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INTERFACING CAPS FOR MICROFLUIDIC
DEVICES AND METHODS OF MAKING AND
USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION

{0601] The present invention is a continuation-in-part of and claims priority to
U.S. Patent Application No. 12/844,385, filed July 27, 2010.

BACKGROUND

[6602] Embodiments of the invention relate to microfluidic devices, and more

particularly, to interfacing devices for introducing fluids in the microfluidic devices.

{0003] For analytical analysis or preparative steps, reagents are stored in storage
containers or vials and need to be transferred to a microfluidic device for carrying out
analysis. Conventionally, a reagent storage vial is filled with a reagent volume, and
the reagent storage vial is closed using a septum that is disposed on the opening of the
reagent storage vial. The septum is held in place using a holder, such as a crimp cap.
During analysis or preparation procedures, the septum is punctured and the reagent is
transferred in the microfluidic device. The septum may be punctured using a needle
at the point of use. The puncturing of the septum makes a fluid and gas seal up to
approximately 2 bar over-pressure. Further, puncturing of the septum prior to
interfacing the storage container with the microfluidic device results in oozing or

spilling of the reagents outside the vial.

[00604]  Therefore, there exists a need for an interfacing cap for interfacing storage
containers with microfluidic devices for preventing or minimizing the leak of reagents
of the storage containers during the transfer of the reagent from the storage container

to the microfluidic device.
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BRIEF DESCRIPTION

[60605] In one embodiment, an interfacing cap for a reagent storage vessel is
provided. The interfacing cap comprises a partitioning element having a structure
corresponding to an opening of the reagent storage vessel, a projection fifting
disposed on the partitioning element, a holder element, and a puncturing element

coupled to the projection fitting.

{606066] In another embodiment, a microfluidic device assembly is provided. The
microfluidic device assembly comprises a device substrate comprising a conformal
recess; an imterfacing cap to interface a reagent storage vessel with the device
substrate. The interface cap comprises a partitioning element having a structure
corresponding to an opening of the reagent storage vessel, a projection fitting
disposed on the partitioning element, a holder element, and a puncturing element

coupled to the projection fitting.

{6667} In yet another embodiment, a method of making an interfacing cap is
provided. The method comprises disposing a partitioning element on an opening of a
reagent storage vessel, disposing a projection fitting on the device substrate, disposing
at least a portion of the holder element on a portion of the partitioning element and on
a portioning of the projection fitting to hold the partitioning element and the
projection fitting in place on the reagent storage vessel, and coupling a puncturing

element to the projection filting.

DRAWINGS

{0008] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

{0609] FIG. 1 is a pictorial flow chart of an example of a method of making the

interfacing cap;

onct
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[6616] FIG. 2 is a perspective view of an embodiment of a reagent storage vessel

comprising an interfacing cap having an sealing element; and

[88i1] FIG. 3 is an example of a method of making a microfluidic device

assembly.
DETAILED DESCRIPTION

{6012]  One or more of the embodiments of the interfacing devices of the invention
enable microfluidic devices to efficiently interface with an external fluidic
component. In one embodiment, the external fluidic component may be a reagent
storage vessel, such as a vial. The reagent storage vessel may be used for introducing
or extracting fluids (liquids or gases) from the fluidic devices, such as microfluidic

devices.

{6613] In certain embodiments, the interfacing cap may comprise a partitioning
element configured to be disposed on an opening of a reagent storage vessel, a
projection fitting disposed on the partitioning clement, a holder element configured to
seal the partitioning element between the projection fitting and the vial, and a
puncturing element coupled to the projection fitting, wherein the puncturing element
is configured to puncture the partitioning element. In certain embodiments, the

interfacing cap may be a disposable cap.

{60614} The projection fitting of the interfacing cap may be configured to interface
the reagent storage vessel with a conformal recess of the microfluidic device. The
puncturing element may be at least partially disposed in the projection fitting. The
puncturing element is configured to perforate the partitioning element, and form a
sealing with the conformal recess. The puncturing element may, for example, be a
needle or a section of a capillary tube. The reagent may be transferred from the vessel

to the microfluidic device via the puncturing clement.

[0615] FIG. | illustrates an example of a method of making the interfacing cap of
the invention. A reagent storage vessel 10} is filled with the desired reagent 12 under

determined environment and atmosphere. A partitioning element 14 may be disposed

e
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on an opening 15 of the reagent storage vessel 10. The partitioning element 14 may
be made of silicone, polypropylene, polytetrafluoroethylene (TEFLON®), an
elastomer, rubber {e.g., natural rubber), or combinations thereof. In one embodiment,

the partitioning element 14 may be a re-sealable elastomeric element.

{0016] A projection fitting 16 is disposed on the partitioning element 14. The
projection fitting 16 may be chosen to resemble the counter cone shape of the
conformal recess in which the interfacing cap is to be disposed. In one embodiment,
the projection fitting 16 may comprise a tapered geometry. The projection fitting 16
may comprise a cone 18 surrounded by a base 20. At least a portion of the base 20
may be in physical contact with the partitioning element 14. A holder element 22 is
used to hold the partitioning element 14 and the projection fitting 16 in place on the
vessel 10. In one example, the holder element 22 may be a crimp cap, a screw cap or

a glue cap.

[8617] The material of the projection fitting 16 may be chosen based on the
deformation properties {elastic or plastic deformation) of the material, or values of the
temperature and pressure, and type of fluids to which the fluid connector device may
be exposed. The materials of the projection fitting 16 and/or a device substrate, of the
microfluidic device in which the conformal recess is disposed, are adapted to undergo
at least partial deformation. In certain embodiments, the materials of the projection
fitting 16 and device substrate may comprise glass, metals, semiconductors, ceramics,
polymers, or combinations thereof. The material of the device substrate may be
selected to allow one or more conformal recesses to be formed in the coupling
substrate. The material of the device substrate may be chosen based on the ease of
formation of the desired recess shape in the substrate material. For example, it may
be easier to form a conical or a tapered recess in a polymer substrate than in a metal
substrate, semiconductor substrate, or ceramic substrate, such as a glass substrate.
The polymers for the device substrate and/or the projection fitting 16 may be soft
polymers or hard polymers. Soft polymers refer to elastomer type materials such as,
but not limited to, polydimethylsiloxane, copolymer of hexafluoropropylene (HFP)
and vinylidene fluoride (VDF or VF3), terpolymer of tetrafluoroethylene (TFE),
vinylidene fluoride {VDF), and hexafluoropropylene (HFF),
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perfluoromethylvinylether (PMVE), nitrile rubber, and thermoplastic elastomers such
as ELASTRON® and THERMOLAST®. Hard polymers refer to materials such as,
but not limited to, polyether ether ketone (PEEK), polypropylene, poly{methyl
methacrylate) (PMMA), polyethelene, olefin copolymers (e.g. TOPAS®), modified
ethylene-tetrafluoroethylene) fluoropolymer (ETFE) (e.g. TEFZEL®), polyetherimide
(e.g. ULTEM®), cyclic olefin copolymer (COC), and the like.

[6018] A portion of a puncturing element 24 may be disposed in the cone 18 of the
projection fitting 16. In one embodiment, the puncturing element 24 may be disposed
in the cone 18 after disposing the projection fitting 16 on the partitioning element. In
this embodiment, the puncturing element 24 may be disposed in the cone 18 either
before or after disposing the holder element on the projection fitting 16 and the
partitioning element 14. In another embodiment, the puncturing element 24 may be
disposed in the cone 18 prior to disposing the projection fitting 16 on the partitioning
clement 14. In one example, the puncturing element 24 may be coupled to the
projection fitting 16 by pressing the puncturing element 24 against the cone 18. The

puncturing element 24 may be a needle or a small section of a capillary.

{0019] When the vessel 10 having the interfacing cap is pressed against a
microfluidic device, the puncturing element 24 may be first pushed backwards into
the projection fitting 16 and up to the partitioning element 14, thereby puncturing the
partitioning element 14. Upon further pressing of the vessel 10 against the
microfluidic device, the puncturing element 24 is sealed to the microfluidic device
due to deformation of the material of the conformal recess. The conformal recess or
the projection fitting 16, or both may undergo either elastic or plastic deformation to
provide a seal between the projection fitting 16 and the device substrate. In one
example, only the conformal recess may undergo deformation, for example, an elastic
deformation. In another example, both the conformal recess and the projection fitting
16 may undergo deformation. In this example, the conformal recess may undergo
elastic deformation, and the reconnectable fit projection fitting 16 may undergo
plastic deformation. After formation of the sealing and the puncturing of the

partitioning element 14, the vessel 10 is directly coupled to the microfluidic device.

L0
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[0626] FIG. 2 illustrates an interfacing cap 30 comprising a sealing element 32.
The sealing element 32 may be disposed either on the interfacing cap 30 or on the
microfluidic device {not shown). In embodiments, where the sealing element 32 is
disposed on the interfacing cap 30, the sealing element may be disposed around the
cone 18 of the projection fitting 16. The sealing element 32 may be disposed on the
base 20 of the projection fitting 16. The sealing element 32 may be in the form of an
annular cylinder. The height of the cylinder may be smaller or greater than the height
of the interfacing cap 30. The sealing element 32 is configured to provide sealing
between the conformal recess of the microfluidic device and the interfacing cap 30
even before the interfacing cap 30 during (and after) coupling of the interfacing cap
30 and the conformal recess. Non-limiting examples of the sealing clement 32 may
include an elastomer. In embodiments where the sealing element 32 is disposed on
the microfluidic device, the sealing eclement may be disposed about the conformal

recess in which the interfacing cap is configured to be disposed.

[602F] When the reagent needs to be transferred from the vessel 10 to the
microfluidic device, the vessel 10 may be disposed on the conformal recess of the
microfluidic device. Upon pressing the vessel 10 against the microfluidic device, the
sealing element 32 forms an initial soft seal between the vessel 10 and the
microfluidic device (not shown) while aliowing a first end 34 of the puncturing
element 24 to push against the microfluidic device. The reagent storage vessel 10
may be pressed against the microfluidic device, as a result of the force being exerted
on the conformal recess (not shown) of the microfluidic device, the first end 34 of the

puncturing element 24 forms a sealing with the conformal recess.

[6622]  Afier the first end 34 forms the sealing with the puncturing element 24, and
upon continued pressing of the , the projection fitting 16 may slide on the puncturing
element 24 thereby reducing the distance between the second end (not shown) of the
puncturing element 24 and the partitioning element 14. As a result, the puncturing

element 24 punctures the partitioning element 14.

[6023] In certain embodiments, the sealing elerment 32 may be an optional element

for preventing or minimizing leaks that may otherwise occur upon puncturing of the

&
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partitioning element 14 and before sealing of the interfacing cap 30 with the
conformal recess of the microfluidic device. For example, the sealing element 32
may not be desired while using a reagent storage vessel with dry reagents. The soft
seal may also be optional in embodiments where the system is arranged such that no
fluid leaks out of the vessel after puncturing the partitioning element 14. For
example, in instances where the fluid in the vessel may not flow out of the vessel
upon puncturing of the partitioning element 14 as the flow of the fluid may result in a
pressure inside the vessel that is lower than the ambient pressure. In some instances,

the ambient pressure may be higher than atmospheric pressure.

{0024] FIG. 3 illustrates the steps in the method of sealing the reagent storage
vessel 38 comprising an interfacing cap 40 with a conformal recess 42 of a
microfluidic device 44. A microfluidic device subsirate 46 comprising a conformal
recess 42 is disposed near the reagent storage vessel 38 is such that the conformal
recess 42 is aligned with the interfacing cap 40. The interfacing cap 40 comprises a
partitioning clement 48, a projection fitting 50, a holder component 52, and a

puncturing element S4.

{60251 In one embodiment, the conformal recess 42 may not be pre-formed in the
device substrate 46 prior to receiving the projection fitting 50 of the interfacing cap
40. In this embodiment, the material of the device substrate 46 may be configured to
undergo thermal or pressure induced material yielding while receiving the projection
fitting 50. That is, when the projection fitting 50 is pressed against the device
substrate 46, the yielding of the device substrate 46 in and around the area that
receives the projection fitting 50 may form a conformal recess. The conformal recess
so formed may have a fluid tight seal with the projection fitting 50. In another
embodiment, the material of the projection fitting 50 may be configured to undergo
thermal or pressure induced material yielding while being disposed in a conformal

recess 42.

[6026] Optionally, the conformal recess 42, and/or the tapered geometry of the
projection fitting 50 that is configured to be disposed in the conformal recess may

include a surface modification. The surface modification may be present either in a
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portion, or the entire surface of the conformal recess 42 and/or the tapered geometry
of the projection fitting 50. In embodiments where the conformal recess is not pre-
formed in the coupling substrate, the portion of the coupling substrate that is supposed
to undergo deformation upon receiving the projection fitting to form the conformal
recess may include surface modification. In one example, the surface modifications
may be provided to improve the coupling between the projection fitting and the
coupling substrate to reduce or eliminate any leaks. Non-limiting examples of types
of surface modifications may include a soft coating, a hard coating, a hydrophobic
material, an adhesive, a high roughness surface (such as a plasma etched, or a reactive
ion etched surface), a low roughness surface (such as a coated area or polished area),
physical features, such as threads. The type of surface modifications may depend on
the type of material being employed for the projection fitting and the coupling

substrate.

{6627} The interfacing cap 40 is disposed on the conformal recess 42, and the
vessel 38 is pressed against the microfluidic device 44. The puncturing element 54 is
pushed against the partitioning element and punctures the partitioning element 48.
Subsequently, the puncturing element 54 forms a sealing with the conformal recess
42. Further compression then results in the projection fitting 50 being disposed in the
conical recess 42. At this stage, the vessel 38 is in communication with the
microfluidic device 44, and the reagents 56 may be transferred from the vessel 38 to

the device 44 with low dead volume arrangement.

[6628] Advantageously, the interfacing cap provides a relieable fluid seal and may
be configured to reduce the internal dead volume of standard vessels. In addition, the
interfacing cap is a low cost device that can be fabricated easily. Also, the interfacing
cap may be able to withstand high pressures, while maintaining low dead volume. In
one example, the fluid tight seal provided by the interfacing cap may be configured to
withstand pressures of over 1000 bars. The fluid connector device may be used with
many types of microfluidic devices and with the incorporation of packaging that is
easy to design and manufacture. Other advantages include easy installation, quick
connection with no tools required, small footprint, leak-tight, and high working

pressures.
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[60629] While only certain features of the invention have been illustrated and
described herein, many meodifications and changes will oceur to those skilled in the
art. It s, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.
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CLAIMS:
1. An interfacing cap for a reagent storage vessel having an opening,
comprising:

a partitioning element having a structure corresponding to an opening of the

reagent storage vessel;
a projection fitting disposed on the partitioning element;
a holder element; and

a puncturing element coupled to the projection fitting.

2. The interfacing cap of claim 1, wherein the projection fitting interfaces

with a conformal recess of a fluidic device.

3. The interfacing cap of claim 1, wherein the puncturing element is at

least partially disposed in the projection fitting.

4. The interfacing cap of claim I, wherein the puncturing element

comprises a needle or a capillary tube.

5. The interfacing cap of claim 1, wherein the sealing element is disposed

on the interfacing cap.

6. The interfacing cap of claim 5, wherein the sealing element is annular.

10
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7. The interfacing cap of claim 1, wherein the sealing element is disposed

on a microfluidic device.

8. The interfacing cap of claim 1, wherein the reagent storage vessel

comprises dry reagents.

9. The interfacing cap of claim 1, wherein the partitioning element
comprises silicone, polypropylene, polytetrafluoroethylene, an elastomer, or

combinations thereof

10.  The interfacing cap of claim 1, wherein the projection fitting comprises

a metal, a semiconductor, a ceramic, a pelymer, or combinations thereof,

1. A microfluidic device assembly, comprising:
a device substrate comprising a conformal recess;

an interfacing cap to interface a reagent storage vessel with the device

substrate; the interface cap comprising:

a partitioning element having a structure corresponding to an opening

of the reagent storage vessel;
a projection fitting disposed on the partitioning element;
a holder element; and

a puncturing element coupled to the projection fitting.

11
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12.  The microfluidic device assembly of claim 11, further comprising a
sealing element disposed between the reagent storage vessel and the microfluidic

device.

13.  The microfluidic device assembly of claim 11, whercin the sealing

clement is disposed on the interfacing cap, the device substrate, or both.

i4. The microfluidic device assembly of claim 11, wherein the holder

element comprises a crimp camp, screw cap or glue cap.

15, The microfluidic device assembly of claim 11, wherein the projection

fitting comprises a cone and a base.

16.  The microfluidic device assembly of claim 11, wherein the conformal

recess, the projection fitting, or both comprises a surface modification.

17. A method of making an interfacing cap; comprising:
disposing a partitioning element on an opening of a reagent storage vessel;
disposing a projection fitting on the device substrate;

disposing at least a portion of the holder element on a portion of the
partitioning element and on a portioning of the projection fitting to hold the
partitioping element and the projection fitting in place on the reagent storage vessel;

and
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coupling a puncturing element to the projection fitting.

18.  The method of claim 17, wherein coupling the puncturing element

comprises partially disposing the puncturing element in the projection fitting.

19.  The method of claim 17, further comprising providing a sealing

element for forming a soft seal between the device substrate and the projection fitting.
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1. claims: 2-6, 8-10, 18(completely); 1, 17(partially)

A cap suitable for a reagent storage vessel comprising a
partitioning element, a projection fitting, a holder
element, a puncturing element, furthermore a sealing
element, and the correlated materials and method of
construction.

2. claims: 7, 11-16, 19(completely); 1, 17(partially)

A microfluidic device assembly, comprising a cap suitable
for a reagent storage vessel comprising a partitioning
element, a projection fitting, a holder element, a
puncturing element, a sealing element, furthermore a
microfluidic device and the correlated method of
construction.
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