glass, that contains openings in appropriate
locations. When the layer is overlaid with the mask and properly aligned, surfaces to be coated are exposed. Examples
of masks include glass, metal sheet, foil or semiconductor wafer. An example of a portion of a mask useful for this
process is shown in FIGS. 16A and 16B. In this case, via layer 122 has contact surface 106 comprising etched

channels, e.g., 124, valve seat 129, fluidic valve body 131 that does not comprise a valve seat and vias, e.g., 126 and
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127. Mask 1601 has holes, e.g., 1629, that mate with valve bodies/seats and holes, e.g., 1631, that mate with seatless
valve bodies. When mated, as in F1G. 16B, the holes expose functional surfaces that are to be coated with the low
surface energy material. FIGS. 17A and 17B show a shadow mask comprising a hole that mates with a valve seat, but

not a fluidic valve body.
[00112] 3.1.2.1.1 Chemical Deposition with Pyrolytic Reaction

[00113] In a pyrolytic chemical deposition process, the coating material and the parts to be coated are placed in a
chamber. The chamber is heated under low pressure so as to vaporize the coating material. The coating material is

deposited on the exposed surfaces. This method is particularly useful for depositing poly(p-xylylene) polymers
(parylene).

[00114] 3.1.2.1.2 Plasma Enhanced Chemical Vapor Deposition

[00115] A low energy coating can be deposited by plasma-enhanced chemical vapor deposition processes (PECVD). In
this method, the layers are covered by a mask that exposes the functional surfaces. The chamber is evacuated to a few
millitor. A gas of the coating material is introduced into the reactor. The gas is exposed to an electrical discharge, such

as DC, AC or radio frequency. This ionizes the gas into a plasma and reforms on the exposed surface.

[00116] This method is particularly useful for depositing perfluorinated materials on the surface. For example, the gas

can be CF4 or C,F;. This can produce a polymer on the surface having the general formula C,F,.
[00117] 3.1.2.1.3. Self-assembled Monolayers

[00118] Self-assembled monolayer coatings can be deposited from a vapor phase using vacuum oven or other vacuum-
based system. Such coatings can be based on silane or thiols, or use other surface attachment groups. Noble metals
also provide sits on which SAMs can be assembled. In certain embodiments, the device is assembled or mated from the
fluidics, elastic and actuation layers. Then, the assembled device is placed in an oven comprising a container of the
material to form the self-assembled monolayer. For example, the material can be silane-based, such as
chlorotrimethylsilane. The chamber is subjected to low pressure to vaporize the material. The material enters open

channels and coats surfaces with the monolayer.

[00119] Alternatively, depending on the SAM molecule head group it may attach preferentially to different materials.
For example, silanes would attach to oxides and not noble metals, but thiols would attach to noble metals, but not
oxides. One can use materials combination to selectively deposit SAMs on the surface. For example, it is known that
SAM deposition/attachment efficiency depends strongly on sample temperature and surface charge. One can create
areas of different charge accumulation (using different materials) and use it to selectively deposit SAM on the valve

seats or in functional areas.

[00120] Then, the device is removed from the chamber and the layers bonded with each other, for example by using
heat and pressure as described herein. The channels are cleared with a liquid, such as water, to ensure the valves are

open.
[00121] 3.1.2.2 Physical Vapor Deposition (Sputtering)

[00122] In another method, the coating material and the surfaces to be coated can be placed in a chamber. The coating
material is bombarded with an inert gas, such as argon. The released material coats the surface. This method is useful

for solid materials, such as perfluorinated polymers.
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[00123] 3.1.2.3. Application of Liquid

[00124] Another method to coat surfaces involves flowing a liquid comprising the coating material over the surface.
For example, liquid forms of perfluorinated polymers (DuPont Teflon-AF material) can be deposited this way. Self-

assembled monolayer coatings can be deposited from a liquid phase by flowing precursors through the channels.
[00125] 3.1.2.4. Photoresist patterned masks

[00126] Another way to achieve selective hydrophobicity is to deposit low surface energy coatings on photoresist
patterned mask, followed by lift-off process (dissolution of photoresist in solvent). The entire surface is covered with a
positive photoresist, e.g., DNQ. Then the surface is covered with a mask that is transparent at the locations of surfaces
to be treated. The combination is exposed to light. The mask is removed and exposed portions are removed using
photoresist developer. The surface is now exposed to any method to apply a low energy material (e.g., a hydrophobic
material) to the surface. The remaining photoresist is then removed with a resist stripper, e.g., UV ozone or oxygen

plasma.
[00127] 3.1.2.5. Activation-Deactivation Methods

[00128] Another way to achieve selective hydrophobicity is to deposit low surface energy coatings on the surface using
activation or de-activation by light, temperature, pressure, electrical charge, other physical or chemical activation, or

choice of materials.
[00129] 3.1.2.6. Printing

[00130] Another way to achieve selective hydrophobicity is to deposit low surface energy film by a printing method.
For example, industrial inkjet printers can deposit variety of materials (in liquid form) with resolution down to 100 um.
Subsequently such materials can be cured/polymerized/solidified by UV light or thermal treatment. Another example is
screen printing method of selective deposition of low surface energy materials. The material may also form electrical

circuits.
[00131] 3.2. Preparation of the elastic layer

[00132] To improve the seal between the elastic layer, such as PDMS, and the fluidics and actuation layers, the elastic
layer can be subjected to treatments to activate reactive groups on the surface that will bond with reactive groups on the
surface of the fluidics and elastic layers. In another embodiment, selective regions of the elastic layer can be activated

or deactivated.

[00133] Useful reactive groups on the surface of substrates include those such as a hydroxyl groups, an amine group, a
methacrylate group, a disulfide group, a disilazane group, a sulfhydryl group, an acrylate group, a carboxylate group, an
activated ester group, an active leaving group, an isenitrile group, an isocyanate group, a phosphoramidite group, a
nitrene group, an epoxide group, a hydrosilyl group, an ester group, an arene group, an azido group, a nitrile group, a

vinyl group and an alkylphosphonate group.

[00134] For example, in one embodiment, the elastic layer comprises a silicone polymer, (polysiloxane) such as
poly(dimethylsiloxane) (PDMS). Silicones typically are water repellant due, in part, to an abundance of methyl groups
on their surfaces. In order to increase the strength of bonding between polysiloxanes and substrates comprising reactive
groups, such as hydroxyls (e.g., glass), the siloxanes can be made more hydrophilic by UV ozone, plasma oxidation, or

other methods that places silanol groups (Si-OH) on the surface. When activated PDMS is contacted with glass or other
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materials comprising active hydroxyl groups and preferably subjected to heat and pressure, a condensation reaction will
produce water and covalently bond the two layers through, e.g., siloxane bonds. This produces a strong bond between
the surfaces. However, in order for the valves to be functional, the elastic layer cannot bind to the valve seats, and,
preferably, does not bind to any surface of the valve or to any channel in the surface of the fluidic or elastic layer that

faces the elastic layer. The low energy coating is one embodiment to prevent binding.

[00135] In another embodiment, a liquid material can be deposited onto the functional area before the elastic layer is
bonded to the fluidics layer. The liquid may be applied by many methods without limitation by silk screening, jet

printing, stamping, through a mask, and many other methods.
[00136] 3.3. Assembling the Device

[00137] The devices of this invention are assembled so that the functional portions, such as valves, pumps, reservoirs

and channels, are sealed to prevent leakage of fluids, and the elastic layer does not stick to functional exposed surfaces.

[00138] In one method, the layers are sealed by bonded together with covalent or non-covalent bonds (e.g., hydrogen
bonds). This can be achieved by mating the fluidics, elastic and actuation layers together as a sandwich and applying
pressure and heat. For example, when the elastic layer comprises a silicone, such as PDMS treated as above to render
the surface more hydrophilic, and the fluidics and actuation layers are glass treated to render the exposed surfaces more
hydrophobic, the pieces can be pressed together at a pressure of 100 kg to 500 kg, e.g., about 300 kg. They can be
baked between 25° C and 100° C, e.g., about 90° C for about 5 minutes to about 30 minutes, e.g., about 10 minutes,
depending on the combination of temperature and pressure used. This will cure the bonding between the elastic layer

and the sealing surfaces.

[00139] In another method, the device can be assembled by holding the pieces together under pressure during
functioning of the chip, thereby sealing the functional areas of the fluidics layer from leakage. This can be done
mechanically, e.g., by clipping or clamping the layers together.

[00140] 4. System

{00141} A fluidic system can comprise a fluidic assembly and an actuation assembly. The fluidic assembly can
comprise (1) elements to engage and hold the fluidic portion of a microfluidic device that comprises microfluidic
elements, e.g., fluidic conduits, and (2) a fluid delivery assembly, such as a robot, configured to deliver fluids to the
fluidic manifold or to the microfluidic conduits directly. The actuation assembly can comprise (1) elements to engage
and hold the actuation portion of a microfluidic device that comprises actuation conduits, (2) an actuation manifold
configured to mate or align with ports on the microfluidic device and to deliver actuant into the actuation conduits
microfluidic device; and (3) an actuant delivery assembly, configured to deliver actuant to the actuation manifold or to
the actuation conduits directly. The actuant delivery assembly can comprise a source of positive or negative pressure

and can be connected to the actuation conduits through transmission lines.

[00142] In operation, a pump can be provided by placing an inlet valve, a pumping valve and an outlet valve in series.
The pump can function by actuating an inlet valve to open it, actuating an outlet valve to close it, actuating a pump
valve to draw liquid through the inlet valve into the pump valve, actuating the inlet valve to close it actuating the outlet
valve to open it and actuating the pump valve to pump liquid out through the outlet valve. Accordingly, the actuation

mechanisms can coordinate the operation of valve and chambers to route liquid along any desired path.
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[00143] The instrument can also comprise accessory assemblies. One such assembly is a temperature controller
configured to control temperature of a fluid in a fluidic conduit. Another is a source of magnetic force, such as a
permanent or electromagnet, configured to apply magnetic force to containers on the instrument that can comprise, for
example, particles responsive to magnetic force. Another is an analytic assembly, for example an assembly configured
to receive a sample from the fluidic assembly and perform a procedure such as capillary electrophoresis that aids
detection of separate species in a sample. Another is a detector, e.g., an optical assembly, to detect analytes in the
instrument, for example fluorescent or luminescent species. The instrument also can comprise a control unit configured
to automatically operate various assemblies. The control unit can comprise a computer comprising code or logic that
operates assemblies by, for example, executing sequences of steps used in procedure for which the instrument is

adapted.
[00144] 5. Methods of Using The Device

[00145] A device of this invention can be used to perform reactions on fluidic samples. A fluidics robot, such as a
Tecan robot, can robotically add fluid to ports in the fluidics layer. The actuation layer can be engaged with a manifoid,
such as a pneumatic manifold, that mates ports in the pneumatic layer with a source of positive or negative pressure. In
certain embodiments, a single pneumatic channel operates valves in a plurality of different fluidic conduits in parallel.
Then, by pneumatically actuating the valves in various sequences, liquids can be pumped between chambers. The

chambers can be provided with reagents to allow reactions.

[00146] In one embodiment, the microfluidics device can be programmed to introduce the samples and reagents into
the isolated region and then move them into a recovery region after the reaction is complete to permit withdrawal of the
sample for subsequent analysis. In another embodiment, the microfluidics device can be programmed to move the
reacted sample into a reservoir or a fluid zone and add additional reaction reagents and reintroduce the sample into the
isolated region for additional reaction. In other embodiments, the microfluidics device can be programmed to move the
reacted sample into a reservoir or a fluid zone and add capture reagents and then move the sample into a capture region
for the physical separation of analytes of interest; e.g., through the use of a magnetic field to capture magnetic beads
coated with binding moieties. In other embodiments, the microfluidics device can be programmed to move the reacted
sample into a reservoir or a fluid stream and add detection reagents or moieties and then move the sample into a
recovery region to permit withdrawal of the sample for subsequent analysis. A detection device, such as laser induced
fluorescence Raman, Plasmon resonance, immunocapture and DNA analysis devices known in the art, can be used to
interrogate the sample in a diaphragm valve or within the channel of the shelf region or other part of the microfluidic
device. See, e.g., WO 2008/115626 (Jovanovich). A microfluidic device having a monolithic membrane is one
example of a particularly suitable device for implementing a detection system on a chip. According to various
embodiments, the detection system can also include immunocapture and DNA analysis mechanisms such as polymerase

chain reaction (PCR), and capillary electrophoresis (CE) mechanisms.

[00147] FIG. 14 shows an example of microfluidic device that can be used to perform thermal cycling on a sample and
output a purified product. For example, the device can prepare samples for cycle sequencing nucleic acid analysis. In
this design, nucleic acid samples introduced into wells 80 can be moved and mixed at diaphragm valve 20 with cycle
sequencing reagents and enzymes introduced into well 70 and pumped by actuation of valves 10, 20, 30, and 40 into the
serpentine channel 60 of the isolated region. Alternatively, valves 10, 20, 30, and 50 may be used for pumping. The
mixing of the reagents and samples can be performed as described herein. Plurality of boluses of reagents and sample

can be sequentially and/or alternately moved into a microfluidic channel of the microchip by alternatively using sets of
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pumping valves to move the reagent (valves 10, 30, and 40) and sets of pumping valves to move the sample (valves 20,
30, and 40). The reagents and samples can be combined in valve 20 and become mixed before reaching valve 40. The
mixed reagents and samples can then be pumped into the serpentine channel 60 which is located on an isolated region
of the microfluidic device. Because the isolated region is in thermal contact with the thermal regulator, the samples
introduced into the reaction region of the shelf can be heated or cooled under controlled conditions selected by the
operator. The reagents and sample can undergo thermal conditions for cycle sequencing. In one embodiment, the
sample can be introduced through valves into the shelf region and the valves surrounding the chamber, e.g., 40 and 50,
can be closed for thermal cycling or other thermally-controlled reaction conditions of the samples by the thermal
regulator. The excellent volume-to-surface ratio and approximately 100-fold longer pathlength benefits the sample
preparation biochemistry and temperature regulation by the higher volume-to-surface ratio. After cycle sequencing, the
samples and/or reaction mixture can be moved to wells 80. Magnetic beads that may have binding moieties can be
introduced to well 80 such that the sample and/or reaction mixture are mixed with the magnetic beads. In some
embodiments of the invention, the magnetic beads are coated with carboxyl groups and can adsorb nucleic acids. The
magnetic beads with adsorbed nucleic acid can then be further moved to a capture region 40, and be captured by
application of a magnetic field. The capture of the beads by the magnetic field can be accompanied by a deformation of
the capture valve. The magnetic field can be applied by actuation of the magnetic assembly described herein. The
capture valve can be deformed such that the chamber size is increased. The increased size of the capture valve can
reduce the flow velocity through the chamber. The magnetic beads can be washed while the beads are captured by the
magnetic field. The on-chip diaphragm pumps, e.g., 10, 20, 30, and 40 can move the beads, which may be washed with
a buffer, with bound purified nucleic acids. The beads can be moved to one of the removal ports 90 or nucleic acids
which may have been released by the local application of heat or eluted with water or a buffer can be moved to one of

the removal ports 90.

[00148] In another embodiment, the device is programmed to integrate multiple steps of reactions for DNA sequencing
applications. Common reagent reservoir 70 is loaded with cycle sequencing reagents which are mixed with DNA
containing samples loaded into sample reservoirs 80 with the samples being in one embodiment PCR, plasmid, or other
nucleic acid amplification products that are to be sequenced. The mixture containing the sample and cycle sequencing
reagents can be moved by the programmable fluidics using microvalves to a reaction chamber 60 located on the
extended shelf region of the device where cycle sequencing reactions are performed using thermal cycling. The cycle
sequencing products can then be moved to Product reservoirs 90 for movement off the device for further processing or
in a preferred embodiment the cycle sequencing products are moved to a reservoir and beads such as Agencourt SPRI
beads are added to the cycle sequencing products with appropriate chemistry to have the desired cycle sequencing
products bound to the beads to separate the products from the salts and unincorporated dye labeled terminators or
primers. It is obvious to one skilled in the art that rather than binding the cycle sequencing products to the beads the
reverse can be performed where the cycle sequencing products are left in solution and the salts and unincorporated dyes
are bound to the beads. The term bead is used without restriction to include particles, paramagnetic particles,

nanoparticles, monoliths, gels, gels with affinity capture property or non-specific properties.

[00149] If the bead and cycle sequencing products were contained in reservoir 80 the combined mixture is pumped
through microvalves 20 and 30 to microvalve 40 which may be opened and have a fixed or movable magnet in
proximity. The beads such as SPRI beads which are paramagnetic are captured as the flow slows down in the opened

microvalve and the beads are captured in the magnetic field. For example, the valve can be opened and a magnet, such
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as comprised in magnet assembly of this invention can be moved into a functional position close to the valve so that

beads passing into the chamber are captured by the magnetic force exerted by the magnet.

[00150] Fluids such as ethanol may be added to reservoirs to then process the beads and remove the undesired
impurities such as salts and unincorporated dye labeled reactants. The magnet can then be removed to release the force
on the beads. The beads may be then pumped to product reservoirs 90 or the cycle sequencing products can be eluted
into water which is then pumped to product reservoirs 90. For cycle sequencing the eluted products are ready to be
analyzed on a separate device such as a CAE or microchip with separation. It is obvious to one skilled in the art that the
different reservoirs may have other configurations and a single sample can be added to reservoirs 70 and multiple

reagents may be added to reservoirs 80 to perform three different reactions on a single sample.

EXAMPLES
[00151] Example 1 — PECVD of Teflon-like material through shadow mask

[00152] A shadow mask is made by drilling holes in glass wafers (1.1 mm thick). The holes are slightly smaller than

the valve diameter for compensating the aligning tolerances, e.g., a hole of about 900 microns for a 1 mm valve.

[00153] A Teflon-like coating is deposited through the shadow mask in a plasma process machine from PlasmaTherm
(St. Petersburg, FL.) with the following protocol:

1. Clean the glass parts to be coated in piranha for 4 layer chips (e.g., fluidics layer comprises an etch
sublayer and a via sublayer) and in KOH for 3 layer chips.

2. Align the clean chips to the shadow mask and secure them with Kapton tape.

3. Vent the parallel plate Plasmaetch machine.

4. Open the chamber and load the parts to be coated.

5. Close the chamber and pump down to about 30 millitorr.

6. Open O, valve on the gas panel.

7. Select channel 1 on gas flow controller.

8. Select 100% flow and start.

9. Turn on the power generator and apply 300 W for 2 min.

10. Tumn of the plasma and the gas flow.

11. Evacuate to 30 millitorr.

12. Turn on the C4F; valve

13. Select channel 3 on gas flow controller.

14. Select 100% flow and start.

15. Apply 75 W for 2 min.

16. Turn of the plasma and the gas flow.

17. Evacuate to about 10 millitorr.

18. Vent to about 50 torr.

19. Evacuate to 10 millitorr.

20. Vent the chamber.

21. Open the chamber and remove the coated parts.

22. Close the chamber and pump down.

[00154] The chips with Teflon-like coating on valves are assembled, placed in the curing oven for at a pressure of 300

kg at 90° C for 10 minutes. This produces a strong PDMS/glass bond. The valves are operational immediately.
[00155] Example 2 — Chemical Vapor Deposition of SAM followed by removal from contact surfaces

[00156] SAM coating is deposited in commercial vapor deposition system MVD-100 (Applied Microstructures);
Perfluorinated silane (tridecafluoro-1,1,2,2-tetrahydro octy! trichlorosilane (FOTS)) from Gelest Corp. is used as
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precursor with deionized water, as a catalyst. The deposition is done in a vacuum (base pressure 25 mTorr), precursors
are injected into the chamber in sequential mode (0.7 Torr x 4 injections of FOTS; and 12 Torr x1 injection of deionized
water vapor), then reaction is held at 35° C for 15 min. The contact angle of SAM—deposited on the surface is
measured 110-115 deg. The chip then is exposed to UV Ozone through a shadow mask designed to have an opaque
areas in place of valves and channels. The shadow mask is fabricated from a silicon wafer by lithography and wafer-
through etch. One can use dry Si etch (deep Si “Bosch” process) or wet Si anisotropic etch (KOH etch). Exposure takes
place in UVOX UV ozone cleaning system having a lamp operating at 248 nm wavelength activated for 5 min, with the
samples at a distance of 2 mm from the lamp. The contact angle at the exposed part is measured to be 10-15 degrees.

The chip is assembled after UV exposure with polymer membrane into a functional chip with no valves sticking.
[00157] Example 3 — Dry photoresist deposition

[00158] A blanket 0.125 mm thick film negative resist is laminated at 80°C on the glass chip with etched channels and
valves. The film is exposed through a mask and developed in a 3% baking soda solution. The Teflon-like coating is
done with the same protocol described in Example 1, then the resist is dissolved in 3% KOH solution. The device is

assembled and bonded as described above.
[00159] Example 4 - Liquid photoresist deposition

[00160] Spin photoresist on the surface or laminate dry photoresist. Expose the photoresist through a photomask
baving non-transparent features in place where coating should reside. Develop the photoresist. Use vacuum oven or
vapor deposition system to deposit SAM hydrophobic coatings, or use plasma system to deposit Teflon-like coating, or
use PVD system to deposit Teflon coating, etc. Then immerse sample in acetone to lift photoresist with coating from the
same, which will leave islands of coating on the places of valve seats. The contact angle of this coating is about 110
degrees, which demonstrates the hydrophobic properties of the surface. The contact angle of the surface cleared from
resist is measured 10-15 deg. The chip is assembled after UV exposure with polymer membrane into the functional

chip.
[00161] Example 5 — Printing Using Inkjet

[00162] Teflon material (Teflon-AF) is printed using inkjet printer system programmed with the layout according to the
positions of the valve seats. The dispensed material is then cured using thermal treatment in an oven. The chip is

assembled after UV exposure with polymer membrane into the functional chip.

{00163] Example 6 — Self-assembled monolayer of silane on functional surfaces by chemical deposition

1. 10 mLs of chlorotrimethyl silane is placed in a small beaker

2. Microfluidic chip is assembled from glass and polymer materials — fluidics layer, elastic layer, pneumatic
layer.

3. Chips are placed in an enclosed plastic box with the beaker of silane. Optionally, the enclosure can be

depressurized.

After 30 minutes at room temperature, the chips are removed from the box.

The chip is thermally cured at 100°C for 10 minutes.

All ports and valves are rinsed with water.

All parts and valves are dried by pushing air through them.

aEAG
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[00164] Example 7 (PEG protocol)

1.  Microfluidic chip is assembled from glass and polymer materials.

2. PEG 200 (e.g., Sigma # 81150) is pushed through all the ports on the fluid layer using a syringe outfitted
with a pipette tip. Care is taken to ensure all channels and valves are filled

3. Chip is thermally cured at 100°C for 10 minutes to complete bonding of polymer membrane with glass
material.

4.  All ports and valves are rinsed with water

5. All parts and valves are dried by pushing air through them

[00165] Example 8 — Evaporated Gold

[00166] Another embodiment of the current invention employs noble metals as an anti-stick layer to prevent PDMS
bonding to the valve seats. In this case, first a refractory metal, such as Cr or Ti, is deposited on glass or plastic for

adhesion purposes. Then Au is deposited.
Thickness of Cr = 300 Angstroms-500 Angstroms

Process for Cr deposition:

1. Vacuum = 2-3 uTorr
2. Evaporation from tungsten (W) filament coated with Cr at 75-80 Amps
3. Deposition rate = 5 A/s

Thickness of Au = 2000 Angstoms — 4000 Angstroms

Process for Au deposition:

1. purity of Au wire = 99.99%
2. evaporation from W boat at 150 Amps
3. deposition rate = 10 A/s

{00167] Example 9 — Sputtered Gold

Vent the chamber

Open the chamber and foad the parts to be coated and the Cr and Au targets (99.99% purity)
Pump down to 2-3 uTorr

Turn on the Ar gas and adjust the throttle valve for a deposition pressure of 5-7 mTorr

Turn on the substrate rotation and do 5 min sputter clean at 200 watts DC.

Perform 500 A chromium deposition at 150 Watts RF, 50 A/min

Perform 2000 A gold deposition at 250 Watts DC, 250 A/min

Turn off the Ar gas, wait 15 min for cooling, vent the chamber and remove the coated parts

RN E LD~

[00168] Another embodiment of the proposed shadow mask for Cr/Au sputtering is fabricated from a metal (for
example, Ni plated aluminum). Via-holes are drilled in the metal plate in accordance with a layout of valve seats to be
protected with Cr/Au. Pockets are machined in the metal plate to accommodate individual glass parts, so that simple
mechanical alignment can be done between the valves on the glass and via-holes in the plate. Glass parts are slid against
a corner of the pocket and this position is fixed with two small magnets from two sides, and by a spring from the top.

The plate then is turned upside down and loaded into the platen of sputtering system.
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[00194] While preferred embodiments of the present invention have been shown and described herein, it will be
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structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:

1. A microfluidic device comprising a fluidics layer, an actuation layer and an elastic layer sandwiched
between the fluidics layer and the actuation layer, wherein:
() the fluidics layer and the actuation layer comprise sealing surfaces that contact the elastic layer;
and
(b) the fluidics layer comprises a plurality of fluid conduits comprising surfaces, and the actuation
layer comprises a plurality of actuation conduits comprising surfaces, wherein at least a portion of the surfaces
of the fluid conduits and actuation conduits are exposed to the elastic layer and wherein at least a portion of the

exposed surfaces comprise a low surface energy material.

2. The microfluidic device of claim 1 further comprising a plurality of diaphragm valves that each regulate
fluid flow in a fluid conduit, wherein each diaphragm valve comprises (i) a valve body comprising an exposed surface
of the actuation layer, (ii) a valve seat comprising an exposed surface of the fluidic layer, (iii) a diaphragm comprised in
the elastic layer and configured to sit on or off a surface of the valve seat, and (iv) valve ports configured to allow fluid
to enter and exit the valve, wherein at least a portion of the valve seat surface comprises the low surface energy

material.
3. The microfluidic device of claim 1 wherein the sealing surfaces do not comprise the low energy material.

4. The microfluidic device of claim 1 wherein at least one fluidic conduit further comprises a chamber
comprising an exposed surface that does not comprise a valve seat, wherein at least a part of the exposed surface of the

chamber comprises the low surface energy material.

5. The microfluidic device of claim 2 wherein at least a part of the valve body comprises the low surface

energy material.

6. The microfluidic device of claim 2 wherein all exposed surfaces of the valve comprise the low surface

energy material.

7. The microfluidic device of claim 2 wherein all exposed surfaces of the fluidic conduits and the actuation

conduits comprise the low surface energy material.

8. The microfluidic device of claim 2 wherein the exposed surfaces are patterned to have only some of the

exposed surfaces comprise the low surface energy material.

9. The microfluidic device of claim 1 wherein the low surface energy material is selected from a self-
assembled monolayer, parylene, diamond-like carbon and a metal oxide (e.g., from titania and alumina), a metal and a

ceramic.
10. The microfluidic device of claim 1 wherein the low surface energy material comprises a noble metal.

11. The microfluidic device of claim 1 wherein the low surface energy material comprises gold.
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12. The microfluidic device of claim 1 wherein the low surface energy material comprises a noble metal

coated on a refractory metal.

13. The microfluidic device of claim 1 wherein the low surface energy material comprises gold coated on

chromium.

14. The microfluidic device of claim | wherein the low surface energy material comprises a perfluorinated

polymer.

15. The microfluidic device of claim 1 wherein the low surface energy matetial comprises

poly(tetrafluoroethylene) (Teflon ®).

16. The microfluidic device of claim 1 wherein the surfaces comprising the low surface energy material have

a water contact angle at least 20° greater than the contact surfaces.

17. The microfluidic device of claim 1 wherein surfaces comprising the low surface energy material have a

water contact angle at least 100°.

18. The microfluidic device of claim 1 wherein the fluidics layer or the actuation layer comprise a material
selected from glass (e.g., borosilicate glasses (e.g., borofloat glass, Corning Eagle 2000, pyrex), silicon, quartz, and
plastic (e.g., a polycarbonate, an olefin co-polymer (e.g., Zeonor), a cyclooiefin co-polymer, a silicon acrylic, a liquid

crystal polymer, polymethylmethoxyacrylate (PMMA), a polystyrene, a polypropylene, and a polythiol).

19. The microfluidic device of claim 1 wherein the elastic layer comprises a material selected from a

thermoplastic or a cross-linked plastic.

20. The microfluidic device of claim 1 wherein the elastic layer comprises a material selected from silicones
(e.g., polydimethylsiloxane), polyimides (e.g., Kapton ™, Ultem), cyclic olefin co-polymers (e.g., Topas™, Zeonor),
rubbers (e.g., natural rubber, buna, EPDM), styrenic block co-polymers (e.g., SEBS), urethanes, perfluoro elastomers
(e.g., Teflon, PFPE, Kynar), Mylar, Viton, polycarbonate, polymethylmethacrylate, santoprene, polyethylene, and

polypropylene.
21. The microfluidic device of claim 1 wherein the elastic layer comprises a silicone.
22. The microfluidic device of claim 1 wherein the elastic layer comprises PDMS.

23. The microfluidic device of claim 1 wherein the elastic layer comprises PDMS treated by degassing and

UV ozone ionization.
24. The microfluidic device of claim 1 wherein the sealing surfaces are heat-bonded to the elastic layer.
25. The microfluidic device of claim 1 wherein the sealing surfaces held by pressure to the elastic layer.
26. The microfluidic device of claim 1 wherein a monolithic elastic layer covers a plurality of the valve seats.

27. The microfluidic device of claim 1 wherein the actuation layer is a pneumatic layer.
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28. The microfluidic device of claim 1 wherein the actuation layer comprises at least one actuation conduit

that actuates a plurality of diaphragm valves on different fluidic conduits.

29. The microfluidic device of claim 1 further comprising external ports communicating with the fluidic

channels.
30. The microfluidic device of claim 1 comprising fluidic conduits separated by no more than 1 mm.

31. The microfluidic device of claim 1 comprising a fluidics layer with at least 5 fluidic circuits per 1000

2
mm .

32. A microfluidic device comprising a fluidics layer and an elastic layer contacting a face of the fluidics
layer, wherein:
(a) the fluidics layer comprises a plurality of fluid conduits comprising fluid-contacting surfaces,
wherein at least a portion of the fluid-contacting surfaces are exposed to the elastic layer; and
(b) the face comprises sealing surfaces bonded to the elastic layer to seal the fluid conduits at exposed
fluid-contacting surfaces;
wherein at least a portion of the exposed fluid-contacting surfaces comprise a low surface energy

material having greater hydrophobicity than a sealing surface.

33. A system comprising:

(2) a microfluidic device comprising a fluidics layer, an actuation layer and an elastic layer sandwiched

between them, wherein:
(i) the fluidics layer and the actuation layer comprise sealing surfaces that contact the elastic
layer; and
(ii) the fluidics layer comprises a plurality of fluid conduits comprising surfaces, and the
actuation layer comprises a plurality of actuation conduits comprising surfaces, wherein at least a
portion of the surfaces of the fluid conduits and actuation conduits are exposed to the elastic layer
and wherein at least a portion of the exposed surfaces comprise a low surface energy material,
and further comprising a plurality of diaphragm valves that each regulate fluid flow in a fluid
conduit, wherein each diaphragm valve comprises: (1) a body comprising an exposed surface of
the actuation tayer, (2) a valve seat comprising an exposed surface of the fluidic layer, (3) a
diaphragm comprised in the elastic layer and configured to sit on or off a surface of the valve
seat, and (4) valve ports configured to allow fluid to enter and exit the valve, wherein at least a
portion of the valve seat surface comprises the low surface energy material;

(b) a fluid delivery system configured to deliver fluid to the fluidic conduits; and

(c) a control system configured to control the actuation layer.
34. The system of claim 33 wherein the actuation layer is a pneumatic layer.

35. The system of claim 33 further comprising a computer programmed and configured to control action of

the fluid delivery system and the control system.
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36. A method of making a microfluidic device comprising:

(a) providing a fluidic layer comprising (i) at least one fluidic conduit comprising a surface and (ii) a
face comprising at least one sealing surface, wherein at least a portion of each fluidic conduit surface is
exposed to the face and at least a portion of each exposed fluid conduit surface comprises a material having
lower surface energy than a sealing surface; and

(b) bonding an elastic layer to a sealing surface but not to an exposed fluid conduit surface.

37. The method of claim 36 further comprising:

(c) removing the low energy material from an exposed surface after bonding.

38. The method of claim 36 further comprising:

(c) providing an actuation layer comprising (i) at least one actuation conduit comprising a surface and
(ii) a face comprising at least one sealing surface wherein at least a portion of each actuation conduit surface is
exposed to the face; and

(d) bonding the elastic layer to the actuation sealing surface but not to and exposed actuation conduit

surface.

39. The method of claim 36 wherein the device comprises a plurality of diaphragm valves that each regulate
fluid flow in a fluid conduit, wherein each diaphragm valve comprises (i) a body comprising an exposed surface of the
actuation layer, (i) a valve seat comprising an exposed surface of the fluidic layer, (iii) a diaphragm comprised in the
elastic layer and configured to sit on or off a surface of the valve seat, and (iv) valve ports configured to allow fluid to

enter and exit the valve, wherein at least a portion of the valve seat surface comprises the low surface energy material.

40. The method of claim 39 wherein at least a surface of the valve seat comprises the low surface energy

material.

41. The method of claim 36 wherein providing the fluidics layer comprises:

(i) providing a fluidics layer comprising a plurality of fluidic conduits comprising surfaces and a
face comprising at least one sealing surface, wherein at least a portion of each fluidic conduit
surface is exposed to the face; and

(ii) coating at least a portion of the exposed surface with a material having lower surface energy

than the sealing surface.

42. The method of claim 37 wherein providing the actuation layer comprises:

(i) providing an actuation layer comprising a plurality of actuation conduits comprising surfaces
and a face comprising at least one sealing surface wherein at least a portion of each actuation
conduit surface is exposed to the face; and

(it) coating at least a portion of the exposed surface with a material having lower surface energy

than the sealing surface.
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43. The method of claim 41 wherein coating at least a portion of the exposed surface comprises:
(1) covering the face with a shadow mask, wherein the mask has openings that expose portions
of the surface to be coated with the low surface energy material; and

(2) depositing the low surface energy material on the exposed portions.

44. The method of claim 43 wherein depositing is performed by chemical vapor deposition.

45. The method of claim 43 wherein depositing is performed by physical vapor deposition.

46. The method of claim 41 wherein coating the exposed surface comprises:
(1) depositing the low surface energy material on the face and exposed surfaces; and
(2) selectively removing the low surface energy material from the face using a shadow mask

and exposure to UV ozone or oxygen plasma.

47. The method of claim 41 wherein coating the exposed surface comprises:
(1) activating or deactivating portions of the face or exposed surface to be coated or left bare;
and
(2) exposing the surface to the low surface energy material, wherein the material adheres to the

exposed surface.

48. The method of claim 41 wherein coating the exposed surface comprises:
(1) depositing the low surface energy material through a photoresist patterned mask;
(2) contacting the face of the fluidics layer with the mask; and
(3) removing the mask in a lift-off process that leaves the low surface energy material on the

exposed surface.

49. The method of claim 36 wherein the at least one microfluidic channel is a plurality of microfluidic

channels.

50. The method of claim 36 wherein the elastic layer is heat-bonded to the sealing area.

51.

==

The method of claim 36 wherein the elastomeric material is monolithic.

52. A method comprising:
(a) treating a layer of silicone (e.g., PDMS) by degassing and UV ozone ionization and

(b) bonding the treated silicone to a surface of a layer etched with conduits,

53. A method comprising:

(a) creating a sandwich comprising a first layer comprising at least one conduit exposed to a surface, a
second layer comprising at least one conduit exposed to a surface, and an elastic layer between the two
surfaces;

(b) bonding the elastic layer to the surfaces; and

(c) flushing the conduits with PEG or 1-2 propane diol.
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54. A method comprising:

(a) providing a device of claim 2 having fluid in the microfluidic conduit, wherein the diaphragm valve is
closed;
(b) opening the diaphragm valve;
(c) allowing fluid to pass through the open valve; and
(d) closing the valve.
55. A microfluidic device comprising a plurality of diaphragm valves, wherein the valves have a failure rate of

less than 1/1000 actuations, 1/10,0000 actuation or 1/100,000 actuations.
56. The microfluidic device of claim 55 wherein the device comprises at least 10 seated diaphragm valves.
57. The microfluidic device of claim 55 wherein the device comprises at least 50 seated diaphragm valves.
58. The microfluidic device of claim 55 wherein the device comprises at least 100 seated diaphragm valves.

59. The microfluidic device of claim 55 wherein the device comprises a density of at least 1 diaphragm valve

per 1 cm?.

60. A microfluidic device comprising plurality of diaphragm valves wherein the device is a member of a batch
of at least 10 microfluidic devices having a plurality of diaphragm valves that has a device failure rate of less than 20%,

less than 1% or less than 0.1%.

61. A device comprising:

(a) afirst layer having a first surface wherein the surface comprises a plurality of defined treated
areas, and

(b) a flexible layer wherein the flexible layer is bonded to a portion of the first surface and is not

bonded to the first surface at the defined treated areas.

62. A microfluidic device comprising a fluidics layer, an actuation layer and an elastic layer sandwiched
between them, wherein:

(a) the fluidics layer and the actuation layer comprise sealing surfaces that contact the elastic layer;
and

(b) the fluidics layer comprises a plurality of fluid conduits comprising surfaces, and the actuation
layer comprises a plurality of actuation conduits comprising surfaces, wherein at least a portion of the surfaces
of the fluid conduits and actuation conduits are exposed to the elastic layer;

wherein the microfluidic device comprises a plurality of diaphragm valves that each regulate fluid
flow in a fluid conduit, wherein each diaphragm valve comprises (i) a body comprising an exposed surface of
the actuation layer and in the fluidics layer, (ii) a diaphragm comprised in the elastic layer and configured to sit
on or off a surface of the valve seat, and (iii) valve ports configured to allow fluid to enter and exit the valve,
wherein at least a portion of the exposed surface of the fludics layer in the body is derivatized with a binding

functionality.
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63. The method of claim 62 wherein the valve further comprises a valve seat comprising an exposed surface
of the fluidic layer, wherein the diaphragm is configured to sit on the valve seat to close the valve and the valve seat is

not derivatized with the binding functionatity.

64. The method of claim 62 wherein surfaces of fluidic channels are not derivatized with the binding

functionality.

65. The method of claim 62 wherein the binding functionality comprises a nucleic acid, a protein, a

carbohydrate, a metal, or a metal chelate.

66. A microfluidic device comprising first and second substrate layers and an elastic layer sandwiched in
between and contacting sealing surfaces of the substrate layers, wherein the device comprises at least one diaphragm
valve comprised of a body comprised of a cavity in at least one substrate layer, a diaphragm comprised of a portion of
the elastic layer and ports to allow entry of fluid into and out of the valve, wherein the fluid contacts a fluid contacting
surface in the valve, and the device is configured so that the elastic layer is bonded to the sealing surface but is not

bonded to the fluid contacting surfaces.
67. The device of claim 66 further comprising a valve seat having a fluid contacting surface.

68. The device of claim 66 wherein at least a portion of the fluid contacting surface comprises a low energy

material that the sealing surface does not comprise.

69. A microfluidic device comprising a fluidics layer, an adhesive layer on a surface of the fluidics layer and
an elastic layer adhered to the adhesive layer, wherein:
(a) the fluidics layer comprises a plurality of fluid conduits comprising fluid-contacting surfaces,
wherein at least a portion of the fluid-contacting surfaces are exposed to the elastic layer; and
(b) the adhesive layer is separated from at least part of the fluid conduits by a ridge in the fluidic

layer.
70. The device of claim 69 wherein the adhesive layer comprises a tape, a liquid or a semi-liquid.

71. The device of claim 69 wherein the adhesive layer comprises an acrylic based adhesive or a silicone-based

adhesive.
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