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I.

INTRODUCTION
NanoCellect Biomedical, Inc. (“NanoCellect” or “Petitioner”) requests inter

partes review of claims 1, 5-6, 8, and 15-16 of U.S. Patent No. 10,029,263 to
Böhm, et al. (“the ’263 patent,” EX1001), which issued on July 24, 2018. This
Petition demonstrates that there is a reasonable likelihood that each of claims 1, 56, 8, and 15-16 is obvious under 35 U.S.C. §103. Petitioner thus requests that inter
partes review be instituted and claims 1, 5-6, 8, and 15-16 of the ’263 patent be
cancelled.
At a high level, the challenged claims are directed to a microfluidic system
and method for sorting particles comprising (a) a microfluidic flow channel formed
in a particle processing component substrate; (b) a detection region; (c) a switching
device located downstream of the detection region; and (d) a reservoir included in
the substrate.
As shown below, however, the claimed combination of elements was
already disclosed in, at least, the prior art Wada reference. For example, the
annotations to Wada Figure 22 below illustrates that Wada renders claim 1
unpatentable.
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EX1002, ¶114. Moreover, each of the elements recited in the challenged dependent
claims was also known in the prior art for use in particle sorting chips. In other
words, the challenged claims are not patentable, but are, at most, merely the
“combination of familiar elements according to known methods.” KSR Int’l Co. v.
Teleflex Inc., 550 U.S. 398, 416 (2007); In re McDaniel, 293 F.3d 1379, 1385
(Fed. Cir. 2002) (“anticipation is the epitome of obviousness”). Each of claims 1,
5-6, 8, and 15-16 is thus unpatentable over the prior art.
II.

MANDATORY NOTICES
A.

Real Parties-In-Interest (37 C.F.R. §42.8(b)(1))

NanoCellect is the Petitioner and the real party-in-interest in this IPR. Out of
an abundance of caution, Petition discloses that it was founded in late 2009 as a
spinout from UCSD. Initial funding for R&D was graciously funded by multiple
NIH SBIR grants and contracts. Petitioner’s business operations have been backed
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by Illumina Ventures, FusionX Ventures, Anzu Partners, Agilent Technologies,
Vertical Ventures (Highlander Fund and Triton Fund), and other private investors.
B.

Related Matters (37 C.F.R. §42.8(b)(2))

The ’263 patent was asserted in Cytonome/ST, LLC v. NanoCellect
Biomedical, Inc., Case No. 1:19-cv-00301-UNA (D. Del.), filed February 12, 2019,
and served no earlier than February 13, 2019 (EX1044). NanoCellect is also filing
IPRs challenging claims from U.S. Patent Nos. 6,877,528; 8,623,295; 9,011,797;
9,339,850; 10,029,283; and 10,065,188 (together with the ’263 patent, collectively
“the asserted patents”). Each of the asserted patents was asserted in Case No. 1:19cv-00301-UNA.
In an abundance of caution, Petitioner also identifies the four IPR petitions
filed by a different petitioner against different patents owned by Cytonome/ST,
LLC (“Cytonome”). These cases are ABS Global, Inc. v. Cytonome/ST, LLC,
IPR2017-02097 (directed to U.S. Patent No. 8,529,161); ABS Global, Inc. v.
Cytonome/ST, LLC, IPR2017-02161 (directed to U.S. Patent No. 7,611,309); ABS
Global, Inc. v. Cytonome/ST, LLC, IPR2017-02162 (directed to U.S. Patent No.
9,446,912); and ABS Global, Inc. v. Cytonome/ST, LLC, IPR2017-02163 (directed
to U.S. Patent No. 7,311,476). The patents challenged in those IPRs are different
than the patents challenged herein and are not in the same chain of continuity as
any of the asserted patents.
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C.

Identification of Counsel (37 C.F.R. §42.8(b)(3)) and Service
Information (37 C.F.R. §42.8(b)(4))
Lead Counsel

Back-Up Counsel

Michael T. Rosato, Reg. No: 52,182
WILSON SONSINI GOODRICH &
ROSATI
701 Fifth Avenue, Suite 5100, Seattle
WA 98104-7036
Tel.: 206-883-2529 Fax: 206-883-2699
Email: mrosato@wsgr.com

Lora Green, Reg. No. 43,541
WILSON SONSINI GOODRICH &
ROSATI
1700 K Street N.W., 5th Floor,
Washington, DC 20006-3817
Tel.: 202-791-8012 Fax: 202-973-8899
Email: lgreen@wsgr.com

Back-Up Counsel

Back-Up Counsel

Douglas Carsten, Reg. No. 43,534
WILSON SONSINI GOODRICH &
ROSATI
12235 El Camino Real,
San Diego CA 92130
Tel.: 858-350-2300 Fax: 858-350-2399
Email: dcarsten@wsgr.com

Jad A. Mills, Reg. No: 63,344
WILSON SONSINI GOODRICH &
ROSATI
701 Fifth Avenue, Suite 5100, Seattle
WA 98104-7036
Tel.: 206-883-2554 Fax: 206-883-2699
Email: jmills@wsgr.com

Please direct all correspondence to lead counsel and back-up counsel at the
contact information above. NanoCellect consents to electronic mail service at the
email addresses above. A power of attorney accompanies this Petition.
III.

CERTIFICATIONS (37 C.F.R. §42.104(A))
NanoCellect certifies that the ’263 patent is available for IPR and that

NanoCellect is not barred or estopped from requesting IPR on the identified
grounds.
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IV.

IDENTIFICATION OF CHALLENGE AND STATEMENT OF THE PRECISE RELIEF
REQUESTED
NanoCellect requests review of claims 1, 5-6, 8, and 15-16 of the ’263

patent under 35 U.S.C. §311 and AIA §6, as NanoCellect’s detailed statement of
the reasons for the relief requested sets forth, supported with exhibits, including the
Declaration of Dr. Bernhard H. Weigl. See generally, EX1002; see also id., ¶¶1-2,
21-22.
Ground
1
2
V.

Claims

Obvious under 35 U.S.C. §103 over

International PCT Publication No. WO 00/70080
(“Wada,” EX1006)
Wada in view of International PCT Publication
1, 5-6, 8, and 15-16
No. WO 97/02357 (“Anderson,” EX1012)
1, 5-6, and 15-16

STATEMENT OF NON-REDUNDANCY AND EFFICIENCY
Ground 1 addresses the obviousness of claims 1, 5-6, and 15-16 over Wada

whereas Ground 2 address the obviousness of claims 1, 5-6, 8, and 15-16 over
Wada in further view of Anderson, a reference that was cited in Wada itself to
illustrate ways to implement actuators in Wada’s particle sorting devices.
NanoCellect has attempted to present the issues for resolution in this Petition
in a manner that is efficient for both the parties and the Board. Indeed, NanoCellect
worked tirelessly to narrow the dispute between the parties before seeking IPR.
The asserted patents contain 130 claims. In the co-pending district court
proceeding, NanoCellect repeatedly asked Cytonome to identify a reasonable
number of asserted claims. Cytonome initially reduced the asserted claims to 104
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in August 2019, but refused to further reduce the number until the week before
Thanksgiving 2019. At that time, Cytonome reduced the number of asserted claims
to 42. NanoCellect asked the district court to order Cytonome to further reduce the
number of asserted claims to a reasonable number. The district court denied that
motion without prejudice on January 2, 2020, pending other developments in the
case. In order to make efficient use of the finite resources of the Board and of the
parties, NanoCellect’s petitions focus almost exclusively on the remaining asserted
claims.
NanoCellect also worked to eliminate the dispute between the parties before
seeking IPR of these patents by engaging in settlement discussions with Cytonome,
to no avail. Now that Cytonome has identified the claims in dispute and settlement
discussions have reached an impasse, NanoCellect promptly submits the present
Petition and other petitions challenging claims of the asserted patents. NanoCellect
has filed only one petition against each patent and is not aware of any prior IPR
petitions being filed by anyone against any of the Cytonome patents it is
challenging.
VI.

THE CHALLENGED PATENT
A.

Background

The ’263 patent relates to microfluidic systems and methods for sorting
particles in a suspension. EX1001, 1:26-31; EX1002, ¶¶23-25.
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According to the ’263 patent, “[m]ethods and apparatuses for particle sorting
are known” and the majority described in the prior art operate “according to the
detect-decide-deflect principle” whereby “[t]he moving particle is first analyzed
for a specific characteristic,” a decision is made how the particle will be handled
further downstream “[d]epending on the outcome of this detection phase,” and the
“outcome of the decision is then applied to deflect the direction of specific particle
towards a predetermined branch of the channel network.” EX1001, 1:45-56. The
’263 patent admits prior art sorting units were fast and efficient, and outlet
configurations with both T- and Y-branch junctions were known. Id., 1:57-2:29,
2:40-54.
The ’263 patent also admits that it was known in the prior art to use “piezo
actuator” to create a pressure wave to “momentarily disturb[] the flow in one
branch thus deflecting a particle of interest into the other branch.” Id., 2:40-54
(discussing U.S. Patent No. 3,984,307); see also id., 3:1-9 (discussing U.S. Patent
No. 4,756,427). The ’263 patent attempts to distinguish the prior art by
characterizing prior art device as having the deflector (e.g., electrically activated
transducer) “located in the channel” such that the “generated pressure waves are
not confined to the branching point, but will propagate upstream into the detector
section.” Id., 2:40-62.
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B.

Claims

The ’263 patent issued with 21 claims. At a high level, independent claim 1
is directed to a microfluidic system for sorting particles comprising a first
microfluidic flow channel formed in a particle processing component substrate, the
substrate including a reservoir, a detection region located downstream of the inlet,
and a switching device located downstream of the detection region. EX1001,
13:58-14:31. Independent claim 15, directed to a microfluidic method, discloses
similar subject matter. Id., 15:17-52. Claims 5-6 and 8 depend directly from claim
1 and claim 16 depends directly from claim 15. The specifics for each claim and
element are discussed in detail in the Grounds below.
C.

Specification

Figures 1-4 of the ’263 patent are schematic diagrams that illustrate an
embodiment of the invention. An annotated version of Figure 1 is reproduced
below identifying the elements of claim 1. EX1001, 4:53-58, 5:33-37, 5:65-67,
8:29-34.
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Two opposed bubble valves 100a-b are positioned relative to the channel 16
and disposed in fluid communication with the channel 16 through a pair of
opposed side passages 24a-b, and each bubble valve is partly filled with a liquid
and also contains another fluid, such as a gas. Id., 6:17-29. An actuator 26 is
provided to actuate the bubble valve in response to a signal raised by the detection
means 19, such that increasing pressure in compression chamber 70b momentarily
causes a flow disturbance in the channel substantially perpendicular to the normal
flow in the channel (i.e., a switching device) and the buffer chamber 70a in the
second bubble valve 100a absorbs pressure created by the transient pressure pulse
created by the first bubble valve 100b (i.e., is a reservoir). Id., 6:29-60; see also id.,
8:29-9:16.
-9-

D.

Prosecution History

The ’263 patent issued from U.S. Patent Application No. 13/849,365 (“the
’365 application”), which claims priority through a series of continuation and
divisional applications to U.S. Patent Application No. 10/179,488, filed on June
24, 2002, and to U.S. Provisional Patent Application No. 60/373,256, filed April
17, 2002.
Other than a different version of Anderson, none of the references relied
upon herein were meaningfully relied upon during prosecution of the ’263 patent.
Moreover, Applicant advanced no meaningful distinction between the claims and
what actually was known in the art. For example, Applicant obtained allowance by
specifying that the microfluidic system comprises a reservoir to dampen or absorb
a transient pressure pulse propagated across the microfluidic channel, but this
feature was already known in the art.
VII. CLAIM CONSTRUCTION
Claim terms should be interpreted according to their ordinary and customary
meaning to a person of ordinary skill in the art (POSA) at the relevant priority date,
consistent with the specification. 37 C.F.R. §42.100(b); Phillips v. AWH Corp.,
415 F.3d 1303, 1312-13 (Fed. Cir. 2005) (en banc). This Petition applies the prior
art to the claims using this standard. EX1002, ¶¶52-55.
The Board need not expressly construe undisputed claim terms. See Nidec
Motor Corp. v. Zhongshan Broad Ocean Motor Co., 868 F.3d 1013, 1017 (Fed.
-10-

Cir. 2017) (“[W]e need only construe terms ‘that are in controversy, and only to
the extent necessary to resolve the controversy’”) (quoting Vivid Techs., Inc. v. Am.
Sci. & Eng’g, Inc., 200 F.3d 795, 803 (Fed. Cir. 1999)).
Even if the exact metes and bounds of a claim are indefinite, the Board
nevertheless can determine whether embodiments plainly within the scope of the
claim would have been obvious. See Samsung Elecs. Am., Inc. v. Prisua Eng’g
Corp., 2019-1169, 2019-1260, 2020 WL543427, at *8-9 & n.5 (Fed. Cir. Feb. 4,
2020) (remanding for PTAB to address petitioner’s argument that the Board could
“apply the prior art” for purposes of anticipation and obviousness to an
indisputably IPXL-type indefinite claim); Ex parte Tanksley, 26 U.S.P.Q.2d 1384,
1387 (B.P.A.I. 1991) (embodiment within scope despite indefiniteness); Ex parte
Sussman, 8 U.S.P.Q.2d 1443, 1445 n.* (B.P.A.I. 1988) (affirming obviousness
despite indefinite claim format); see also Nautilus, Inc. v. Biosig Instruments, Inc.,
572 U.S. 898, 901, 911 (2014) (rejecting “insolubly ambiguous” or “amenable to
construction” standard and holding claims are indefinite if the scope of the claim
cannot be ascertained with “reasonable certainty”); cf. Enzo Biochem, Inc. v.
Applera Corp., 599 F.3d 1325, 1332 (Fed. Cir. 2010) (stating in dicta that “a claim
cannot be both indefinite and anticipated” because a claim is only indefinite if it is
incapable of construction).
Petitioner does not believe any express claim constructions are required for
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the Board to conclude the asserted prior art renders the challenged claims
unpatentable. Further discussion of the challenged claims appears infra during the
discussion of how the cited art renders each challenged claim unpatentable. The
analysis of the challenged claims vis-à-vis the cited art is consistent with the claim
construction positions that Cytonome has offered in district court.
No claim construction order has been issued by the district court in the copending district court proceeding. 1 Cytonome made several admissions about the
meanings of claim terms in the asserted patents, which can be found in the Joint
Claim Construction Statement (EX1045), Cytonome’s Reply Claim Construction
Brief (EX1042), and its expert declaration regarding the meaning of certain claim
terms in the asserted patents (EX1043).
Among other things, Cytonome’s declarant opined that the term “reservoir”
as used in the ’263 patent should be understood as a physical structure that
contains fluid. EX1043, ¶¶25-26, 33-34; see also EX1045, 20 (even when a
microfluidic chamber is “empty” it still contains a gas (air) and thus contains a

1

The parties have agreed for the ’263 patent that generate and originate each

mean create and that switching device or component means a component separate
from the actuator for switching. EX1046, 1-2.
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fluid). As an example of a reservoir, Cytonome’s declarant points to “well” 1602 in
Figure 15 of U.S. Patent No. 6,592,821 to Wada et al. EX1043, ¶27.
Cytonome’s declarant has opined that the term “absorbing” as used in the
’263 patent means to receive, take up, or take in the pressure pulse. EX1043, ¶¶5055, see also EX1042, 13-14, 18-19. Cytonome’s declarant has also opined that the
terms “dampen” or “dampening” as used in the ’263 patent means to meaningfully
dissipate so as to prevent a pressure wave from affecting the flow of the remaining
particles in the stream of particles. EX1043, ¶¶56-57; EX1042, 13-14, 18-19.
As set forth herein, the disclosures relied upon in the prior art discussed
herein are plainly within the scope of the challenged claims, including as construed
by Cytonome as discussed above.
VIII. LEVEL OF ORDINARY SKILL IN THE ART
The ’263 patent relates to a method and apparatus for the sorting of particles
in a suspension. EX1001, 1:26-29. Dr. Bernhard H. Weigl is an Affiliate Professor
in the Department of Bioengineering at the University of Washington who has
more than thirty years of experience with methods and apparatus for sorting
particles in a suspension as an analytical chemist and was well-versed in
microfluidic particle sorting devices at the relevant time. EX1002, ¶¶3-9; EX1003.
As Dr. Weigl explains, a POSA at the relevant times would have had a
bachelor’s or master’s degree in the field of bioengineering, mechanical
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engineering, chemical engineering, or analytical chemistry; or a bachelor’s or
master’s degree in a related field and at least three years of experience in designing
or developing microfluidic systems. EX1002, ¶¶52-55. The prior art cited in this
Petition, including the background art, demonstrates information with which a
POSA would have been familiar at the relevant time. EX1002, ¶¶56-101.
IX.

SUMMARY OF THE PRIOR ART
A.

Background

The relevant background supports the unpatentability of the challenged
claims. EX1002, ¶56. Flow cytometers have long been used to sort cells conveyed
in a sheath fluid. EX1002, ¶¶57-67 (discussing EX1014, EX1016, and EX1005).
Microfluidic cell sorters (with channels have inner diameters of approximately 100
microns or less) were available at least as early as the 1970’s. Id., ¶¶59-63
(discussing EX1016). By the earliest claimed priority date, particle sorting flow
cytometers, including sorters using heater electrodes and piezoelectric actuators for
cell sorting, were widely available. Id., ¶¶59-64, 71-72, 85-86. (discussing
EX1014, EX1016, EX1020).
Structures for making functioning microfluidic devices also were known.
EX1002, ¶¶65-67 (discussing EX1005). Microfluidic devices, including the “labon-a-chip” or “µTAS” concept, became increasingly popular as microfabrication
techniques such as photolithography allowed for the manufacture of increasingly
complex microfluidic devices with that could be run in “massively parallel”
-14-

fashion. Id., ¶¶68-72 (discussing EX1017-EX1018, EX1020). Computer-aided
design (CAD) in the 1990’s enabled even better and more efficient µTAS designs,
resulting in mass-production of microfluidic chips capable of running analytical
work serially or in parallel. Id., ¶¶70-71 (discussing EX1018, EX1020).
Microfluidic devices having actuators comprising a flexible wall or malleable
material were also known in the art. Id., ¶¶71-72 (discussing EX1020).
Precise control of flow within microfluidic channels was achieved due to the
normally laminar flow in microfabricated devices. EX1002, ¶¶73-74 (discussing
EX1017, EX1022, EX1033). Micropumps, including piezoelectric membranedisplacement pumps, were known to provide a pressure pulse by deflecting a
microfabricated membrane, such as a diaphragm comprising flexible silicone or the
interface of a fluid/gas meniscus. Id., ¶¶75-84 (discussing EX1012, EX1014,
EX1021-EX1025). Particle selection by increasing fluid flow perpendicular to the
flow channel was known as the “simplest switching component,” which was taught
to be accomplished by creating a gas bubble to generate a “momentary pressure
increase” to deflect the particle of interest into the desired outlet. Id., ¶¶86-88
(discussing EX1007, EX1016, EX1018). It was known that controlling “bleeding
over of material” from the deflection pulse could be achieved, for example, by
using a vent, chamber, passageway or other compliance device to “isolate the
effects of output loading from control flow characteristics,” including by using
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elastic elements or oppositely-facing buffer structures. Id., ¶¶89-101, 196
(discussing EX1007, EX1016, EX1018, EX1032-EX1035).
B.

Asserted References

As Dr. Weigl explains, and as addressed in further detail below, claims 1, 56, 8, and 15-16 would have been obvious to a POSA at the relevant time.
Numerous fluidic particle sorting chips were known before April 17, 2002,
including many that used a structure within the broad claims of the ’263 patent.
i.

Wada

International PCT Publication No. WO 00/70080 to Wada, et al., entitled
“Focusing of Microparticles in Microfluidic Systems,” published on November 23,
2000 (“Wada”). EX1002, ¶104. Wada is prior art to the challenged claims of the
’263 patent at least under pre-AIA 35 U.S.C. §102(b).
Wada discloses systems for sorting particles, and methods for producing a
particle product from a sample having particles (e.g., cells). The microchannels are
“integrated into the body structure of a microfluidic device.” EX1006, 37:28-29,
38:11-17; 3:13-15, 7:5-29; EX1002, ¶¶102-03. Figures 22-24 (including the
corresponding discussion in the Wada reference) are representative schematics.
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Wada describes a flow control regulator to allow for the focusing of the
particles within the microchannel prior to sorting. EX1006, 4:1-5. Wada teaches
methods of sorting cells wherein the cells “flow past a detection point to obtain
accurate fluorescent readings…. Thereafter, cells (e.g., viable and non-viable cells)
are optionally sorted similarly using hydrodynamic flow.” EX1006, 26:26-27:2,
FIGS. 22-24. Once detected by the signal detector, a computer that is “operably
linked to the first or other fluid direction component(s), the flow control regulator,
and the signal detector,” directs the introduction of a fluid from a microchannel
perpendicular to the main flow channel. Id., 7:18-29. In so doing, the computer
triggers the flow control regulator to manipulate the detected particle into a
designated output microchannel. Id., 26:26-27:2; EX1002, ¶¶104-05
Wada teaches “techniques for inducing the flow of focusing fluids to sort
particles,” include “pressure.” EX1006, 19:9-12, 24:9-12; EX1002, ¶¶106-07.
-17-

ii.

Anderson

International PCT Patent Publication No. WO 97/02357 to Anderson, et al.,
entitled “Integrated Nucleic Acid Diagnostic Device,” published on January 23,
1997 (“Anderson”); see also: EX1002, ¶108. Anderson is cited in, and
incorporated into, Wada. EX1006, 43:13-14, 49:17-20. Anderson is prior art to the
challenged claims of the ’263 patent at least under pre-AIA 35 U.S.C. §102(b).
Anderson teaches microfluidic devices, noting that “advances in the
semiconductor manufacturing arts have been translated to the fabrication of
micromechanical structures, e.g., micropumps, microvalves and the like, and
microfluidic devices including miniature chambers and flow passages.” EX1012,
2:29-34, 5:14-31; see also id., 28:3-29. This fabrication is taught to typically
involve photolithography. Id., 28:3-29, 34:5-21, 37:13-28. Anderson teaches
sealing channels and chambers by first etching into a plate and then sealing the
structures with a “second thin polymeric member.” Id., 28:3-29, 38:1-39:4, 53:2023; EX1002, ¶¶108-09.
Anderson teaches that fluid may be moved from a first channel or chamber
in a microfabricated device into another using pressure from internal or external
sources, including micropumps. EX1012, 5:14-31, 46:23-48:16, 62:18-63:13;
EX1002, ¶110.
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Anderson teaches moving fluid containing particles through a microfluidic
device using micropumps forms by etching a chamber into the substrate and
sealing the chamber with a flexible diaphragm to form a diaphragm pump.
EX1012, 38:1-39:4, 44:28-46:23, 53:20-23. A pumping chamber may have “a
diaphragm pump as one surface of the chamber, and in preferred aspects, will have
a zero displacement when the diaphragm is not deflected.” Id. Anderson notes that
“[d]eflection of [a] diaphragm valve may be carried out by a variety of methods
including, e.g., application of a vacuum, electromagnetic and/or piezoelectric
actuators coupled to the diaphragm valve, and the like.” Id., 38:23-27; see also id.,
63:1-13 (teaching “pumps which hav[e] a bulging diaphragm, powered by a
piezoelectric stack” or by a heating element), 65:18-23 (teaching that, upon
activation of a chamber with a flexible membrane, “fluid is then expelled from the
pump chamber”); EX1002, ¶¶111-12.
X.

STATEMENT OF REASONS FOR THE RELIEF REQUESTED
A.

Ground 1: Claims 1, 5-6, and 15-16 Are Obvious in View of Wada

Wada discloses each and every element of each of claims 1, 5-6, and 15-16
and, at least some of the embodiments (e.g., Figure 22) reasonably would have
been viewed by a POSA as anticipating the claimed subject matter. EX1002,
¶¶114-18. As anticipation is the “epitome of obviousness, Petitioner submits that
claims 1, 5-6, and 15-16 are obvious in view of Wada. McDaniel, 293 F.3d at
1385.
-19-

To the extent the challenged claim elements are viewed as illustrated in
multiple embodiments of Wada, and as discussed in detail below, a POSA
logically would have arrived at the claimed subject matter with a reasonable
expectation of success in view of Wada. EX1002, ¶¶114-18. As illustrated in
further detail below, all aspects of the claimed subject matter are found in Wada.
As Dr. Weigl explains, a POSA typically would have viewed a given prior art
disclosure such as the Wada reference as a whole for all it teaches. Id., ¶115.
Indeed, Wada expressly teaches “all the techniques and apparatus described above
may be used in various combinations.” EX1006, 49:13-20.
For example, Wada teaches the opposed sorting microchannel structures in
Figures 22 and 23, like specifically illustrated for the sorting microchannel
structure in Figure 24, have actuators (e.g., Joule heating electrodes). E.g.,
EX1006, 23:19-28; 8:6-23. Consistent with Figures 22 and 23, Wada discloses and
illustrates employing a reservoir opposite the sorting microchannel.
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EX1002, ¶114. Moreover, as Dr. Weigl explains, it was conventional and wellknown to use an opposing vent, chamber, passageway, or other compliance device
to isolate the effects of the control flow characteristics. EX1002, ¶¶29, 92-101;
Section IX.A above. From the teachings of Wada, a person of ordinary skill would
have immediately appreciated that the opposing sorting microchannel structure is
readily inclusive to other illustrated channel configurations of Wada (e.g., Fig. 24).
EX1002, ¶197. As such, and as explained in further detail below, Wada discloses
and renders obvious the claimed subject matter.
The discussion below proceeds to analyze each of claims 1, 5-6, and 15-16
on an element-by-element basis.
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i.

Claim 1

A microfluidic system for sorting particles, the microfluidic system
comprising:
Wada teaches a microfluidic systems for sorting particles. EX1002, ¶¶11923; see also Section IX above.
For example, Wada discloses “Methods and systems for particle focusing to
increase assay throughput in microscale systems” using microfluidic systems for
“sorting members of particle populations” such as cells. EX1006, Abstract, Title,
17:30-18:8, FIGS. 22-24 (reproduced below for reference, providing schematic
microchannel configurations to be used for particle focusing and sorting in a
microfluidic system); EX1002, ¶¶119-23.

Wada discloses these microchannel configurations are for particle sorting.
See, e.g., EX1006, Abstract, 2:15-29, 3:7-4:5, 7:5-8:8, 11:3-9, 12:1-9, 17:10-18:8,
18:31-20:20, 23:19-28, 26:26-27:2, claims 9 & 19; id., Figs. 1A, 16-17, 21-24 &
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corresponding discussion in Wada; EX1002, ¶¶120-23. Wada thus discloses a
microfluidic system for sorting particles.
a first microfluidic flow channel formed in a particle processing
component substrate
Wada discloses its microfluidic systems comprise a first microfluidic flow
channel formed in a particle processing component substrate. EX1002, ¶¶124-28;
see also Section IX above.
For example, Wada discloses microfluidic flow channels are “integrated into
the body structure of a microfluidic device.” EX1006, 37:23-32; see also id., 3:2223, 21:3-5, 38:1-31, 39:19-33. Fabrication of a microfluidic flow channel formed
in a processing component substrate was routine and within the abilities of a
POSA. EX1002, ¶124 (discussing EX1006; EX1017, 330-31). As discussed below,
the main vertical flow channel illustrated in Figures 22-24 is a first microfluidic
flow channel as claimed. Wada thus discloses its microfluidic systems comprise
microfluidic flow channel formed in a particle processing component substrate. Id.,
¶¶124-28.
having an upstream inlet configured to introduce a fluidic stream
having a plurality of particles into the first microfluidic flow
channel
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Wada discloses the microfluidic flow channel has an upstream inlet that
introduces a fluidic stream having a plurality of particles into the first microfluidic
flow channel. EX1002, ¶¶129-35; see also Section IX above.
For example, each of Wada Figures 1A, 22, and 23 (reproduced below)
depict a microfluidic flow channel (e.g., main microchannel) having an opening
through which a stream having cells (i.e., plurality of particles) (100, 2200, or
2300) enter the microfluidic system in the direction indicated by the arrow
proximate to the numerals 100, 2200, and 2300:

EX1006, FIGS. 1A, 22-24; EX1002, ¶129. In Figures 22 and 23, the microchannel
conveys a fluidic stream having a plurality of particles from the bottom of the
figures to the top. EX1006, 19:23-20:14; EX1002, ¶¶125-26.
In Wada Figure 24 (reproduced above), the microchannel conveys a fluidic
stream having a plurality of particles from the top of the figure to the bottom.
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EX1006, 22:23-23:18; EX1002, ¶127. The inlet to the microfluidic flow channel is
at least where the microfluidic flow channel intersects with particle well 2400.
EX1006, FIG. 24, 22:23-25 (particles flowing from particle well 2400 into main
microchannel 2402); EX1002, ¶130. Wada provides good reason for the
microfluidic system to have an upstream inlet (e.g., well 2400) because
suspensions “are typically loaded into wells” and flowed downstream toward a
detection zone. EX1006, 14:5-6; EX1002, ¶130.
Wada also teaches that channels have both an inlet and an outlet. See, e.g.,
EX1006, 43:9-13. Particles (e.g., cells) are introduced into the microfluidic devices
via sample introduction ports, capillary elements, or other test compound
introduction points. Id., 4:14-17, 13:25-28, 35:18-21, 40:1-41:12; EX1002, ¶131.
The upstream inlet introduces a fluidic stream having a plurality of particles
into the first microfluidic flow channel. Each of Wada Figures 1A and 22-24
(reproduced below) depict focusing of the plurality of particles (100, 2200, 2300,
etc.) into a fluidic stream and introducing the fluidic stream having a plurality of
particles into the first microfluidic flow channel:
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EX1006, FIGS. 1A, 22-24; EX1002, ¶132.
Wada expressly teaches that the microfluidic system focuses a plurality of
particles in a fluidic particle stream. EX1006, 5:14-6:2, 12:24-32, 13:11-20, FIG.
1A, claim 29; EX1002, ¶¶133-34.
Wada thus discloses the first microfluidic flow channel having an upstream
inlet that introduces a fluidic stream having a plurality of particles into the first
microfluidic flow channel. EX1002, ¶135.
and downstream outlets configured to output portions of the fluidic
stream of particles
Wada teaches the first microfluidic flow channel having downstream outlets
configured to output portions of the fluidic stream of particles. EX1002, ¶¶136-40;
see also Section IX above.
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For example, each of Figures 22-24 disclose the microfluidic channel
includes two outlets configured to output portions of the fluidic stream of particles.
EX1006, 19:23-20:14, 22:23-23:18; EX1002, ¶¶136-40. Dr. Weigl provided
annotations to identify the flow through outlet channels in Figures 22-24,
reproduced below:

EX1006, FIGS. 22-24; EX1002, ¶¶136-39.
Wada Figure 22 illustrates two outlet channels downstream of detector 2204
that terminate “in particular collection wells 2210.” EX1006, 19:23-20:2, FIG. 22;
see also id., 20:3-14, FIG. 23 (having terminating collection wells 2312); 22:2323:18, FIG. 24. (having terminating collection wells 2422 and 2420); EX1002,
¶¶137-39. Each of Figures 22-24 thus depict microfluidic flow channels having
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downstream outlets and collection wells configured to output portions of the fluidic
stream of particles.
Thus, the particle sorting microfluidic system comprises downstream outlets
configured to output portions of the fluidic stream of particles. EX1002, ¶140.
a detection region located downstream of the inlet, the detection
region configured to allow a particle having a predetermined
characteristic to be sensed, the sensed particle being one of the
plurality of particles in the fluidic stream; and
Wada teaches its microfluidic system comprises a detection region located
downstream of the inlet, the detection region configured to allow a particle having
a predetermined characteristic to be sensed, the sensed particle being one of the
plurality of particles in the fluidic stream. EX1002, ¶¶141-50; see also Section IX
above.
For example, Wada discloses microfluidic systems that comprise “[s]ignal
detector(s)…for detecting a detectable signal produced by one or more of the
members of” the fluidic stream of particles, optionally including “e.g., a
fluorescent excitation source and a fluorescent emission detection element.”
EX1006, 6:30-7:4, 12:3-14; EX1002, ¶141.
The detection region allows one of the plurality of particles in the fluidic
stream having a predetermined characteristic to be sensed, e.g., via a label.
EX1006, 11:15-24. Wada therefore teaches sensing one of the plurality of particles
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in the fluidic stream having a predetermined characteristic (e.g., fluorescence or an
optical characteristic). Id.; EX1002, ¶142.
Each of Wada Figures 22-24 represent microfluidic systems comprising a
detection region located downstream of the inlet that allows a particle having a
predetermined characteristic to be sensed. EX1002, ¶143. Figure 24 (reproduced
below) illustrates the particles (e.g., 2410, 2412) passing through a detection region
(i.e., detector 2408) located downstream of the inlet (well 2400):

EX1006, FIG. 24, 22:23-23:6; EX1002, ¶¶144-46.
Likewise, Wada Figures 22 and 23 (reproduced below) illustrate particles
(e.g., cells 2200, particles 2306, 2308) passing through a detector (2204, 2304)
(i.e., a detection region) which is located downstream of the inlet:
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EX1006, FIG. 22-23; EX1002, ¶¶147-48.
Each of Wada Figures 22-23 thus illustrates a detection region located
downstream of the inlet allows a particle having a predetermined characteristic to
be sensed. EX1006, FIGS. 22-23. Each of Figures 22-23 depict a plurality of
particles which are sorted based on a sensed characteristic. For example Wada
Figure 22 depicts and describes “selected cells 2208 (e.g., fluorescently-labeled
cells) and non-selected cells 2206” directed towards different outlets 2210. Id.,
19:29-20:2. Wada provides a similar description of sensed particles 2308 of Figure
23. Id., 20:3-14; EX1002, ¶149.
Wada thus teaches its detection region is located downstream of the inlet and
allows one of the plurality of particles in the fluidic stream having a predetermined
characteristic to be sensed for particle sorting. EX1002, ¶150.
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a switching device located downstream of the detection region,
Wada teaches that the microfluidic system comprises a switching device
located downstream of the detection region. EX1002, ¶¶151-55; see also Section
IX above.
For example, Wada Figures 22-24 (reproduced below and annotated by Dr.
Weigl) show the switching device located downstream of the detection region and
upstream of the outlets configured to output portions of the fluidic stream of
particles. These switching devices deliver a transient pressure pulse labeled 2202,
2302 and 2420, respectively:

EX1006, FIGS. 22-24; EX1002, ¶¶151-52.
Joule heating electrodes (an exemplary actuating mechanism) can be applied
as part of the switching device “for use in particle sorting.” EX1006, 8:6-23; see
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also id., 18:26-19:21 (electrical and heat-based switching devices “nudge”
materials to sort particles). Wada describes the Joule heating electrode “deflects or
redirects the flow of selected particle 2410 into selected particle collection well
2422” in Figure 24. Id., 22:23-23:18. Wada states “when a selected particle is
detected [it] triggers the flow of current through, e.g., one or more Joule heating
electrodes” to direct the flow of the particle. Id., 22:7-9; EX1002, ¶153.
Wada Figures 22-23 each illustrate a switching device located downstream
of the detection region. Wada Figure 23 “includes a set of opposing microchannels
located downstream from the detector…to direct selected cells 2308 (e.g.,
fluorescently-labeled cells) and non-selected cells 2306 to either side of separation
element 2310,” each opposed sorting microchannel structure being a switching
device. Id., 20:3-14; see also id., 7:25-29, 8:12-23, 22:30-23:3; EX1002, ¶154.
Wada Figure 22 likewise includes a set of opposing sorting microchannels
downstream of the detector to direct selected cells into a selected outlet. EX1006,
19:23-20:2; see also id., 8:6-23, 23:20-24, FIGS. 22-23.
Each of Wada Figures 22-24 teach a switching device located downstream
of the detection region. Wada thus teaches a switching device located downstream
of the detection region. EX1002, ¶155.
the switching device operatively coupled to the first
microfluidic flow channel to deliver a transient pressure pulse
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in a direction substantially perpendicular to a flow direction of
the fluidic stream of particles,
Wada teaches that the switching device is operatively coupled to the
microfluidic flow channel to deliver a transient pressure pulse in a direction
substantially perpendicular to a flow direction of the fluidic stream of particles.
EX1006, FIGS. 22-24, 22:3-11; EX1002, ¶¶156-64; see also Section IX above.
Dr. Weigl provided annotations identifying the switching device operatively
coupled to microfluidic flow channel in Figures 22-24, reproduced below:

EX1006, FIGS. 22-24; EX1002, ¶156.
Each opposed sorting microchannel structure (Figures 22-23) and sorting
microchannel structure 2418 (Figure 24) is operatively coupled to the first
microfluidic flow channel because it is in fluid communication with it and
generates or receives the transient fluid flow propagated substantially
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perpendicularly across the flow channel to deflect a particle into a particular outlet.
EX1002, ¶¶157-59; EX1006, FIGS. 22-24.
For example, heating the fluid by Joule heating electrode generates and
applies a transient pressure pulse and propagates it across the flow channel to
deflect a particle into a selected branch of the flow channel. EX1002, ¶160;
EX1006, 17:3-6, 20:15-23:20. Heat-induced volume expansion causes a transient
pressure pulse and accompanying liquid flow. EX1002, ¶160. The pressure pulse is
selectively generated and transiently applied when the detector indicates the
particle is selected for deflection from the stream of particles. EX1006, 23:10-18;
EX1002, ¶¶160-61.
Wada’s disclosures are not limited to embodiments where the actuator
mechanism is a heating element (e.g., 2416 of Figure 24). Wada broadly teaches
“techniques for inducing the flow of focusing fluids to sort particles” using fluid
direction components and flow control regulators. EX1006, 19:9-13; see also id.,
4:1-5, 7:18-29, 42:8-30. These components may be supplied external or internal to
the device. Id., 43:9-14; EX1002, ¶162.
Other actuators also would be useful to generate and apply a transient
pressure pulse across the flow channel to deflect a particle into a selected branch of
the microchannel. EX1002, ¶163. The pressure source, e.g., a pressurized gas,
would pump the contents of the reservoir into the adjacent channel when actuated.
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EX1006, 43:5-9. A POSA thus would have had good reason in view of Wada to
employ a reservoir and a pressurized gas (i.e., a compressible fluid) to generate the
transient pressure pulse. EX1002, ¶163.
Wada discloses that the pressure pulse generated by the actuator has short
and transient pulse duration. EX1006, 20:30-31 (temperature oscillation period as
short as 100 milliseconds), 21:27-32 (applying the power supply to generate a
“pulse”), 21:32-22:2. This disclosure confirms Wada discloses generating a
transient pressure pulse. EX1002, ¶126.
Wada thus teaches that the switching device operatively coupled to the first
microfluidic flow channel to deliver a transient pressure pulse in a direction
substantially perpendicular to a flow direction of the fluidic stream of particles.
EX1002, ¶164.
wherein the transient pressure pulse displaces and separates a
selected single sensed particle from the fluidic stream of
particles,
Wada discloses the transient pressure pulse displaces and separates a
selected single sensed particle from the fluidic stream of particles. EX1002, ¶¶16568; see also Section IX above.
For example, Wada teaches the fluid flow streams “are ‘pinched’ or
‘focused’…to facilitate single particle or narrow streamline detection.” EX1006,
12:1-9. Wada’s transient pressure pulse (e.g., generated by the Joule heating
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element in Figure 24, annotated by Dr. Weigl below) “deflects or redirects the flow
of selected particle 2410 into selected particle collection well 2422” while “nonselected particle 2412…flows unimpeded into non-selected particle collection well
2420.” Id., 22:23-23:18; EX1002, ¶165.

EX1006, FIG. 24. Wada applies the transient pressure pulse from the Joule heating
electrode to displace and separate a selected single sensed particle (i.e., 2410) from
the fluidic stream of other particles (e.g., 2412) to sort particles. EX1002, ¶166.
The microfluidic systems represented by Figures 22-23 operate similarly and
generate a transient pressure pulse that displaces and separates a selected single
sensed particle from the fluidic stream of particles. See EX1006, FIGS. 22-23.
Indeed, each of Figures 22-24 disclose their switching device is capable of
detecting a single particle from a plurality of particles in the fluidic stream and
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displacing and separating the selected single sensed particle from the fluidic stream
of particles. EX1002, ¶167.
Wada thus teaches that the transient pressure pulse displaces and separates a
selected single sensed particle from the fluidic stream of particles. A POSA would
have been motivated to apply this feature for the same purpose. EX1002, ¶168.
wherein the transient pressure pulse displaces and separates a
selected single sensed particle from the fluidic stream of
particles,
Wada discloses the transient pressure pulse displaces and separates a
selected single sensed particle from the fluidic stream of particles. EX1002, ¶¶16971; see also Section IX above.
For example, Wada Figures 22-24 each illustrate a switching element that
displaces and separates a selected single sensed particle from the fluidic stream of
particles in a switching region. EX1006, FIGS. 22-24, 19:23-23:18, 23:7-18 (nonselected particles unaffected by single deflected particle); EX1002, ¶170. Figures
22-24, annotated below by Dr. Weigl, each illustrates a microfluidic system
comprising a switching region (blue), wherein a single selected particle is
displaced and separated from the fluidic stream of particles in the switching region:
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EX1006, FIGS. 22-24, 5:17-22, 12:1-9, 18:26-19:15 (fluid direction components
“‘nudge’ materials across the width of a first channel” in order to “direct sample
flow towards or away from” a first flow channel and “into, e.g., an additional
intersecting channel or into a channel region.”); EX1002, ¶170.
Wada thus teaches that the selected particle is displaced and separated from
the fluidic stream of particles in a switching region. A POSA would have been
motivated to apply this feature for the same purpose. EX1002, ¶171.
wherein the fluidic stream of unselected particles flows into a first
downstream outlet configured to output a first portion of the
fluidic stream of particles,
Wada teaches that the microfluidic stream of unselected particles flows into
a first downstream outlet configured to output a first portion of the fluidic stream
of particles. EX1002, ¶¶172-75; see also Section IX above.
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For example, Figures 23-24, annotated below by Dr. Weigl, each disclose
the fluidic stream of unselected particles (i.e., “non-selected” cells and particles
2306 and 2412, respectively) flows into a first downstream outlet (yellow)
configured to output a first portion of the fluidic stream of particles (e.g., the
portion of the stream of particles comprised of non-selected particles):

EX1006, FIGS. 23-24, 20:3-14, 23:7-18; EX1002, ¶172.
In Figures 23-24, unselected particles (2306, 2412) flow downstream into a
first downstream outlet and the collection well 2312 or “non-selected particle
collection well 2420” (yellow), thereby outputting a first portion of the fluidic
stream of particles. EX1006, FIG. 23-24, 20:3-14, 23:7-18. Non-selected particles
do not activate the switching device and flow “into the non-selected particle
collection well.” Id.; EX1002, ¶¶173-74. In connection with Figure 22, Wada also
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discloses sorting unselected particles into the first downstream outlet (2210).
EX1006, 19:23-20:2.
Wada thus teaches that the fluidic stream of unselected particles flows into a
first downstream outlet configured to output a first portion of the fluidic stream of
particles. A POSA would have been motivated to apply this feature for the same
purpose. EX1002, ¶175.
wherein the selected particle flows into a second downstream
outlet configured to output a second portion of the fluidic
stream of particles,
Wada teaches that the selected particle flows into a second downstream
outlet configured to output a second portion of the fluidic stream of particles.
EX1002, ¶¶176-79; see also Section IX above.
For example, Figures 23-24, annotated below by Dr. Weigl, each disclose
the selected particle (i.e., “selected” cells and particles 2308 and 2410) flows into a
second downstream outlet (red) configured to output a second portion of the fluidic
stream of particles (e.g., the portion of the stream of particles comprised of
selected particles):
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EX1006, FIGS. 23-24, 20:3-14, 23:7-18; EX1002, ¶176. The selected particle flows
into the collection well 2312 or “selected particle collection well 2422”, thereby
outputting a second portion of the fluidic stream of particles. EX1006, 23:7-18; see
also id., 20:3-14; EX1002, ¶¶177-78. The flow into “main microchannel 2402 thus
deflects or redirects” the particle selected particle. EX1006, 23:7-18. In connection
with Figure 22, Wada also discloses sorting selected particles into the second
downstream outlet (2210). EX1006, 19:23-20:2.
Wada thus teaches that the selected particle flows into a second downstream
outlet configured to output a second portion of the fluidic stream of particles.
EX1002, ¶179.
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wherein the transient pressure pulse is not generated downstream
of the switching region,
Wada teaches that the transient pressure pulse is not generated downstream
of the switching region. EX1002, ¶¶180-81; see also Section IX above.
As discussed further above, the switching regions comprise a switching
element, as shown in each of Figures 22-24 (annotated below by Dr. Weigl,
illustrating the transient pressure pulse represented by flow 2202, 2302, and 2420
[sic], respectively). Figures 22-24 each illustrate the transient pressure pulse is
generated within the switching region, not downstream of the switching region:

EX1006, FIGS. 22-24; EX1002, ¶180.
Wada thus teaches that the transient pressure pulse is not generated
downstream of the switching region. EX1002, ¶181.
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wherein the switching device, when activated, does not block or
partially block flow of the fluidic stream of particles, and
Wada describes a switching device that, when activated, does not block or
partially block flow of the fluidic stream of particles. EX1002, ¶¶182-85; see also
Section IX above. As discussed above in Section IX.A, it was known in the field
that bubbles may be used to block or partially block flow of a fluidic stream of
particles within a microfluidic device. See, e.g., EX1024, Abstract, 7:55-64, 8:2022; EX1025, 7:26-42, 8:9-18; EX1021, 454; EX1023, ¶¶0026, 0032; EX1002,
¶¶79-84, 182.
During prosecution of the ’365 application, Applicant argued the claims
were patentable over the prior art, and, in particular Zöld (EX1007), because in
“Zöld, a gas bubble generated between electrode pairs blocks flow through a
selected outlet channel….Due to the configuration of Zöld, the device of Zöld
returns to steady-state only when the outlet channel becomes unblocked.” EX1004,
0402-04 (emphases original).
Wada sorts particles by deflecting individual particles from the fluidic
stream of particles, instead of blocking or partially blocking flow through an outlet
like the prior art distinguished in the patent. See EX1006, FIGS. 22-24, 19:2323:18, EX1002, ¶¶183-84. Actuating components, such as Joule heating electrodes
of Wada generate a transient pressure pulse that is delivered via a sorting
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microchannel substantially perpendicular to the flow direction of the fluidic stream
of particles. EX1002, ¶¶160-64, 184. The heat-induced volume expansion causes a
transient pressure pulse and accompanying liquid flow that does not block or
partially block flow of the fluidic stream of particles, which are sorted on an
individual basis. EX1006, 18:18-23:18, FIGS. 22-24; EX1002, ¶¶160-64, 184.
Wada thus teaches a switching device that, when activated, does not block or
partially block flow of the fluidic stream of particles. EX1002, ¶185.
wherein the particle processing component substrate includes a
reservoir adapted for dampening or absorbing the transient
pressure pulse propagated across the microfluidic channel
Wada discloses the particle processing component substrate includes a
reservoir adapted for dampening or absorbing the transient pressure pulse
propagated across the microfluidic channel. EX1002, ¶¶186-206; see also Section
IX above.
For example, Wada Figures 22-23 (annotated below by Dr. Weigl) each
depict a reservoir (yellow) in the form of an opposing sorting microchannel
structure:
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EX1006, FIGS., 22-23, 19:23-20:14; EX1002, ¶¶45-51, 186 (discussing the terms
“reservoir” and “absorbing”); EX1045, 8-10, 18-20; EX1043, ¶¶25-26, 33-34, 5057; EX1042, 13-14, 18-20.
Wada Figures 22 and 23 each depict a transient pressure pulse (i.e., 2302
and 2202 downstream of detectors 2304 and 2204) flowing from an actuated
sorting microchannel structure containing fluid into the opposing sorting
microchannel structure. The non-actuated, opposed sorting microchannel structure,
in the context of Wada’s microfluidic devices and how Wada discloses they
operate, includes a reservoir adapted for dampening or absorbing the transient
pressure pulse propagated across the microfluidic channel. In Wada’s microfluidic
devices, the opening in the first microfluidic flow channel leading to the reservoir
is aligned with the direction of the pressure pulse (substantially perpendicular to
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the main microchannel) so that fluid is allowed to flow into the opening and flow
towards the reservoir. The non-actuated, opposed sorting microchannel structure
thus is adapted for dampening or absorbing the pressure pulse as it receives
displaced fluid and allows the fluid to enter the opposing channel and flow toward
the reservoir. EX1002, ¶187.
The use of a microchannel structure geometry with a channel or chamber
structure across from the source of the transient pressure pulse for dampening or
absorbing the transient pressure pulse was well-known and well documented in the
art. See, e.g., EX1005, FIG. 1; EX1007, FIG. 2; EX1016, 1:49-2:19, FIG. 1;
EX1033, 198; EX1002, ¶188.
Devices using fluid-filled regions for dampening pressure disturbances in
microfluidic flow channels were well-known. See, e.g., EX1033, 198 (pressureinduced flow “oscillations can be avoided by the use of elastic elements” that are
“in contact with the oscillating fluid”); EX1034, 2:23-34, 39:25-34, 40:20-25 (a
“damper” or an “energy absorber” comprises “a pocket filled with a compressible
fluid, and/or flexible walls”); EX1035, 377, 382-83; EX1016, 5:44-54, FIG. 1;
EX1002, ¶189.
Wada’s opposed sorting microchannel structure contains a fluid and is a
reservoir. EX1002, ¶190. This reservoir, by virtue of its structural configuration in
the context of Wada, meaningfully dissipates the pressure pulse. Id., ¶191. In the
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context of Wada’s microfluidic devices, Wada’s structural configuration places the
opening to the reservoir directly across the first microfluidic flow channel from the
sorting microchannel and is adapted to permit the transient pressure pulse to flow
into the opening towards the reservoir. Id., ¶192.
Wada confirms the dampening and absorption of the transient pressure pulse
by its opposed sorting microchannel is sufficient to prevent the pressure wave from
affecting the flow of the remaining particles in the stream of particles by achieving
deflection of single particles while subsequent unselected particles proceed
unimpeded into the non-selected particle collection well. EX1006, 19:23-23:18,
FIGS. 22-24; EX1002, ¶193.
Wada also discloses the particle processing component substrate including a
reservoir at the distal end of the opposed microchannel operatively coupled to the
first microfluidic flow channel and adapted for dampening and absorbing a
pressure pulse propagated across the flow channel. EX1002, ¶194. For example,
Wada discloses an actuator (e.g., Joule heating electrode) may be disposed in a
well or chamber on the distal end of each of the opposing sorting channels being
operatively coupled to the first microfluidic flow channel. EX1006, 7:25-29;
EX1002, ¶194.
This disclosure applies to Wada Figures 22-23 as well as the systems
represented in Figure 24 (in which an actuator is illustrated in a well at the distal
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end of a sorting microchannel). EX1006, 8:12-23 (actuators may be disposed in
each of the third and sixth microchannels or within the wells that fluidly
communicate with them to sort the particles), 22:30-23:24; EX1002, ¶195.
Actuators associated with each of the opposed sorting microchannel structures are
downstream of the detector. Wada thus discloses an actuator associated with a
fluid-containing well at the end of each of the fluid-containing opposed sorting
microchannels. EX1002, ¶195.
In the opposed microchannel structure of Wada, the well formed at the distal
end of the opposed sorting microchannel is a first reservoir adapted for dampening
or absorbing the transient pressure pulse propagated across the microfluidic flow
channel when the actuator associated with that well is not actuated. Id., ¶196.
Wada’s reservoir is a physical structure that contains fluid and receives the
pressure pulse, adapted for dampening and absorbing a pressure pulse propagated
across the flow channel. Id.
When only the actuator associated with one of the two opposed sorting
microchannel structures is activated at a given time, (e.g., Figures 22-24), the well
formed at the distal end of the non-actuated sorting microchannel is adapted for
dampening or absorbing the transient pressure pulse propagated across the flow
channel. Id., ¶197. Figures 22-23 (annotated by Dr. Weigl and reproduced below)
illustrate this embodiment:

-48-

EX1006, FIGS. 22-24; EX1002, ¶197.
Wada depicts opposed microchannel structure in Figures 22-23. As
described by Dr. Weigl, Wada’s teaching applies equally to Figure 24, also
annotated above. EX1002, ¶198. Wada teaches that “all the techniques and
apparatus described above may be used in various combinations.” EX1006, 49:1320; see also id., 23:19-28. The use of a reservoir disclosed in Wada was thus
equally applicable to the embodiment represented in Figure 24. EX1002, ¶198.
Indeed, this symmetrical geometry in the context of Wada, wherein
opposing ends of a cross channel are adapted to individually actuate and
individually dampen or absorb the pressure pulse, was well known in the art as
allowing more precise flow manipulations during particle sorting. EX1018, 34142; EX1032, 8:3-8; EX1002, ¶199.
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Wada’s non-actuated sorting microchannel structure in Figures 22-23, and as
applied to Figure 24, is a reservoir adapted for absorbing or dampening the
pressure pulse propagated across the flow channel. EX1002, ¶200.
Wada’s well of the opposed microchannel structure may be a cavity.
EX1006, 20:23-25 (the Joule heating element “positioned within a well, microscale
channel, or other cavity within the device”, suggesting a chamber, as Wada
specifically teaches creating chambers in the substrate), 37:29-32, 38:11-17, 39:1933. A POSA would have had good reason to employ a fluid-containing chamber
formed at the distal end of each opposed sorting microchannel to generate a
transient pressure pulse that propagates across the microfluidic flow channel,
downstream of the detector, to deflect a selected particle into a selected branch of
the flow channel. EX1002, ¶201.
Wada suggests other pressure sources for switching devices, e.g., “a
pressurized gas” that would pump the contents of the reservoir into the adjacent
channel when actuated. EX1006, 43:5-9. A POSA thus would have had good
reason in view of Wada to employ a switching device employing, e.g., a
pressurized gas (i.e., a compressible fluid) at the distal end of each of the sorting
microchannel structures. EX1002, ¶202. The switching device employing
pressurized gas at the distal end of the non-actuated, opposed sorting microchannel
structure of Wada is another example of a switching device that uses a reservoir
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adapted for dampening or absorbing the transient pressure pulse propagated across
the microfluidic channel. Id.
Wada thus teaches that the particle processing component substrate includes
a reservoir adapted for dampening or absorbing the transient pressure pulse
propagated across the microfluidic channel. EX1002, ¶203.
For the reasons discussed above, Wada discloses each element of claim 1 in
the claimed configuration and provides a POSA with good reason to employ the
claimed combination of elements with a reasonable expectation of success.
EX1002, ¶¶204-06. Wada thus renders claim 1 unpatentable.
ii.

Claim 5

5. The system of claim 1, wherein the particle processing
component substrate includes a reservoir operatively associated
with the switching device and adapted for originating the transient
pressure pulse.
As discussed above, Wada discloses and renders obvious the microfluidic
system for sorting particles of claim 1. Wada also discloses the particle processing
component substrate includes a reservoir operatively associated with the switching
device and adapted for originating the transient pressure pulse. EX1002, ¶¶207-12;
see also Section IX above.
For example, as discussed above for claim 1, Wada teaches reservoirs in,
e.g., Figure 23 (annotated by Dr. Weigl and reproduced below) as part of opposing
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sorting microchannel structures. EX1006, FIG. 23 (depicting a pair of opposed
sorting microchannel structures); see also, EX1002, ¶¶45-51, 208; EX1045, 8-10,
18-20; EX1043, ¶¶25-26, 33-34, 50-57.

EX1006, FIG. 23; EX1002, ¶208.
Each sorting microchannel structure provides a reservoir operatively
associated with the microfluidic flow channel. EX1002, ¶¶186-205. The nonactuated reservoir is adapted for dampening or absorbing the transient pressure
pulse propagated across the microfluidic channel. Id. In contrast, the actuated
reservoir is operatively associated with the switching device and adapted for
originating the transient pressure pulse. Id., ¶209.
The symmetrical geometry in the context of Wada (wherein opposing ends
of a cross channel are adapted to individually actuate and individually dampen or
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absorb the resulting transient pressure pulse) was well-reported and well known in
the art as allowing for more precise flow manipulations during particle sorting.
See, e.g., EX1018, 341-42; EX1032, 8:3-8; see also EX1002, ¶210. As Dr. Weigl
explains, a POSA also would have applied this concept to Figure 24. EX1002,
¶197.
Wada thus teaches that the particle processing component substrate includes
a reservoir operatively associated with the switching device and adapted for
originating the transient pressure pulse. To the extent those elements are not found
in a single embodiment of Wada, a POSA would have had good reason to use all
the elements in a single embodiment, as suggested by Wada. EX1006, 49:13-20;
EX1002, ¶¶124, 211-12.
For the reasons discussed above, Wada thus renders claim 5 unpatentable.
EX1002, ¶¶207-12.
iii.

Claim 6

6. The microfluidic system of claim 1, wherein the switching device
introduces liquid into the microfluidic flow channel such that the
transient pressure pulse is a transient hydraulic pressure pulse.
As discussed above, Wada discloses and renders obvious the microfluidic
system for sorting particles of claim 1. Wada also discloses the switching device
introduced liquid into the microfluidic flow channel such that the transient pressure
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pulse is a transient hydraulic pressure pulse. EX1002, ¶¶213-17; see also Section
IX above.
For example, Wada discloses using switching devices actuated by a Joule
heating electrode. The Joule heating electrodes generate a transient pressure pulse
to focus and/or sort particles in microfluidic particle sorting systems. EX1006,
20:15-23:18. A Joule heating electrode increases the volume of a heated liquid and
that this accordingly increases pressure, causing the liquid to be introduced into the
microfluidic flow channel as a transient hydraulic pressure pulse (e.g., 2202, 2302,
2420). EX1006, 17:3-6, 20:15-23:18; EX1002, ¶¶214-15.
Wada thus discloses the switching device introduces liquid into the
microfluidic flow channel such that the transient pressure pulse is a transient
hydraulic pressure pulse. To the extent those elements are not found in a single
embodiment of Wada, a POSA would have had good reason to use all the elements
in a single embodiment. EX1002, ¶¶216-17; see also EX1006, 23:19-28, 49:13-20.
For the reasons discussed above, Wada discloses each element of claim 6
and provides a POSA with good reason to employ the claimed combinations of
elements. EX1002, ¶¶213-17. Wada thus renders claim 6 unpatentable.

-54-

iv.

Claim 15

15. A microfluidic method for producing a particle product from a
sample having particles, the method comprising:
Wada teaches microfluidic methods for producing a particle product from a
sample having particles. EX1002, ¶¶218-21; see also Section IX above.
For example, Wada discloses “Methods and systems for particle focusing to
increase assay throughput in microscale systems” using microfluidic systems for
“sorting members of particle populations”. EX1006, Abstract, Title, 17:30-18:8,
FIGS. 22-24 (reproduced below, depicting schematic microchannel configurations
to be used for particle focusing and sorting (i.e., producing a particle product from
a sample having particles) in a microfluidic system); EX1002, ¶218.

Wada discloses these microfluidic channel configurations (e.g., particle
sorting configurations of Figures 22-24) were for use in microfluidic methods for
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sorting particles, thereby producing a particle product. EX1002, ¶219; EX1006,
Abstract, 2:15-29, 3:7-4:5, 7:5-8:8, 11:3-9, 12:1-9, 17:30-18:31-19:13, 19:2320:20, 23:19-28, 26:26-27:2, claims 9, 19.
Wada thus discloses that the microchannel configurations of its invention are
for use in microfluidic methods for producing a particle product from a sample
having particles. EX1002, ¶¶218-21.
flowing the sample as a fluidic stream of particles from an upstream inlet
along a first flow path through a first microfluidic flow channel
formed in a substrate of a microfluidic particle processing
component;
Wada teaches flowing the sample as a fluidic stream of particles from an
upstream inlet along a first flow path through a first microfluidic flow channel
formed in a substrate of a microfluidic particle processing component. EX1002,
¶¶222-27; see also Section IX above.
As discussed above for claim 1, Wada discloses the microfluidic system
comprises a first microfluidic flow channel formed in the microfluidic particle
processing component substrate having an upstream inlet for introducing a fluidic
stream having a plurality of particles into the first microfluidic flow channel. See,
e.g., EX1002, ¶¶129-35. Wada teaches flowing the sample as a fluidic stream of
particles from the upstream inlet along a first flow path through the first
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microfluidic flow channel formed in the substrate of the microfluidic particle
processing component. Id., ¶222; EX1006, 3:22-26.
Wada Figures 1A and 22-24 (reproduced below) each depict flowing the
sample as a fluidic stream of particles (100, 2200, 2300, etc.) from the upstream
inlet along a first flow path through the first microfluidic channel formed in the
substrate of the microfluidic particle processing component:

EX1006, FIGS. 1A, 22-24; EX1002, ¶223.
The channels are formed in the substrate of a microfluidic particle
processing component. EX1006, 21:3-5, 37:23-39:33; EX1002, ¶224. Fabrication
of microfluidic flow channels formed in a processing component substrate was
routine, and well within the abilities of a POSA. EX1017, 330-31; EX1002, ¶224.
Wada expressly teaches that the microfluidic system focuses a plurality of
particles in a fluidic particle stream. EX1006, 5:14-6:2, 12:24-32, 13:11-20, claim
29; EX1002, ¶¶225-26.
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Wada thus teaches that the microfluidic method comprises flowing the
sample as a fluidic stream of particles from an upstream inlet along a first flow
path through a first microfluidic flow channel formed in a substrate of a
microfluidic particle processing component. EX1002, ¶227.
processing the sample on a particle-by-particle basis to produce a
particle product;
Wada teaches processing the sample on a particle-by-particle basis to
produce a particle product. EX1002, ¶¶228-31; see also Section IX above.
For example, Wada discloses collecting selected particles apart from nonselected particles by separating a selected single sensed particle at a time from the
fluidic stream of particles with a transient pressure pulse. See, e.g., EX1002,
¶¶165-68; EX1006, 12:1-9. Wada’s transient pressure pulse (e.g., generated by the
Joule heating element in Figure 24, annotated by Dr. Weigl below) “deflects or
redirects the flow of selected particle 2410 into selected particle collection well
2422” while “non-selected particle 2412…flows unimpeded into non-selected
particle collection well 2420.” EX1006, 22:23-23:18; EX1002, ¶228.
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Wada processes samples on a particle-by-particle basis to produce a particle
product, applying the transient pressure pulse to separate a selected single sensed
particle (i.e., 2410) from the fluidic stream of other particles (e.g., 2412). EX1006,
22:23-23:18; EX1002, ¶229. The microfluidic systems represented by Figures 2223 also process the sample on a particle-by-particle basis to produce a particle
product. EX1006, FIGS. 22-23; EX1002, ¶¶230-31.
outputting a first portion of the processed sample via a first downstream
outlet of the first microfluidic flow channel; and
Wada teaches that the microfluidic method includes outputting a first portion
of the processed sample via a first downstream outlet of the first microfluidic
channel. EX1002, ¶¶232-35; see also Section IX above.
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For example, Figures 23-24 (annotated below by Dr. Weigl) each disclose
the fluidic stream of unselected particles (i.e., a “non-selected” cells and particles
2306 and 2412, respectively) flows into a first downstream outlet (yellow)
configured to output a first portion of the processed sample (e.g., the portion of the
stream of particles comprised of non-selected particles):

EX1006, FIGS. 23-24, 20:3-14, 23:7-18; EX1002, ¶¶172-75, 232.
In Figures 23-24, the unselected particles flow into the collection well 2312
or “non-selected particle collection well 2420” (yellow), thereby outputting a first
portion of the fluidic stream of particles. EX1006, FIGS. 23-24, 20:3-14, 23:7-18. A
“non-selected particle” does not activate the switching device “and as such, flows
unimpeded into the non-selected particle collection well.” Id.; EX1002, ¶¶233-34.
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In connection with Figure 22, Wada also discloses outputting a first portion of the
processed sample via the first downstream outlet. EX1006, 19:23-20:2.
Wada thus teaches this element. EX1002, ¶235.
outputting a second portion of the processed sample via a second
downstream outlet of the first microfluidic flow channel,
Wada teaches outputting a second portion of the processed sample via a
second downstream outlet of the first microfluidic flow channel. EX1002, ¶¶23639; see also Section IX above.
For example, Figures 23-24 (annotated below by Dr. Weigl) each disclose
the selected particle (i.e., “selected” cells and particles 2308 and 2410,
respectively) flows into a second downstream outlet (red) configured to output a
second portion of the processed sample (e.g., the portion of the stream of particles
comprised of selected particles):

-61-

EX1006, FIGS. 23-24, 20:3-14, 23:7-18; EX1002, ¶¶176-79, 236.
In Figures 23-24, the selected particle (2308, 2410) flows into the collection
well 2312 or “selected particle collection well 2422”, thereby outputting a second
portion of the processed sample. EX1006, FIG. 23-24, 20:3-14, 23:7-18; EX1002,
¶¶237-38. In connection with Figure 22, Wada also discloses outputting a second
portion of the processed sample via the second downstream outlet. EX1006, 19:2320:2.
Wada thus teaches this element. EX1002, ¶239.
wherein the step of processing includes:
activating a switch component;
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Wada teaches that the processing step includes activating a switch
component (e.g., a switching device). EX1002, ¶¶240-41; see also Section IX
above.
For example, Wada teaches that Joule heating electrodes can be activated
“for use in particle sorting.” EX1006, 11:8-9; see also id., 7:25-29, 18:26-19:21
(electrical and heat-based switching devices “nudge” materials to sort particles),
claims 43, 52. Activation of Wada’s actuators, including Joule heating electrodes,
generate a transient pressure pulse that is delivered via the sorting microchannel
structure substantially perpendicular to the flow direction of the stream of particles.
EX1002, ¶¶240-41. Figures 22-24 (reproduced below and annotated by Dr. Weigl)
show the switch component is activated to deliver a transient pressure pulse
labeled 2202, 2302 and 2420, respectively:
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EX1006, FIGS. 22-24.
Wada thus teaches the step of processing includes activating a switch
component. EX1002, ¶¶240-41.
redirecting a single selected particle out of the first flow path of the
fluidic stream of particles at a switching region and into a second
flow path flowing downstream into the second downstream outlet, and
Wada discloses redirecting a single selected particle out of the first flow path
of the fluidic stream of particles at a switching region and into a second flow path
flowing downstream into the second downstream outlet. EX1002, ¶¶242-49; see
also Section IX above.
For example, Figures 22-24 each illustrate a microfluidic system comprising
a switching region, wherein a single selected particle is displaced and separated out
of the first flow path of the fluidic stream of particles and into a second flow path
flowing downstream into the second downstream outlet:
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EX1006, FIGS. 22-24, 12:1-9 (the transient pressure pulse “deflects or redirects the
flow of selected particle” to separate the selected particle from the fluidic stream),
5:17-21, 19:9-20:14, 23:20-24; EX1002, ¶¶243-47.
Wada describes using hydrodynamic flow (e.g., a pressure pulse) to redirect
the selected particles at a switching region out of the first flow path of the fluidic
stream of particles and into a second flow path. EX1006, 18:26-19:21 (electrical
and heat-based switching devices “nudge” materials leading to sorting of
particles); EX1002, ¶¶156-79, 242, 248.
Wada thus teaches this element. EX1002, ¶249.
deactivating the switch component,
Wada teaches its microfluidic method deactivates the switch component.
EX1002, ¶¶250-51; see also Section IX above.
-65-

As depicted in Figures 23-24 (annotated by Dr. Weigl, below), the stream of
unselected particles are co-mingled with selected particles, and normally flow into
the first downstream outlet. Activation of the switch component (e.g., a switching
device) to deflect one selected particle (e.g., 2308, 2410) into the selected outlet
does not deflect the subsequent non-selected particle into the selected outlet:

EX1006, FIGS. 23-24, 23:14-18; EX1002, ¶250. The switch component is therefore
deactivated following deflection of the selected particle.
Wada thus teaches processing includes deactivating the switch component.
EX1002, ¶251.
wherein activating the switch component does not generate a pressure
wave that travels upstream to the switching region,
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Wada discloses that activating the switch component does not generate a
pressure wave that travels upstream to the switching region. EX1002, ¶¶252-55;
see also Section IX above.
The switching region comprises a switching component, as shown in each of
Figures 22-24 (annotated below by Dr. Weigl, illustrating the transient pressure
pulse represented by flow 2202, 2302, and 2420 [sic], respectively). EX1002,
¶¶180-81, 252. Figures 22-24 each illustrate the transient pressure pulse is
generated within the switching region, not downstream of the switching region,
and thus activating the switch component does not generate a pressure wave that
travels upstream to the switching region:

EX1006, FIGS. 22-24, 19:23-23:18; EX1002, ¶¶252-53.
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Wada also describes using opposing sorting microchannel structures that
receive and dissipate the transient pressure pulse. The microchannel geometry does
not generate a pressure wave that travels upstream to the switching region.
EX1006, 8:12-23,19:23-20:14, 23:19-24, FIGS. 22-23; EX1002, ¶¶254-55.
wherein activating the switch component does not shift the remainder
of the fluidic stream of unselected particles from the first flow path
flowing downstream into the first downstream outlet, and
Wada teaches activating the switch component does not shift the remainder
of the fluidic stream of unselected particles from the first flow path flowing
downstream into the first downstream outlet. EX1002, ¶¶256-59; see also Section
IX above.
As depicted in Figures 23-24 (annotated by Dr. Weigl, below), the stream of
unselected particles are co-mingled with selected particles, and normally flow into
the first downstream outlet. Activation of the switch component (e.g., a switching
device) to deflect one selected particle into the selected outlet does not deflect the
subsequent non-selected particle (e.g., 2306, 2412) from the first flow path flowing
downstream into the first downstream outlet:
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EX1006, FIGS. 23-24, 23:14-18; EX1002, ¶257. In fact, Wada discloses the stream
of unselected particles flows unshifted into the first downstream outlet. This
feature is discussed above with respect to claim 1. EX1002, ¶¶172-75, 232-35,
256-58; EX1006, FIGS. 23-24, 20:3-14, 23:7-18.
Wada thus teaches this element. EX1002, ¶259.
wherein activating the switch component includes using an actuator
external to and operatively associated with the microfluidic particle
processing component, to activate the switch component; and
Wada teaches activating the switch component includes using an actuator
external to and operatively associated with the microfluidic particle processing
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component to activate the switch component. EX1002, ¶¶260-64; see also Section
IX above.
For example, Wada describes the switch component can be activated by an
external actuator (e.g., heating element) that is operably associated the switch
component. EX1006, 23:19-24:12 (“[h]eat from other external sources is also
optionally utilized in the methods described herein”); 43:9-14; EX1002, ¶¶261-63;
see also 7:18-29, 18:18-19:22; 13:19-24:12. Setups wherein an external actuator of
an operating machine is used to actuate a valve or pump on a microfluidic chip
were well-known in the art. See, e.g., EX1020, 1:42-64, 2:31-3:17; EX1023,
¶¶0026, 0032; EX1002, ¶262.
Wada thus teaches this element. EX1002, ¶264.
further comprising using a reservoir operatively associated with the first
microfluidic flow channel to dampen or absorb a transient pressure
pulse propagated across the microfluidic channel.
Wada describes using a reservoir operatively associated with the first
microfluidic flow channel to dampen or absorb a transient pressure pulse
propagated across the microfluidic channel. EX1002, ¶¶265-82; see also Section
IX above.
As discussed above for claim 1 of the ’263 patent, Wada discloses this
feature. See, e.g., EX1002, ¶¶186-205. For example, Figures 22 and 23 (annotated
below by Dr. Weigl) each depict a reservoir in the form of an opposing sorting
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microchannel structure. EX1006, 19:23-20:14; see also, EX1002, ¶¶45-51, 56, 5860; EX1042, 13-14, 18-20; EX1043, ¶¶25-26, 33-34, 50-57; EX1045, 8-10, 18-20.

See EX1006, FIGS. 22-23; EX1002, ¶265.
Each of Figures 22 and 23 depict a transient pressure pulse (i.e., 2302 and
2202 downstream of detectors 2304 and 2204, respectively) flowing from an
actuated switching device (e.g., sorting microchannel structure containing fluid)
into the opposing sorting microchannel structure. The non-actuated, opposed
sorting microchannel structure, in the context of Wada’s microfluidic devices and
how Wada discloses they operate, includes a reservoir operatively associated with
the first microfluidic flow channel to dampen or absorb a transient pressure pulse
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propagated across the microfluidic channel. In Wada’s microfluidic devices, the
opening in the first microfluidic flow channel leading to the reservoir is aligned
with the direction of the pressure pulse (substantially perpendicular to the main
microchannel) so that fluid is allowed to flow into the opening and flow towards
the reservoir. The non-actuated, opposed sorting microchannel structure is thus
adapted for dampening or absorbing the pressure pulse as it receives displaced
fluid and allows the fluid to enter the opposing channel and flow toward the
reservoir. EX1002, ¶266.
The use of a microchannel structure geometry with a channel or chamber
structure across from the source of the transient pressure pulse for dampening or
absorbing the transient pressure pulse was well-known and well documented in the
art. See, e.g., EX1005, FIG. 1; EX1007, FIG. 2; EX1016, 1:49-2:19, FIG. 1;
EX1033, 198; EX1002, ¶267.
Devices using fluid-filled regions for dampening or absorbing pressure
disturbances in microfluidic flow channels were well-known. See, e.g., EX1033,
198 (pressure-induced flow “oscillations can be avoided by the use of elastic
elements” that are “in contact with the oscillating fluid”); EX1034, 2:23-34, 39:2534, 40:20-25 (a “damper” or an “energy absorber” comprises “a pocket filled with
a compressible fluid, and/or flexible walls”); EX1035, 377, 382-83; EX1016, 5:4454, FIG. 1; EX1002, ¶268.
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Wada’s opposed sorting microchannel structure contains a fluid and is a
reservoir. EX1002, ¶¶269-70. This reservoir, by virtue of its structural
configuration in the context of Wada, meaningfully dissipates the pressure pulse.
Id., ¶¶191, 272.
This disclosure applies to Wada Figures 22-23, as well as the systems
represented in Wada Figure 24 (in which an actuator is illustrated in a well at the
distal end of a sorting microchannel). EX1006, 8:12-23 (actuators may be disposed
in each of the third and sixth microchannels or within the wells that fluidly
communicate with them to sort the particles), 22:30-23:3, 23:19-24. Wada thus
discloses an actuator associated with a fluid-containing well at the end of each of
the fluid-containing opposed sorting microchannels. EX1002, ¶271.
When only the actuator associated with one of the two opposed sorting
microchannel structures is activated at a given time, (e.g., Figures 22-24), the well
at the distal end of the opposite (non-actuated) sorting microchannel is adapted for
dampening or absorbing the transient pressure pulse propagated across the flow
channel. EX1002, ¶273. Figures 22-23 (annotated below by Dr. Weigl) illustrate
this embodiment:
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EX1006, FIGS. 22-24; EX1002, ¶273.
Wada depicts the opposed microchannel structure in Figures 22-23. As
described by Dr. Weigl, Wada’s teaching applies equally to Figure 24, also
annotated above. EX1002, ¶¶124, 274; EX1006, 23:19-28, 49:13-20. The use of a
reservoir disclosed in Wada was thus equally applicable to the embodiment
represented in Figure 24. EX1002, ¶274.
The symmetrical geometry in the context of Wada, wherein opposing ends
of a cross channel are adapted to individually actuate and individually dampen or
absorb the transient pressure pulse, was well known in the art as allowing for more
precise flow manipulations during particle sorting. See, e.g., EX1018, 341-42;
EX1032, 8:3-8; EX1002, ¶¶186-205, 207-12, 275.
Wada’s non-actuated sorting microchannel structure in Figures 22-23 and as
applied to Figure 24, is a reservoir operatively associated with the first microfluidic
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flow channel to dampen or absorb the transient pressure pulse propagated across
the flow channel. EX1002, ¶276.
Wada’s well of the opposed microchannel structure may be a cavity.
EX1006, 20:23-25 (the Joule heating element “positioned within a well, microscale
channel, or other cavity within the device”, suggesting a chamber, as Wada
specifically teaches creating chambers in a substrate), 37:29-32, 38:11-17, 39:1933. A POSA would have had good reason to employ a fluid-containing chamber
formed at the distal end of each opposed sorting microchannel to generate a
transient pressure pulse that propagates across the microfluidic flow channel,
downstream of the detector, to deflect a selected particle into a selected branch of
the flow channel. EX1002, ¶277.
Wada suggests other pressure sources for activating fluid flow, e.g., “a
pressurized gas” that would pump the contents of the reservoir into the adjacent
channel when actuated. EX1006, 43:5-9. A POSA thus would have had good
reason in view of Wada to activate a switching component using, e.g., a
pressurized gas (i.e., a compressible fluid) at the distal end of each of the sorting
microchannel structures. EX1002, ¶278. The corresponding switching device
associated with the non-actuated opposed sorting microchannel structure of Wada
is a reservoir operatively associated with the first microfluidic flow channel to
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dampen or absorb the transient pressure pulse propagated across the microfluidic
channel. Id.
Wada thus teaches using a reservoir operatively associated with the first
microfluidic flow channel to dampen or absorb a transient pressure pulse
propagated across the microfluidic channel. EX1002, ¶279.
Wada discloses that the pressure pulse generated by the actuator has short
and transient pulse duration. EX1006, 20:30-31 (temperature oscillation period as
short as 100 milliseconds), 21:27-32 (applying the power supply to generate a
“pulse”), 21:32-22:2. EX1002, ¶126
For the reasons discussed above, Wada discloses each element of claim 15 in
the claimed configuration and provides a POSA with good reason to employ the
claimed combination of elements with a reasonable expectation of success.
EX1002, ¶¶280-82. Wada thus renders claim 15 unpatentable.
v.

Claim 16

16. The method of claim 15, wherein the step of processing further
includes using a reservoir operatively associated with the first
microfluidic flow channel to originate the transient pressure pulse
propagated across the first microfluidic flow channel for sorting
particles on a particle-by-particle basis into the second
downstream outlet.
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As discussed above, Wada discloses and renders obvious the microfluidic
method for producing a particle product of claim 15. EX1002, ¶283. Wada also
discloses the additional limitations of claim 16. Id., ¶¶283-90; see also Section IX
above.
For example, as discussed above for claim 15, Wada teaches reservoirs in,
e.g., Figure 23 (annotated below by Dr. Weigl) operatively associated with one of
two opposing sorting microchannel structures.

EX1006, FIG. 23; see also id., 19:23-20:14, FIG. 22; EX1043, ¶¶25-26, 33-34, 5057; EX1045, 8-10, 18-20; EX1002, ¶¶265-81, 284.
In the opposed microchannel structure disclosed by Wada, the channel, well,
or cavity/chamber is a reservoir operatively associated with the first microfluidic
flow channel. The channel, well, and cavity/chamber is, in each case, a physical
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structure that contains fluid and receives and dissipates the pressure pulse.
EX1002, ¶284.
When the actuator associated with one of the two opposed sorting
microchannel structures is activated, as illustrated in each of Figures 22-24, the
channel, well, and cavity/chamber at the distal end of the actuated sorting
microchannel is a reservoir that is operatively associated with the first microfluidic
flow channel to originate the transient pressure pulse propagated across the first
microfluidic flow channel for sorting particles on a particle-by-particle basis into
the second downstream outlet for the reasons discussed above for claims 1 and 15
of the ’263 patent. EX1002, ¶¶156-81, 240-41, 285.
Wada specifically teaches that these reservoirs can be implemented on the
opposing sorting microchannel structures of Figure 22. As Wada explains, “one or
both microchannels of the second set of opposing microchannels located
downstream from detector 2204 optionally include one or more Joule heating
electrodes[.]” EX1006, 23:19-24. Using such a switching device allows for
deflecting or redirecting (i.e., sorting) the flow of target particles. Id.; see also id.,
7:25-27, 8:19-22, FIG. 24; EX1002 ¶286.
Wada broadly teaches “techniques for inducing the flow of focusing fluids to
sort particles” using fluid direction components and flow control regulators.
EX1006, 4:1-5, 7:18-29, 19:9-13, 42:8-30; EX1002 ¶287. These pressure sources
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may be “internal to the device, e.g., microfabricated pumps integrated into the
device and operably linked to a channel.” EX1006, 43:5-14. These actuators also
would be useful to selectively apply a transient pressure pulse to the stream of
particles to deflect a selected particle in the stream of particles from the stream of
particles for sorting particles on a particle-by-particle basis into the downstream
outlets. EX1002 ¶288. Wada thus teaches the additional elements of claim 16.
To the extent those elements are not found in a single embodiment of Wada,
a POSA would have had good reason to use all the elements in a single
embodiment, as suggested by Wada. EX1006, 23:19-28; 49:13-20; EX1002 ¶¶28990. For the reasons discussed above, Wada thus renders claim 16 unpatentable.
EX1002, ¶¶283-90.
B.

Ground 2: Claims 1, 5-6, 8, and 15-16 Were Obvious over Wada
in view of Anderson

As discussed above in Section IX.B, Wada directs the POSA to Anderson to
provide additional details on actuators useful to provide fluid flow in Wada’s
microfluidic channels. EX1006, 43:13-14; EX1002, ¶295. Among these actuators,
Anderson describes thermopneumatic and piezoelectric actuators, each of which
would have been a conventional and obvious actuator for actuating the switching
device discussed above with respect to Ground 1. EX1012, 38:17-27, 45:3-12,
63:1-13; EX1002, ¶¶291-99; see also Section X.A.
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i.

Rationale to Combine and Reasonable Expectation of Success

A POSA would have had good reason to employ, in the system taught by
Wada, conventional actuators (e.g., a piezoelectric or thermopneumatic actuator),
as taught by Anderson, to deliver a transient pressure pulse in a direction
substantially perpendicular to a flow direction of the fluidic stream of particles.
EX1002, ¶¶294-98. As discussed in Section IX.B, Wada even directs the POSA to
Anderson to provide additional details on actuators useful to provide fluid flow in
Wada’s microfluidic system. EX1006, 43:13-14; see also, e.g., EX1022, 107;
EX1014, 9; EX1020, 10:48-65, 12:16-19, 13:46-48.
As discussed above in Ground 1, Wada discloses using fluid pressure force
modulators to move particles through the main flow channel as well as to focus
and sort the particles. For example, Wada teaches particles are “flowed in the
microchannel, e.g., using pressure-based flow” and optionally are focused
horizontally and/or vertically in first microchannel to provide uniform flow
velocity. EX1006, 3:23-25, 23:29-4:1; EX1002, ¶293. Wada also discloses that
particles may be “focused using one or more fluid direction components (e.g., a
fluid pressure force modulator…or the like). Additional options include sorting,
detecting or otherwise manipulating the focused particles.” EX1006, 4:1-5.
Wada further discloses that its fluid direction components are used to
perform the sorting operations. For example, Wada explains that sorting is
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accomplished by using a “signal detector” to inform a computer when a detectable
signal is produced by a particle. Id., 6:30-7:4. The computer then causes a “flow
control regulator” to activate a “fluid direction component” and direct “fluid from
the third microchannel into the first microchannel…such that the selected member
[particle] is directed into the fourth microchannel in response to the detectable
signal[.]” Id., 7:5-24. Wada gives a specific example of particle sorting where the
computer gives an instruction set that “activat[es] a heating element…disposed
within the third microchannel or a well that fluidly communicates with the third
microchannel.” Id., 7:18-29. Wada thus discloses using pressure-based flow from a
fluid direction component to sort the particles in addition to using pressure-based
flow to flow the particles through the main channel.
As explained by Dr. Weigl, a POSA would have had good reason to look to
Anderson for microfabricated pumps capable of generating pressure-based fluid
flow in microfluidic channels to actuate Wada’s fluid direction components for
sorting the particles. EX1002, ¶¶293-95; EX1012, 5:14-31. When describing the
use of pressure for flowing the particle through the main channel, Wada discloses
the pressure source may be “pneumatic, e.g., a pressurized gas, or alternatively a
positive displacement mechanism, i.e., a plunger fitted into a cell suspension
reservoir, for forcing the cell suspension through the analysis channel.” EX1006,
42:31-43:8. Wada states that pressure may be applied to the microchannel by
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integrating “microfabricated pumps” into the device “and operably linked to a
channel.” Id., 43:9-13. Wada then states: “Examples of microfabricated pumps
have been widely described in the art. See, e.g., published international
Application No. WO 97/02357.” Id., 43:13-14. WO 97/02357 is the Anderson
reference. Anderson teaches micropumps and how to make and use them to move
particles in fluid in microfluidic devices. EX1012, 2:29-34, 5:14-31, 28:3-29, 34:521, 37:13-28, 46:23-48:16, 62:18-63:13; EX1002, ¶¶108-13. A POSA would have
understood Anderson’s microfabricated pumps were capable of generating
pressure-based fluid flow in microfluidic channels and were useful as fluid
pressure force modulator for actuating Wada’s fluid direction components for
sorting the particles. EX1002, ¶¶293-95.
As discussed in detail below, this combination renders obvious each of
claims 1, 5-6, 8, and 15-16.
A POSA thus would have had good reason and a reasonable expectation of
success in employing the actuators disclosed in Anderson, as suggested by Wada,
to actuate fluid flow for particle sorting in Wada’s microfluidic particle sorting
chips. EX1002, ¶¶293-95.
ii.

Claims 1, 5-6, and 15-16

Ground 1, as discussed above, demonstrates that Wada renders obvious each
of claims 1, 5-6, and 15-16 as a whole. In Ground 2, Anderson provides additional
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evidence that claims 1, 5-6, and 15-16 are each obvious based on its disclosures
regarding the conventional usage of an actuator in moving fluid containing
particles through a microfluidic device using micropumps formed by etching a
chamber into the substrate and sealing the chamber with a flexible diaphragm to
form a diaphragm pump. EX1002, ¶¶109-13, 292-95.
For example, Ground 1 demonstrates that Wada teaches an actuator
configured to increase a pressure by heating and to deflect a selected particle.
EX1002, ¶¶153-54. Specifically, Wada discloses a Joule heating electrode causes
fluid flow for particle sorting by heating fluid in the first chamber. EX1006, 22:2323:18, FIGS. 22-24. Anderson explains that this is a thermopneumatic pump that
works by increasing (through heating) the pressure in the pressure chamber.
EX1012, 52:1-15, 65:6-11; EX1002, ¶76. As Dr. Weigl explained, it was
conventional for an actuator to be a heating element disposed within a pressure
chamber formed in a substrate that induces thermopneumatic pressure. EX1002,
¶¶76, 293.
Anderson, which is specifically referenced and incorporated in Wada,
confirms micropumps were used to move particles through microfluidic channels.
For example, Anderson discloses that a “thermopneumatic element” or a piezo
electric element may be used to power a micropump having a “bulging diaphragm.
EX1012, 63:1-13. Anderson discloses that these micropumps may be integrated
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into the microfluidic device and used for “sample transportation, direction,
manipulation, and the like.” Id., 62:32-36; see also id., 44:28-46:35, 65:18-23
(describing pump operation to move fluid within microfluidic device). As Dr.
Weigl explains, the operation of a diaphragm pump as disclosed in Anderson
typically demands that the pressure chamber be otherwise sealed. EX1002, ¶112.
Anderson also discloses microfluidic particle sorters comprising separation
channels for separating a component of a fluid sample. EX1012, 3:35-4:6, 13:914:10; EX1002, ¶¶113, 292. Anderson thus provides additional evidence for the
obviousness of applying actuators for use in a switching device (i.e., in a switching
region) for sorting particles, as required by each of claims 1, 5-6, and 15-16.
For the reasons discussed above and in Ground 1, each of claims 1, 5-6, and
15-16 are disclosed in Wada and certainly rendered obvious in further view of
Anderson as discussed further herein. EX1002, ¶295.
iii.

Claim 8

8. The system of claim 1, further including an actuator for
activating the switching device and wherein the actuator is a
piezoelectric actuator.
Ground 1, as discussed above, demonstrates that Wada renders claim 1
obvious as a whole. In Ground 2, Anderson provides evidence that claim 8 is
obvious based on its disclosures regarding the conventional usage of an actuator
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for activating the switching device wherein the actuator is a piezoelectric actuator.
EX1002, ¶¶296-99; see also Sections IX and X.A above.
As discussed above in Ground 1, Wada renders obvious the microfluidic
system for sorting particles of claim 1. EX1002, ¶¶204-06, 291-96. As Dr. Weigl
explained, it was obvious in view of Wada to use a conventional actuation device
(e.g., a heating element) within a switching region to deliver a transient pressure
pulse in a direction substantially perpendicular to a flow direction of a fluidic
stream of particles. Id., ¶296. Wada expressly points to Anderson and incorporates
it by reference for its more detailed teachings of microfabricated pumps and other
conventional actuators. EX1006, 43:13-14. Anderson describes a piezoelectric
actuator, and a piezoelectric actuator would have been a conventional and obvious
actuator for actuating the switching device discussed above with respect to Ground
1. EX1002, ¶¶296-99.
Anderson teaches “[p]umping devices that are particularly useful in a variety
of micromachined pumps,” including those “having a bulging diaphragm, powered
by a piezoelectric stack.” EX1012, 63:1-13. One example provided by Anderson,
for example, includes a chamber that “incorporate[s] a diaphragm pump as one
surface of the chamber.” Id., 45:3-12, 38:17-27 (the “[d]eflection of [a] diaphragm
valve” may also be achieved using “piezoelectric actuators coupled to the
diaphragm valve, and the like”); EX1002, ¶297.
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As Dr. Weigl explains, a POSA would have had good reason to employ a
piezoelectric actuator, as taught by Anderson, in the sorting system taught by
Wada to deliver a transient pressure pulse in a direction substantially perpendicular
to a flow direction of the fluidic stream of particles. EX1002, ¶¶298-99; see also,
EX1022, 107; EX1014, 9; EX1020, 10:48-65, 12:16-19, 13:46-48.
For the reasons discussed above, Wada in view of Anderson discloses the
microfluidic system for sorting particles of claim 1, further including an actuator
for activating the switching device and wherein the actuator is a piezoelectric
actuator. EX1002, ¶¶296-99. Wada and Anderson thus render claim 8
unpatentable.
XI.

CONCLUSION
For the reasons set forth above, claims 1, 5-6, 8, and 15-16 of the ’263 patent

are unpatentable over the asserted prior art. Petitioner therefore requests that an
inter partes review of these claims be instituted and that they be found
unpatentable and canceled.

Respectfully submitted,
Dated: February 11, 2020

/ Michael T. Rosato /
Michael T. Rosato, Lead Counsel
Reg. No. 52,182
WILSON SONSINI GOODRICH &
ROSATI
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1001

U.S. Patent No. 10,029,263 to Böhm, et al.

1002

Declaration of Bernhard H. Weigl, Ph.D.

1003

Curriculum Vitae of Bernhard H. Weigl, Ph.D.

1004

Prosecution History of U.S. Patent No. 10,029,263 to Böhm, et al.

1005

U.S. Patent No. 5,101,978 to Marcus (issued April 7, 1992)

1006

International PCT Publication No. WO 00/70080 to Wada, et al.
(published November 23, 2000)

1007

U.S. Patent No. 4,936,465 to Zöld (issued June 26, 1990)

1008-10

Intentionally left blank
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U.S. Patent No. 6,830,936 to Anderson (issued December 14,
2004)

1012

International PCT Patent Publication No. WO 97/02357 to
Anderson, et al. (published January 23, 1997)

1013

Intentionally left blank

1014

Chapman, Instrumentation for flow Cytometry, J. IMMUNOL.
METHODS 243 (2000) 3-12

1015
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1016

U.S. Patent No. 3,508,654 to Glaettli (issued April 28, 1970)

1017

Figeys, et al., Lab-on-a-Chip: A Revolution in Biological and
Medicinal Sciences, ANAL. CHEM. (2000) 330-35
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1018

Deshpande, et al., Novel Designs for Electrokinetic Injection in
µTAS, MICRO TOTAL ANAL. SYS. (2000) 339-42

1019

Intentionally left blank

1020

U.S. Patent No. 6,068,751 to Neukermans (issued May 30, 2000)

1021

Tas, Bubble Pump for Integrated Nanofluidics, IEEE-NANO, T2.2
(2001) 454-58

1022

Zeng, Fabrication and characterization of electroosmotic
micropumps, SENS ACTUAT. B, 79 (2001) 107-14

1023

U.S. Patent Publication No. 2001/0054702 to Williams (published
December 27, 2001)

1024

U.S. Patent No. 4,426,451 to Columbus (issued on January 17,
1984)

1025

U.S. Patent No. 5,992,820 to Fare, et al. (issued November 30,
1999)

1026-31

Intentionally left blank

1032

International PCT Publication No. WO 99/43432 to Dubrow, et al.
(published September 2, 1999)

1033

Zengerle, et al., Simulation of Microfluid Systems, J. MICROMECH.
MICROENG. 4 (1994) 192-204

1034

International Patent Publication No. WO 02/29106 to Chou, et al.
(filed October 2, 2001, published April 11, 2002)

1035

Veenstra, et al., The Design of an In-Plane Compliance Structure
for Microfluidical Systems, SENS. ACTUATORS B, 81 (2002) 377-83

1036-41
1042

Intentionally left blank
Plaintiff’s Reply Claim Construction Brief, Cytonome/ST, LLC v.
NanoCellect Biomedical, Inc., C.A. No. 19-301 (RGA) (D. Del.
filed Jan. 31, 2020)
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Exhibit No
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Exhibit A: Declaration of Giacomo Vacca, Plaintiff’s Reply Claim
Construction Brief, Cytonome/ST, LLC v. NanoCellect Biomedical,
Inc., C.A. No. 19-301 (RGA) (D. Del. filed Jan. 31, 2020)

1044

Complaint, Cytonome/St, LLC v. NanoCellect Biomedical, Inc.,
C.A. No. 1:19-00301 (UNA) (D. Del., filed Feb. 12, 2019)

1045

Plaintiff’s Opening Claim Construction Brief, Cytonome/St, LLC
v. NanoCellect Biomedical, Inc., C.A. No. 1:19-00301 (RGA)
(D.Del.)

1046

Joint Claim Construction Statement, Cytonome/St, LLC v.
NanoCellect Biomedical, Inc., C.A. No. 1:19-00301 (RGA)
(D.Del).
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