
PTO/:Sl:l/80 (1 l-08) 
Approved /or use through 11/30/2011. 0MB 0651-0035 

U.S. P.;tent ar,d Trademari< Office; U.S. DEPARTMENT OF COMMERCE 
Under the Papeiwori< Reduction Act cf 1995, no persons are required to respond lo a collection of lnfcrn1aticn unless it displays a valid OMl:I ccn!rcl number. 

CPOWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under 

37 CFR. 3. 7f1Jbl_ """"""""'"·----·-·w • ~--. 

0re::c:::::::ssociated with the Cuslomer Number: ~-------~-;~;~~-----------······--------········· 

OR I_ 
L.l Pracli!ioner(s) named below (if mere than ten patent practitioners are to be named, !hen a customer number must be used): 

Name Registral!on ,tti Name Registration 
Number tJ Number :-:-,:-:!,----------- ------..,i..,----~ ,-:-x.:: 

~:_~ i-"""~~-~--------~-~-~+---~-"""itID""""-------~,,..~~-~~~"*'~~~-~ 
i----~-~~----------+-----"""'i\Wi----------------«+----~ 

t------------------ - I _____ ,.._;: ... • ____ _ 
«s at\mooy(?1m ll'i;!@l(s) to m·pit:1cmnt th\11m1J0J~ig;es:(l l"/morr:i \he Unit<W Stai;,;,a f'a!enhmd Trnd@-iark Office (UtPTCJ) hi DON!'!at\!ion '<'>1\t; 
m1;;," and .,I! i)<iit~nt i,lPPlitmllom, assigned QJJJy to the undersigned according !o !he USPTO assignment records or assignment documents 

~1pd :£:,l~~~ f(:\ITT'l in accordance with 37 CFR 3.73(b). """"""""~'---------------t 
Please change !he correspondence address for the application identitled in the a!tached statement under 37 CFR 3.73(b) to: 

The address associaied with Customer Number: 

Assignee Name and Address: 

Cytonome/ST, LLC 
27 Drydock Avenue 
Boston, Massachusetts 02210 

- """""""" -----------,-----------------· 
A copy of this form, together with a statement under 37 CFR 3.73(b} (Form PTO/SB/96 or equivalent) is required to be 
flied !n each application in which this fomi is used. The statement under 37 CFR l.73(b) may be completed by one of 
the practitioners appointed ln this form if the appointed practitioner is authorized to act on behalf of the assignee, 
and must identify the .spplh:mtfon in which this ~~~wer of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The individual whip(, Jlrni\:trt. ,,nif'ti)~--\1)?:Jp))litX! below is authorized to act on behalf of the assignee 

:=:-~-gm_r_1:=iu=r-e_....{""'--_-_-_-~-~~----~~~~···~···~~~· -~;;~;;_f_ .. _L_. _(,t,,J_6_1~_1-_3_3:n-_0-_5_o_:_;; __ ~--i 

Title ' ,...,..~~ Chief Executive Officer 
1~Jk;; <..).~:~7.:lWN ~t fnft~J~})!k~{c ~ .1~~:~1~i ~~}~ ~i c1::~ ·t -~·1 1 ·i .. ~2 ~i-'1-d ·l j~) ... Ti~ .:1ntb-rn1-~~~~1 :!l- !t~q:.:;r.~:t~ k~ t,M~rr. ~:- r~~i~}~ ... J M~({m by ~M ~~¢.llic ~,:H~~ ~<.}~ 
tir ~ !w: Ut~P-rq t.q. pt991st) ~l-1 apt,~k:!>.ifa~ti.. CtX-tfit1~tTu~fft.y io W~Y~~f IS:t!i _!~¥_ 3$ t;. ~ ..<::. t~2 ~:1<.i $.? ~:-..f:~ i. 1 ·i $J~::t i .-1~-;.. :t:t~t~ (:~ili':.::C.:{i(;~) is {:;;~8:~JS.i.t.e-~i ~. l$JK.~ ~} ~l1}u~~l 
W· r:.i.'nnp;~:i't1~ iJ::t1~~u<li.1:~} ~~'3~h~r~r~~ ~~p~~j~:~: t=t~V: .. ~ ~ubnHttit~~f the ~·::impf~~;1;~d ~p~~t<.:.~ik.lfl fr~nn to ~J·1~ tJ.$,f··~·~t TJffi~ .wi$ ,,..~H}'' d~.f.Jrl~~§ i.!:f)?'fl:~~1:~ i~~di;,~~-H:t.:'li f~{~:~. _..~rq 
Ct'..rtr~~'Wntii t:in th~} ·(,1;1)K;1:.int uf fam~ 'fOlt l'~iJin~ k~ i~mrt~~ ~hj:$. ~'_ff? :-:1ndf.:.1r- ~~!Q.;}€'5:~ii.):t~'.~ for ~~;d_~~n~ .:f~s- hU,.~*f:, th<.t:~!:J t~ 5$~tl~ ~~~ ~;ti Cf}~f· k~~(~~'1-ti-~n Offir.-:.~r. 
HS P»i(''!nt ~rt~i r~d~:-:i~.tk (Jffi~e) \f.S .. {).~p.:·)f~::::~nt Gt (::i_jrr1:~n;;:rWi P-J) .. !3~~. 14®, P.te;;.'ln::t•i~. \h\ ~:1.~~--t•i-1?0. QO NOT SEf..U:} f-·EES (~~ Ct)~•lPU~Ti:=n 
['(>,~Mi): ro Hll8Al)[.)fZf.S$. Sl:!NO Tf): Comm!s.Sil!:ln€>rfor P<1timts, f>,O; lk\X ·!,t5(!, Ak>,1a11dria, VA i2313•t4W. 

If you need assistance in compleling the form, cal/ 1-800-PT0-9199 and select option 2. 
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PTO/SB/96 (02-09) 
Approved for use through 03/31/2009. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res and to a collection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent Owner: Cytonome/ST, LLC 

Application No./Patent No.: 6,877,528 Filed/Issue Date: April 12, 2005 

Entitled: 
MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR REGULATING FLUID FLOW 
THROUGH A MICROCHANNEL 

Cytonome/ST, LLC , a Limited Liability Company 
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that it is: 

1. 0 the assignee of the entire right, title, and interest; or 

2. D an assignee of less than the entire right, title and interest. 

(The extent (by percentage) of its ownership interest is %) 

in the patent application/patent identified above by virtue of either: 

A. D An assignment from the inventors of the above-referenced application. The assignment was 
recorded in the United States Patent and Trademark Office at Reel 
Frame , or for which a copy thereof is attached. 

OR 

B. ~ A chain of title from the inventors, of the patent application identified above, to the current assignee as follows: 

D 

1. From: Coventor, Inc. To: _T_e_ra~g~e_n_ic_s~,_l_nc_. _________ _ 
The document was recorded in the United States Patent and Trademark Office at 
Reel 013261 , Frame 0145 , or for which a copy thereof is attached. 

2. From: Coventor, Inc. To: _T_e_ra~g~e_n_ic_s~,_l_nc_. _________ _ 
The document was recorded in the United States Patent and Trademark Office at 
Reel 014089 , Frame 0475 , or for which a copy thereof is attached. 

John Richard Gilbert, 
Sebastian Bohm and 

3. From: Manish Deshpande To: _C_o_v_e_nt_o_r~, _ln_c_. _________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel 01411 O , Frame 0899 , or for which a copy thereof is attached. 

~ Additional documents in the chain of title are listed on a supplemental sheet. 

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to 
Assignment Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. 
See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/David R. Burns/ 
Signature 

David R. Burns 
Printed or Typed Name 

Attorney on Record 
Title 

(Attorney Docket No. 118153-01201) 

ME1 15849822v.1 

July 2, 2013 
Date 

(617) 449-6500 
Telephone Number 
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SUPPLEMENTAL SHEET FOR USE WITH PTO/SB/96 (02-09) 

STATEMENT UNDER 37 CFR 3.73(b) 

4. From: Teragenics, Inc. To: _C~yt_o_n_o_m_e~,_ln_c_. _________ _ 
The document was recorded in the United States Patent and Trademark Office at 
Reel 015289 , Frame 0976 , or for which a copy thereof is attached. 

5. From: Cytonome, Inc. To: _C~yt_o_n_o_m_e_/S_T~, L_L_C ________ _ 
The document was recorded in the United States Patent and Trademark Office at 
Reel 023525 , Frame 0158 , or for which a copy thereof is attached. 

ME1 15849822v.1 
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Electronic Acknowledgement Receipt 

EFSID: 16221767 

Application Number: 10179586 

International Application Number: 

Confirmation Number: 9722 

Title of Invention: 
MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR REGULATING 
FLUID FLOW THROUGH A MICROCHANNEL 

First Named Inventor/Applicant Name: John Richard Gilbert 

Customer Number: 86738 

Filer: David Burns/Pegah Karimi 

Filer Authorized By: David Burns 

Attorney Docket Number: TGZ-012 

Receipt Date: 02-JUL-2013 

Filing Date: 24-JUN-2002 

Time Stamp: 18:52:59 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

261570 

1 Oath or Declaration filed 
118153_021 Ol_Copy_of_POA. 

no 1 
PDF 

1 b 12ae6c6a 1d4fadc90d3506d35bf5a0476 
b2494 

Warnings: 

Information: 
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13894 

2 
Assignee showing of ownership per 37 118153_01201_Statement_und 

2 
CFR 3.73. er_3_73b.PDF 

no 
f34a8af72b77dbe3664c8c5c9c0ae57f146e 

a831 

Warnings: 

Information: 

Total Files Size (in bytes) 275464 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND 'l_'RADEMARK OFFICE 

'MCCARTER & ENGLISH, LLP BOSTON 
265 FRANKLIN STREET 
BOSTON MA 02110 

In re Patent No. 6,877,528 
Issued: April 12, 2005 
Application No. 10/179,586 
Filed: June 24, 2002 
Attorney Docket No. TGZ-012 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

I/A\OfLrEW 
JUN 1 4 2013 

OFFICE OF PETITIONS 

NOTICE 

This is a notice regarding your request for acceptance of a fee deficiency submission under 37 
CFR 1.28 filed May 15, 2013. 

On September 1, 1998, the Court of Appeals for the Federal Circuit held that 37 CFR 1.28(c) is 
the sole provision governing the time for correction of the erroneous payment of the issue fee as 
a small entity. See DH Technology v. Synergystex International, Inc. 154 F.3d 1333, 47 
USPQ2d 1865 (Fed. Cir. Sept. 1, 1998). 

The Office no longer investigates or rejects original or reissue applications under 37 CFR 1.56. 
1098 Off. Gaz. Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended 
to imply that an investigation was done. 

Your fee deficiency submission under 37 CFR 1.28 is hereby ACCEPTED. 

This patent is no longer entitled to small entity status. Accordingly, all future fees paid in this 
patent must be paid at the large entity rate. 

Further, it is not apparent whether the person signing the request was ever given a power of 
attorney or authorization of agent regarding this patent. In accordance with 37 CFR l.34(a), the 
signature appearing on the request shall constitute a representation to the United States Patent 
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· Patent No. 6,877,528 Page 2 

and Trademark Office that he/she is authorized to represent the particular party in whose behalf 
he/she acts. 

Telephone inquiries concerning this decision should be directed to the undersigned at (571) 272-
7751. 

/Joan Olszewski/ 
Joan Olszewski 
Petitions Examiner 
Office of Petitions 
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...... 

Docket No.: 118153-01201 
(PATENT) 

IN THE UNITED STATES.PATENT ANl> TRADEMARK OFFICE 

In re Letters Patent of: 
Gilbert, et al. 

Patent No.: 6,877,528· 

Issued: April 12, 2005 

For: MICROFLUIDIC SYSTEM INCLUDING A 
BUBBLE VALVE FOR REGULATING FLUID 
FLOW THROUGH A MICROCHANNEL 

NOTIFICATION OF LOSS OF ENTITLEMENT TO SMALL ENTITY STATUS AND 
CORRECTION OF ERROR IN SMALL ENTITY STATUS· 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

In accordance with 37 C.F.R. §§ l .27(g)(2) and l .28(c), Owner of the above-identified 

patent hereby notifies the Office of a loss of entitlement to small entity status and respectfully 

requests excuse of an error in which certain fees were paid as a small entity subsequent to such loss 

of entitlement to small entity status. Owner asserts that its status as a small entity was established in 

good faith, and fees paid as a small entity were paid in good faith, and through error and without 

deceptive intent the Office was not notified of the loss or'entitlement to small entity status. Per 37 

C.F.R. § l.28(c)(2), below please find an itemization of the deficiency in fees owed resulting from 

the previous erroneous payment of fees paid as a small entity. 

06/13/2013 CKHLOK _08800806 504876 6877528 

01 FC:1559 
02 FC:1559 

1205.00 DA 
2150.00 DA 

MEI 15523189v.l 
1 

85/28/2813 ftBAH6URA 88888858 584876 6877528 

91 FC:1599 1295.08 ~ 

85/28/2813 IIBAHGURA 88880851 584876 6877528 
9J FC:1599 2151.08 DA 
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J ·, .• 

• . II.. 

•.. 

Patent No.: 6,877,528 Docket No.: 118153-01201 

Please charge our Deposit Account No. 50-4876, under Order No. 118153-01201 from 

which the undersigned is authorized to draw, in the amount of $3,355 for the total deficiency owed. 

Fee Type 

Maintenance Fee 
due at 3.5 years 

Maintenance.Fe~, 
Surcharge- 3.5 
year-Late payment 
within 6 months 

Maintenance Fee 
due at 7 .5 years 

Dated: May 15, 2013 

MEI 15523189v.l 

Current Small Entity Fee Deficiency Owed 
Undiscounted Fee Paid 

$1,600 

$160 

$3,600 

$490 $1,110 

$65 $95 

$1,450 $2,150 

Respectfully submitted, 

Electronic signature: /Michael L. Mathaisel/ 
Michael L. Mathaisel 

Registration No.: 64,251 
MCCARTER & ENGLISH, LLP 
265 Franklin Street 
Boston, Massachusetts 02110 
(617) 449-6500 

"(617) 607-9200 (Fax) 
Attorney/Agent For Applicant 

2 
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Docket No.: 118153-01201 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Letters Patent of: 
Gilbert, et al. 

Patent No.: 6,877,528 

Issued: April 12, 2005 

For: MICROFLUIDIC SYSTEM INCLUDING A 
BUBBLE VALVE FOR REGULATING FLUID 
FLOW THROUGH A MICROCHANNEL 

NOTIFICATION OF LOSS OF ENTITLEMENT TO SMALL ENTITY STATUS AND 
CORRECTION OF ERROR IN SMALL ENTITY STATUS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

In accordance with 37 C.F.R. §§ 1.27(g)(2) and 1.28(c), Owner of the above-identified 

patent hereby notifies the Office of a loss of entitlement to small entity status and respectfully 

requests excuse of an error in which certain fees were paid as a small entity subsequent to such loss 

of entitlement to small entity status. Owner asserts that its status as a small entity was established in 

good faith, and fees paid as a small entity were paid in good faith, and through error and without 

deceptive intent the Office was not notified of the loss of entitlement to small entity status. Per 37 

C.F.R. § 1.28( c )(2), below please find an itemization of the deficiency in fees owed resulting from 

the previous erroneous payment of fees paid as a small entity. 

1 
MEI 15523189v.1 
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Patent No.: 6,877,528 Docket No.: 118153-01201 

Please charge our Deposit Account No. 50-4876, under Order No. 118153-01201 from 

which the undersigned is authorized to draw, in the amount of $3,355 for the total deficiency owed. 

Fee Type Current 
Undiscounted Fee 

Maintenance Fee $1,600 
due at 3.5 years 

Maintenance Fee, $160 
Surcharge- 3.5 
year-Late payment 

within 6 months 

Maintenance Fee $3,600 
due at 7.5 years 

Dated: May 15, 2013 

MEI 15523189v.1 

Small Entity Fee Deficiency Owed 
Paid 

$490 $1,110 

$65 $95 

$1,450 $2,150 

Respectfully submitted, 

Electronic signature: /Michael L. Mathaisel/ 
Michael L. Mathaisel 

Registration No.: 64,251 
MCCARTER & ENGLISH, LLP 
265 Franklin Street 
Boston, Massachusetts 02110 
(617) 449-6500 
(617) 607-9200 (Fax) 
Attorney/ Agent For Applicant 

2 
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Electronic Acknowledgement Receipt 

EFSID: 15783795 

Application Number: 10179586 

International Application Number: 

Confirmation Number: 9722 

Title of Invention: 
MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR REGULATING 
FLUID FLOW THROUGH A MICROCHANNEL 

First Named Inventor/Applicant Name: John Richard Gilbert 

Customer Number: 86738 

Filer: Michael L. Mathaisel 

Filer Authorized By: 

Attorney Docket Number: TGZ-012 

Receipt Date: 15-MAY-2013 

Filing Date: 24-JUN-2002 

Time Stamp: 14:37:55 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

43148 

1 Miscellaneous Incoming Letter 
Notification_of_Loss_of_Small_ 

no 2 
Entity_Status_ 1.pdf 

5 3 3a85 d d83 a614634d42 719149c692 705 a 
dacb71 

Warnings: 

Information: 
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Total Files Size (in bytes) 43148 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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... 

.. ~, 

Docket No.: 118153-01201 
(PATENT) 

IN THE UNITED STATES.PATENT AND TRADEMARK OFFICE 

In re,_,.,.,, ..... ,., 
Gilbert, et al. 

Patent No.: 6,877,528 

Issued: April 12, 2005 

For: MICROFLUIDIC SYSTEM INCLUDING A 
BUBBLE VALVE FOR REGULATING FLUID 
FLOW THROUGH A MICROCHANNEL 

NOTIFICATION OF LOSS OF ENTITLEMENT TO SMALL ENTITY STATUS AND 
CORRECTION OF ERROR IN SMALL ENTITY STATUS· 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

In accordance with 37 C.F.R. §§ l.27(g)(2) and l.28(c), Owner of the above-identified 

patent hereby notifies the Office of a loss of entitlement to small entity status and respectfully 

requests excuse of an error in which certain fees were paid as a small entity subsequent to such loss 

of entitlement to small entity status. Owner asserts that its status as a small entity was established in 

good faith, and fees paid as a small entity were paid in good faith, and through error and without 

deceptive intent the Office was not notified of the loss of entitlement to small entity status. Per 37 

C.F.R. § l.28(c)(2), below please find an itemization of the deficiency in fees owed resulting from 

the previous erroneous payment of fees paid as a small entity. 

85/28/2813 "BAHGURA 88088850 584876 6877528 

01 FC:1599 1285.00 DA 

05/28/2013 "BANGURA 80800851 584876 687752B 

81 FC:1599 2158.09 DA 

1 
MEI 15523189v.l 
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Patent No.: 6,877,528 Docket No.: 118153-01201 

Please charge our Deposit Account No. 50-4876, under Order No. 118153-01201 from 

which the undersigned is authorized to draw, in the amount of $3,355 for the total deficiency owed. 

Fee Type Current 
Undiscounted Fee 

Maintenance Fee $1,600 
due at 3.5 years 

Maintenance· Fe.e, $160 
Surcharge- 3.5 
year-Late payment 
within 6 months 

Maintenance Fee $3,600 
due at 7.5 years 

Dated: May 15, 2013 

MEI 15523189v.l 

Small Entity Fee Deficiency Owed 
Paid 

$490 $1,110 

$65 $95 

$1,450 $2,150 

Respectfully submitted, 

Electronic signature: /Michael L. Mathaisel/ 
Michael L. Mathaisel 

Registration No.: 64,251 
MCCARTER & ENGLISH, LLP 
265 Franklin Street 
Boston, Massachusetts 02110 
(617) 449-6500 
(617) 607-9200 (Fax) 
Attorney/Agent For Applicant 

2 
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APPLICATION NUMBER PATENT NUMBER 

10/179,586 6877528 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

GROUP ART UNIT FILE WRAPPER LOCATION 

3753 9200 

1111111111111111111111 m~mmmmiJ~~i,~1~111111111111111111111111 

Correspondence Address/Fee Address Change 

The following fields have been set to Customer Number 86738 on 09/30/2009 
• Correspondence Address 
• Maintenance Fee Address 
• Power of Attorney Address 

The address of record for Customer Number 86738 is: 

86738 
MCCARTER & ENGLISH, LLP BOSTON 
265 Franklin Street 
Boston, MA 02110 

PART 1 - ATTORNEY/APPLICANT COPY 
page 1 of 1 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548
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APPLICATION NUMBER PATENT NUMBER 

10/179,586 6877528 

UNITED STATES DEPART:vIENT OF COMMERCE 
United States Patent and Trademark Office 
Addm" COMMISSIC!I\ER FOIZ PA'l'l':N'l'S 

PO Rox 1410 
Alexandria, Virginia 22313-1450 
wv1w.uspto.gov 

GROUP ART UNIT FILE WRAPPER LOCATION 

3753 9200 

Correspondence Address/ Fee Address Change 

The following fields have been set to Customer Number 959 on 09/05/2007 

• Correspondence Address 
• Maintenance Fee Address 

The address of record for Customer Number 959 is: 
LAHIVE & COCKFIELD, LLP 
ONE POST OFFICE SQUARE 
BOSTON,MA 02109-2127 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548
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11m~ m~ ,~~ m1 ~i1 m~1 m1 m~1m11m11m1 im 11m 
Bib Data Sheet 

FILING OR 371(c) 

SERIAL NUMBER DATE CLASS 
10/179,586 06/24/2002 137 

RULE 

APPLICANTS 
John Richard Gilbert, Brookline, MA; 
Sebastian Bohm, Inverness, UNITED KINGDOM; 
Manish Deshpande, Canton, MA; 

I*• CONTINUING DATA************************* 
This appln claims benefit of 60/373,256 04/17/2002 

I*• FOREIGN APPLICATIONS ******************** 

Page 1 of 1 

Ul'>ITED STATES DEPARTMENT OF COMMERCE 
United Atuttt,. Puttmt und Trudt1murL Omm{ 
Addn:u:COMMISSIO:\'ER FOR PATENTS 

P.O. Om 1450 
A!.JU1J1tm11. Villl!IU>t 2231)·1450 
w••.CJtVlo.g'.\n 

CONFIRMATION NO. 9722 

GROUP ART UNIT ATTORNEY 
DOCKET NO. 

3753 TGZ-012 

IF REQUIRED, FOREIGN FILING LICENSE GRANTED •• SMALL ENTITY •• 
I** 07/19/2002 

Foreign Priority claimed CJ yes CJ no 

~5 USC 119 (a-d) conditions CJ yes CJ no CJ Met after 
STATE OR SHEETS TOTAL INDEPENDENT 
COUNTRY DRAWING CLAIMS CLAIMS 

met Allowa nee 
MA 8 24 9 [Verified and 

Acknowledr:ied Examiner's Sianature Initials 

ADDRESS 
000959 

!TITLE 
MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR REGULATING FLUID FLOW THROUGH A 
MICROCHANNEL 

ID All Fees I 
ICJ 1.16 Fees (Filing) I 

FILING FEE FEES: Authority has been given in Paper Cl 1.17 Fees ( Processing Ext. of 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT time) 

1764 No. for following: I Cl 1.18 Fees ( Issue ) I 
ICJ Other I 
ICJ Credit I 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address:COM:vIISS!ONER FOR PATENTS . 

P.O. Box 1450 
Alexandria, V,wua 2231)-1450 
www.uspto,go,· 

APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT Fn,E WRAPPER LOCATION 

10/179,586 3753 

Change of Address/Power of Attorney 

The following fields have been set to Customer Number 000959 on 

• Correspondence Address 
• Maintenance Fee Address 

The address of record for Customer Number 000959 is: 
LAHIVE & COCKFIELD, LLP. 
28 STATE STREET 
BOSTON, MA 02109 

The Practitioners of record for Customer Number 000959 are: 

PTO INSTRUCTIONS: 

37M2 

Please take the following action when the correspondence address has been changed to a customer 
number: 
1) Add 'ADDRESS CHANGE TO CUSTOMER NUMBER' on the next available content line of 
the File Jacket. 
2) Put a line through the old address on the File Jacket and enter the Customer Number as the 
new address. 
3) File this Notice in the File Jacket. 

Please take the following action when the correspondence address has NOT been changed: 
1) File this Notice in the File Jacket 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548
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, 
• 

{2--/Y-Ot( Express Mail 
PART B - FEE(S) TRANSMITTAL No: EV 465007216 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 . 
Alexandria, Virginia 22313-14SO 

or .Ell (703) 746-4000 
UCTI is form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 

rther correspondence including the Patent advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
m ica ess corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

000959 7590 11/22/2004 

LARIVE & COCKFIELD, LLP. 
28 ST ATE STREET 
BOSTON, MA 02109 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Malling or Transmission 

12/14/2004 WASFAW2 00000021 120080 10179586 

I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an enveloJ!e 
addressed to the Mail Stop ISSUE FEE address ab~ve,. or being fac~imde 
transmitted to the USPTO (703) 746-4000, on the date md1cated below. 

01 FC:2501 
02 FC:1504 
03 FC:8001 

700.00 DA 
300.00 DA 
30.00 DA 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMA TJON NO. 
·---·.L.-----------------...L...--------'--------' 

10/179,586 06/24/2002 John Richard Gilbert TGZ-012 9722 

TITLE OF fNVENTION: MICROFLUIDIC SYSTEM INCLUDfNG A BUBBLE VALVE FOR REGULATING FLUID FLOW THROUGH A MICROCHANNEL 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional ~YES 
EXAMINER ART UNIT 

CHAMBERS, A MICHAEL 3753 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use or a Customer 
Number is required. 

$300 

CLASS-SUBCLASS 

137-827000 

2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRfNTED ON THE PATENT (print or type) 

$1670 02/22/2005 

1Lahive & Cockfield, LLP 

2 Elizabeth A. Hanley 

3 Anthony A. Laurentano 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment 

(A) NAME OF ASSIGNEE 

Cytonome, Inc. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Watertown, Massachusetts 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual PB Corporation or other private group entity O Government 

4a. The follow:ug fee(s) are enclos<:d: 4b. Payment ofFee(s): 

IJ9 Issue Fee =:. 0 A check in the arnount of the fee(s) is enclosed. 

~ Publication Fee (No small entity discount permitted) 0 Payment by credit card. Form PT0-2038 is attached. 

~ Advance Order - # Im Th!l Director is hereby aJJthorized~y charge the required fee(s), or credit any overpayment, to 
Deposit Account Number .l.Z-!lfl.8.!.! (enclose an extra copy ofth1s form). 

5. Change In Entity Status (from status indicated above) 
J~ a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publicaf n Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records o e United Sta. Patent and Trad ark Office. 

Authorized Signature 

This pollection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to tirocess) 
an application. Confidentiality is f;10verned by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of.time you reguire to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 11/04) Approved for use through 04/30/2007. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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• 

PTO/SB/21 (09-04) 
Approved for use through 07/31/2006. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
. Under the Paoerwork Reduction Act of 1995, no oersons are reouired to res :>0nd to a collection of information unless it disolavs a valid 0MB control number. 

TRANSMITTAL 
FORM 

(to be used for all correspondence after initial filing) 

Application Number 

Filing Date 

First Named Inventor 

Art Unit 

Examiner Name 

10/179,586-Conf. #9722 

June 24, 2002 

John R. GILBERT 

3753 

A M. Chambers 

Total Number of Pages in This Submission I Attorney Docket Number 
TGZ-012 

ENCLOSURES (Check all that apply) 

0 Fee Transmittal Form 

D Fee Attached 

D Amendment/Reply 

D After Final 

D Affidavits/declaration(s) 

D Extension of Time Request 

D Express Abandonment Request 

D Information Disclosure Statement 

D 
Certified Copy of Priority 
Document(s) 

D Reply to Missing Parts/ 
Incomplete Application 

D 
Reply to Missing Parts under 
37 CFR 1.52 or 1.53 

D Drawing(s) 

D Licensing-related Papers 

DPetition 

D 
Petition to Convert to a 
Provisional Application 

D 
Power of Attorney, Revocation 
Change of Correspondence Address 

D Terminal Disclaimer 

D Request for Refund 

D CD, Number of CD(s) 

D Landscape Table on CD 

I Remarks I 

D 
After Allowance Communication 
to TC 

D 
Appeal Communication to Board of 
Appeals and Interferences 

D 
Appeal Communication to TC 
(Appeal Notice, Brief, Reply Brief) 

D Proprietary Information 

D Status Letter 

Q Other Enclosure(s) (please 
~ Identify below): 

Certificate of Express Mailing 
Part B copy of Notice 
Return Receipt Postcard 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 

Firm Name LAHIVE ~COCKFIEL!), LLP 
Signature 

Printed name 
Anthony A Laurefi#no 

Date December 9, 2004 I Reg. No. 138,220 

I hereby certify that this correspondence is being deposited with the U.S. Postal Service as Express Mc;1il, Airbill 
No. EV 465007216 US, in an envelope addressed to: MS ISSUE FEE, Commissioner for Patents, P.O. Box 
1450, Alexandria, VA 22313-1450, on the date show el 

Dated: December 9, 2004 Signature: (Anthony A. Laurentano) 

Cytonome/ST, LLC Exhibit 2011
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tion No. (if known): 10/179586 Attorney Docket No.: TGZ-012 

Certificate of Express Mailing Under 37 CFR 1.10 

I hereby certify that this correspondence is being deposited with the United States Postal Service as 
Express Mail, Airbill No. EV 465007216 US in an envelope addressed to: 

on 

MS ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

December 9, 2004 
Date 

Anthony A. Laurentano 
Typed or printed name of person signing Certificate 

38,220 (617) 227-7400 
Registration Number, if applicable Telephone Number 

N(?te: Each paper must have its own certificate of mailing, or this certificate must identify 
each submitted paper. 

This Certificate of Express Mailing {1 page) 
Transmittal (1 page) 
Fee Transmittal (1 page, in duplicate) 
Part B copy of Notice {1 page) 
Return Receipt Postcard 

Charge $1,030.00 to deposit account 12-0080 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548
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() PTO/SB/17 (11-04) 

I 9 'lll\l4 ~, Approved for use through 7/31/2006. 0MB 0651-0032 U£& \) . U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

~ 
1&1i11ar the Paoeiwork Reduction Act of 1995, no person are required to respond to a collection of information unless it displays a valid 0MB control number. 

~ ~EE TRANSMITTAL 
Complete if Known 

4 nlADl Aoolication Number 10/179,586-Conf. #9722 
-

for FY 2005 Filina Date June 24, 2002 

First Named Inventor John R. GILBERT 
Effective 10/01/2004. Patent fees are subject to annual revision. 

Examiner Name A. M. Chambers 

r;l Applicant claims small entity status. See 37 CFR 1.27 Art Unit 3753 

TOTAL AMOUNT OF PAYMENT I ($) 1,030.00 Attorney Docket No. TGZ-012 

METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued) 

Dcheck D Credit Card D Money Order 2. EXTRA CLAIM FEES 

0 Deposit Account DNone 
Small Enti~ 

Fee Descrletlon .Eruuil .Eruuil ~-
Deposit I I 

r 
Account 12-0080 

.} 

Number Each claim over 20 18 9 

Deposit I Lahive & Cockfield, LLP I Each independent claim over 3 88 44 
Account 

Name Multiple dependent claims 300 150 
The Director is authorized to: (check all that apply} 

0 Charge fee(s} indicated below 
For Reissues, each claim over 20 and 18 9 

more than in the original patent 

D Charge fee(s} indicated below, except for the filing fee For Reissues, each independent claim 88 44 0 Charge any additional fee(s) or any underpayment of fee(s) more than in the original patent 
under37 CFR 1.16 and 1.17 

0 Credit any overpayments Total Claims Extra Claims Fee !$1 Fee Paid($) 

To the above-identified deposit account. -20 or HP= X = 
HP= highest number of total claims paid for, if greater than 20 

D Other (please identify): lndep. Claims Extra Claims Fee{$! Fee Paid!$! 

FEE CALCULATION -3orHP= X = 
HP= highest number of independent claims paid for, if greater than 3 

1. BASIC FILING FEE Multiple Dependent Claims Fee($) Fee Paid($) 

Small Ent!!lt: 
Fee Description ~ ~ Fee Paid!$) Subtotal (2) $ 0.00 

Utility Filing Fee 790 395 3. OTHER FEES Small Entitit: 
Fee Descri12tion ~ ~ Fee Paid 

I-month extension of time 110 55 
Design Filing Fee 350 175 2-month extension of time 430 215 

3-month extension of time 980 490 

4-month extension of time 1,530 765 

Plant Filing Fee 550 275 5-month extension of time 2,080 1,040 

Information disclosure stmt. Fee 180 180 

37 CFR I. l 7(q) processing fee 50 50 
Reissue Filing Fee 790 395 Non-English specification 130 130 

Notice of Appeal 340 170 

Filing a brief in support of appeal 340 170 

Provisional Filing Fee 160 80 Request for oral hearing 300 150 
1504; 8001; 2501 Publication fee; Ten printed 

Other: coeies of eatent w/o color; Utili!}'. issue fee 1,030.00 

Subtotal (1) $ 0.00 Subtotal (3) $ 1,030.00 

SUBMITTED BY I / ,. /I 
Signature Au.J- "~ ~ -- ) 

Registration No. I 38,220 Telephone (617) 227-7400 
I (Attorney/Agent) 

Name (Print!Type) Anthony A. Laur~o Date December 9, 2004 

' 

I hereby certify that this correspondence is being deposited with the U.S. Postal Service as Express Mail, Airbill 
No. EV 465007216 US, in an envelope addressed to: S ISSUE FEE, Commissioner for Patents, P.O. Box 
1450, Alexandria, VA 22313-1450, on the date show b 

Dated: December 9, 2004 

Cytonome/ST, LLC Exhibit 2011
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B UNITED STATES PATENT AND TRADEMARK OFFICE 
\/v\ 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia22313-14SO 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

000959 7590 11/22/2004 

LARIVE & COCKFIELD, LLP. 
28 ST A TE STREET 
BOSTON, MA 02109 

EXAMINER 

CHAMBERS, A MICHAEL 

ART UNIT PAPER NUMBER 

3753 

DA TE MAILED: 11/22/2004 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/179,586 06/24/2002 John Richard Gilbert TGZ-012 9722 

TITLE OF INVENTION: MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR REGULA TING FLUID FLOW THROUGH A MICROCHANNEL 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional NO $1370 $300 $1670 02/22/2005 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON IHE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. IHlS. 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE 
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR 
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL 
BE REGARDED AS ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box Sb on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - ·Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the form should be submitted. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORT ANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page I of 3 

PTOL-85 (Rev. 11/04) Approved for use through 04/30/2007. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

orE.u (703) 746-4000 
INSTRUCTIONS: This fonn should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further corre!,J)ondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corre!,J)ondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

000959 7590 11/22/2004 

LARIVE & COCK.FIELD, LLP. 
28 ST ATE STREET 
BOSTON, MA 02109 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for anx other accompanying 
papers. Each additional paper, such as an assignment or fonnal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Malling or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an enveloJ?e 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (703) 746-4000, on the date indicated below. 

(Deposito(s name) 

(Signature) 

(Osle) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

10/179,586 06/24/2002 John Richard Gilbert TGZ-012 9722 

TITLE OF INVENTION: MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR REGULA TING FLUID FLOW THROUGH A MICROCHANNEL 

APPLN. TYPE SMALL ENTITY ISSUE FEE 

. nonprovisional NO $1370 

EXAMINER ART UNIT 

CHAMBERS, A MICHAEL 3753 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

PUBLICATION FEE TOT AL FEE(S) DUE 

$300 

CLASS-SUBCLASS 

137-827000 

2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$1670 

DATE DUE 

02/22/2005 

Q Change of correspondence address ( or Change of Correspondence 
Address fonn PTO/SB/122) attached. 

Q "Fee Address" indication (or "Fee Address" Indication fonn 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number Is required. 

(2) the name of a single finn (having as a member a 2, ____________ _ 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 3 
listeil, no name will be printed. -------------

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : Q Individual Q Corporation or other private group entity Q Government 

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s): 

Q Issue Fee Q A check in the amount of the fee(s) is enclosed. 

Q Publication Fee (No small entity discount permitted) Q Payment by credit card. Fonn PT0-2038 is attached. 

i:lAdvance Order- # of Copies Q The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to 
Deposit Account Number (enclose an extra copy ofthts form). 

5. Change in Entity Status (from status indicated above) 
Q a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Q b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l .27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.' 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the apphcant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature ___________________ _ Date _______________ _ 

Typed or printed name ___________________ _ 
Registration No.-------------

This collection of infonnation is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete 
this form and/or suggestions for reducing this burde; should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandna, Vir_ginia 22313-1<150. DO NuT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450 
Alexandria, Virginia22313-1450. · ' 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infonnation unless it displays a valid 0MB control number. 
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eby certify that this correspondence is being deposited with the U.S. Postal 
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AMENDMENT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 
2313-1450, on the date shown below. Docket No.: TGZ-012 

(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
John R. Gilbert, et al. 

Application No.: 10/179586 

Filed: June 24, 2002 

For: MICROFLUIDIC SYSTEM INCLUDING A 
BUBBLE VAL VE FOR REGULATING FLUID 
FLOW THROUGH A MICROCHANNEL 

Art Unit: 3753 

Examiner: AM. Chambers 

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION 

MS AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Dear Sir: 

INTRODUCTORY COMMENTS 

In response to the Office Action dated June 22, 2004 (Paper No. 20040622), please 

amend the above-identified U.S. patent application as follows: 

Amendments to the Claims begin on page 2 of this paper. 

Remarks/Arguments begin on page 7 of this paper. 
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Application No.: 10/179,586 Docket No.: TGZ-012 

AMENDMENTS TO THE CLAIMS 

Please amend claims 1 and 19 as set forth in the following listing of claims, which will 
replace all prior versions, and listings, of claims in the application: 

Listing of Claims: 

1. (Currently Amended) A microfluidic device, comprising: 

a microchannel having an interior bounded by a side wall; 

a valve for regulating the flow of fluid through the microchannel, the valve comprising a 

gas-filled first reservoir, a fluid meniscus interfacing the reservoir and the interior and an 

actuator for varying the volume of the first reservoir to increase an internal pressure of the first 

reservoir to vary the flow of liquid fluid through the ehannel microchannel; and 

a second reservoir for absorbing a pressure variation in the microchannel induced by the 

actuator. 

2. (Original) The microfluidic device of claim 1, wherein the actuator deflects the meniscus 

into the microchannel interior to regulate the flow of fluid through the microchannel. 

3. (Original) The microfluidic device of claim 1, wherein the meniscus comprises a virtual 

wall formed in an aperture in the side wall of the microchannel when the microchannel is filled 

with a liquid. 

4. (Original) The microfluidic device of claim 1, wherein the actuator generates a gas bubble in 

the microchannel. 

5. (Original) The microfluidic device of claim 4, further comprising a hydrophobic patch 

attached to an inner wall of the microchannel for anchoring the gas bubble. 

6. (Original) The microfluidic device of claim 4, wherein the microchannel defines a cavity for 

retaining the gas bubble. 

7. (Previously Presented) The microfluidic device of claim 1, wherein the gas filled first 

reservoir comprises a movable membrane. 

2 
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Application No.: I 0/179,586 Docket No.: TGZ-012 

8. (Original) The microfluidic device of claim 7, wherein the actuator deflects the movable 

membrane to create a bubble in the microchannel interior. 

9. (Previously Presented) A microfluidic device comprising: 

a first plate having a groove formed therein defining a microchannel; 

a second plate for enclosing the microchannel bonded to the first plate having a first 

aperture formed on a first side of the groove sized and dimensioned to form a meniscus when 

the microchannel is filled with a liquid, the first aperture defining a first reservoir adjacent to the 

microchannel, wherein the meniscus forms an interface between the microchannel and the 

reservoir and a second reservoir formed on a second side of the groove opposite the first 

reservoir for absorbing pressure variations in the groove; and 

a flexible membrane bonded to the second plate to seal the first reservoir. 

10. (Original) The microfluidic device of claim 9, further comprising an actuator for deflecting 

the flexible membrane, wherein the deflection of the membrane increases the pressure in the 

reservoir and deflects the meniscus into the microchannel to regulate liquid flow therethrough. 

11. (Original) The microfluidic device of claim 10, wherein the actuator comprises one of an 

electromagnetic element and a piezoelectric element. 

12. (Original) The microfluidic device of claim 9, further comprising a hydrophobic patch 

attached to the groove. 

13. (Original) The microfluidic device of claim 9, wherein the meniscus forms a bubble in the 

microchannel to block liquid flow. 

14. (Original) The microfluidic device of claim 13, wherein the groove includes a cavity formed 

therein for retaining the bubble. 

3 
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Application No.: 10/179,586 

15. (Previously Presented) A microfluidic device, comprising: 

a microchannel having an interior bounded by a side wall; 

Docket No.: TGZ-012 

a first bubble valve for creating and injecting a bubble into the microchannel interior to 

regulate fluid flow through the microchannel; 

a buffer in communication with the microchannel for absorbing a pressure variation in 

the microchannel caused by the bubble; and 

a hydrophobic patch for retaining the bubble in a predetermined position in the 

microchannel interior. 

16. (Original) The microfluidic device of claim 15, wherein the bubble valve comprises an 

aperture in the side wall, wherein a fluid in the microchannel forms a meniscus in the aperture, a 

sealed chamber formed adjacent to the aperture and an actuator for deflecting the meniscus into 

the interior by increasing the pressure in the chamber. 

17. (Canceled). 

18. (Canceled). 

19. (Currently Amended) In a particle sorting device a bubble valve for separating particles 

having a predetermined characteristic from particles not having a predetermined characteristic, 

the bubble valve comprising: 

a first gas-filled reservoir; 

a ~hannel in communication with a channel through which a stream of particles in a 

carrier fluid passes, wherein the carrier fluid forms a meniscus in the side channel adjacent to the 

gas-filled reservoir; 

an actuator for deflecting the meniscus to create a pressure pulse to selectively deflect a 

particle having the predetermined characteristic from the stream of particles; and 

a second reservoir for absorbing the pressure pulse. 

20. (Canceled). 

21. (Canceled). 

4 
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22. (Canceled). 

23. (Canceled). 

24. (Canceled). 

25. (Previously Presented) A microfluidic device, comprising: 

a channel for conveying a stream of particles in a carrier fluid; 

an actuator for selectively applying a pressure pulse to the stream to deflect a particle in 

the stream of particles from the stream of particles; and 

a buffer for absorbing the pressure pulse. 

26. (Previously Presented) The device of claim 25, wherein the channel comprises an inlet, a 

first outlet and a second outlet, wherein the particles normally flow from the inlet into the first 

outlet. 

27. (Previously Presented) The device of claim 26, wherein the pressure pulse deflects a 

particle in the stream of particles into the second outlet when a predetermined characteristic of 

the particle is detected. 

28. (Previously Presented) The device of claim 25, further comprising a sensor for sensing a 

predetermined characteristic in a particle. 

29. (Previously Presented) A microfluidic device, comprising: 

a primary channel for conveying a stream of particles in a carrier fluid; 

a first side channel in communication with the primary channel; 

an actuator connected to the first side channel for applying a pressure pulse to the stream 

of particles to deflect a particle in the stream of particles from the stream of particles; 

a second side channel in communication with the side channel; and 

a buffer in communication with the second side channel for absorbing the pressure pulse. 
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30. (Previously Presented) The microfluidic device of claim 29, wherein the actuator 

comprises a flexible membrane. 

31. (Previously Presented) The microfluidic device of claim 29, wherein the buffer comprises 

a flexible membrane. 

32 .. (Previously Presented) The microfluidic device of claim 29, wherein the actuator 

comprises air trapped in a sealed reservoir. 

33. (Previously Presented) The microfluidic device of claim 29, wherein the buffer comprises 

air trapped in a sealed reservoir. 
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REMARKS 

The foregoing amendment amends claims 1 and 19. Pending in the application are 

claims 1-16, 19 and 25-33, of which claims 1, 9, 15, 19, 25 and 29 are independent. The 

following comments address all stated grounds for rejection and place the presently pending 

claims, as identified above, in condition for allowance. 

Claim 1 is amended in line 6 change the word "liquid" to ---fluid--- and the word 

"channel" to ---microchannel--- to be consistent with other language in the claim. 

Claim 19 amended in line 5 to delete the word ''side" preceding "channel". No new 

matter is added. 

Amendment of the claims is not to be construed as an acquiescence to any of the 

objections/rejections set forth in the instant Office Action, and was done solely to clarify the 

claim language. Applicants reserve the right to pursue the claims as originally filed, or similar 

claims, in this or one or more subsequent patent applications. 

35 U.S.C. 102 Rejections 

Applicants thank the Examiner for the close review of the claims and for indicating that 

claims 9-16 are allowed and that claims 4-6 recite allowable subject matter. In the Office 

Action, the Examiner rejects claims 1-6, 19, 25-29, 32 and 33,under 35 U.S.C. 102(b) as being 

anticipated by Dunaway (U.S. Patent Number 3,289,687). Applicants respectfully traverse the 

rejection and submit that claims 1-6, 19, 25-29, 32 and 33 distinguish patentably over the 

Dunaway reference. The Dunaway reference does not teach or suggest increasing pressure 

within a reservoir to influence fluid flow in a microchannel interior, as recited in independent 

claim 1. The Dunaway reference also does not teach or suggest a reservoir for absorbing a 

pressure variation or a pressure pulse in a channel generated by an actuator, as recited in 

independent claim 1, 19, 25 and 29. The Dunaway reference further lacks a teaching or 

suggestion of an actuator for applying a pressure pulse to a stream of particles in a channel to 
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deflect a particle in the stream of particles from the stream of particles, as set forth in 

independent claims 19, 25 and 29. 

The Dunaway reference describes an actuator for a fluid amplifier that selectively 

redirects the flow path of an entire stream of fluid. The fluid amplifier of Dunaway includes a 

pair of exit ports 24 and 25 in communication with a chamber 27 through which a fluid stream 

. flows. The fluid amplifier further includes a pair of offset orifices 28, 30 in communication with 

the chamber 27. Each orifice 28, 30 communicates with an aperture 32 or 34, respectively, that 

is selectively exposed or closed to atmosphere using an actuator. The actuator selectively opens 

one of the apertures 32 or 34 to create a differential pressure across the chamber 27, which acts 

across the fluid stream to force the path of the fluid stream towards one of the exit ports 24 or 

26. When the actuator closes the first aperture 32 and opens the second aperture 34, the 

resulting pressure differential forces the fluid stream towards the first exit port 24. When the 

actuator opens the closes the second aperture 34 and opens the first aperture 32, the resulting 

pressure differential forces the fluid stream towards the second exit port 26. When both 

apertures are closed, the fluid stream is split between the two exit ports 24 or 26. 

Claim I is allowable over the Dunaway reference for at least the following reasons. The 

chamber 27 of the Dunaway fluid amplifier is not a microchannel, as recited in claim 1. As set 

forth in the specification, a "microchannel" refers to a channel having cross-sectional 

dimensions in the range between about 1.0 µm and about 500 µm. Because the dimensions of 

the chamber 27 of Dunaway are very different from the dimensions of a microchannel, the fluid 

flowing through the chamber 27 of Dunaway will have vastly different properties. For example, 

fluid flow through the claimed microchannel will be laminar, while flow through the chamber 27 

of Dunaway will not be laminar. 

The Dunaway reference also does not teach or suggest increasing a pressure of a first 

gas-filled reservoir to control a flow through a microchannel, as recited in claim I. Rather, 

Dunaway teaches selectively sealing one aperture to create a vacuum, i.e., to decrease the 

pressure therein, while maintaining the pressure in the other aperture at ambient pressure 

(exposed to atmosphere). Therefore, the Dunaway reference in fact teaches away from 

increasing a pressure of a gas-filled reservoir. 
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Furthermore, the Dunaway reference lacks a teaching or suggestion of a second reservoir 

or buffer for absorbing a pressure variation in a microchannel induced by an actuator, as set forth 

in claim I, or for absorbing a pressure pulse created by an actuator, as set forth in claims 19, 25 

and 29. Applicants submit that the actuator of Dunaway does not create a pressure variation or 

pressure pulse, which are transient increases in pressure, but rather a pressure differential 

condition between two openings. However, even if the pressure differential could be considered 

a pressure pulse or variation, the pressure differential created by selectively opening one of the 

apertures in Dunaway is not absorbed by a reservoir or buffer, but rather transferred to the 

stream of fluid to change the flow path of the entire stream. Assuming, arguendo, that one of the 

apertures 32 or 34 did generate a pressure pulse or variation, were the other of the apertures 34 

or 32 to absorb such a pressure pulse or variation, no pressure differential would be applied to 

the fluid stream. However, the Dunaway reference requires that the pressure differential be 

applied to the fluid stream, because otherwise, the fluid stream would not be capable of moving 

between the exit ports. In contrast, the claimed second reservoir prevents the pressure variation 

or pulse from influencing the overall flow of fluid through a channel. Because selectively 

redirecting the path of a flow stream to one of a plurality of exit ports is an objective of the 

Dunaway reference, the Dunaway reference therefore teaches away from a second reservoir 

capable of absorbing a pressure variation or pressure pulse. 

In addition, Applicants respectfully submit that the Dunaway reference also fails to teach 

or suggest using a pressure pulse to deflect a particle in a stream of particles flowing through a 

channel.from the stream of particles, as recited in claims 19, 25 and 29. Rather, as described 

above, the Dunaway reference only teaches changing the path of an entire stream of fluid 

between two outlets. The ability to apply a pressure pulse to a stream allows for separation of 

selected particles from the stream, while a buffer for absorbing the pressure pulse prevents 

application of the pressure pulse to other particles in the stream, thereby ensuring that only the 

selected particle is deflected. There is no teaching or suggestion in Dunaway that a selected 

particle can be separated from the stream of fluid flowing through the fluid amplifier. 
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For at least these reasons, the Dunaway reference does not teach or suggest all of the 

features of claims 1-6, 19, 25-29, 32 and 33. As such, Applicants respectfully request that the 

rejection of these claims under 35 U.S.C. 102(b) be reconsidered and withdrawn. 

35 U.S.C. 103 Rejections 

Regarding the rejection of claims 7, 8, 19, 30 and 31 under 35 U.S.C. 103(a) as being 

unpatentable over the Dunaway reference in view of Cho, the claims are patentable over the 

Dunaway reference for the reasons described above. 

In addition, there is no motivation to modify the device of Dunaway to include a 

"movable membrane." In fact, the Dunaway reference teaches away from using a movable 

membrane, because the purpose of the actuator in Dunaway is to selectively expose the apertures 

32 and 34 to atmosphere. Were the actuator to comprise a movable membrane, the apertures 

could not be exposed to atmosphere, and the device of Dunaway would fail to work. 

For at least these reasons, pending claims 1-3, 16, 19 and 25-33 are patentable over the 

cited references. Because the Examiner has indicated claims 9-16 to be allowed, Applicants 

submit that all pending claims in the application are now in condition for allowance. 
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CONCLUSION 

In view of the above, each of the presently pending claims in this application is 

believed to be in immediate condition for allowance. Accordingly, the Examiner is respectfully 

requested to pass this application to issue. If, however, the Examiner considers that obstacles to 

allowance of these claims persist, we invite a telephone call to Applicant's representative. 

Applicants believe no fee is due with this response. However, if a fee is due, please 

charge our Deposit Account No. 12-0080, under Order No. TGZ-012 from which the 

undersigned is authorized to draw. 

Dated: September 22, 2004 Respectfully submitted, 

Boston, Massachusetts 02109 
(617) 227-7400 
(617) 742-4214 (Fax) 
Attorney for Applicants 
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Office Action Summary 

Application No. 

10/179,586 

Examiner 

Applicant(s) 

GILBERT ET AL. 

Art Unit 

A. Michael Chambers 3753 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1)0 Responsive to communication(s) filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)~ Claim(s) 1-16, 19 and 25-33 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)0 Claim(s) 1-16.19 and 25-33 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 O)~ The drawing(s) filed on 31 March 2004 is/are: a)~ accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 ( d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) C8J Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 0 Information Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. 

5) 0 Notice of Informal Patent Application (PT0-152) 

6) 0 Other: 

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20040622 
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DETAILED ACTION 

Page2 

1. This action is in response to an amendment filed April 26, 2004. Claims 1, 7, 9, 15 and 

19 have been amended. Claims 17, 18 and 20-24 have been canceled. Claims 25-33 have been 

added. An informational disclosure document (IDS) filed July 23, 2003, has previously been 

examined. Claims 1-16, 19, and 25-33 are pending. Figures 16, andl7 A-C in newly submitted 

drawings filed March 31, 2004, are the best showings of the instant application microfluidic 

device. 

Claim Rejections - 35 USC§ 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

3. Claims 1-6, 19, 25-29, 32 and 33 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Dunaway. Note Figures l in particular in which a "gas-filled reservoirs" 32 and 

34 "pressure variation" responsive to fluid pressure valved by solenoid actuated valves shown in 

Figure 2. See column 48+. Applicants' remarks, drawn to the teachings of Brown were 

considered, and in view of amendments to claims 1, 7, 9, 15 and 19 were deemed persuasive. 

With regard to claims 2 and 3, both a meniscus and bubbles would be a result of actuation of the 

valves of Figure 2. 
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Claim Rejections- 35 USC§ 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

Page 3 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section I 02 of this title, if the differences between the subject matter 
sought to be patented and the prior art are such that the subject matter as a whole would have 
been obvious at the time the invention was made to a person having ordinary skill in the art 
to which said subject matter pertains. Patentability shall not be negatived by the manner in 
which the invention was made. 

7. This application currently names joint inventors. In considering patentability of the 

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 

invention was made in order for the examiner to consider the applicability of 3 5 U.S. C. I 03( c) 

and potential 35 U.S.C. 102(f) or (g) prior art under 35 U.S.C. 103(a). 

8. The factual inquiries set forth in Graham v. John Deere Co., 148 USPQ 459, that are 

applied for establishing a background for determining obviousness under 35 U.S.C. 103(a) are 

summarized as follows: 
1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at 

issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or unobviousness. 

9. Claims 7, 8, 19, 30 and 31 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Dunaway in view of Cho. Brown discloses a "hydrophobic patch" ( 125', 126', 127') in column 

11, lines 43+. Dunaway discloses the claimed invention except for the recitation of a "movable 

membrane" as taught by Cho. Note the disclosure in Cho of the diaphragm "actuator" in column 

7, lines 4+. A number of actuators are disclosed in column 7, lines 3 5+ including piezoelectric 
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and magnetic. It would have been obvious to one having ordinary skill in the art at the time the 

invention was made to modify the microfluidic device of Dunaway to include a "movable 

membrane" actuator, as taught by Cho in order to provide more effective control of the passage 

16, 19 of Dunaway. 

Conclusion 

11. Claims 4-6 are objected to as being dependent upon a rejected base claim, but would be 

allowable ifrewritten in independent form including all of the limitations of the base claim and 

any intervening claims. Claims 9-16, which include particular microfluidic device first and 

second fluid reservoir geometric configuration are allowed. 

12. The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. The patents to Barth et al, Kim et al(2) and Field et al are of particular interest. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to A Michael Chambers whose telephone number is 703-308-1016. 

The examiner can normally be reached on Mon-Thur. 6:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Dave Scherbel can be reached on 703-308-1272. The fax phone number for the 

organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 

Page 5 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

amc 
June 21, 2004 

Primary Examiner 
Art Unit 3753 
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: Commissioner for Patents, P.O. Box 1450, Al andria, VA 22313-1450, n 
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Dated: March 31, 2004 Signature: 

Docket No.: TGZ-012 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
John R. Gilbert et al. 

Application No.: 10/179586 

Filed: June 24, 2002 

For: MICROFLUIDIC SYSTEM INCLUDING A 
BUBBLE VAL VE FOR REGULA TING FLUID 
FLOW THROUGH A MICROCHANNEL 

Art Unit: 3753 

Examiner: A. M. Chambers 

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

RECEIVED 
APR O 8 2004 

INTRODUCTORY COMMENTS TECHNOLOGY CENTER R3700 

In response to the Office Action dated October 1, 2003 (Paper No. 9), the response 

period of which is extended to April 1, 2004 by the accompanying Request for Extension of 

Time, please amend the above-identified U.S. patent application as follows: 

Amendments to the Claims begin on page 2 of this paper. 

Amendments to the Drawings begin on page 7 of this paper and include both an 

attached replacement sheet and an annotated sheet showing changes to Figures 16 and 17 A-C. 

Remarks/Arguments begin on page 8 of this paper. 
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AMENDMENTS TO THE CLAIMS 

Please amend claims 1, 7, 9, 15, and 19, cancel claims 17-18 and 20-24 and add new 
claims 25-33, as set forth in the following listing of claims, which will replace all prior versions, 
and listings, of claims in the application: 

Listing of Claims: 

I. (Currently amended) A microfluidic device, comprising: 

a microchannel having an interior bounded by a side wall; 

a valve for regulating the flow of fluid through the microchannel, the valve comprising a 

gas-filled first reservoir, a fluid meniscus interfacing the reservoir and the interior and an 

actuator for varying the volume of the first reservoir to increase an internal pressure of the first 

reservoir to vary the flow of liquid through the channel; and 

a second reservoir for absorbing a pressure variation in the microchannel induced bv the 

actuator. 

2. (Original) The microfluidic device of claim 1, wherein the actuator deflects the meniscus 

into the microchannel interior to regulate the flow of fluid through the microchannel. 

3. (Original) The microfluidic device of claim 1, wherein the meniscus comprises a virtual 

wall formed in an aperture in the side wall of the microchannel when the microchannel is filled 

with a liquid. 

4. (Original) The microfluidic device of claim 1, wherein the actuator generates a gas bubble in 

the microchannel. 

5. (Original) The microfluidic device of claim 4, further comprising a hydrophobic patch 

attached to an inner wall of the microchannel for anchoring the gas bubble. 

6. (Original) The microfluidic device of claim 4, wherein the microchannel defines a cavity for 

retaining the gas bubble. 
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7. (Currently amended) The microfluidic device of claim 1, wherein the gas filled first 

reservoir comprises a movable membrane. 

8. (Original) The microfluidic device of claim 7, wherein the actuator deflects the movable 

membrane to create a bubble in the microchannel interior. 

9. (Currently amended) A microfluidic device comprising: 

a first plate having a groove formed therein defining a microchannel; 

a second plate for enclosing the microchannel bonded to the first plate having a1r a first 

aperture aajaeeHt to formed on a first side of the groove sized and dimensioned to form a 

meniscus when the microchannel is filled with a liquid, the first aperture defining a first 

reservoir adjacent to the microchannel, wherein the meniscus forms an interface between the 

microchannel and the reservoir and a second reservoir fom1ed on a second side of the groove 

opposite the first reservoir for absorbing pressure variations in the groove; and 

a flexible membrane bonded to the second plate to seal the first reservoir. 

10. (Original) The microfluidic device of claim 9, further comprising an actuator for deflecting 

the flexible membrane, wherein the deflection of the membrane increases the pressure in the 

reservoir and deflects the meniscus into the microchannel to regulate liquid flow therethrough. 

11. (Original) The microfluidic device of claim 10, wherein the actuator comprises one of an 

electromagnetic element and a piezoelectric element. 

12. (Original) The microfluidic device of claim 9, further comprising a hydrophobic patch 

attached to the groove. 

13. (Original) The microfluidic device of claim 9, wherein the meniscus forms a bubble in the 

microchannel to block liquid flow. 

14. (Original) The microfluidic device of claim 13, wherein the groove includes a cavity formed 

therein for retaining the bubble. 
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15. (Currently amended) A rnicrofluidic device, comprising: 

a microchannel having an interior bounded by a side wall; 

a first bubble valve for creating and injecting a bubble into the microchannel interior to 

regulate fluid flow through the microchannel; 

a buffer in communication with the microchannel for absorbing a pressure variation in 

the microchannel caused by the bubble; and 

a hydrophobic patch for retaining the bubble in a predetermined position in the 

microchannel interior. 

16. (Original) The microfluidic device of claim 15, wherein the bubble valve comprises an 

aperture in the side wall, wherein a fluid in the microchannel forms a meniscus in the aperture, a 

sealed chamber formed adjacent to the aperture and an actuator for deflecting the meniscus into 

the interior by increasing the pressure in the chamber. 

17. (Canceled) 

18. (Canceled) 

19. (Currently amended) In a particle sorting device a bubble valve for separating particles 

having a predetermined characteristic from particles not having a predetermined characteristic, 

the bubble valve comprising: 

a first gas-filled reservoir; 

a side channel in communication with a channel through which a stream of particles in a 

carrier fluid passes, wherein the carrier fluid forms a meniscus in the side channel adjacent to the 

gas-filled reservoir; 

an actuator for ~eflecting the meniscus to create a pressure pulse to selectively deflect a 

particle having the predetermined characteristic from the stream of particles: and 

a second reservoir for absorbing the pressure pulse. 

20. (Canceled) 

21. (Canceled) 
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22. (Canceled) 

23. (Canceled) 

24. (Canceled) 

25. (NEW) A microfluidic device, comprising: 

a channel for conveying a stream of particles in a carrier fluid; 

an actuator for selectively applying a pressure pulse to the stream to deflect a particle in 

the stream of particles from the stream of particles; and 

a buffer for absorbing the pressure pulse. 

26. (NEW) The device of claim 25, wherein the channel comprises an inlet, a first outlet and 

a second outlet, wherein the particles normally flow from the inlet into the first outlet. 

27. (NEW) The device of claim 26, wherein the pressure pulse deflects a particle in the 

stream of particles into the second outlet when a predetermined characteristic of the particle is 

detected. 

28. (NEW) The device of claim 25, further comprising a sensor for sensing a predetermined 

characteristic in a particle. 

29. (NEW) A microfluidic device, comprising: 

a primary channel for conveying a stream of particles in a carrier fluid; 

a first side channel in communication with the primary channel; 

an actuator connected to the first side channel for applying a pressure pulse to the stream 

of particles to deflect a particle in the stream of particles from the stream of particles; 

a second side channel in communication with the side channel; and 

a buffer in communication with the second side channel for absorbing the pressure pulse. 
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30. (NEW) 

membrane. 

31. (NEW) 

membrane. 

32. (NEW) 

The microfluidic device of claim 29, wherein the actuator comprises a flexible 

The microfluidic device of claim 29, wherein the buffer comprises a flexible 

The microfluidic device of claim 29, wherein the actuator comprises air trapped 

in a sealed reservoir. 

33. (NEW) The microfluidic device of claim 29, wherein the buffer comprises air trapped in a 

sealed reservoir 
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AMENDMENTS TO THE DRAWINGS 

Please amend Figures 16-1 7 A-C as set forth in the enclosed sheets of drawings. These 

sheets, which replace the original sheets including Figures 16 and 17 A-C include certain 

reference numbers previously omitted. 

Attachment: Replacement sheet 

Annotated sheet showing changes 
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REMARKS 

The foregoing amendment cancels claims 17-18 and 20-24, amends claims 1, 7, 9, 15 and 

19 and adds claims 25-33. The amendment also amends Figures 16 and 17A-C to include 

certain previously omitted reference numbers. Pending in the application are claims 1-16, 19 and 

25-33, of which claims 1, 9, 15, 19, 25 and 29 are independent. The following comments 

address all stated grounds for rejection and place the presently pending claims, as identified 

above, in condition for allowance. 

Claims 1, 9, 15 and 19 are amended to recite a reservoir (or buffer) for absorbing a 

pressure variation in a channel. Support for the amendments can be found in page 1 7, line 21 

through page 18, line 23· of the specification and in Figures 16 and 17 A-C. No new matter is 

added 

Amendment and/or cancellation of the claims are not to be construed as an acquiescence 

to any of the objections/rejections set forth in the instant Office Action, and were done solely to 

expedite prosecution of the application. Applicants reserve the right to pursue the claims as 

originally filed, or similar claims, in this or one or more subsequent patent applications. 

Amendments to the Drawings 

The foregoing amendment amends Figures 16 and 17 A-17C to include certain reference 

numerals described in the specification but previously omitted from the drawings. 

35 U.S.C. 102 Rejections 

In the Office Action, the Examiner rejects claims 1-6 and 19 under 35 U.S.C. 102(b) as 

being anticipated by Brown, claims 23 and 24 under 35 U.S.C. 102(b) as being anticipated by 

Ghowsi, and claims 9-11 under 35 U.S.C. I02(e) as being anticipated by Cho. The amendment 

to the claims traverses the rejection and places the presently pending claims in condition for 

allowance, as the claimed features of the present invention are not found in the prior art, 

particularly the prior art cited in the Office Action. 
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For example, the cited references do not teach or suggest a microfluidic device including 

a reservoir or other component for absorbing pressure variations in a channel, as recited in 

independent claims 1, 9, 15, 19 and 25. In addition, the cited references do not teach or suggest 

a microfluidic device including a valve that varies the volume of a reservoir to vary the flow of 

liquid through an associated channel, as recited in independent claim 1. The cited references 

also do not teach or suggest a microfluidic including an actuator for deflecting a meniscus to 

create a pressure pulse to selectively deflect a particle having the predetermined characteristic 

from a stream of particles in an associated channel. 

For example, the Brown reference describes a flow control system for controlling the 

flow of a principal fluid through a capillary. In the embodiments of Figures 14 and 17, cited by 

the Examiner, a chamber section of the capillary is first filled by closing a downstream control 

valve 119 and filling the chamber section with the principal fluid. The principal fluid is pumped 

from the chamber section by opening the control valve 119. The control valve 119 is selectively 

closed and opened by introducing or stopping gas pressure through a capillary gas passage 127. 

Th~ Brown reference does not teach or suggest that the control valve includes an actuator 

for varying the volume of a reservoir to increase an internal pressure of the reservoir to vary the 

flow ofliquid through a channel. Rather, in Brown, a gas pressure is selectively introduced 

through a passage to stabilize an interface between the principal fluid and air. However, the 

volume of the chamber section 117, the capillary gas passage 127, and other components of the 

flow control system of Brown are constant, and do not vary, as recited in claim 1 of the present 

application. 

Furthermore, the Brown reference does not teach or suggest selectively deflecting a 

particle having a predetermined characteristic from a stream of particles, as recited in claim 19. 

The Brown reference only describes a pumping action through a capillary, and includes no 

component capable of selectively deflecting a particle within the capillary. 

In addition, the Brown reference also lacks a teaching or suggestion of a second reservoir 

for absorbing pressure variations, as recited in amended claims I and 19. 

9 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 68 of 300



Applicatipn No.: 10/179586 Docket No.: TGZ-012 

Claims 23 and 24 are canceled, thus obviating the rejection of claims 23 and 24 in view 

of the Ghowsi reference. 

Regarding the rejection of claims 9-11 in view of the Cho reference, Applicants 

respectfully submit that the Cho reference also lacks a teaching or suggestion of a reservoir for 

absorbing pressure variations in a groove, as recited in claims 9-11. The Cho reference is 

directed to a valve for controlling fluid flow in a microfluidic system, which includes a 

diaphragm 131 that moves between a neutral position and a biased position to selectively block 

fluid flow. The diaphragm 131 divides a channel into a lower section 13 7 and an upper section 

139. The upper section 139 includes a first contact 127 for selectively attracting the diaphragm 

to increase the volume of the lower section 13 7 to allow fluid flow therethrough, while blocking 

fluid flow through the upper section 139. The lower section 137 includes a second contact 129 

for selectively attracting the diaphragm to increase the volume of the upper section 139 to allow 

fluid flow therethrough, while blocking fluid flow through the lower section 137. When the 

diaphragm is in the neutral position, capillary forces prevent the flow of fluid through the valve, 

as described in column 7, lines 55-67. 

The Cho reference does not teach or suggest a meniscus forming an interface between a 

microchannel and a reservoir, as recited in claim 9. The Cho reference also does not teach or 

suggest a reservoir for absorbing pressure variations in a microchannel, as also recited in claim 

9. 

35 U.S.C. 103 Rejections 

Regarding the rejection of claims 7, 8 and 12-18 under 35 U.S.C. 103(a) as being 

unpatentable over Brown in view of Cho, Applicants traverse the rejection and submit that 

claims 7, 8 and 12-16 are also patentable over the cited references. Claims 1 7 and 18 are 

canceled, obviating the rejection of these claims. 

Regarding claims 7, 8, claim 1, from which claims 7 and 8 depend is patentable, 

therefore claims 7 and 8 are also patentable. Furthermore, the diaphragm of Cho does not create 

a bubble in the channel interior. Rather, as clearly set forth in column 7, line 55 through column 

10 
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8, line 29, the Figure 5 of Cho depicts the fluid 119 on a microscopic level as bubbles, which 

adhere to, but are not formed by, the diaphragm. 

Regarding claims 12-14, independent claim 9, from which claims 12-14 depend, is 

patentable over the cited references, as described above. Therefore, claims 12-14, which include 

the limitations of claim 9, are also patentable. 

Regarding claim 15, the cited references do not teach or suggest a buffer in 

communication with a microchannel for absorbing a pressure variation in the microchannel 

caused by a bubble formed by a bubble valve. 

Claims 20-22 are canceled, thus obviating the rejection of claims 20-22 under 35 U.S.C. 

103(a) as being unpatentable over Figure 4 ofGhowsi. 

New Claims 

New claims 25-32 recite additional features neither taught nor suggested in the cite~ 

references. For example, independent claim 25 recites a microfluidic device including a buffer 

for absorbing a pressure pulse generated by an actuator for deflecting a particle in a stream of 

particles. As described above, the cited references do not teach or suggest a component capable 

of absorbing a pressure pulse in a channel. 

Independent claim 29 is also patentable over the cited reference, be~ause, as described 

above, the cited references do not teach or suggest a component capable of absorbing a pressure 

pulse in a channel. 

For at least these reasons, pending claims 1-16, 19 and 25-33 are patentable over the 

cited references. 

11 
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CONCLUSION 

In view of the above, each of the presently pending claims in this application is 

believed to be in immediate condition for allowance. Accordingly, the Examiner is respectfully 

requested to pass this application to issue. 

Applicants believe no fee is due with this response. However, if a fee is due, please 

charge our Deposit Account No. 12-0080, under Order No. TGZ-012 from which the 

undersigned is authorized to draw. 

Dated: March 31, 2004 

Boston, Massachusetts 02109 
(617) 227-7400 
(617) 742-4214 (Fax) 
Attorney for Applicants 

12 
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Regards. 
Catnenne M. Bishop and Anthony A. Laurentano 

I., 

The dOC1Jments transmitted by 1r11s f<1c:s1m1le are 1ntenC1etd for me use of uie inCS1v1d1Jal or the entity to wh1i;n 11 is aciQressecl <ind n1.1y contain 
,nfarmat,ori tmn 1s pnv11eged. c.onfident,al and ell.empt from disc:loswre 1Jnder appl1Cc11:i1e law If the reader of tne message 1s not tt,., inteoded 
rec,p1ent. or the employee or agent respons1tile for e1e11ver,ng tn,s aoc:ument 10 me intende'1 recipient. yo1.1 are hereby npt1fiE:11 tnat any 
d1ssem1r1ation. d1:lltnl:li.it,on or capy1ng f tn,s commwnn::at,on ,s stru:tlY pron1b11e<1. If you na11e received trus c:omrT11mic:at1on in er .. ,r. please 
not,fv LIS ,mmec:hetelv i;,v telechone an~ rett.irn tne oricunal facs1m11e to us attn at:,011 adc:lress v,a me U.S Postal Sen,1c::e. Thank y __ ou •. __ _. 

// 
/) 

01/07/04 WED 13:10 [TX/RX NO 53941' 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 78 of 300



Jan-07-04 14:11 From-LAHIVE & C~ELD, LLP 61774Z4Z14 

1 narel!y ceftllY 111a1 1r1,s CQ(Tesponaence ,,. c,e,ng ClepoStlC<I wtln Ille u S. P~I 
SeMC-e ~s E2pruss Mau. All'bdl No Jl:J:ll:. ,n an 11nwa1Cpe 8QQ,i:11Sll4 to MS Non­
fei, Amenament. Comrn15.6toner ror Pa1en1S. P.O. SQ• 1450, Aleaan11na. VA 
2231'3·14SO. on u,., Qate &nown Delow 

DataQ Octoller 22. 20()3 S19na1 .. r" __ DRAFT ___ _ 
( 

• T-35Z P.OZ/13 F-853 

Docket No.; TG2. 012 
(PATJ·NT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re P~tent Application of: 
Sebastian Bbhm, er ul. 

Application No.: 10/179586 

Filed: Jwie 24, 2002 

For: MICROFLUIDIC SYSTEM INCLUDING A 

BUBBLE VALVE FOR REGULATINGFLU!D 
FLOW THROUGH AMICROCHANNEL 

Art Unit: 3753 

Examiner: A. Michael Chambers 

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION 

MS Non-Fee Amc!mimem 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

INTRODUCTORY COMMENTS 

In response to the Office Action dated October 1, 2003 (Paper No. 9), please amen.I 

the above-identified U.S. patent application as follows: 

Amendmepts to Jbe Ch1ims begin on page 2 oflhis paper. 

Amendments to the Dr-awings begin on page 7 of this paper and include attached 

replacement sheets including changc:s to Figures 16 and 17 A-C. 

Remarks/Arguments begin on page 8 of this paper. 

01/14/2004 TTUTT2 00000001 1200~\.l i01.795llf1 
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Application No.: 10/179586 
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\_ 
\ 

Dock.et No.: TGL. -012 

AMENDMENTS TO TUf CLAIMS 

PLEASE AMEND CLAIMS I, 7, 9, IS, and 17-19 AS FOLLOWS. 
PL.EASE CANCEL CLAIMS 20-24. 
PLEASE ADD CLAIMS 2S-30 AS FOLLOWS. 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

L (Cunently amended) A microfluidic device, comprising: 

a microcbannel having an interior bounded by a side wall; 

a valve for regulating the flow of flu.id through the micro\:ha.nnel, the valve comprisi1 ·~ a 

gas-filled tirst reservoir, a fluid meniscus interlacing the res~rvoir and the interior and an 

actuator foT vi:II"ying the vohune of the: first reservoir to increase an internal pressure of the iii 1 

reservoir to vary the flow of liquid through the channel· and 

a sl;!1:ond ri:::servuir for absorbing a prl;!ssure v1:1riacion in rhc mic:rochimnd induced by iJ1e 

actuator_ 

2. (Original) Th~ microfluiclic device of claim 1. wherein the acruator deflects me meniscu:-, 

into the microchannel interior to regulate the flow of fluid through the microchannel. 

3 _ ( Original) The microtluidic device of claim l. wherein the meniscus comprises a vinual 

wall fanned in an aperture in the side wall of the microchaonel when the microc:hannel is fill~ j 

whh a liquid. 

4- (Original) The microfluidic device of claim 1, wherein the acTUator generates a. gas bubbk in 

the microchanneL 

5. (Original) The microtluidic device of claim 4, further comprising a hydrophobic patch 

anached to an inner wall ofrhe microchannel for anchoring the gas bubble-

6. (Original) The microtluidic device of claim 4. wherein the microchannel defines a cavity 1or 

retaining the gas bubble. 

2 
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7. (CWTently amended) The microtluidic device of claim l, wherejn the gas filled first 

reservoir comprises a movable membrane. 

8. (Original) The m..icrofluidic device of claim 7, wherein the actuator detlects the movable 

membrane to create a bubble in the microchannel interior. 

9. (Currently amended) A microfluidic device comprising: 

a first plate having a groove fonned therein defining a microchannel; 

a second plate for enclosing the microchAnnel bonded to the first plate: havins aB- 1:1. ti! 5! 

aperture aejaeeM ta formed on a first side of the groove sized and dimensioned to form a 

meniscus when the microchannel is filled with a liquid, tbe..:firg "perture defining a first 

reservoir Qdjacent to the microchannel. wherein the meniscus fonns an interface between the 

microchannel anq the reservoir and a second reservoir formed l>O a second side of the groovc:­

upposite the first rt!sc::rvoir for absorbing pre~sur~ variations in the groove; .and 

a flexible membrane bonded to the second plate to seal the first reservoir. 

10. (Original) The mic:rofluidic device of claim 9, funher comprising an actuator for deflecti IL£ 

the flexible membrane, wherein the deflection of the membrane increases the pressure in the 

reservoir and deflects Jhe meniscLlS into the microchannel to :regulate liquid flow therethrougJ,. 

11 (Original) The microtll.iidic device of claim 10, wherein the actuator comprises one of a.ti 

electromagn~tic element and a piezoelectric element. 

12. (Origimd) The microtluidic device of claim 9, funher comprising a h)dropbobic patch 

attached lo the groove. 

13. (Original) The microtluidic device of claim 9, wherein the meniscu.~ forms a bubbl~ in th,: 

mic:rochannel to block liquid flow. 

14. (Original) The microfluidic device of claim 13, wherein the groove includes a cavity fomieQ 

therein for retaining the bubble. 
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15. (Cunently am.ended) A m.icrofluidic device. comprising: 

a microchannel having an interior bounded by a side wall; 

a first bubble valve fot creating and injecting a bubble into the microchannel interior 10 

regulate fluid flow through the microchannel; 

a butTi:r in communication with the microchannel for absorbing a pressure variation i,~ 

tht: microi.:hannd caused by 1he bubble: and 

a hydrophobic: patch for retaining the bubble in a predetermined position in the 

mic:rocba.nnel interior. 

16. (Original) The microfluidic device of claim 15, wherein the bubble valve comprises an 

apenure in the side wall, wherein a fluid in the microchannel forms a meniscus in the= apertl.U ,:. a 

sealed chamber fanned adjacent to the aperture and an actuator for deflecting the meniscus i11to 

the interior by incrc;:a.sing the pressure in the chambe:r. 

17. (Canceled) 

18. ( Canc.:eled) 

I 9. (Currently amended) ln a particle sorting device! a bubble valve for .i;eparating partic:l.:s 

having a predetermined characteristic: from particles not having a predetermined charac:teristi,:, 

the bubble valve comprising: 

a first gas-filled reservoir; 

a side channel in comm1.1nication with a channel through which a stream of panicles j 11 a 

c:amer fluid passes, wherein the carrier fluid forms a meniscus in the side channel adjacent to the 

gas-filled reservoir; 

an actuator for deflecting the meniscus to create a pressure pul~e to selectively qetlecr a 

panicle having the predetermined characteristic from the stream of panicles: and 

q second rest:r\loir for absorhine the prcssur~ pulse. 

20. (Canceled) 
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21. (Canceled) 

22. (Canceled) 

23. (Canceled) 

24- (Canceled) 

25. (NEW) A r.picrofluidic device. comprising: 

a. chanod for conveyins a stream of p"'1"tidt!!~ in a carritl!r tluid; 

an ac[l.lator for selectively applying a pressure pulse to the stream to deflect a particle.· in 

the stream of panicles trom the stream of pa.rticles; and 

a buffer for absorbing the pressure pulse. 

26. (NEW) The qevice of claim 25. wherein the channel comprises an inlet, iii first outlet ,,nd 

a second outlet. wherein the panicles nonnally flow from the inlet into the first outlet. 

27. (NEW) The device of claim 26, wherein the pressure pulse deflects a particle in the 

stream of particles into the second outlet when a predett>:nnined characteristic of the particle 1S 

d~tectc:d. 

28. (NEW) The device of claim 2S, fanher comprising a sensor for sensing a predetermil1..!d 

characteristic in a particle. 

29. (NEW) A microfluidic de"ice, comprising: 

a primacy channel for conveying a stream of particles in a carrier fluid; 

a first side channel in communication with the primary channel; 

an actuator connected to the first side channel for applying a pressure p1.dse to the str~·am 

of particles to deflect .i panic le in the stream of particles from the stream of particles; 

a second side channel in commW1ication with the side channel; and 

a buffer in communication with the second side channel for absorbing the pressur~ pulse. 
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30. (NEW) 

membrane. 

The microtluidic device of clwm 29, wherein the actuator comprises a fiexibl .. 

31. (NEW) 

membrane. 

The microtluidic device of claim 29, wherein the buffc:r comprises a flexible 

32. (NEW) The microfluidic de'Vice of claim 29, wherein the acmator comprises air trapp.:d 

in a. sealed reservoir. 

33. (NEW) Thi; microill-4idic:: device of claim 29, wherein lhe buffer compris.~s air trapped in a 

sealed reservoir 
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AMENDMENTS TO TftE D.RA WINGS 

Please amend Figures 16-17 A-C as set forth in the enclosed sheets of drawings. The:-...: 

sheets. which replace lhe original sheets including Figures 16 and 17 A-C include certain 

rc:ference numbers previously omitted. 
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REMARKS 

The foregoing amendment cancels claims 20-24, amends claims L 7, 9, 15 and 17-19 a.ncl 

adds clc1ims 25-33. The amendmenl also amends Figure~ 16 and l 7A-C to inc:ludc certain 

previously omitted reference nwnber$. Pending in the application are claims l-19 i:lild 25-33 of 

which claims 1, 9. 15, 17, 18, 19. 25 and 29 are inclepende~t. The following comments addr,·ss 

all staled grounds for rejection and pl&:t: the presemly pending claims, as identified al:>ove, i,, 

condition for allowance. 

Claims 1, 9, 15 and 19 are amendt:d io recite a reservoir (or buffer) for absorbing a 

pressure viuiation in a channel. Support for the amendmems can he found in page 1 7, line 2 I 

through page 18, line 23 of the specification and in Figures 16 and l 7 A-C. No nc'W malter i., 

added 

Amendment and/or cancellation of the claims are not to be construed as an acquiesc~·,1ce 

to any of the objections/rejections set follh in the instant Office Action, and w~re done sole I \1 to 

ex~dite prosecution of the application. Applicants reserve the right to pursl.le the claims as 

originally filed, or similar claims, in this or one or more subsequent patent applications. 

35 LJ.S.C. lQ"J Rejections 

In the Office Ac1ion, the Examin~rrejects claims 1-6 and 19 under 35 U.S.C. I02(b) as 

being anticipated by Brown. claims 23 and 24 under 35 U.S.C. 102(b) as being anticipateQ l•.>' 

Ghowsi, imd claims 9-11 under 35 U.S.C. 102(e) as being <U1ticipated by Cho. Toe amend11,ent 

to the claims traverses the :rejection and places the presently pending claims in condition fo1 

allowance, as tht: clairnt=d teatures of the present invention are not found in lh.e prior an, 

panicular)y the prior a.rt cited in the Office Action. For example, lh.e cited references do nc,1 

teach or suggest a microfluidic device including a reservoir or other component for absorbiui;; 

pressure vaifa.tions in a ch.!ulnel, as recited in independent claims 1, 9, 15, 19 and 25. In 

addition, .the cited refer~nces qo not teach or suggest a microfluiclic device including a valvl: that 

varies the volume of a reservoir to vary the flow of liquid through an as~ociat~d channel, as 

recited in independent claim I. The cited references also qo not teach or suggest a microflu1Jic 

8 

01/07/04 WED 13:10 [TX/RX NO 5394] 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 86 of 300



Jan-D7-04 14:13 From-LAHIVE & CIIELD, LLP 6177424214 T-352 P. 10/13 F-853 

Application No.: 10/179586 Docket No.: T02 -012 

including an actuator for deflecting a meniscus to create a pressure: pulse to selectively dejle, 1 a 

particle ha'1ing the: predetermined characteristic from a stream of particles in an llSsociated 

channel. 

For example, the Brown reference describes a flow conu-ol system for controlling thl.: 

flow of a principal fluid through a capillary. In the embodiments of Figures 14 and 17. cited by 

the Examiner, a chamber section of the capillary is first filled by closing a downstream cont,,.,} 

valve 119 and filling the chamber section with the principal fluid. Th~ principal fluid is pU111ped 

from the chamber section by opening the control vidve 119. The control valve 119 is select a "el y 

clo::n::d and opened by introducing or Slopping gas pressure throl.lgh a capiJlary gas passage 1 27. 

The Brown reference does not teach or 5.1,1ggest that the control valve includes~ actLlator 

for varying the volume of a reservoir to increase an internal pressw-e of the reservoir to vary the 

flow ofliquid through a channel. Rather, in Brown, a gas pressu.re is selectivel:y introduced 

throl.lgh a pas5.age to stabilize an interface between the principal fluid and air. However, thi.: 

volume of the chamber section 11 7. the capillary gas passage 127, and other components al rhe 

flow control system of Brown are constant, and do not vary, as recited in claim 1 of the pre.,.!nt 

application. 

F\.mhermore, the Brown referenct.!' does not teach or suggest selective!)' deflecting a 

particle having a predetemuned characteristic from a stream of particles, as recited in clait11 19. 

The Brown reference only describes a pumping action throi.igh a capillary, ~d includes no 

component capable of selectively deflecting a particle within the capillary. 

ln addition. the Brown reference also lacks a teaching or suggestion of a second res,·rvoir 

for absorbing pressure variations, as recited in amended claims l and 19. 

Claims 23 and 24 are CIUlceled. thus obviating th~ rejection of claims 23 and 24 in view 

of the Gbowsi reference. 

Regarding the rejection of claims 9-11 in view of the Cho reference, Applicants 

rc::spectfu.Uy submit that the Cho ri:ference also lacks a teaching or suggestion of a re:servoii for 
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absorbing pressure variations in a gyoove, as recited in claims 9-1 l. The Cho reference is 

directed 10 a valve for controlling fluid flow in a microfluidic system, which include:i a 

diaphragm 131 that mo'1es be1Ween a neutral position and a biased position to selectively blc,,.;k 

tluid flow. The diaphragm 131 divides a channel into a lower se~tion 137 and an upper secfom 

139. The u.pper section 139 includes a first coma.ct 127 for selectively anracting the diaphrac!,Ill 

to increase the volwne of die lower section 13 7 to allow fluid tlow therethrough, while block i.ng 

fluid flow thro\lgh the upper section 139. The lower section 137 inchtdes a second contact l .'9 

for selectively attracting the diaphragm to increase the volume of the upper section 139 to allow 

fluid flow theretbrough, while blocking fluid flow through the lower section 137. When the 

diaphragm is in the neutral position. c::a.pilbuy forc::es prevent the flow of fluid throLl.gh the v:.ive. 

as described in column 7. lines 55-67. 

The Cho reference does not wach or sugg~st a meniscus fonnjng an intetface betwel·o a 

microchannel and a reservoir, as recited in claim 9. The Cho reference also does not teach ur 

suggest a reservoir for absorbing pressure variations in a microcha.nnel, as also reci1e4 in cl,,im 

9. 

35 U.S.C. l 03 Rejections 

Regarding the rejection of claims 7, 8 and 12~18 under 35 U.S.C. 103{a) as being 

unpatentable over Brown in view of Cho. Applicants traverse the rejection and submit that 

claims 7. 8 and 12-18 are also patentable over the cited references. 

Regarding claims 7. 8, c:laim.l, from which claims 7 and 8 depend is patentable, 

therefore claims 7 and 8 are also patentable. Furthermore. tht:: diapluasm of Cho does not , r~ate 

a bubble in the channel interior. Rather, as ckarly set fonh in column 7, line 55 through colLUTIJl 

8, line 29, the Figure 5 of Cho depicts the fluid 119 on a microscopic level as bubbles, whi.:h 

adhere to, but are not formed by, the diaphragm. 

Regarding claims 12-l4, independent claim 9, from which claims 12-14 depend, is 

pat~ntable over the cited references, as described above. Therefore, claims 12-14, which L ,ch.1.de 

the limitations of claim 9, are also patentable. 
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Regiuding claim 15. the cited references do not tea.ch or suggest a buffer in 

communication with a microcbannel for absorbing a pressure variation in the microchannel 

caused by a bubble fanned by a bubble valve. 

The cited references also do not teQ.Ch or suggest the methods of making a bubble valve 

recited in claim 17 and claim 18. Specifically, the cited references do not teach or suggest 

couplin" an external actuator to a microtluidic chip. The ciced references also do not teach , ,r 

s1.lggest m external actuator that selective:ly increases the pressure in a valve chamber to clefl.!ct 

a meniscus into an interior. 

Claims 20-22 are canceled. thus obviating the rejection of claims 20-22 under 3 5 U .s.C. 

103(a) as being unpatentable over Figure 4 of Ghowsi. 

N..:wClaims 

New claims 25-32 recite additional teat'W'es neither tau.ght nor sugg~sted in the cited 

references. For example, independent claim 25 recites a microtlwdic de.,,ice including a bu I fer 

for absorbing a pressure pulse generated by an actuator for detlecting a particle in a stream , ,f 

particles. As described above. the cited references do not teach or suggest a component c:a1,;ible 

of absorbing a pressure pulse in a channel. 

Indep1:mdent claim 29 is also patentable over the cited reference, because, as descrih...:d 

above, the cited references do not Jeach or susgest a component capable of absorbing a pre · . .sure 

pube in a channel. 

For at least these reasons. pending claims 1-19 and 25-33 are patentable over the cii..:c:1 

references. 
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CONCJ...USION 

In view of the above. each ofthe piesernly pending claims in this applici;nion is 

believed to be in immediate condition for allowance. Accordingly. the E.x.Qtllin~r is respectfu1ly 

requested to pass this application to issue. 

Applicant believes no foe is due with this response. However, if a "fee is d1.1-e, plea:;e 

charge our Deposit Accown No. 12-0080, under Order No. TGZ~Ol2 from which the 

Wldersigned is authorized to draw. 

Dated: Respectfully Sl.lbmitt.ed, 

By DRAFT 
Anthony A. Laurentano 
Registtation No.: 38.220 
LAHIVE & COCKFIELD, LLP 
28 State Street 
Boston, Massach\:ll:letts 02109 
(617) 227-7400 
(617) 742-4214 (Fax) 
Attorney/Agent For Applicant 
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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH($) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
• Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 
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2a)O This action is FINAL. 2b)[8] This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 
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4)[8] Claim(s) 1-24 is/are pending in the application. 
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5)0 Claim(s) __ is/are allowed. 

6)[8] Claim(s) 1-24 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)D accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11 )0 The proposed drawing correction filed on __ is: a)O approved b)O disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. §§ 119 and 120 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
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3.0 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
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a) O The translation of the foreign language provisional application has been received. 
15)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Attachment(s) 

1) [8J Notice of References Cited (PT0-892) 4) 0 Interview Summary (PT0-413) Paper No(s). __ . 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 5) 0 Notice of Informal Patent Application (PT0-152) 

3) [8J Information Disclosure Statement(s) (PT0-1449) Paper No(s) ~ . 6) 0 Other: 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 04-01) Office Action Summary Part of Paper No. 9 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 92 of 300



Application/Control Number: 10/179,586 

Art Unit: 3753 

DETAILED ACTION 

1. This application has been examined. An informational disclosure document (IDS) filed 

July 23, 2003, has been examined. Claims 1-24 are pending. 

Claim Rejections- 35 USC§ 102 

Page 2 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use 
or on sale in this country, more than one year prior to the date of application for patent in the United States. 

3. Claims 1-6 and 19 are rejected under 35 U.S.C. I02(b) as being anticipated by Brown. 

Note Figures 14 and 17 in particular in which a "gas-filled reservoir" responsive to fluid pressure 

in Figure 14. Actuator recitation is readable on the gas pressure source through inlet 125. 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in-
(1) an application for patent, published under section l 22(b ), by another filed in the United States before the 
invention by the applicant for patent, except that an international application filed W1der the treaty defined in 
section 351 (a) shall have the effect W1der this subsection of a national application published W1der section 
l 22(b) only if the international application designating the United States was published W1der Article 21 (2)(a) 
of such treaty in the English language; or 
(2) a patent granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that a patent shall not be deemed filed in the United States for the purposes of this 
subsection based on the filing of an international application filed W1der the treaty defined in section 351 (a). 
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5. Claims 23 and 24 are rejected under 35 U.S.C. I02(b) as being anticipated by Figure 2 of 

Ghowsi. A voltage source is shown. 

6. Claims 9-11 are rejected under 35 U.S.C. 102(e) as being anticipated by Cho. 

Note the disclosure of the diaphragm "actuator" in column 7, lines 4+. A number of actuators are 

disclosed in column 7, lines 3 5+ including piezoelectric and magnetic. 

Claim Rejections - 35 USC§ 103 

7. The following is a quotation of 35 U.S.C. I03(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a whole 
would have been obvious at the time the invention was made to a person having ordinary 
skill in the art to which said subject matter pertains. Patentability shall not be negatived by 
the manner in which the invention was made. 

8. This application currently names joint inventors. In considering patentability of the claims 

under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various claims was 

commonly owned at the time any inventions covered therein were made absent any evidence to 

the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor 

and invention dates of each claim that was not commonly owned at the time a later invention was 

made in order for the examiner to consider the applicability of 35 U.S.C. 103© and potential 35 

U.S.C. I02(f) or (g) prior art under 35 U.S.C. 103(a). 
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9. The factual inquiries set forth in Graham v. John Deere Co., 148 USPQ 459, that are 

applied for establishing a background for determining obviousness under 35 U.S.C. 103(a) are 

summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating obviousness or 

unobviousness. 

10. Claims 7, 8, and 12-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Brown in view of Cho. Brown discloses a "hydrophobic patch" (125', 126', 127') in column 11, 

lines 43+. Brown discloses the claimed invention except for the recitation of a "movable 

membrane" as taught by Cho. Note the disclosure in Cho of the diaphragm "actuator" in column 

7, lines 4+. A number of actuators are disclosed in column 7, lines 35+ including piezoelectric and 

magnetic. It would have been obvious to one having ordinary skill in the art at the time the 

invention was made to modify the microfluidic device of Brown to include a "movable membrane" 

actuator, as taught by Cho in order to provide more effective control of the bubble controlled via 

passage 125 of Brown. It further would have been obvious to one of ordinary skill in the art to 

operate the modified "valve" ofBrown in view of Cho by the recited method steps (claims 17-19). 

11. Claims 20-22 are rejected under 35 U.S.C. I03(a) as being unpatentable over Figure 4 of 

Ghowsi. Note the resistance measuring apparatus 14. It would have been obvious to one having 

ordinary skill in the art at the time the invention was made to operate the microchannel of Wapner 

et al by the recited method steps. 
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Page 5 

12. The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. The patents to Barth et al, Kim et al(2) and Field et al are of particular interest. 

13. Any inquiry concerning this communication or earlier communications from the Examiner 

should be directed to A Michael Chambers whose telephone number is 703-308-1016. The 

examiner can normally be reached on Mon-Thur. 6:30am-5:00pm. 

14. If attempts to reach the Examiner by telephone are unsuccessful, the examiner's 

supervisor, John Rivell can be reached on 703-308-2599. The fax phone numbers for the 

organization where this application or proceeding is assigned are 703-872-9302 for regular 

communications and 703-872-9303 for After Final communications. 

15. Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the receptionist whose telephone number is 703-308-0851. 

amc 
September 25, 2003 

A. MICHAEL CHAMBERS 
PR'MARY EXAMINER 

ART UNIT 3753 
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PATENT AND TRADEMARK OFFICE UNIT TO PAPER NO. 9 10/179,586 3753 
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U.S. PATENT DOCUMENTS 

* DOCUMENT NO. DATE NAME CLASS 
SUB- FILING 

CLASS DATE 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of: John Gilbert et al. 

Serial No.: 10/179,586 

Filed: June 24, 2002 

For: Microfluidic System Including a Bubble Valve for 
Regulating Fluid Flow Through a Microchannel 

Attorney Docket No.: TGZ-012 

(Formerly CVZ-012) 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Group Art Unit: 3753 

Examiner: Not yet assigned 

RECEIVED 
MAY 3 0 2003 

1ECHNOLOGY CENTER R3700 

NOTIFICATION OF CHANGE OF ATTORNEY DOCKET NUMBER 

Sir: 

The Attorney Docket Number of the above-identified patent application has changed. 
Please take notice that the correct docket number for this application should now be as follows: 

"TGZ-012" instead of "CVZ-012." 

Please reference TGZ-012 on all future correspondence. 

Certificate of First Class Mailing (37 CFR l.8(a}) 
I hereby certify that this correspondence is deposited with the 
United States Postal Service as first class mail in an envelope 
addressed to: Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450 on: 

May 27 2003 
Date 

Dated: May 27, 2003 

Respectfully submitted, 

LAHIVE & COCKFIELD, LLP 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 102 of 300
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THOMAS V. SMURZYNSKJ 
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GIULIO A. DeCONTI, JR. 
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LISA M. DiROCCO PATENT AGENTS 
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VINCENT P. LOCCISANO PETER W. DINI, Ph.D. 

LAHNE 
o' P~~ Coc~IELO ANN LAMPORT HAMMITTE 

ELIZABETH A. HANLEY 

MERIDETH C. ARNOLD JONATHAN M. SPARKS, Ph.D 

'° MAY 2 9 2003 ~ L L P 

~ #.} COUNSELLORS AT LAW 

~4 7RAD1:lli~~'l- • 28 STATE STREET 

BOSTON, MASSACHUSETTS 02109-1784 
TELEPHONE(617)227-7400 

FAX (617)742-4214 
lc@lahive.com 

Allr( BAKER MANDRAGOURAS 
ANTHONY A. LAURENTANO 

KEVIN J. CANNING 

JANE E. REMILLARD 
DeANN FORAN SMITH 

PETER C. LAURO 
DEBRA J. MILASINCIC, Ph.D. 

DAVID J. RIKKERS 
DA VlD R. BURNS 

JOHN S. CURRAN 

SEAN D. DElWEILER 

MEGAN E. WILLIAMS, Ph.D. 

DANIELLE L. HERRITT 
EUIHOON LEE •• TECHNICAL SPECIALISTS 

CATHERINE M. BISHOP 

SENIOR COUNSEL JACOB G. WEINTRAUB 

. JAMES E. COCKFIELD CRISTIN E. HOWLEY, Ph.D. 
JILL ANN MELLO, Ph D. 

OF COUNSEL DEBORAH L. NAGLE, Ph.D 

JEREMIAH LYNCH 

WILLIAM A. SCOFIELD. JR. 

SIBLEY P. REPPERT • Admitted in TX only 
JEANNE M. DiGIORGIO .. Admitted in CT only 
CYNTHIA L. KANIK, Ph.D. 

May 27, 2003 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RECEIVED 
MAY 3 0 2003 

TECHNOLOGY CENTER R37DO 

Re: U.S. Patent Application Serial No. 10/179,586 
Filed: June 24, 2002 
Title: Microfluidic System Including a Bubble Valve for 

Regulating Fluid Flow Through a Microchannel 
Inventor: John Gilbert et al. · 
Our Reference No.: TGZ-012 (formerly CVZ-012) 

Dear Sir: 

I enclose herewith for filing in the above-identified application the following: 

1. Notification of Change of Attorney Docket Number (1 page, in duplicate); and 
2. Acknowledgment postcard. 

Please charge any necessary fees to our Deposit Account No. 12-0080. The undersigned 
requests any extensions of time necessary to respond. A duplicate of this sheet is enclosed. 

Certificate of First Class Mailing (37 CFR 1.8(a}) 
I hereby certify that this correspondence is deposited with the 
United States Postal Service as first class mail in an envelope 
addressed to: Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450 on: 

May 27 2003 
Date 

Respectfully submitted, 

LARIVE & COCKFIELD, LLP 

Anthony A. ,._,,,....,...,!,,l<'U 

Reg. No. 38, 
Attorney for Applicants 
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·oec-19-0Z 04:36pm From-LAHIVE & COCKFIELD, LLP 6177424214 T-038 P.06/29 F-831 

IN TIU! UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the appUcation of: Jobn Gilbert,, er al. 

Serial No.: 10/179586 

Filed: June 24, 2002 

Group Att Unit: 3753 

Examiner; Not yet assigued. 

For: Microjluidic System Including a Bubble Valve 
for Regulating Fl'Uid Flow Th,-ough a Microcharmd 

0 \ p~ . . 
ttomeyl)(lcketNo.: CVZ-012 

0 . 
DEC 1 9 2DOZ I\), : . • ., 

-0 ......,i--' -----------------~ ~t 
~- #'I 

!f ,-R !>-~~ 
ADE"' Box Missing Parts 

Commissioner for Parents 
Washington, D.C. 20231 

Certificate of First Class Mailing 
I hereby certify that th.is correspondence is being deposited with the United States Posral Sen,ic~ aa 
fu-st class 111ail in an env~lope addressed to: Commissioner for Patents, Box Missing Pans, 
Washington, D.C. 20231 on the <late set fonh below. 

Novc:mber 6, 2002 
Pale of Signature and of Mail Deposit 

RESPONSE TO NOTICE TO FILE MISSING PARTS OF AP:PLICATION 

· Dear Sil: 

Responsive to the Notice to File Missing PC?S of Application dated July 19, 20021 

Applicants' attorney submits herewith two e}teCUted Oecla.tations, Petilions and Powers of 

Anomey, aud ei~ (8) slleets of fonnal Drawings for the above-identified patent application. 

A two-moiith ext.ension of lime is being filed concurrently. A copy of the Fonnalities Letter 

is also enclosed. 

Received from< 6177424214 > at 12119/02 4:45:17 PM (Eastern standard Time) 
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·oec-19-02 04:36pm From·LAHIV£ & COCkFl£LO, LLP 

U.S. Serial No. 101179,586 
Group An Unit: 37S3 

6177424214 T-038 P.07/29 F-831 

Attorney Docke:l No.: CVZ-012 

Please charge the amowt of $130.00 for the surcharge based on large entity to our 

Deposit Aceount No. 12-0080. A. duplicate of this Tener is enclosed 

Lahive &. Cockfield, LLP 
28 State Street 
Boston. MA 02109 
Tel ~617) 227-7400 

Date4: November 6, 2002 

Received from< 6177424214 > at 12119/02 4:45:17 PM [Eastern Standard TimeJ 

2 

Respectfully submi~d. 

LAfUVE & COCKFIELD, LLP 
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'oec-19-02 04:35pm From·LAHIVE & COCKFIELD, LLP 8177424214 

LAHNE ~ A. I-At!IIIIS. JR. ,1aa-,ee71 C'tNl'llloll I,, AANII<, I'll.I) 

~v~NSl\3 t,lliGIHI:, l'M-IJ,\I,!$. Pn "· 

& AAl.f'l'I A 1-ClReH RICrv, ,wit> 
l/i!L1I.JO ,._ P9COtfTI. JR WlCMfl. PntWl'P'5 • 

Ox:KFlELD ANN~ l'fAMMtTTe Ul>/I N DIIIOeCO 
lilRI\~ ,._ t<A)&.EY '11\TIIA1NAYP ~ .. 
N#r ~ 1,VJdll'tPGO. l'ilA,5 -~~PMJ. L 1- p 
AlfT}1Cln' A. LAuRENTMiO \/INClal'IT f>. LOCCl!WIO 

IIE:Vbf J ~NG Mffill)(l;T)IC.AR~ 

C01JNS6UOltS AT LAW .WIEE~ !WllalJ:. I- ttSU'CITf 
~ l'OflMI SMl11 

28 STATE STREET PE1'l!JI c::. IJWRO Sl!NIOII COI.N:IGI. 

BOSTON, MAsSAClWSETTS 02109-1784 .ie-11. M. DIGIORGK> .-ES Ii.. COCIIPIEl.l> 
Cll!BRA ~ ~ Pl>.D 'Jl1..l!l"ffC)(617)ll7•7400 ti,.\/IDJ IIIIOQill$ Ofi~ 

l'AX(617) 742-4214 DAI/ID R l:UIHS ~r..Yrot 
lc@blbivt.c:um JOt1l'I S. CUWWI WILl-lll,U ,._ salfl~. JR. 

5:eANI)~ 6*-l:"r f>. ~ 

November 6. 2002 
Box Missuig Pans 
Commissioner for PalellTS 
Wa.shington, O.C. 20231 

~ 
DEC 1 9 200l "' 

Dear Sir: 

U.S. PateIU Application Serial No. 10/179586 
Title: Microfluidtc Sysrem Including a Bubble Valve for 

Regularing Fluid Flow through a Microchannel 
Inventor: John Gilbert, et al. 
Filed: J wie 24, 2002 
Group An Unit: 3753 
Anomey Docket No.: CVZ-012 

T-038 P.04/29 

PA11:lff~ 
~II.~ 
SM\"IIG Y MUF'f, PII.O. 

DI\ICla. a "'° 
~~\.~ 
CTfffi1 .... IL 50ROCB 
PET1:fl W EM1. Pl\ P. 
EulHOON I-EE 
CA~li MePNERSOli 
1:~F-~ Pn,.O. 
JACOtJ G.. Wi:IHJRAull 
,l()NA1l'W'! M. SPAR.11$. l'lltl 
¢Rl'3TIN e_ t1(M\,lii'I'. P!,.P, 

• A~lftf('f....., 
--1111'Xq 

l enclose herewilh for filing in the above-identified apPlication the foUowing: 

l. Response to Notice To File Missing Parts of Non Provisional Application 
(2 pages. in duplicate); 

2. Two executed Declarations, Petitions and :Powers of Anomey (8 pages total); 

F-831 

3. Eight (8) sbeeis ofFonnal Drawings (Figures 1-4, 5A-5C, 6-7, 8A-8C, 9-11, 12A-12C, 
l3A-13B, 14-16, l7A-17C); 

4. Copy ofFonniilities Lener {2 pages); 
5. Request for Two-Month Ex.tension of Time (l page, in dupltca1e); and 
6. Rerum acknowledgment postcard. 

Please charge any necessary fees to our Deposit Account No. 12-0080. The undersigned requests any 
exteusions oftime necessary to respond. A duplicate of1his sheer is enclosed. 

1 hm:b)I cc:raf) UIJll lllizi ro~~ is <1qius,JC'd wilh me 
U~4 SJ.V;S J'QSl:al Se~icc: as h c:J.uss IMil in 1111 c:nvi:Jopc 
~ i:o: 80ll. Missioi; f'lll'IA. Commission=- fw Pit.Jenu.. 
WIIShu:igion. DC :ZDll l on: 

Received from< 6177424214 > at 12119/02 4:45:17 PM ~astern Standard Time] 

Respectfully submitted, 

LARIVE & COCKFIELD, LLP 
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e e 
Dec-19-02 04:34pm From-LAHIVE & COCKFIELD, LL 

T-038 P.02/29 F-831 
. 
' ' 

lJNLTlm S'l'A'f£$ Di;l'ABTaf.EN'l' OP C()M)fl;ftC& 
IJ11,M Ssawi, l' .. ~n, AD.cl 'l'r...!11a.a1'1,. Offio.11 
IIGdt~ COMM!SlllON:til OF P ATI!:NT8 A.ND TIW:J1™ill!KS 

w.~ DC. l(t•~• 

I APElication Number 

I l0/179,S86 

959 
LAHlVE & COCKFlELD 
28 ST A TE STREET 
BOSTON MA 02109 

I 
I 

...... '""'"' ill"' 

Filing Date First Named Aoolicant I Any. Docket No. 
06/24/2002 Gilbert, John l · cvz~o12 

f . . . . . 
L~ .... ~· ·;~ ., ""~ ~ ~ . ... . . .. . .... ~ .. ..., 

]),,,~, plU:"' ~.&te,fcj-V 
Title: Microflwdic :system including a bubble valve for regulating fluid t1ow through a 
microchannel 

I 
I 

Date Mailed:12/06/2002 

Request for Substitute Papers 

The papers filed 011 UL13/fil.. (certificate of mailing dat~d .UlQQ/.02) are no longer in ~ondition to 
become pan of the pennanent re::cords of the United States Patent and Trademark Office (USPTO) for 
this application (37 CFR l .52(a)) due to the United Sr.ates Postal Service sanitization process. 

The USPTO requests that applicant provide a copy of the above-identified papers (except for any U.S. or 
foreign patent documents submirced with the above-identified papers) with a smtemem that such copy is 
a complete and accurate copy of the above-identified papers (signing and remming a copy of thi~ notice 
will provide such a statement). The reply to this letter should be submitt~d to the USPTO by facsimile 
at the number indicated 703-746-4060(01PE). 

Alternatively, lhe reply to this letter may be hand-carried to the Customer Service Window located in 
Room l 803 of Crystal Plaza Building 2, Arlington, Virginia, 22202. 

The USPTO strongly prefers that the reply to this letter be S!lbmitted by facsimile. However, if 
applicant cannot submit the reply to this letter by facsimile (or hand-delivery), the r~ply may be mailed 
to: Box Duplicate OlPE, U.S. Patent and Trademark Office, P.O. Box. 2327, Arlington, VA 22202-2327. 

· · s 1ener is not.~ notice u.ndc:r 3 7 CFR l.251. Howev~r, failure to timely replay to this notice within 
2 we(ks of e date of receipt of this letter may result in the USPTO issuing a notice under 37 

CFR 1.251. ~opy of this notice should be indu.ded with the reply, 
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.!:'ages w"' 

COf,ltotlSSION!tR 1'011 PAT£.J,ffi'I 
LIMTIU> ST4TD. PIITCH'I'" mil TJ;tt.oeMAR!I Ol"F1~ 

-......c:,,;,,,. P.C:. 20231 

~ 

10/179,586 06/24/2002 Joh:A Gilben ' cvz-012 

000858 
LAHM:: & COCKFIELD 
28 STATE STREEl' 
BOSTON, MA 02109 

CONFIRMATION NO. 9722 
FORMAUTleS LETTl:R 

llllllDIBIDIIIBIIDDUIIIISIIII 
•OC~63$37• 

Dine Mailed: 07/19/2002 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILt:P UNDf:R 37 CFR 1.S3(t,) 

FIiing Date Gran-red 

Items Required To Avoid Ab@ncJonment: 

An app~catiOn num~er anQ fiPng date have b~en acconte<:1 to this application. The item(s} mctlcated beJow, 
nows11er, are missing. Appijcant is glven lWO MONTHS from tns date oftnis Notice within which to file QU 
required items and pay 21ny fees requlre<J below to avoid abandonment. Extensions of lime may oo obtainea by 
filing a petition aci;ompanied by Ute extension fee under the -provisions of 37 CFR 1.136(a). 

• Tne oath or dactaraUon is unsigned. 
• To $Void abandonment, a late filing fee or oath or declaration s1-1rcfHJr9e as S(:}t fonh in '37 CFR 1.16(0 of 

$130 for a non.small emity, must be a1.1PNlltted with the missing items i{1sntified in lhis letter. 

Ttte appJicatiOn Is 1ntom,af since it <Joes not comply with thil regulations tor the reason(s) ioalcated below. 

lbe required ftem(s} identified below must be timely submitted io ~void apandonment: 

• Sul>stit4te araV11ings ,n compliance with 37 CFR 1 .84 because: 

• drawing sheets ao not have the appropnate margin(s} (see 37 CFR 1.84(9)}. Eaeh 
sheet must include ij top margin of at least 2.5 cm. (1 Inch), a left ~e margin of ~t 
least 2.5 cm. {1 inch), a rigTlt sicH11 margin of at least 1.5 cm. ( 518 inch), and a bOttom 
margin of at least 1.0 cm. {318 inch}; 

The item(s) 1nctir:ate<1 below are also require<$ ana should be su))mitted wittl any reply to this notieft ~ a~oia 
ft.lrther processing (ielays. 

SlJMMAftV PE fEES DUE· 

TolaJ fitdQjtjom1I fee(&) required for Jhis application Is $130 for a l..arge Entity 
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• $130 Late oath or ct&e!Qration S1.1~rge. 

A copy of ihis nolic:e MVS.X be returned with thtt rt:ply •. 
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Office No. CVZ.012 

nte "fU'.CEIVf.D" STA.MP OF THE f A TENT ANO TRADEMAW'- OfFICf. 
IMf'lUNTEP liEllf.ON ACKNOW1£DG:ES nlE fJUNG Of: 

~c:ripc:ion of Paper" an4 No.: T~ Leues' (l ~e. ind«p/a:e}; .Ri::sporue to Notice to File: Missing 
J.>AA:S of Non-Provisional Applicaiion (2 p:;1gc:s, :ndllf1lit:atl:); Two~ Decla.rariom. Pc:tidops and Pawen 
of A.uoffll!'Y (8 P1'C'$ in total); Eg!u (8} sheeis of formal~ (Figures 1-4, 5.A-SC. 6-7, 8A-SC, 9-11, 
12A·l2C. l3A·l3B, 1+16, l7A·l7C); CopyofFocmalicies Leuc:t (2 paies); Raq,~ forTwo-Motllll 
Bxrension of Tune (l page, ii,~); md this aclmowlecJgtncnt posteard. 

Tirk: Microfluidic Sysrem Jncli.«ling a Bubble Valve for /lepluring Fluitl Flow Thru'/1.gh a Micrachannel 

Nanie of ~ppli~ts: John Gilbi:n, er al. 

Xntf. or Serial No.; l0/17!>,586 

Attorneys: A.A.l/CEM Pue; November 6, l002 

"'with Cemficau: uf First Class Mailing 

NO pOSTAGI: STAMP NECl=SSAflV 
POSTAGE HAS BEEN PREPAIP BY 

LAH1VE & COCKFIELD, LLP 
28 STATE STREET 
BOSTON, MA 02109 
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CYl'ITHIA M SOft008 
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DGBRA J, r,111,AS\NCIC.1'11 D 
PAVJP J. 1!1it,(.!!RS 
l:IAvtDR BuRNS 
JOHN S CURRAN 
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Facsimile Cover Sheet 
To: 

Company: 
Location: 

Phone: 
Fax: 

From: 
Case No: 

Phone: 
Fax: 

Sent by: 

Date: 
Pages: 

(including cover page) 

U.S. Patent and Trademark Office 
Washington, D.C. 

(703) 746-4060(0IPE) 

Anthony A. Laurentano, Esq. 
CVZ-012 (Application No. 10/179,586) 
{617) 227-7400 
(617) 742-4214 
CEM/dt 

December 19, 2002 
29 

URGENT: 

Please Deliver Immediately. 

Thank you. 

• """"""~ ,n TA CtAy 
-AamGQ'l11'CT01111 

.,/ 

The- <lOCIWIC'lltS U'allSll'llrte(l b)' mis faCSllllile i!rl! l\l~rndi:IJ tor the \A><: of llli; imhvu'.lual (Jr ttJ.e entity tO wti(ch It IS add(csse(i atl4 Itlll.)' 
couttim 1nfonnat1on tmir is privi\i;gi:d, contiJ~ual and i:icc-mpt from d.iscJo~rr: under applicable law. lfthc- ri:aaer of mi: message ,s 
not ihi: 1mendcu recipicru. or m1: i:mpl9:,,ec or agem TC!>ponSible for cM1vering this docllIIl~t u> me int~ed ri;e1p1em, )'OU w-e herl!by 
nol1fiea ¢111 t1ny 4isscmination, d1:.1nbution ur cop:ring of mis cumrnunic:ation ,s strh:Uy prohibi1c1.t lf you have rccc-1vi:d mis 
comm1.m1cat.ion in errnr, please notify 11s imm.:<1acely by telephone llml ret11m the original f~:.llilile Jo us &i me abo11c adc.n·ess via the 
lJ.S PosUll Si,,rv1ce Thank you 
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t':.\ 
-o DFl 1 g 2JMJz t , 

IN Tm! UNITED STATES PATENT~ TRADEMARK OFFICE 
~ 
~. . .¢: 

~,.R4rm,1-~-9-:i-..o4·:;1"°· .... ----------------, 

1'",e the applicatiou of: John Gil~ et al. 

Serial No.: 10/179586 

Filed: J1me 24> 2002 

For: Microflutdic System Incl'udlng a Bubble Valve 
for Regu]ming Fluid F1ow Thl"augh 4 M"icrochannel 

AUOmey Docket No.: CVZ..012 

Box Missing P~s 
Comm.iss1oner tor P&rents 
Washingto~ D.C. 20231 

Group Alt Unit: 37S3 

Examiner: Not ye; assigned 

REQUEST FOR TWO-MONTH EXTENSION OF UM¥ 

Pear Sir: 

Applicants :request a iwo .. montb exteusio» of time pursuant to 37 CFR 1.136(a) in which to 

respond to the Notice to File Missing farts mailecl from. the U.S. Patent and Trademark Office. on 

July 19,-2002. 

Please charge the appropriate fee of$400.00 based on. large entity status to our Deposit 

Account No. 12..0080. 4 duplicare of this sheer is enclo£tul. 

1 Jli:reb:i, ~fy ~ mi:1 ~denct: is dq)osiu:d wilb the 
United ~ ~ $c;JVice as fll'SJ ,lllsi lnUJJ iJl aii cnve}qpe 
~ ro: Box Missin$ hits. CO®nissiOQCI' for Pateati;, 
WIISbingmn. DC 20231 on: 

Dated: November 6. 2002 
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DEC192mrl~ 

• From-LAHIVE & COCKFIELD, LLP 
61TT4Z4ZI 4 • T-038 P. 10/ZS F-831 

CustomeT Number: 000959 

Anomey's 
Pocket 
Number CVZ-012 

Declaration, Petition and PoweJ" of AflQrney for Patent Application 

As a below named inventor, I he.reby declare that: 

My residence, post office address a:u4 citizenship are as stated below nexi to my nfUlle. 

I believe I am the original. first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

MlCROFLUIDIC SYSTEM INCLUDING A BUBBLE VAL VE FOR. 
REGULATING FLlJID FLOW THROUGH A MICROCBANNEJ.. 

the specification of which: 

is anached hereto. 

X was filed on June 24. 2002 as 

X Application Serial No. 10/179,586. 

and was amended on --------------(if applicable) 

l do not know and du not believe that the subject matter of this application WilS known or 
used by others in the Unitecl States or patented or described in a printed publication in any 
country before my mvention thereof. or patented or described in a printed publication in any 
country or in public use or on sale in the United States more than one year prior to the date of 
this application, or first patented Qt caused to be patented or made the subject of an inventor's 
certificate by me or my legal representatives or assigns in a country foreign 10 the United 
States prior to the date of this application on an applicatioii filed more than twelve months 
(six months if this application is for a design) before the tiling of this application; and I 
acknowledge my duty to disclose infonnation of which I am aware which is material to the 
examination of this application, that no application for patent or inventors certi:ticate on the 
subject matter oft.his ijpplicalion bas been filed by me or my representatives or assigns in any 
country foreign to the United States, except those identified below. and that I have reviewed 
and und.erstand the contents of the specification, including the claims as amended by any 
amenclment referred· to herein. 

l acknowledge the dmy lO disclose to the Office all information known to me to be material 
to pa.ientability as defined in Title 37~ Code of federal Regulations, §1.56. 
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CVZ-012 

CLAIM OF BENEFIT OF .£ARLIER. FOREIGN APPIJCATION{S) 

I hereby claim priority benefits under Tille 35. United Slates Code, § 119 of any foreign 
appli~tiotl(s) for patent or inventors certificate listed below, and have also identified below 
EmY foreign application{s) for patent or inventor's cenificate filed by me on the same subject 
maner having a filing due before that of the application(s) from which priority is claimed. 

Cbeckone: 

X no such applicatio:ns have been tiled. 

~ such applications have been filed as follows 

EARLIEST FOREIGN APPLlCATION(S), lF ANY, Fll,JU> WITHIN l2 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO TWS U.S. APPLICATION 

Coimtry Application Number Date of Filing Priority C..:laimecl. 
{mon.tb,day .:Yea:r) Under 3S use 119 

Yes No - -
Yes No - -
Yes No - -
Yes No - -
Yes No - -

ALL FOREIGN APPLJCATION{S), JF ANY FILED MORE THAN ll MONTHS 
(6 MONfflS FOR DESIGN) PRIOR TO THIS U.S. APPUCATION 

CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICATION{S) 

I heteby claim the benefit under 35 U .S.C. § l l 9(e) of any United Stares provisional 
applici\tion{s) listed below. 

60/373,256 April 17 t 2002 
(Application Serial No.) (Filing Date) 

{Application Serial No.) {filing Date) 

-2 -
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CVZ-012 

CLAIM FOR BENEFIT OF EA.KLIER U.SJPCT APPLICA.TION(S) 

I hereby claim. me benefit under Title 35, United States Code, § 120 of any e&rlier United Suues 
application( s) or PCT intemalional application(s} designating the United States listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
earlier applicatiou(s) in the manner pre.tvided by the first paragraph of Title 35, United States 
Code, § 112, l acknowledge the duty to disclose to the Office t\ll infonnation lcuown to me to 
be material to patentability a.5 defined in Title 37. Code of Federal Regulations, §l.56 which 
becmne available between the filing date(s) oft.be earlier application(s) anc! the national or 
PCT in.iemational filing date of th.is applic~tion. As to subject matt.er of this applica.lion which 
is coIIUUon to my earlier application(s), if any, described below, l do not know and do not 
believe that the same was known or used by others in the United Stales or patented or 
describea. in a. printed publication in any country before my inv~tio11 thereof. or patented or 
described in a printed publication in any country or in public use or on sale w. the United Smtes 
more than one year prior to the date(s) of sai<J earlier application(s). <>r first patented or caused 
to be patented or made the subject of an inventor's ccmficate by me or my legal representatives 
or assigns in a countcy fofeign to the United States prior to the dale(s) of said earlier 
a:pplicati.on(s) on an applic~tion filed more than twelve mQnlhs (six months if this application 
is for a desigD) before the filing of said earlier application{:.); and I acknowledge that no 
application for patent or inventor's cettificate on said subject matter has been filed by me or 
my representatives or assigns in any cowitty foreign to the United States except those 
identified herein. 

(Applicl.ltion Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 

(Status) 
(patented,pending,aband.) 

(Status) 
(patented,pending,aband.) 

POWER Of ATTORNEY: As a named inventor,! hereby appoint the following attorneys 
and/or agents to prosecute this. application and transact all business in the Patent and 
Tradema.rlc Office connected therewith. 

Jruues E. Cockfield 
Thomas V. Smurqnsk.i 
Ralph A. Loren 
Giulio A. DeConti, Jr. 
Ann Lamport Hammit:re 
:Elizabeth A. Hmle::r 
Amy E. Mandrag~ 
Anthony A.. Laurcm1imo 
Kevin J. Canning 
Jane E. R.emUlard 
PeAM f'. Smith 
Poter C. Lauro 
Jeanne M.. PiGiorgio 
Megan ~- Williams 
Jeremiah L.;YJ:lcll 
David J. lllldccn 

Reg. No. 19,162 
Reg. No. 24,798 
Reg. No. 29,325 
Reg. No. 31,503 

· Reg. No. 34,858 
Reg. No. 33,505 
Reg. No. 36,20? 
Reg. Na. 38,2:;?0 
Reg. No. 35,470 
Reg. No. 38,872 
Reg. No. 36,68'.3 
Reg. No. 32,360 
Reg. No.41,?JO 
Reg. No. 43.270 
R.c:g. No. 17.425 
Reg. No. 43,&S:Z 
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Maria C. Laccotripe 

Debra. J. Miluiw::ic 
David R. Bu.ms 
Se;w O. Detweiler 
C),lthia L. Kanik 
Theoc:mre R. West 
Shayne Y. Huff 
Hltlbaway P. Russell 
Pauiel n. l(.o 
Jahns. Curran 
Lisa M. PiRocco 
Rich.aNand 

l-unllc:d R.,;cogni1ion 
Under 37 C.f R. t l0.9{b} 
Reg. No. 46.931 
Reg. No. 46,S90 
Reg. .No. 42,482 
Reg. No. 37,320 
Reg. No. 47,202 
Reg. No. 44,784 
Reg. No. 46,488 
Reg. No.47.332 
Reg. No. 50,445 
Reg. No. PSl,619 
Reg. No. P52,059 
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CVZ-012 

Ser:id Con:espondeiice to: Anthony A. Lml!entanc, Esq. 
address is; 

6177424214 • T-D38 P. 13/Z9 F-83! 

at Custe>rner Nu.m~: 000959 whose 

LA.HIVE & COCK.Fl.ELD. LLP. 28 State Street. Boston. !lr,1A 02109 

Direct Telephone Calls to: 

Anthony A. Lauren.tano, Esg. {617) 227-7400 

Wherefore I petition that leners patent be granted t0 m.e for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoiug declaration. power of attorney. and lhi.s petition. 

l heleby d.eclate that all staternems ma.de herein of my own. Jaiowledge a:re trUe and lhat all 
SMeJnent.s ma.de on information and belief are believed to be true; and further th.at thes~ statements 
were made with the knowle4ge th.at vviU:ful false :staicmeuts and the like so :macle are punishable by 
fine or imprisomnent, or both, UQdet Section 1001 of Title 18 of the United Siates Co4e and that 
suci1 willful false statetnents may jeopardize the validity of the application or any patent issued 
thereon. 

Full nam~ of sole or tirst inventor 
Joh11 Richard Gilbert 
Inventors signatQre 

Residence 
69 Nanles Rolild, 13rookline, MA 02.446 
Citizenship 
United States 
Post Office Address (if different} 

Full name of second inventor. if any 
Seba:iffilll 13Ubm 

~:ndence 
9 Muirficld Court. 
Citizenship 
Gennany 
'Post ce Address (i different) 

Full name of third mvemor. if any 
M;t~i.sb l>eHboa11cle-
Inventofs signat,..re 

Rc:siden<::e 
34 ADple Blossom Way, Canton, MA 02021 
Citizenship 
Uniied Stares 
Posi: Office Address (if different) 
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C11stomer Number: 000959 

Attorney's 
Docket 
N1Unber CVZ-012 

Declaration.., Pe1ific,11 and Power of Artoruey for Pateat Application 

As a below »a.med inventor, l hereby declare that 

My :re~idence. post office address and. citizenship are as stated below next to my name. 

I believe I am tbe origi®l, fim and sole inventoi: (if only one name is listed below) or an 
original. first and joint mvento:r (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought o:n the invention entitled 

MlCJtOFLUU>IC SYSTEM INCLUDING A BOBBLE V Al.VE FOR 
REGULATING FLUID FLOW THROUGH A MICROCHANNRL 

the specification of which: 

is attached hereto. 

X was tiled on June 24. 2002 as 

X Application Serial NQ. 10/179.586. 

and was amended on ----,---.--------( if applicable) 

1 do not know and do not believe that the subject matter of mis application was known or 
used by others iu the United States or patented or described in a printed publicauon in any 
country before my invention thereof, oi: patented or described in ~ printed publication in any 
CO\Ultry or in public use or on sale in the United States more than one year prior to lbe date of 
this appllcation. or first patented or caused to be patented or made the subject of an inventor's 
cenificate by me or my legal representatives or assigns in a co\Ultry foreign to the United 
States prior to me elate of this application on an application filed more than twelve months 
(six. months if this application is.for a design) before thi: filing of this application; and I 
acknowledge my duiy to disclose information of which I am aware which is material to the 
examination of this application. that no application for patent or inventor's cenificar.e on the 
subject matter of thi~ application has been :filed by me or my representatives or assigns in any 
countcy foreign. to the United States, t!XCept those identified below. and. that I have reviewed 
and understand the contems of the specification. inclllding the claims as·wnended by any 
amendment refurred to herein. 

I acknowledge the duty ro disclose to the Office all information known to me to be material 
to patetllabili~ as clefmed in Title 377 Code of federal Regulations. §1.56. 
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CVZ-012 

CLAIM OF BENEFIT OF EARLIER FOREIGN APPWCATION(S) 

J hereby clftml priority benefits under Tu.le 35, UJlited Stares Code, §119 of any foreign 
application(s) for patent or in-ventot's certificate listed below, and have also idenlified below 
any foreign application(s) for patent or inventors certificate filed by me on the same subject 
matter having a filing date before that of the applicatioD(s) from which priority is c.laim.ed.. 

Check one: 

X no such applications have been filed. 

_ such applications have been filed as follows 

EARLIEST FOREIGN l\PPLICATION{S)9 IF ANY, FlLED WITWN 12 MONTHS 
(6 MONTHS FOR J)ESIGN) PRIOR TO TlllS U.S. APPLICATION 

Coun:a:y · Application Number Date of Filing Priority Claimed 
(month.day ,year) Under 35 USC 119 

Yes No - -

- Yes No~ 

Yes No - -
Yes No - -
Yes No - --

ALL FOREIGN APl'J..lCATION(S), lF ANY FQ..ED MORE TllAN 12 MONTHS 
(6 MONTIJS FOR DESIGN) P!UOR TO THIS U.S. AFPLICATlON 

CLAIM FOR BENEFIT OF U.S. PROVISIONAL .APPUCATION(S) 

I hereby claim the benefit under 35 U.S.C. §l l9{e) of any United States provisional 
~pplication(s) listed below. 

60/373.256 April l 71 2002 
(Application Serial No.) (Filing Date) 

{Application Serial No.) (Filing Date) 

-2-
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CVZ.012 

CLAIM FOR. BENEFIT OF EARLIER IJ.S../PCT APPUCATlON{S) 

I hereby claim the benefit lUlder Tillet 35, United StateS Code, §120 of any earlier United States 
applieatioD(s) or PCT international applicatioll(s) designating the United States listecl below 
and, insofar as the subject matter of each of the claims oflhis application is not disclosed in The 
earlier application{s) in the manner provided by the first paragraph of Title 35, United States 
Code. §112. I acknowledge the duty to disclose to the Office all information known to me to 
be material Jo patentability as defined in Title 37, Code of Federal Regulations, §l.56 wbicb 
became available between the filing date(s} of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this applica.tion which 
is common to m.y earlier application(s). if any, described below. I do .not know and do not 
believe that the same was known or used by OUlel'S in the United States or patented or 
described in a printed publici:mon in any country before my invention thereof, or pat.eJltecl or 
<lescnoed in a printed. publication in any country or in public use or on sale in the United States 
JllOn: thtm nne yea:r prior to the date(s) of said. earlier applicatioD{s), or first patented or caused 
ro be patented or made the subject of an i,nventol's cemfic~te by me or my legal representanvd 
or assigns in a COl.UltlY foreign l<> the Unit.eel States prior to 'the d.ate(s) of said em-lier 
application(s) on an application filed more than twelve months (sis. months if this application 
is for a design) before the filing of said eSl"lier applica:rion(s); and I acknowledge that no 
application for patent or inventors certificate on said. subject matter bas been filed by me or 
my rep:resenuu.ives or assigns in any country foreign to the United Stares except those 
identified herein-

(Application Serial No.) (Filiug Date) 

(Application Serial No.) (Filing Oa.te) 

(Swus) 
(pateuted,pending,aband.) 

(Status) 
(patented.pending.@and.) 

POWER OF ATTORNEY: As a named. inventor, I hereby appoint the following auomeys 
and/or agents to prosecute this application and lJ."allSaCt all busuiess in the Patent and 
Trademark Office connected therewith. 

lam~ :e. Cockfield 
Thomas V. SmunynSld 
ltalph A. l.oten 
Giulio A. PcConti, Jr. 
Ann Lampon l'larnmine 
Elizabeth A. Hlil:lky 
Am)' E. Man4ragouras 
Anthony A. Lau:rentario 
K4vin J. Camung 
J~~ B. Remillard 
~Ann F. Smidl 
Pell:!' C. Lauro 
Jeanne M. OiGiorgio 
Mc:g.m E. WJ.Uiams 
Jeremiah Lynch 
Pa'1icJ J. R.ildcers 

~g.. No. 19,162 
Reg. No. 24,798 
.Reg. No. 29,325 
Reg. No. 31,503 
Reg. No. 34,858 
~g. No. 33,505 
Reg. No. 36,207 
Reg. No. 38,220 
Rt:g. No. 35,470 
Reg. Nil. 38,872 
Reg. No. 36,683 
Reg. No. 32,360 
Rtig. No. 41,710 
Rt:g. No. 43,270 
Reg. No. 17,425 
Reg. No. 43,882 
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Mana C. Lilccotripc 

Oe:bnt J. Milasincic 
Davi'1 R. Bums 
Sean o. Dt:1:wc::ile.r 
Cynthl, L. Kanik 
Theodore R. West 
Shayne Y. Hutr 
Hathaway J?. Russell 
Daniel B. l<.o 

. Johns. Cumm 
Li~ M. Di"Rocco 
R.icbii Nl!nd 

Limi.tcd Rccognidon 
Under 37 C.f.lt. § JO 9(.1>) 
Rog. No. 46,931 
Reg. No. 46,590 
Reg. }io. 42,482 
Reg. No. :n,320 
Rel}- No. 47.202 
R.eg.. No. 44,784 
Rc:g. No. 46,488 
Reg. No. 47,332 
Reg. No. S0,44S 
J\eg. No. PSl,619 
Reg. No. P52,0:S9 
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Send Con:cspondence to: Anthonx A. Lautentano~ Esg. 
address is: 

at Customer Number. 0009:59 whose 

LA.HIVE & COCKFIELD, LLP, 28 State Street. Boston. MA 02109 

Direct Telephone Calls to: 

Anthony A. L~tano. Esg, {617) 227-7400 

Wherefore I petition that Jeuers patent be gl1Ultec:J. to me for the invention o:r discovery described and 
claimed in the au:ached specification and claims, mu! hereby subscnoe my name to said ~ification 
and claims and to the foregoing declaration. power of anomey,, and this petition. 

I hereby declare that all statementS made herein of my own knowledge are we and 11w all 
statements macle on information and belief are believed to be trUe; and further that these statements 
were made with lhe knowledge mat will.fW mlse siatements and the- lilc.e so made are punishable by 
tine or imprisonment, or bolh, under Section 1001 of Tille 18 of the United Suites CD4e anct llu\t 
such will.fill false statements may jeopardize the validity of the application or any patent issue4 
thereon. I 

F\.Jll name of sole or fust inventor 
J.»bu Richard Gil~ 
Jnvl'llltor's signature : 

I 

csidence 
69 Naples Road. Brookline, MA 02446 
Cilizenship 
United States 
Post Office Addl"ess {i different) 

full name of second inveru:or, if any 
Sebasrian l36bm 
Inventor's signatw"e 

Residence 
9 Muimeld Court, 1V2 4DP, Inverness, Scotland (UK) 
Cili:zenship 
German)' 
Post Office AddreSS (if diffei-enn 

Full n,mie 
Manbb 
Inventor' 

Residence 
34 Ap Je BIQ!isom Way, Canion, MA 02021 
Citizenship 
United States 
Post Office Address (if different) 
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PAVJP J. R1~R5 
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Facsimile Cover Sheet 
To: 

Company: 
Location: 

Phone: 
Fa..~: 

From: 
Case No: 

Phone: 
Fax: 

U .5. Patent and Trademark Office 
Washington, D.C. 

(703) 746-4060(0IPE) 

Anthony A. Laurentano, Esq. 
CVZ-012 (Application No. 10/179,586) 
(617) 227-7400 
(617) 742-4214 

PAl?NT AGeNT& 
Tl1S¢00fi1E R 111116T 
Stt/l y !'If Y MUFF, P~ C. 

~NNICAI- S!'i;<;JIIIJST$ 
CYr,cTHIA M SORCO$ 
P!ill:R W DiNl.1'11 0 
CA THilRINi!: e M.!'tr,~'.'.ON 
JACO!> G 'l'JeiNTf'.Au!l 
JQNJ<TM,I\N,. $1'1,Rt<.', f'nO 

CRiiiTIN i: \101M.l:'f. Pl1 C) 
JILL ANN "11:u.0. Ph p 

• -.dm,!IIIQ t11 T1i. CliUy 
-Mm!llll<l,11CTQ01y 

Seni by: CEM/dt 
/ 

Date: December 19, 2002 
Pages; 29 

(including cover page) 

URGENT: 

Please Deliver Immediately. 

Thank you. 

___ / 
\ / 

The- (IOC~c-nts uansmmea Py tliis facs1111ili; ur.: nm:m!c!J for the u:;.: ofmi. im.t,v1aual or ttie eotizy ~o wtii.ch u 1s addfcsse<.1 aru::l may 
coutiiin mfo:mi~,oo. i:11.W: is pri,.,ikgi:d, contiJi::nual and ex:eompt from disclosure under apphcablc law. lf!.llc:- r~er oftfo: mes~ai(! 1:. 
not lbc 1mend.::u recipicnI. or i:11.~ cmpl9y~c ur agem ~!>ponswlc for d.ellvering tt11s document ~P mi: int~ed ri.c1p1e.m, you ure here!>y 
P,OJtfieA $!It ~ny <lis;;crnination, dte,1nbutioo l.lT cop;yiflg Of this COJJllll1.ltliCation IS: SJTie,:lly pr!Jtlibiu:1j_ lf )'01.1 have- tCCt'lY!:d mis 
comrn1.1mcauon in .:rrur, plea:i.: notify us: immi;:diately by tc!ephonc 11,m! rei:um rhi. original fac:Slillil~ Jo 1.1s ll.J: me above: a4ciress. v111 the 
U.S Postal Si::rv1ce Thimk you 
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¥age J u.i J:. 

C0(,114!$S1Qm;R l"Ol'I PAT~ 
UN!TlfO S'r>.m. PAT~ Al'ID lftAIXMAl't~ Oi'fl!CI.! 

-~- P.<::. :!i:Olil31 
~ 

10/l79,S86 06/24/2002 Jolm Gilben CV.Z..Ol2 

000958 
J..AHIVE & COCKFIELD 
28 STATE STf~f;ET 
BOSTON, MA 02109 

CONFIRMA TtON NO. 9722 
fOf{MAUTII:$ LETTl:R 
l!IIIIIUIIIDl•BIIIII 
•OCOOOC!OOOOl'M~7· 

Date Mailed: 07119/2002 

~ 

DEC 1 9 20Ul g NOTICE TO FILE MISSING PARTS OF NONPROV1SIONAL APPLICATION 

FILf:O UNDER 37 CFR 1.53{b) 

Filing Date Gramed 

Items Required Io Avoid Abanqonment: 

An app6cation numper amt fiffns date have been acc;orctect to this appllcaJJon. The itern(sJ ,mticated beJow, 
trowaver, are misSinQ. Appiji::ant is given TWO MONTHS from th& date of this Notice within which tQ file QIJ 
req1Jired items amct PQY ~ny fees requlre<:t below to avoid aneodonment. Extensions af time may t>e obtained by 
ff ling '* pefftion ae<;Pmpanied by ltle extension fee 1.1nder the -pro'llisions of 37 CFR. 1. i 36(a)-

• Trie oath or declaration is 1.1nsignecl. 
• To avoit;J abandonment, a late filing fee or oath or aectiration surcnQrge as s~t forth in 37 CFR 1-16(1) of 

$130 fer a non~s!TU'tll entity, must be aupmitted with the mi$$ing it1:1Jll$ identified in this letter. 

The applJcatJon is informal "Since it do~ not comply Witll th~ resc.ilaUons for the reason(s) ioctlcatett befow. 

Toe required Item(~) identified below must t.>e timely s1.1bmined to ~voiQ aJ:)andonment 

• SL11:lstit1.1ta c:trawings 1n compliance with 37 CFR 1.84 J>ecause: 

• drawing sheets do not have the appropriate margin(s} {see 37 CFR 1.84(9)}. Each 
sheet must include ij top mijrgin of at haast 2.5 cm. (1 Inell), a Jeff s«te margin of ~t 
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( :SIB inch), ana a oonom 
miilrgin of at 1aast 1.0 cm. (3.18 inch}; 

lt@ms Requjr@d Io Ayo;g P,:oc;q;s;nq Qef<1ys: 

Toe item(s} mcti~l:lte<f t:>ek>w are also require<t and should be su~mitte4 wittl any reply to this notice tP avoia 
n.nmer processing qelay$_ 

SUMMARY QF fl;f;S DUI;; 

Total <lefdmom1l fee(e} require!1 fpr fhis app6ca'lion ls $130 for a Large Entity 
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• 
UNITED STATES PATENT AND TRADEMARK OFFICE 

• 
UNITED STATES DEPARTMENT OF COMMERCE 
United Stntes Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 
www.uspto.gov 

Application Number II Filing Date II First Named Applicant II Atty. Docket No. 

I 0/179,586 

959 
LAHIVE & COCKFIELD 
28 ST A TE STREET 
BOSTON MA 02109 

11 0612412002 11 Gilbert, John II CVZ-012 

Title: Microfluidic system including a bubble valve for regulating fluid flow through a 
microchannel 

Date Mailed: 12/06/2002 

Request for Substitute Papers 

The papers filed on llil 3/02 ( certificate of mailing dated 11/06/02 ) are no longer in condition to 
become part of the permanent records of the United States Patent and Trademark Office (USPTO) for 
this application (37 CFR l .52(a)) due to the United States Postal Service sanitization process. 

The USPTO requests that applicant provide a copy of the above-identified papers (except for any U.S. or 
foreign patent documents submitted with the above-identified papers) with a statement that such copy is 
a complete and accurate copy of the above-identified papers (signing and returning a copy of this notice 
will provide such a statement). The reply to this letter should be submitted to the USPTO by facsimile 
at the number indicated 703-746-4060(0IPE). 

Alternatively, the reply to this letter may be hand-carried to the Customer Service Window located in 
Room I B03 of Crystal Plaza Building 2, Arlington, Virginia, 22202. 

The USPTO strongly prefers that the reply to this letter be submitted by facsimile. However, if 
applicant cannot submit the reply to this letter by facsimile (or hand-delivery), the reply may be mailed 
to: Box Duplicate OIPE, U.S. Patent and Trademark Office, P.O. Box 2327, Arlington, VA 22202-2327. 

This letter is not a notice under 37 CFR 1.251. However, failure to timely replay to this notice within 
two (2) weeks of the date of receipt of this letter may result in the US PTO issuing a notice under 3 7 
CFR 1.251. A copy of this notice should be included with the reply. 

The enclosed papers are a complete and accurate copy of the above-identified papers. 

Name: ___________ Registration No.: _____ _ 

Signature: __ _ _ _________ Date: ___ _ 
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•• 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of: John Gilbert, et al. 

Serial No.: 10/179586 

Filed: June 24, 2002 

For: Microfluidic System Including a Bubble Valve 
for Regulating Fluid Flow Through a Microchannel 
i 
~ttomey Docket No.: CVZ-012 

.,; r 

;: :,; ,· 

Box Missing Parts 
Commissioner for Patents 
Washington, D.C. 20231 

Group Art Unit: 3753 

Examiner: Not yet assigned 

Certificate of First Class Mailing 
I hereby certify that this correspondence is being deposited with the United States Postal Service as 
first class mail in an envelope addressed to: Commissioner for Patents, Box Missing Parts, 
Washington, D.C. 20231 on the date set forth below. 

November 6, 2002 
Date of Signature and of Mail Deposit 

RESPONSE TO NOTICE TO FILE MISSING PARTS OF APPLICATION 

Dear Sir: 

Responsive to the Notice to File Missing Parts of Application dated July 19, 2002, 

Applicants' attorney submits herewith two executed Declarations, Petitions and Powers of 

Attorney, and eight (8) sheets of Formal Drawings for the above-identified patent application. 

A two-month extension of time is being filed concurrently. A copy of the Formalities Letter 

is also enclosed. 
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. U.S. S~rial No. 10/179,586 •. Att.ey Docket No.: CVZ-012 
Group Art Unit: 3753 

Please charge the amount of $130.00 for the surcharge based on large entity to our 

Deposit Account No. 12-0080. A duplicate of this letter is enclosed. 

Lahive & Cockfield, LLP 
28 State Street 
Boston, MA 02109 
Tel. (617) 227-7400 

( 

Dated: November 6, 2002 

2 

Respectfully submitted, 

LAHIVE & COCKFIELD, LLP 
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.OHN A: LAHIVE. JR. (1928-1997) 
THOMAS V. SMURZYNSKI 
RALPH A. LOREN 

CK.FIELD 
L L P 

COUNSELLORS AT LAW 
28 ST A TE STREET 

BOSTON, MASSACHUSETTS 02109-1784 
TELEPHONE (617) 227-7400 

FAX(617) 742-4214 
lc@lahive.com 

GIULIO A. OeCONTI, JR. 
ANN LAMPORT HAMMITIE 
ELIZABETH A. HANLEY 
AMY BAKER MANDRAGOURAS 
ANTHONY A. LAURENTANO 
KEVIN J. CANNING 
JANE E. REMILLARD 
OeANN FORAN SMITH 
PETER C. LAURO 
JEANNE M. OiGIORGIO 
DEBRA J. MILASINCIC, Ph.D. 
DA VI D J. RIKKERS 
DAVID R. BURNS 
JOHN S. CURRAN 
SEAN 0. DETWEILER 

CYNTHIA L KANIK. Ph.D. PATENT AGENTS 
MEGAN E. WILLIAMS, Ph.D. THEODORE R. WEST 
RICHA NANO SHAYNE Y. HUFF, Ph.D. 
MICHAEL PHILLIPP$• DANIEL B. KO 
LISA M. OiROCCO 
HATHAWAY P. RUSSEU" TECHNICAL SPECIALISTS 
MARIA LACCOTRIPE ZACHARAKJS, Ph.D. CYNTHIA M. S0ROOS 
VINCENT P. LOCCISANO PETER W. DINI, Ph.D. 
MERIDETH C. ARNOLD EUIHOON LEE 
DANIELLE L HERRITI 

SENIOR COUNSEL 
JAMES E. COCKFIELD 

OF COUNSEL 
JEREMIAH LYNCH 
WILLIAM A. SCOFIELD, JR. 
SIBLEY P. REPPERT 

CATHERINE E. McPHERSON 
ERIC F. WAGNER, Ph.D. 
JACOB G. WEJNTRAUB 
JONATHAN M. SPARKS, Ph.D. 
CRISTINE. HOWLEY, Ph.D. 

• Admitted in NY only 
" Admitted in TX only 

Nove.mber 6; 2002 
Box Missing Parts 
Commissioner for Patents . · 
Washington;D.C. 20231 

Re: U.S. Patent Application Serial No. 10/179586 
Title: Microjl.uidic System Including a Bubble Valve for 

Regulating Fluid Flow through a Microchannel 
Inventor: John Gilbert, et al. 
Filed: June 24, 2002 
Group Art Unit: 3753 
Attorney Docket No.: CVZ-012 

Dear Sir: 

I enclose herewith for filing in the above-identified application the following: 

1. Response to Notice To File Missing Parts of Non Provisional Application 
(2 pages, in duplicate); 

2. Two executed Declarations, Petitions and Powers of Attorney (8 pages total); 
3. Eight (8) sheets of Formal Drawings (Figures 1-4, 5A-5C, 6-7, 8A-8C, 9-11, 12A-12C, 

13A-13B, 14-16, 17A-l 7C); 
4. Copy of Formalities Letter (2 pages); 
5. Request for Two-Month Extension of Time (1 page, in duplicate); and 
6. Return acknowledgment postcard. 

Please charge any necessary fees to our Deposit Account No. 12-0080. The undersigned requests any 
extensions of time necessary to respond. A duplicate of this sheet is enclosed. 

I hereby certify that this correspondence is deposited with the 
United States Postal Service as firstclass mail in an envelope 
addressed to: Box Missing Parts, Commissioner for Patents, 
Washington, DC 20231 on: 

Respectfully submitted, 

LAHIVE & COCKFIELD, LLP 
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•• 
UNITED STATES PATENT AND TRADEMARK OFFICE 

• wv ; ~f) ~· 

COM~ISS ;NER FOR PATENTS 
UNITED STATES PATENT TRADEMARK OFFICE 

HINClON, D.C. 20231 

www.uspto.gov 

APPLICATION NUMBER FILING/RECEIPT DA TE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

10/179,586 John Gilbert CVZ-012 

000959 
LAHIVE & COCKFIELD 
28 STATE STREET 
BOSTON, MA 02109 

CONFIRMATION NO. 9722 
FORMALITIES LETTER 

111111111 lill llll ml m111111 m1 ml 11111 ml 11111111111111111111111111111 iii 11111111 
*OC000000008483837* 

Date Mailed: 07/19/2002 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

: Filing Date: Gfa'nte"cJ·:, :, · . 
. ,} : it. :· : "!.~~){\l . 

Items Required To Avoid Abandonment: 
,. I tl-\ V ') :.,~ 

An application number and filing date have been accorded tqjh,i~ application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from'the.date ot'this Notice-within which to file all 
required items and pay any fees required below to avoid ~-9~ry~p,1:1p1ent. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under t~e :P'r.Qv)sions of 37 CFR 1 :136(a). 

~ . .,) ... ( ,:":; .... 

• The oath or declaration is unsigned. . d:,: ::·,•:r> :· 
• To avoid abandonment, a late filing fee or oath ·or:de'claration ,surcharge as set forth in 37 CFR 1.16(1) of 

$130 for a non-small entity, must be submitted with\tfrefoissing items identified in this letter. 

The application is informal since it does not comply with the regulations for the reason(s) indicated below. 

.. . ,,-. .. '. . 

The required item(s) identified below must be timely sJbiiiitt'Jd (o1~vorci' abandonment: 

• Substitute drawings in compliance with 37 CFR 1.84 because: 

• drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each 
sheet must include a top margin of at least 2.5 cm. (1 inch), a left side margin of at 
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( 5/8 inch), and a bottom 
margin of at least 1.0 cm. (3/8 inch); 

Items Required To Avoid Processing Delays: 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $130 for a Large Entity 

11/15/2002 "BIZUNES 00000056 120080 1017958£ 

01 FC:1051 130.00 CH 
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A copy of this notice MUST be returned with the reply. 

ice Center 
xamination Division (703) 308-1202 

PART 2 - COPY TO BE RETURNED WITH RESPONSE 
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• • IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Serial No.: 10/179586 

Filed: June 24, 2002 

For: Microjluidic System Including a Bubble Valve 
for Regulating Fluid Flow Through a Microchannel 

Attorney Docket No.: CVZ-012 

Box Missing Parts 
Commissioner for Patents 
Washington, D.C. 20231 

Group Art Unit: 3753 

Examiner: Not yet assigned 

REQUEST FOR TWO-MONTH EXTENSION OF TIME 

Dear Sir: 

Applicants request a two-month extension of time pursuant to 37 CFR l.136(a) in which to 

respond to the Notice to File Missing Parts mailed from the U.S. Patent and Trademark Office on 

July 19,-2002. 

Please charge the appropriate fee of $400.00 based on large entity status to our Deposit 

Account No. 12-0080. A duplicate of this sheet is enclosed. 

I hereby certify that this correspondence is deposited with the 
United States Postal Service as first class mail in an envelope 
addressed to: Box Missing Parts, Commissioner for Patents, 
Washington, DC 20231 on: 

November 6, 2002 
Date 

Anth 

Respectfully submitted, 

LAHIVE & COCKFIELD, LLP 

Dated: November 6, 2002 

11/15/2002 "BIZUNES 00000058 120080 10179586 

01 FC:1252 400.00 CH 
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.,. ,. •• • Customer Number: 000959 

Attorney's 
Docket 
Number CVZ-012 

Declaration, Petition and Power of Attorney for Patent Application 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR 
REGULATING FLUID FLOW THROUGH A MICROCHANNEL 

the specification of which: 

is attached hereto. 

_K_ was filed on June 24, 2002 as 

_K_ Application Serial No. 10/179,586. 

and was amended on 
(if applicable) 

I do not know and do not believe that the subject matter of this application was known or 
used by others in the United States or patented or described in a printed publication in any 
country before my invention thereof, or patented or described in a printed publication in any 
country or in public use or on sale in the United States more than one year prior to the date of 
this application, or first patented or caused to be patented or made the subject of an inventor's 
certificate by me or my legal representatives or assigns in a country foreign to the United 
States prior to the date of this application on an application filed more than twelve months 
(six months if this application is-for a design) before the filing of this application; and I 
acknowledge my duty to disclose information of which I am aware which is material' to the 
examination of this application, that no application for patent or inventor's certificate on the 
subject matter of this application has been filed by me or my representatives or assigns in any 
country foreign to the United States, except those identified below, and that I have reviewed 
and understand the contents of the specification, including the claims as amended by any 
amendment referred to herein. 

I acknowledge the duty to disclose to the Office all information known to me to be material 
to patentability as defined in Title 3 7, Code of Federal Regulations, § 1.56. 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 155 of 300



., 

·' 
CVZ-012 -·· • 

CLAIM OF BENEFIT OF EARLIER FOREIGN APPLICATION(S) 

I hereby claim priority benefits under Title 35, United States Code, § 119 of any foreign 
application(s) for patent or inventor's certificate listed below, and have also identified below 
any foreign application(s) for patent or inventor's certificate filed by me on the same subject 
matter having a filing date before that of the application(s) from which priority is claimed. 

Check one: 

_K_ no such applications have been filed. 

_ such applications have been filed as follows 

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

Country Application Number Date of Filing Priority Claimed 
( month,day ,year) Under 35 USC 119 

Yes No - -

Yes No - -

Yes No - -

Yes No - -

Yes No - -

ALL FOREIGN APPLICA TION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICATION(S) 

I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional 
application(s) listed below., 

60/373,256 April 17, 2002 
(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 

-2-
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CVZ-012 ••• • 
CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, § 120 of any earlier United States 
application(s) or PCT international application(s) designating the United States listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
earlier application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, § 112, I acknowledge the duty to disclose to the Office all information known to me to 
be material to patentability as defined in Title 3 7, Code of Federal Regulations, § 1.56 which 
became available between the filing date(s) of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this application which 
is common to my earlier application(s), if any, described below, I do not know and do not 
believe that the same was known or used by others in the United States or patented or 
described in a printed publication in any country before my invention thereof, or patented or 
described in a printed publication in any country or in public use or on sale in the United States 
more than one year prior to the date(s) of said earlier application(s), or first patented or caused 
to be patented or made the subject of an inventor's certificate by me or my legal representatives 
or assigns in a country foreign to the United States prior to the date(s) of said earlier 
application(s) on an application filed more than twelve months (six months if this application 
is for a design) before the filing of said earlier application(s); and I acknowledge that no 
application for patent or inventor's certificate on said subject matter has been filed by me or 
my representatives or assigns in any country foreign to the United States except those· 
identified herein. 

(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 

(Status) 
(patented,pending,aband.) 

(Status) 
(patented,pending,aband.) 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 

James E. Cockfield 
Thomas V. Smurzynski 
Ralph A. Loren 
Giulio A. Deconti, Jr. 
Ann Lamport Hamm itte 
Elizabeth A. Hanley 
Amy E. Mandragouras 
Anthony A. Laurentano 
Kevin J. Canning 
Jane E. Remillard 
DeAnn F. Smith 
Peter C. Lauro 
Jeanne M. DiGiorgio 
Megan E. Williams 
Jeremiah Lynch 
David J. Rikkers 

Reg. No. 19,162 
Reg. No. 24,798 
Reg. No. 29,325 
Reg. No. 31,503 
Reg. No. 34,858 
Reg. No. 33,505 
Reg. No. 36,207 
Reg. No. 38,220 
Reg. No. 35,470 
Reg. No. 38,872 
Reg. No. 36,683 
Reg. No. 32,360 
Reg. No. 41,710 
Reg. No. 43,270 
Reg. No. 17,425 
Reg. No. 43,882 

- 3 -

Maria C. Laccotripe 

Debra J. Milasincic 
David R. Bums 
Sean D. Detweiler 
Cynthia L. Kanik 
Theodore R. West 
Shayne Y. Huff 
Hathaway P. Russell 
Daniel B. Ko 
John S. Curran 
Lisa M. DiRocco 
Richa Nand 

Limited Recognition 
Under 37 C.F.R. § 10.9(b) 
Reg. No. 46,931 
Reg. No. 46,590 
Reg. No. 42,482 
Reg. No. 37,320 
Reg. No. 47,202 
Reg. No. 44,784 
Reg. No. 46,488 
Reg. No. 47,332 
Reg. No. 50,445 
Reg. No. P51,619 
Reg. No. P52,059 
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.? 
CVZ-012 •• 
Send Correspondence to: Anthony A. Laurentano, Esq. 
address is: 

• 
at Customer Number: 000959 whose 

LARIVE & COCKFIELD, LLP, 28 State Street, Boston, MA 02109 

Direct Telephone Calls to: 

Anthony A. Laurentano, Esq, (617) 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Full name of sole or first inventor 
John Richard Gilbe 

Residence 
69 Naples Road, Brookline, MA 02446 
Citizenship 
United States 
Post Office Address (if different) 

Full name of second inventor, if any 
Sebastian Bohm 
Inventor's signature 

Residence 
9 Muirfield Court, IV2 4DP, Inverness, Scotland (UK) 
Citizenship 
Germany 
Post Office Address (if different) 

Full name of third inventor, if any 
Manish shpande 
Inventor' 

Residence 
34 Apple Blossom Way, Canton, MA 02021 
Citizenship 
United States 
Post Office Address (if different) 

-4-

Date 

Date 
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~•. • Customer Number: 000959 

Attorney's 
Docket 
Number CVZ-012 

Declaration, Petition and Power of Attorney for Patent Application 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR 
REGULATING FLUID FLOW THROUGH A MICROCHANNEL 

the specification of which: 

is attached hereto. 

_K_ was filed on June 24, 2002 as 

_K_ Application Serial No. 10/179,586. 

and was amended on ----------------
(if applicable) 

I do not know and do not believe that the subject matter of this application was known or 
used by others in the United States or patented or described in a printed publication in any 
country before my invention thereof, or patented or described in a printed publication in any 
country or in public use or on sale in the United States more than one year prior to the date of 
this application, or first patented or caused to be patented or made the subject of an inventor's 
certificate by me or my legal representatives or assigns in a country foreign to the United 
States prior to the date of this application on an application filed more than twelve months 
(six months if this application is for a design) before the filing of this application; and I 
acknowledge my duty to disclose information of which I am aware which is material to the 
examination of this application, that no application for patent or inventor's certificate on the 
subject matter of this application has been filed by me or my representatives or assigns in any 
country foreign to the United States, except those identified below, and that I have reviewed 
and understand the contents of the specification, including the claims as amended by any 
amendment referred to herein. 

I acknowledge the duty to disclose to the Office all information known to me to be material 
to patentability as defined in Title 37, Code of Federal Regulations, §1.56. 
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> CVZ-012 •• • 
CLAIM OF BENEFIT OF EARLIER FOREIGN APPLICATION(S) 

I hereby claim priority benefits under Title 35, United States Code, § 119 of any foreign 
application(s) for patent or inventor's certificate listed below, and have also identified below 
any foreign application(s) for patent or inventor's certificate filed by me on the same subject 
matter having a filing date before that of the application(s) from which priority is claimed. 

Check one: 

_K_ no such applications have been filed. 

_ such applications have been filed as follows 

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

Country Application Number Date of Filing Priority Claimed 
(month,day,year) Under 35 USC 119 

Yes No - -

Yes - No - -

Yes No - -

Yes No - -

Yes No - -

ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICATION(S) 

I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional 
application(s) listed below. 

60/373,256 April 1 7, 2002 
(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 

- 2 -
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> CVZ-012 • •• 
CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, § 120 of any earlier United States 
application(s) or PCT international application(s) designating the United States listed below 
and, insofar as the subject matter of each of the claims ohhis application is not disclosed in the 
earlier application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, § 112, I acknowledge the duty to disclose to the Office all information known to me to 
be material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 which 
became available between the filing date(s) of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this application which 
is common to my earlier application(s), if any, described below, I do not know and do not 
believe that the same was known or used by others in the United States or patented or 
described in a printed publication in any country before my invention thereof, or patented or 
described in a printed publication in any country or in public use or on sale in the United States 
more than one year prior to the date(s) of said earlier application(s), or first patented or caused 
to be patented or made the subject of an inventor's certificate by me or my legal representatives 
or assigns in a country foreign to the United States prior to the date(s) of said earlier 
application(s) on an application filed more than twelve months (six months if this application 

. is for a design) before the filing of said earlier application(s); and I acknowledge that no 
application for patent or inventor's certificate on said subject matter has been filed by me or 
my representatives or assigns in any country foreign to the United States except those .. 
identified herein. 

(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 

(Status) 
(patented,pending,aband.) 

(Status) 
(patented,pending,aband.) 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 

)ames E. Cockfield 
Thomas V. Smurzynski 
Ralph A. Loren 
Giulio A. DeConti, Jr. 
Ann Lamport Hammitte 
Elizabeth A. Hanley 
Amy E. Mandragouras 
Anthony A. Laurentano 
Kevin J. Canning 
Jane E. Remillard 
DeAnn F. Smith 
Peter C. Lauro 
Jeanne M. DiGiorgio 
Megan E. Williams 
Jeremiah Lynch 
David J. Rikkers 

Reg. No. 19,162 
Reg. No. 24,798 
Reg. No. 29,325 
Reg. No. 31,503 
Reg. No. 34,858 
Reg. No. 33,505 
Reg. No. 36,207 
Reg. No. 38,220 
Reg. No. 35,470 
Reg. No. 38,872 
Reg. No. 36,683 
Reg. No. 32,360 
Reg. No. 41,710 
Reg. No. 43,270 
Reg. No. I 7,425 
Reg. No. 43,882 

- 3 -

Maria C. Laccotripe 

Debra J. Milasincic 
David R. Bums 
Sean D. Detweiler 
Cynthia L. Kanik 
Theodore R. West 
Shayne Y. Huff 
Hathaway P. Russell 
Daniel B. Ko 
John S. Curran 
Lisa M. DiRocco 
Richa Nand 

Limited Recognition 
Under 37 C.F.R. § I0.9(b) 
Reg. No. 46,93 I 
Reg. No. 46,590 
Reg. No. 42,482 
Reg. No. 37,320 
Reg.-No. 47,202 
Reg. No. 44,784 
Reg. No. 46,488 
Reg. No. 47,332 
Reg. No. 50,445 
Reg. No. P51,619 
Reg. No. P52,059 
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I CVZ-012 • 
Send Correspondence to: Anthony A. Laurentano, Esq. 
address is: 

• 
at Customer Number: 000959 whose 

LAHIVE & COCKFIELD, LLP, 28 State Street, Boston, MA 02109 

Direct Telephone Calls to: 

Anthony A. Laurentano, Esq, (617) 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Full name of sole or first inventor 
.John Richard Gilbert 
Inventor's signature 

Residence 
69 Naples Road, Brookline, MA 02446 
Citizenship 
United States 
Post Office Address (if different) 

Full name of second inventor, if any 
Sebastian Bohm 
Inventor's signature 

Residence 
9 Muirfield Court, 
Citizenship 
Germany 
Post Office Address (if different) 

Full name of third inventor, if any 
Manisb Deshpande 
Inventor's signature 

Residence 
34 Apple Blossom Way, Canton, MA 
Citizenship 
United States 
Post Office Address (if different) 

02021 

Date 

Date Oc/- S / ?_(9J2.. . ( 

Date 

-4-
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..... ,. LAHNE 
------ & ------

COCKFIELD 
L L P 

COUNSELLORS AT LAW 

28 STATE STREET 
BOSTON, MASSACHUSETTS 02109-1784 

TELEPHONE (617) 227-7400 
FAX (617) 742-4214 

0 \ P E lc@lahive.com 
""o. 
~ 

Su\. 'l i ~\11. 

Commissioner for Patents 
Washington, D.C. 20231 

JOHN A. LAHIVE, JR. (1926-1997) 
THOMAS V. SMURZYNSKJ 
RALPH A. LOREN 
GIULIO A. OeCONTI, JR. 
ANN LAMPORT HAMMITTE 
ELIZABETH A. HANLEY 
AMY BAKER MANORAGOURAS 
ANTHONY A. LAURENTANO 
KEVIN J. CANNING 
JANE E. REMILLARD 
DeANN FORAN SMITH 
PETER C. LAURO 
JEANNE M. OiGIORGIO 
DEBRA J. MILASINCIC, Ph.D. 
OAVIOJ. RIKKERS 
DAVID R. BURNS 
JOHN S. CURRAN 
SEAN 0. DETWEILER 

July 19, 2002 

Re: U.S. Patent Application No.: 10/179586 

CYNTHIA L.Ph.D. 
MEGAN E. WI S. Ph.D. 
RICHANAND 
MICHAEL PHILUPPS ' 
USA M. OiROCCO 
HATHAWAY P. RUSSELL -
MARIA LACCOTRIPE ZACHARAKl3, Ph.D 

PETER A. OiMA TTIA 
VINCENT P. LOCCISANO 
MERIDETH C. ARNOLD 

SENIOR COUNSEL 
JAMES E: COCKFIELD 

OF COUNSEL 
JEREMIAH LYNCH 
WILLIAM A. SCOFIELD. JR. 
SIBLEY P. REPPERT 

For: Microfluidic System Including a Bubble Valve/or Regulating 
Fluid Flow Through a Microchannel 
Inventors: John Gilbert, et al. 
Filed: June 24, 2002 

Dear Sir: 

PATENT AGENTS 
THEODORE R. WEST 
SHAYNE Y. HUFF. Ph.D. 
OANIELB.KO 

TECHNICAL SPECIALISTS 
CYNTHIA M. SOROOS 
PETER W. DINI, Ph.D. 
EUIHOON LEE 
JENNIFER K. ROSENFIELD 
ALLAN TAMESHTIT. Ph.D. 
CATHERINE E. McPHERSON 
ERIC F. WAGNER, Ph.D. 
SHAHID HASAN. Ph.D. 
JACOB G. WEINTRAUB 
JONATHAN M. SPARKS, Ph.D. 
CRISTIN E. HOWLEY, Ph.D. 

• Admitted in NY only 
.. Admitted in TX only 

I enclose herewith for filing in the above-identified application the following: 

1. Information Disclosure Statement; 
2. PTO Form 1449; 
3. Copies ofreferences cited in PTO Form 1449 (8); and 
4. A Return Postcard. 

No additional costs are believed to be due in connection with the filing of this 

Information Disclosure Statement. However, please charge any necessary fees in connection 

with the enclosed statement to our Deposit Order Account No. 12-0080. For this purpose, a 

duplicate of this sheet is attached. 

I hereby certify that this correspondence is deposit('.d with the 
United States Postal Service as first class mail in an envelope 
addressed to: Commissioner for Patents, Washington, D.C. 
20231 on: 

Respectfully submitted, 

LAHIVE & COCKFIELD, LLP 
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IN THE AED STATES PATENT AND TRAD~ OFFICE 
VO. 
~ 

~\\\. 1. i - _...,,. ________________ _ 
Serial No.: 10/179586 

Filed: June 24, 2002 

For: Microfluidic System Including a Bubble Valve for 
Regulating Fluid Flow Through a Microchannel 

Attorney Docket No.: CVZ-012 

Commissioner for Patents 
Washington, D.C. 20231 

Group Art Unit: 

Examiner: 

Certificate of First Class Mailing (37 CFR §1.8(a)) 
I hereby certify that this correspondence is being deposited with the United States Postal 
Service as first class mail in an envelope addressed to: Commissioner for Patents, Washington, 
D.C. 20231 on the date set forth below. 

By: 

INFORMATION DISCLOSURE STATEMENT 

Dear Sir: 

Applicants and their Attorney are aware of the following publications and 

information, listed on the attached PTO Form 1449, and in accordance with 37 CFR 

§ 1.97 hereby submit these publications for the Examiner's consideration. A copy of 

each cited publication is enclosed. 

This statement is not to be interpreted as a representation that the cited 

publications are material, that an exhaustive search has been conducted, or that no other 

relevant information exists. Nor shall the citation of any publication herein be 

construed per se as a representation that such publication is prior art. Moreover, 
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Serial Number: 10/1.6 Page -2- Filing Date: June 24, 2002 

Applicants understand that the Examiner will make an independent evaluation of the 

cited publications. 

No additional costs are believed to be due in connection with the filing of 

this Information Disclosure Statement. However, please charge any necessary fees in 

connection with the enclosed statement to our Deposit Order Account No. 12-0080. 

28 State Street 
Boston, MA 02109 
( 61 7) 22 7-7 400 

Enclosures 

Respectfully submitted, 

LAHIVE & COCKFIELD, LLP 
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. . 

Defective imag~s within this document are accurate representations of the . 
original documents submitted by the applicant. · 

Defects in the images may include (but are not limited to): 
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• FADEDTEXT 

• ILLEGIBLE TEXT 

• · SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not repo°rt the images to the 

Image Problems Mailbox. 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 166 of 300



t 
1· 

PCT WORLD INTELLECJ'UAL PROPERTY ORGANIZATION 
International Bureau • iNTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(51) International Patent Classification 6 : 

G03F 7/00 Al 
(11) International Publication Number: 

(43) International Publication Date: 

WO 98/07069 

19 February 1998 (19.02.98) 

(21) International Application Number: PCT/US97/14054 (74) Agents: CARROLL, Peter, 0. et al.; Medlen & Carroll, LLP, 
Suite 2200, 220 Montgomery Street, San Francisco, CA 

(22) International FJ.iing Date: 11 August 1997 (11.08.97) 94104 (US). 

(81) Designated States: AU, CA, JP, KR, US, European patent (AT, (JO) Priority Data: 
60/023,393 
08/807,184 

12 August 1996 (12.08.96) 
6 August_ 1997 (06.08.97) 

US BE, CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, 
US NL, PT, SE). 

(60) Parent Application or Grant 
(63) Related by Continuation 

us 
Filed on 

Not furnished (CIP) 
Not furnished 

(71) Applicant (for all designated States except US): THE RE­
GENTS OF THE UNIVERSITY OF MICHIGAN [US/US); 
Wolverine Tower, Room 2071, 3003 South State Street, Ann 
Arbor, MI 48109-1280 (US). 

(72) Inventors; and 
(75) Inventors/Applicants (for US only): MASTRANGELO, Car­

los, H. (US/US); 5844 Creekview Court, Ann Arbor, Ml 
48105 (US). MAN, Piu, F. [CA/US); Suite 109, 536 S. 
Forest Avenue, Ann Arbor, MI 48104 (US). WEBSTER, 
James, R. [US/US]; 9319 Harbor Cove Circle #312, Whit­
more Lake, Ml 48189 (US). 

Published 
With international search report. 
Befoflt: the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

(54) Title: POLYMER-BASED MICROMACHINING TECHNOLOGY FOR MICROFLUIDIC DEVICES 

channtll 

Simpiificd fabrication process for plastic channels. 

(57) Abstract 

The prcscnl invention relates to polymer-based micro-electro-mechanical system (MEMS) technology suitable for the fabrication of 
integrated microfluidic systems, particularly medical and chemical diagnostics system, ink-jct printer head, as well as any devices that 
requires liquid- or gas-filled cavities for operation. The integrated microfluidic systems may consist of pumps, valves, channels, reservoirs 
cavities, reaction chambers, mixers, heaters, fluidic interconnects, diffusers, nozzles, and other microfluidic components on top of a regular 
circuit substrate. This technology is vastly superior than any alternatives available such as glass-based, polysilicon-based MEMS technology 
as well as hybrid "circuit board" technology because of its simple construction low cost, low temperature processing, and its ability to 
integrate any electronic circuitry easily along with the fluidic parts. 
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W098/07069 PCT/US97/140S4 

POLYMER-BASED MICRO MACHINING 

TECHNOLOGY FOR MICROFLUIDIC DEVICES 

This invention was made with U.S. government support under grant NIH-ROI-

S H601044 awarded by the National Institutes of Health. The U.S. government has certain 

rights in the invention. 

FIELD OF THE INVENTION 

The present- invention relates to compounds and methods for micromachining, and in 

JO particular, polymer-based technology for fabricating microfluidic devices. 

BACKGROUND 

Microtluidic systems are highly useful in medical diagnostics. environmental 

monitorings. biological food testing. chemical sensing and analysis. Current efforts on the 

15 fabrication of microfluidic systems and fluidic technologies have been mainly focused on 

individual component development. Individual components such as pumps [See M. Esashi et 

al. "Norrmilly Close Microvalve and Micropump Fabricated on a Silicon Wafer," in 

lmernational Workshop on Micro Electromechanical Systems rMEMS 89), pp. 29-34 ( 1989): 

R. Zengerie el al .. "A Micro Membrane Pump with Electrostatic Actuation." in lnlernalional 

20 IVi,rhlwp on Micro Elec:tromec:hanica/ Systems (MEMS 92). pp. 19-24 ( 1992); W. Zang and 

C.H. /\hn. ":\ Hi-directional Magnetic Micropump on a Silicon Wafer." in /n1erna1ional 

/Vorkslmp 011 Solicl-Swte Semor.,· and A ctuawrs (Hilton Head '96). pp. 94-97 ( 1996 )l. valves 

!See T. Ohnstcin el al .. "Michromachined Silicon Valve." in J,uernalional Workshop on Solid­

.\late Sensor.,· am/ At'lua11,rs f Hilton HeuJ '90), pp. 95-97 ( 1990): J.G. Smith. "Piezoelectric 

25 Micropump with Three Valves Working Peristaltically. "Sensors and Aclua/Or.~. Vol. A2 l-23, 

pp. ~OJ-206 ( 1990): Y.-C Lin el al .. "Characteristics or a Polyamide Microvalve." in 

lnternmional Workshop on .C::olid-Stale Sensors and A c:wawr.,· ( Hilton Head '96). pp. 113-116 

{ 1996)J. lluidic channels f.l. Pfahler el a/ .. "Liquid Transport in Micron and Submicron 

Channels." Sen.,·or.\·andA,:1110/0rs. Vol. A21-23. pp. 431-434 (1990)1. reaction chambers (S. 

30 Nakagawa et al .. "A Micro Chemical Analyzing System Integrated on a Silicon Wafer." in 

lmernmimwl Worhlwp on ·so/id-Stale Sen.mrs and A,·111lltor.,· (Hilfon Head '90). pp. 89-94 

( 1990)). separation stages fD..1. Harrison et al .• "Chemical Analysis and Electrophoresis 

- I -
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Systems Integrated on Glass and Silicon Chips," in Jnternarional Workshop on Solid-Srare 

Sensors and Actuators (Hi/Jon Head '92), pp. 110-113 ( 1992); A. Manz el al.," Integrated 

Electroosmotic Pumps and Flow Manifolds for Total Chemical Analysis Systems," in 

Transducers '91, pp. 939-941 (1991); A. Manz er al., "Planar Chips Technology for 

5 Miniaturization and Integration of Separation Techniques into Monitoring Systems: Capillary 

Electrophoresis on a Chip," J. Chromarography, Vol. 593, pp. 253-258 (1992)) and detection 

techniques [R.C. Anderson. G.J. Bodgdan and R.J. Lipshutz. "Miniaturized Genetic Analysis 

System," in lnternarional Workshop on Solid-Slate Sensors and Actuators (Hilton Head '96), 

pp. 258-261 ( 1996)), have been fabricated using a sundry of technologies. Numerous fluidic 

IO propulsional methods have also been developed based on mechanical pumping, pneumatic 

forces. electrosmosis [D.J. Harrison et al.."Miniaturized Chemical Analysis Systems Based on 

Electrophoretic Separations and Electrosmotic Pumping," in Tran.'iducers '93, pp. 403-406 

( 1993)], dielectrophoresis [H.A. Pohl. Dielectrophoresis. Cambridge: Cambridge University 

Press (1978)], surface tension gradients [M.A. Burns et al., "Microfabricated Structures for 

15 Integrated DNA Analysis," Proc. Natl. Acad. Sci. USA, 93:5556-5561 (1996); H. Matsumoto 

and J.E. Colgate, "Preliminary Investigation of Micropumping Based on Electrical Control of 

lnterfacial Tension;" in International Workshop on Solid-State Sensors and Actuators (Hilton 

Head "90), pp. 105-110 (1990); G. Beni and M.A. Tenan. "Dynamics of Electrowetting 

Displays," J. Appl. Phys., Vol. 52, pp. 6011-6015 ( 1981 ), bubble generation [L. Lin et al., 

20 "Microbubble Powered Actuator," in Transducers "9/, pp. 1041-1044 (1991)), and 

evaporation-condensation [T.K. Jun and C.J. Kim, "Miscroscale Pumping with Traversing 

Bubbles in Microchannels." in lnrernarional Workshop on Solid-State Sensors and Actuators 

(Hilton Head '96), pp. 144-147 (1996)]. 

However. efforts on system integration of components to date have been limited [S.C. 

25 Terry et al.,"A Gas Chromatographic Air Analyzer Fabricated on a Silicon Wafer," IEEE 

Trans. on Electron Devices, Vol. ED-26, pp. 1880-1886 ( 1979); A. van der Berg and P. 

Bergveld, Micro Total Analysis Sys/ems, New York: Kluwer (1994)), which mainly include 

the use of bulk micromachining and surface micromachining technology. Both of them lack 

simple construction of components and the capability to integrate all of components with 

30 electronic circuitry. 

Bulk micromachining technology, which includes the use of glass wafer processing, 

silicon-to-glass wafer bonding, has been commonly used to fabricate individual microfluidic 

components. In Europe, this glass-bonding technology has also been used to fabricate 
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microfluidic systems. In these systems. the control electronics are implemented on a hybrid 

manner external to the system. This system integration method has several problems. 

Because these systems rely on bonding of substrates. it is essential that the bonding surfaces 

create an hermetic seal to prevent the leakage of chemicals and reagents. This poses a great 

5 difficulty when interconnection leads are present on the bonding surfaces which prevent the 

surfaces from being flat. It is well known that it is exceedingly difficult to attain good bonds 

even using well-characterized techniques such as anodic bonding when steps on the bonding 

surfaces exceed 0.2 µm. Becausi of this planarity requirement, these devices 

require either complex planarization schemes, or the use of diffused leads. Because of these 

IO difficulties, only relatively simple fluidic systems can be constructed using this scheme. 

Unlike bulk micromachining, surface mtcromachining technology can be used to 

fabricate individual fluidic components as well as microfluidic systems with on-chip 

electronics. In addition, unlike bonded-type devices. hermetic channels can be built in a 

relatively simple manner using chaMel walls made of polysilicon [J.R. Webster et al., 

15 "Monolithic Capillary Gel Electrophoresis Stage with On-Chip Detector," in International 

Conference on Micro Electromechanical Systems (MEMS 96), pp. 491-496 (1996)], silicon 

nitride [C.H. Mastrangelo and R.S. Mullet, "Vacuum-Sealed Silicon Micromachined 

Incandescent Light Source," in Int. Electron Devices Meeting (IDEM 89), pp. 503-506 (1989)] 

and silicon dioxide. Surface micromachined channels that are constructed with these thin 

20 films have two basic problems. Because the thickness of the films is limited to a few 

microns, the height of cavities and chaMels is very small ( < 5 µm) resulting in sub-pL 

sample volumes. These exceedingly small sample volumes both strain the requirements for 

the sensitivity limits of detection schemes and also aggravate the surface adsorption of 

samples and reagents on the wall which further diminishes the sample concentration. On the 

25 fabrication side, due to the strong nature of the silicon based building materials, the formation 

of long capillaries is difficult to accomplish. This is because the etchants used for the 

sacrificial etch are relatively slow and in may cases extremely reactive (such as hydrofluoric 

acid HF). In these structures, it is customary to leave devices in the sacrificial etch solution 

for many hours. Special passivation layers (primarily silicon nitride SiN) are used to 

30 passivate any active electronic devices that must survive the sacrificial etch. 
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What is needed is micromachining technology that allows for fabrication of channels 

with a flexibility in cross section and channel length at virtually no loss in system 

performance. In addition, the technology should be low cost and should not require 

specialized equipment. 

SUMMARY OF THE INVENTION 

The present invention relates to polymer-based micro-electro-mechanical system 

(MEMS) technology suitable for the fabrication of integrated microfluidic systems. 

particularly medical and chemical diagnostics system. ink-je~ printer head, as well as any 

IO devices that requires liquid- or gas-filled cavities for operation. The integrated microfluidic 

systems may consist of pumps, valves. channels, reservoirs. cavities. reaction chambers. 

mixers, heaters, fluidic interconnects. diffusers. nozzles. and other microfluidic components on 

top of a regular circuit substrate. This technology is vastly superior than any alternatives 

available such as glass-based, polysilicon-based, MEMS technology as well as hybrid 'circuit 

15 board' technology (See e.g. D. VerLee et al.. "Fluid Circuit Technology: Integrated 

Interconnect Technology for Miniature Fluidic Devices," in International Workshop on Solid­

State Sensors and Actuators (Hilton Head '96), pp. 9-12 (1996); R.C. Anderson et 

al.,"Miniaturized Genetic Analysis System," in International Workshop on Solid-State Sensors 

and Actuators (Hilton Head '96), pp. 258-261 (1996); M. Albin et al.,"Micromachining and 

20 Microgenetics: Where Are They and Where Do They Work Together," in International 

Workshop on Solid-State Sensors and Actuators (Hilton Head '96), pp. 253-257 (1996). where 

plastic have been used because of its high versatility to provide transparent surfaces and 

benign surfaces]. 

The present invention contemplates both methods and devices. In one embodiment. 

25 the present invention contemplates a method for fabricating microchannels, comprising the 

steps: a) providing a substrate, said substrate having upper and lower surfaces; b) depositing a 

first polymer layer on said upper surface of said substrate. said first polymer layer having i) a 

lower surface contacting said upper surface of said substrate and ii) an upper surface~ 

c) depositing a second polymer layer on said upper surface of said first polymer layer. said 

30 second polymer layer having i) a lower surface contacting said upper surface of said first 

polymer layer and ii) an upper surface; and d) sacrificially etching said first polymer layer 

under conditions such that said second polymer layer comprises walls of a microchannel. 
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In another embodiment. the present invention contemplates a method for fabricating 

microchannels. comprising the steps: a) providing a silicon substrate. said silicon substrate 

having upper and lower surfaces; b) depositing a first polymer layer on said upper surface of 

said silicon substrate. said first polymer layer having i) a lower surface contacting said upper 

5 surface of said silicon substrate and ii) an upper surface; c) photolithographically defining said 

first polymer layer under conditions such that said first polymer layer has a desired thickness; 

d) depositing a second polymer layer on said upper surface of said first polymer layer, said 

second polymer layer having i) a lower surface contacting said upper surface of said first 

polymer layer and ii) an upper surface; and e) sacrificially etching said first polymer layer 

10 under conditions such that said second polymer layer comprises walls of a microchannel. 

It is not i:ntended that the microchannels of the present invention be limited to any 

specific dimensions. In one embodiment. the desired thickness of said first polymer layer is 

between 0.5 and 200µ and this thickness defines the height of the channel. 

Of course. the present invention contemplates additional fabrication steps. In one 

15 embodiment. the present invention contemplates, prior to step ( d) the step of 

photolithographically defining said second polymer layer. In another embodiment, the present 

invention contemplates after step (d) the step (e) of etching openings in said walls of said 

microchannel. In yet another embodiment, the present invention contemplates after step (d) 

and before step (e) the step of depositing a third polymer layer on said upper surface of said 

20 second polymer layer. 

It is not intended that the present invention be limited by the particular type of 

polymers. Polymers include. but are not limited to. photoresist. polyamide, benzocyclobutene. 

polydimethylsiloxanc. vapor-deposited p-xylylene, pTFE. PMMA, p-HMDS, polypropylene. 

starch-based polymers, epoxy, and acrylics. In one embodiment, polymer pairs are selected 

25 wherein the first polymer is soluble in a particular solvent, while the second polymer is not 

soluble in the same solvent. This permits the use of the polymer pair such that sacrificial 

etching with the solvent (or a mixture of solvents) removes the first polymer but leaves the 

second polymer intact to serve as the polymer for the microchannel. 

It is not intended that the present invention be limited by the particular barrier layer if 

30 used. The barrier layers include, but is not limited to, metal, stack of different metals, 

polymers, silicon-based materials. and other inorganic materials. 

The present invention contemplates numerous arrangements of the various polymer 

layers. For example, in one embodiment, the present invention contemplates a method for 
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fabricating rnicrochannels, comprising the steps: a) providing a silicon wafer. said silicon 

wafer having upper and lower surfaces; b) depositing a first layer of a first polymer on said 

upper surface of said silicon wafer. said first polymer layer having i) a lower surface 

contacting said upper surface of said silicon wafer and ii) an upper surface; c) depositing a 

5 second polymer layer on said upper surface of said first layer. said second polymer layer 

having i) a lower surface contacting said upper surface of said first layer and ii) an upper 

surface: d) photolithographically defining said second polymer layer under conditions such 

that said second polymer layer has a thickness between 0.5 and 200µ; e) depositing a second 

layer of said first polymer on said upper surface of said second polymer layer, said second 

IO layer of said first polymer having i) a lower surface contacting said upper surface of said 

second polymer layer and ii) an upper surface; f) sacrificially etching said second polymer 

layer under conditions such that said first and second layers of said first polymer comprise 

walls of a microchannel. said microchannel having a height defined by said thickness of said 

second polymer layer of step (d); and g) etching one or more openings in said walls of said 

15 microchannel. 

This latter embodiment can also contain additional polymers. In one embodiment, the 

method further comprises after step (e} and before step (f) the step of depositing a layer of a 

third polymer on said upper surface of said second layer of said first polymer. 

Again. the present invention is not limited to particular polymers. In the latter 

20 embodiment of the method of the present invention. it is preferred that said first and second 

layers of said first polymer comprise vapor-deposited p-xylylene. 

The present invention is not limited to the nature of number of openings. In one 

embodiment. first and second openings are etched. said first opening serving as an inlet and 

said second opening serving as an outlet. In one embodiment, said openings are etched from 

25 said lower surface of said silicon wafer into said lower surface of said first layer of said first 

polymer. In another embodiment. said openings are etched from said upper surface of said 

layer of said third polymer into said upper surface of said second layer of said first polymer. 

The polymer-based micromachining technology proposed here encompasses the 

combined benefits of the plastic fluidic technologies while capable of integration of active 

30 microfluidic and electronic devices on a monolithic package. Hermetically sealed channels 

can be fabricated with a flexibility in cross section and channel length at virtually no loss in 

system perfonnance. System integration is realized by the ability to fabricated various fluidic 

components using the same process on top of standard yet complex MOS control circuitry. In 
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addition. the polymer technology of the present invention is very low cost and does not 

require specialized equipment. 

The devices of the present invention. once fabricated. have a variety of uses. In one 

embodiment. the present invention contemplates a polymer microchannel fabricated on a 

5 silicon substrate, wherein said polymer microchannel is capable of conveying liquids or gases 

(or both). The present invention is not limited by the nature of the liquid or gas. In one 

embodiment the present invention contemplates a polymer microchannel fabricated on a 

silicon substrate. said microchannel containing one or more microdroplets. In another 

embodiment, the present invention contemplates a polymer microchannel fabricated on a 

IO silicon substrate. said microchannel connected to a reaction chamber, said reaction chamber 

containing biological reactants. 

It is not intended that the present invention be limited by the nature of the flow­

directing means used to convey fluids through the polymer channels of the present invention. 

In one embodiment. the present invention contemplates a device comprising a polymer 

15 channel. said polymer channel comprising one or more electrodes positioned such that they 

will be in contact with a liquid sample placed in said channel. The present invention also 

contemplates a method of conveying liquid in a microchannel. comprising introducing a liquid 

into an embodiment of such a device. In one embodiment. two electrodes are employed and a 

potential is applied between the two electrodes. At both ends of the electrodes. hydrolysis 

20 takes place and a bubble is generated; The gas bubble continues to grow as the electrodes 

continue pumping electrical charges to the fluid. The expanded bubble creates a pressure 

differential between the two sides of the liquid drop which eventually is large enough to push 

the liquid forward and move it through the polymer channel. 

25 DEFINITIONS 

The following definitions are provided for the terms used herein: 

The term "biological reactions" is used herein to mean reactions involving 

biomolecules (and biological reactants) such as enzymes (e.g., polymerases, nucleases, etc.) 

and nucleic acids (both RNA and DNA). Biological samples are those containing 

30 biomolecules, such proteins, lipids. nucleic acids. The sample may be from a microorganism 

(e.g., bacterial culture) or from an animal, including humans (e.g. blood. urine. etc.). 

Alternatively, the sample may have been subject to purification (e.g. extraction) or other 

treatment. Biological reactions require some degree of biocompatibility with the device. That 
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is to say, the reactions ideally should not be substantially inhibited by the characteristics or 

nature of the device components. To this end. in one embodiment, the polymer-based 

technology of the present invention contemplates polymer-based microchannels comprising 

biocompatible polymers that do not inhibit biological reactions. 

5 "Chemical reactions" means reactions involving chemical reactants, such as inorganic 

compounds. Again, it is desired that the reactions should not be substantially inhibited by the 

characteristics or nature of the device components. To this end. in one embodiment, the 

polymer-based technology of the present invention contemplates polymer-based microchannels 

comprising polymers.that do not inhibit chemical reactions. 

10 "Channels" are pathways through a medium (e.g., silicon) that allow for movement of 

liquids and gasses. Channels thus can connect other components. i.e .. keep components "in 

liquid communication." "Microdroplet transport channels" are channels configured (in 

microns) so as to accommodate "microdroplets." While it is not intended that the present 

invention be limited by precise dimensions of the channels or precise volumes for 

15 microdroplets. illustrative ranges for channels and microdroplets are as follows: the channels 

can be between 0.5 and 200 microns in depth (preferably between IO and 100 µm) and 

between 50 and 1000 µm in width (preferably 500 µm). and the volume of the microdroplets 

can rcU1ge (calculated from their lengths) between approximately one (l) and (100) nanoliters 

(more typically between ten and fifty). 

20 The term "conveying" is used herein to mean "causing to be moved through" as in the 

case where a microdroplet is conveyed through a transport channel to a particular point. such 

as a reaction region. Conveying can be accomplished via flow-directing means. 

"Flow-directing means" is any means by which movement of liquid (e.g. a 

microdroplet) in a particular direction is achieved. A variety of flow-directing means are 

25 contemplated, including but not limited to pumps such as the "bubble pump" described herein. 

A preferred directing means employs a surface-tension-gradient mechanism in which discrete 

droplets are differentially heated and propelled through etched channels. For continuous flow 

of liquids, pumps are contemplated. 

"Initiating a reaction" means causing a reaction to take place. Reactions can be 

30 initiated by any means (e.g., heat. wavelengths of light, addition of a catalyst, etc.). The 

present invention contemplates initiating reactions in the channels and reaction chambers 

fabricated according to the methods of the present invention. 

- 8 -

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 176 of 300



W098/07069 FCT/US97/14054 

"Liquid barrier" or "moisture barrier" is any structure or treatment process on existing 

structures that prevents short circuits and/or damage to electronic elements (e.g., prevents the 

destruction of the aluminum heating elements). In one embodiment of the present invention, 

the liquid barrier comprises a first silicon oxide layer. a silicon nitride layer. and/or a second 

5 silicon oxide layer. 

"Nucleic Acid Amplification" involves increasing the concentration of nucleic acid. 

and in particular. the concentration of a particular piece of nucleic acid. A preferred 

technique is known as the "polymerase chain reaction." Mullis. et al.. U.S. patents Nos. 

4,683,195 and 4,683,202. hereby incorporated by reference. describe a method for increasing 

10 the concentration of a segment of target sequence in a mixture of genomic DNA without 

cloning or purification. This process for amplifying the target sequence consists of 

introducing a molar excess of two oligonucleotide primers to the DNA mixture containing the 

desired target sequence. The two primers are complementary to their respective strands of the 

double-stranded sequence. The mixture is denatured and then allowed to hybridize. 

15 Following hybridization. the primers are extended with polymerase so as to form 

complementary strands. The steps of denaturation, hybridization. and polymerase extension 

can be repeated as often as needed to obtain are relatively high concentration of a segment of 

the desired target sequence. The length of the segment of the desired target sequence is 

determined by the relative positions of the primers with respect to each other. and therefore, 

20 this length is a controllable parameter. By virtue of the repeating aspect of the process, the 

method is referred to by the inventors as the "Polymerase Chain Reaction" (hereinafter PCR). 

Because the desired segment of the target sequence become the dominant sequences (in terms 

of concentration) in the mixture. they are said to be "PCR-amplified." 

25 DESCRIPTION OF THE ORA WINGS 

Figure I is a schematic of one embodi~ent of an integrated microfluidic system using 

the technology of the present invention. 

Figure 2 is a photograph of an electron micrograph of a polymer channel made 

according to the present invention. Figure 2 (a) is a top view and Figure 2 (b) is a cross-

30 section. 

Figure 3 is a schematic showing a simplified fabricati.on method of the present · 

invention. 
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Figure 4 (a) shows the top view of a microchannel with toptype inlet fabricated using 

the methods of the present invention. Figure 4 (b) is a closeup electron-micrograph showing 

the three polymer construction of a channel made according to the methods of the present 

invention. 

Figure 5 (a) shows the top view of a thermal cycling chamber constructed using the 

methods of the present invention. Figure S(b) shows the cross-section of a similar PCR 

thermal cycling chamber showing the large volume of the cavity. 

Figure 6 is a series of schematics showing the basic process steps of one embodiment 

of the fabrication method of the present invention. 

IO Figure 7 is a schematic showing the simple suction pump. 

15 

Figure 8 is a schematic showing the cross.section of a pass-through valve implemented 

using the polymer based channel technology of the present invention. 

Figure 9 is a schematic showing one embodiment or a bubble pump and capillary 

valve. 

Figure IO is a schematic showing liquid movement via the bubble pump and capillary 

valve. 

Figure 11 shows another embodiment of a reaction chamber constructed using the 

methods of the present invention. 

Figure 12 shows another embodiment of a thermocompression suction pump fabricated 

20 according to the methods of the present invention. 

Figure 13 is a schematic showing one embodiment of the fabrication method for the 

bubble pump :md capillary valve. 

l>ESCRlPTION OF THE INVENTION 

25 The present invention relates to polymer-based micro-electro-mechanical system 

(MEMS) technology suitable for the fabrication of integrated microtluidic systems. 

particularly medical and chemical diagnostics system. ink-jet printer head. as well as any 

devices that requires liquid-or gas.filled cavities for operation. The integrated microtluidic 

systems may consist of pumps. valves. channel. reservoirs. cavities. reaction chambers. 

30 mixers. beaters. tluidic interconnects. diffusers. nozzles. and other microtluidic components on 

top of a regular circuit substrate. 

Devices fabricated under this invention consist of two planar levels of functionality 

(See Figure I). The top level consists of a polymer-based microtluidic plane. 30-50~1 thick 
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that is constructed on top of a regular silicon substrate. This plane of functionality contains 

all the microfluidic components of the diagnostic system such as channels, pumps, valves, 

thermal cycling reactor chambers, reservoirs, and electrophoresis stages. Beneath the 

microfluidic plane. the control. detection. drive and communication electronics are constructed 

5 in a conventional CMOS substrate chip. A series of holes are etched through the silicon 

substrate using anisotropic etching thus forming sample and reagent inlets and providing 

access to the microfluidic plane. 

Figure J (b) shows the proposed packaging assembly. First. access holes are 

ultrasonically drilled through a PGA ceramic package. The two-plane chip is mounted on the 

IO package and wire bonds are connected on the lead side for the electrical interconnects. The 

"fluidic" interconnects of the system are on the opposite side of the chip and hence do not 

interfere with the electrical connections. The chip cavity is next closed thus isolating the 

fragile electronic and microfluidic components from the surrounding environment. 

Figure 2 shows SEM photographs of 25µ-high, 3 mm-long polymer channels with 

15 frontside inlet. The details of the fabrication process are discussed in the Experimental 

section. 

The proposed technology is suitable for the construction of a wide range of automated 

analytical instruments hence serving as a general testbench. When properly constructed. the 

testbench components can be configured to perform many different functions thus in essence 

20 forming a "fluidic microprocessor". The present invention contemplates the use of a common 

fluidic interconnect (i.e., a fluidic bus) to move samples from any reservoir (or fluidic 

register) to any other. as well as allowing for controlled mixing. The set of mixing operations 

performed by the fluidic processor can be controlled by an external logic circuit. 

The invention of polymer-based micromachining technology is vastly superior than 

25 those based on wafer bonding bulk micromachining, polysilicon surface micromachining, and 

hybrid plastic 'circuit board' technology in the following six categories. (a) The microtluidic 

plane fabrication is implemented by deposition of low-temperature layers that do not degrade 

or change the underlying circuit characteristics or its conventional process flow. (b) The 

fluidic-plane is fabricated using weak chemicals that do not attack the circuit plane in any 

30 way. Therefore. complex microfluidic devices can be fabricated using a regular MOS 

substrate plane containing the control circuitry, and a polymer-based microfluidic plane 

constructed on top of it. (c) Leak-tight channels are formed due to the conformality of the 

polymer deposition (a severe problem present in glass bonded devices): (d) Tall channels and 
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chambers of different heights can be easily fabricated. Unlike silicon-based films, these 

polymers can be quite thick with a thickness reported as high as 200 µ. Currently we can 

fabricate channels that range from 0.5 to I 00µ in height. ( e) Very long channels can be 

fabricated with short etching times (also a problem with poly-Si). (t) Polymer channel walls 

5 do not have the severe surface adsorption problems observed in silicon and glass walls. (g) 

Polymer channels are optically transparent and are therefore are much simpler to test. (h) Its 

process simplicity and its capability of integrating individual fluidic components together 

make integrated microfluidic system possible. (i) Its batch-processing ability make 

microtluidic system inexpensive. 

IO The following sections show several fabrication processes of microfluidic components. 

15 

These microfluidic components and their process flows are presented to demonstrate the 

feasibility of polymer-based technology to fabricate the microfluidic systems. It is not 

intended that the present invention be limited by a particular type of fabrication process. 

I. Selection of Polymers and Polymer Pairs 

As noted above, it is not intended that the present invention be limited by the 

particular type of polymers. ln one embodiment. polymer pairs are selected wherein the first 

polymer is soluble in a particular solvent. while the second polymer is not soluble in the same 

solvent. This permits the use of the polymer pair such that sacrificial etching with the solvent 

20 removes the first polymer but leaves the second polymer intact to serve as the polymer for the 

microchannel. 

Selection of polymer pairs and solvents can readily be achieved by making reference 

to known solubilities of particular polymers with particular solvents. An example of such 

known solubilities is shown in the Table below (where "+" means soluble. "-" means 

25 insoluble. "( +)" means soluble at high temperatures). Specifically, illustrative solvents and 

polymers are given along with their corresponding o, and 62 values. 
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Illustrative Solubilities and Solubility Parameters of Polymers 

Solvent Solubility of the Polymer 

Poly(methyl Poly(vinyl Poly(hexameth-
Poly(isobutene) methacrylate) acetate) ylene adipamide) 

6, 6: = 7.9 6: = 9.1 0: = 9.4 6: = 13.6 

Decafluorobutane 5.2 - - - -
Neopentane 6.25 + - - -

Hexane 7.3 + - - -

Diethyl ether 7.4 - - - -
Cyclohexane 8.2 + - - -
Carbon 8.62 + + - -
tetrachloride 

Benzene 9.2 + + + -
Chloroform 9.3 + + + -

Butanone 9.3 - + + -
Acetone 9.8 - + + -
Carbon disulfide 10.0 - - - -
Dioxane 10.0 - + + -

Dimet/iyl 12.1 - + + (+) 

formamide 

m-Cresol 13.3 - + + + 

Formic acid 13.5 - + - + 

Methanol 14.5 - . . . 

Water 23.4 - - - -

The utility of the solubility parameter approach is that o (solubility parameter) 

can be calculated for both the polymer and solvent. There are three separate forces which 

together influence the o's numerical value. These include: 1) the number of dispersive forces 

30 present; 2) the number of dipole-dipole forces present; and 3} the number of hydrogen 

bonding forces present. As a first approximation and in the absence of strong interactions 

such as hydrogen bonding, solubility of a polymer in a solvent can be expected if 01 - o2 is 

less than 1.7 - 2.0, but not if appreciably larger. 

Thus. as a general rule of thumb, a polymer is expected to be soluble in a solvent 

35 where o1 is approximately equal to o2• Of course, it is contemplated that these values need 
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not be equal. The present invention contemplates using polymers and solvents where the 

values of o, and 02 are within approximately 2.0 units (more preferably within approximately 

1.0 unit and most preferably within approximately 0.5 units). 

It is not intended that the present invention be limited to the solvents and polymers set 

5 forth in the above Table. Other solvents and polymers are contemplated. For example, 

soluble solutions of poly(styrene) (o1 = 9.3), are readily obtained with butanone (o, = 9.3) and 

dimethylformamide (01= 12. l), but not with acetone ((o,= 9.8). In the liquid acetone. the 

acetone molecules form dimers through dipole-dipole interactions. In these dimers, the keto 

groups are shielded by the methyl groups, and so are no longer able to solvate tjle phenyl 

10 groups of the poly(styrene). The addition of the cyclohexane (o,= 8.2) decreases the tendency 

of the acetone molecules toward association, and thus frees keto groups for salvation. For the 

same reason. it is also possible to have 40% solutions of poly(styrene) in acetone. Butanone. 

on the other hand. is "internally diluted" by the additional CH1 group. and is therefore a 

solvent over the whole concentration range. 

I 5 Similar reasoning applies to mixtures of solvents. A solvent with a lower solubility 

parameter (i.e. than that of the polymer) can be combined with a solvent with a higher 

solubility parameter (i.e. than that of the polymer). Poly(acrylonitrile) (o2 = 12.8), for 

example dissolves in both dimethylformamide O>,= 12. l) and malodinitrile (li 1= 15.1 ), but not 

in a mixture of the two. In some embodiments, the present invention contemplates etching 

20 with solvent mixtures. 

II. Basic Polymer Process: Polymer Channels 

The basic fabrication process begins with a conventional silicon CMOS processed 

substrate. as shown in Figure 3. In this figure, inlet and outlet are et~hed from the front side. 

25 However, backside inlet and outlet can easily be made by etching holes into the substrate 

from the backside using an anisotropic etchant such as ethylenediamine pyrazine (EDP), 

tetrarnethylammonium hydroxide (TMAH) or even XeF2 stopping at the passivation oxide or 

nitride (also see Section HI). Other alternatives on passivation layer includes 

oxide/nitride/oxide and low stress silicon-rich silicon nitride. Next, the microfluidic plane is 

30 constructed using the simplified process shown below. First a thick polymer layer is 

deposited and photolithographically defined onto the substrate with the thickness required for 

the channel height (0.5-100µ). Next a second polymer is deposited serving as the walls of the 

channels. The second polymer is next etched defining the extent of the channel walls. Holes 
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to polymer 1 can be etched either from the front or tluough the backside by plasma etching 

the passivation oxide (see Section III). Polymer I is now sacrificially etched leaving a 

channel behind. In some cases where polymer 2 may react with polymer L a third material 

serves as a barrier layer, is deposited in between polymer 1 and polymer 2. The barrier layer 

5 has to be relatively conformal to provide a complete physical contact of polymer I from 

polymer 2. 

Figure 4 is an example of a simple polymer channel: Figure 4(a) shows the top view 

of a 100µ wide. 25µ-high channel with toptype inlet fabricated using this process. Channels 

as long as 3mm are completely sacrificially released in under 20 minutes time. These 

10 channels are optically clear. Figure 4(b) shows a closeup SEM showing the three polymer 

construction of a 15 µ-high channel with 40 µ-thick walls. 

ln this example, photodefinable polyamide is used a polymer 2. vapor-deposited p­

xylylene as the thin intermediate barrier material, and thick photoresist as polymer I. The 

details of embodiments of the fabrication process are set forth in the Examples. It is not 

15 intended that the present invention be limited by the particular type of polymers. · Polymers 

include. but are not limited to. photoresist, polyamide. benzocyclobutene. 

polydimethylsiloxane. vapor-deposited p-xylylene. pTEE. PMMA. p-HMDS. polypropylene. 

starch-based polymers. epoxy. and acrylics. In addition. it is not intended that the present 

invention be limited by the particular barrier layer. The barrier layers include. but is not 

20 limited to. metal. stack of different metals. pTFE. polymers. silicon-based materials. and other 

inorganic materials. Fluidic Interconnects can also easily be fabricated as shown in Example 

2 (below). 

111. Fabricating Reservoirs, Mixers, Reaction Chambers, Cavities 

25 Reservoirs. mixers. reaction chambers. and any cavities can be formed by proper 

enlargement of the channels while heaters. detectors. and active circuits reside on the CMOS 

plane below. Figure 5 shows an example of a reaction chamber. The details of one 

embodiment of the fabrication process are set forth in the Examples. Figure 5a shows the top 

view of 1 mm2
• 25 µm-high thermal cycling chamber constructed using this process. The 

30 dots on the cavity are posts periodically spaced inside the cavity which enhance mixing and 

stiffen the cavity to prevent it collapse. The cavity is connected at both ends with short 

channels leading to top inlets and outlets. Figure 5(b) shows the cross-section of a similar 

PCR thermal cycling chamber showing the large volume of the cavity. Ink-jet printer head 
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can be fabricated similar to the PCR reactor except that there are arrays of etch holes (circular 

or square) on the structural. polymer. Instead of forming post in the large cavity, internal 

walls are built so that each etch hole is isolated and is connected to an internal reservoir, 

which stores ink. Under each isolate cavities, heaters are placed or suspended on tape of the 

5 substrate. 

IV. Fabricating Actuators 

The same process also allows the fabrication of actuators such as valves and pumps. 

The polymer process must include the following layers: ( l) a sacrificial polymer layer for 

10 forming cavities and channels: (2) a thick elastic structural polymer layer for forming elastic 

diaphragms needed in pumps and valves. This thin polymer can also serve as a barrier layer 

in some cases: (3) a thick structural polymer layer for construction of thick channel walls and 

bossed diaphragms: and ( 4) a metal layer that can carry current either embedded between (2) 

and (3) or on top of layer (3). Figure 6 shows the basic process steps carried out to fabricate 

1 5 the actuator. 

The process begins with a conventional CMOS. bipolar. or BiCMOS substrate 

passivated by a layer of silicon dioxide. Metal lines can be present on the circuit side if 

desired. The next step in the process consists of the opening of holes on the backside oxide 

by plasma etching. These holes will provide access to the microfluidic polymer plane. After 

20 this step, the circuit substrate is immersed in a silicon rich TMAH solution that anisotropically 

etches the substrate all the way to the passivation oxide layer. The cavities formed by this 

etch are bounded by the 111 crystal planes of the substrate. The silicon saturated TMAH 

solution will not attack any aluminum wires exposed on the surface [U. Schankenberg et 

a/.."TMAHW Etchants for Silicon Micromachining," in Transducers '9/. pp. 815-818 (1991)). 

25 After rinsing and drying the substrates. a passivation layer is deposited on top of the 

circuits and subsequently patterned. The pass~vation layer is needed if the system being built 

must handle fluids that contain mobile ions·such as sodium ions and potassium ions (many 

biochemical reactions require weak KCl buffer solutions) which can easily diffuse through the 

oxide passivation of the circuit plane. Several types of passivation layers can be used (or 

30 even none). Conventional materials such as sputtered SiN serve the purpose quite well. 

Polymers can also be used as a barrier to the contaminant diffusion. The barrier layer is next 

photolithographically defined and etched on the areas leading to the backside inlet and metal 

contact areas. 
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Wafers that have reached this state are ready for the construction of the microfluidic 

plane. First a thick polymer 1 layer is deposited and etched on top of the substrate. This thick 

polymer serves as a spacer layer that determines the height of channels and microfluidic 

components. Multiple thicknesses on the same wafer can be obtained through time etching or 

5 multiple depositions. The range of thicknesses for this polymer is between 0.5-200µ. Next a 

thin layer of polymer (polymer 2) 0.5-2µ thick is deposited uniformly onto the wafer. 

Polymer 2 serves as a thin structural layer that is easily deflected, and as a barrier layer in 

some cases. Its main purpose is for the fabrication of flexible membranes required by the 

pumps and valves described earlier. Next, a thin layer 1-2µ of aluminum is evaporated on 

10 top of polymer 2 and it is photolithographically defined to form parallel conductors and 

interconnects used in the fluidic actuators. The process is followed by the deposition and 

patterning of a thick polymer (polymer 3) that provides structural support for the channels and 

microfluidic component walls. Next holes are opened on the thin polymer 2 layer leading to 

bonding pads on the circuit plane and also providing access to polymer I if desired from the 

15 front side. At this point the reminder passivation oxide that separates polymer 1 from the 

backside inlets is etched by plasma etching. In the last step of the process, polymer I is 

sacrificially etched thus releasing the channels and fluidic actuators. The chips are next 

mounted on a ceramic package and the electrical leads are formed by wire bonding. As an 

example, polymer 1 can be photoresist, polymer 2 can be p-xylylene. and polymer 3 can be 

20 polyamide. 

Droplets of the samples must be moved to the various parts of the system in order to 

perform various tests on the fluidic chip. A thermocompression suction pumps that create a 

pressure differential between the two sides of the liquid drop can be used. A simple suction 

pump can be constructed as shown in Figure 7. The pump basically consists of a heater and a 

25 valve. This device is constructed with an additional thin polymer layer and an embedded 

metallization inserted on the microfluidic plane. The construction of this type of pump is thus 

entirely compatible with the polymer-based technology. This pump basically consists of a 

heater constructed on a polysilicon heater constructed on the MOS plane placed under the 

polymer channel, and an exhaust valve. The exhaust valve consists of an enlarged version of 

30 the channel with a central outlet. On top of the polymer valve. a series of parallel aluminum 

wires are patterned. The aluminum wires are placed between a thin polymer and a thick one 

thus forming a boss region and a diaphragm. This valve is magnetically actuated upon 

application of a transversal magnetic field B (through an external permanent magnet). The 
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valve either closes or opens depending on the direction of the current I on the parallel 

conductors. Magnetic actuation was chosen for the valve because the tall channels generated 

by the polymer-based process have very high pull-in voltages hence rendering electrostatic 

actuation impractical. 

5 The thermocompression pump operates as follows: first. the exhaust valve is opened 

and the heater is powered up. Next the valve is closed and the heater is turned off thus 

forming a partial vacuum on the channels as the trapped air cools down. This partial vacuum 

propels the drop forward until the pressure difference disappears. The cycle is repeated for 

continuous pumping. Propulsion of the droplet in the reverse direction can also be achieved 

IO by expanding the gas rather than contracting it. This type of simple pump can generate 

pneumatic pressure differences as high as 0.5 ~L. well above the threshold needed for the onset 

of motion of droplets in capillaries. If the pneumatic drop motion mechanism is used. pass­

through values are needed into the system. These valves basically constrict the channels at 

various points in the system thus acting as gates that block the passage of liquids. Pass-

15 through valves are necessary to impede the continuous drawing of liquids onto the capillary. 

This situation occurs due to the fact that when droplets are moved inside the caillary channels, 

they fonn a partial vacuum behind them which can in turn move drops on other parts of the 

system. Pass through valves impede the entrance of these drops onto places where there exist 

temporary vacuum pressure differences. It is also important to point out that once a channel 

20 is blocked, it is necessary to open an exhaust valve (such as those made for the 

thermocompression pump) attached to the same end as the blocking valve if additional liquid 

drop motion is desired. The exhaust valve provides and additional inlet that impedes the 

formation of a vacuum behind the moving drop that would ultimately stops and additional 

drop motion. 

25 This brings the important point that pumping of discrete drops can only be 

accomplished when one of channel ends is open to the environment. This problem has been 

pointed out by Anderson (supra) who has proposes the use of permeable membranes to 

eliminate this problem. Figure 8 shows the cross-section of a pass-through valve implemented 

using the polymer based channel. The valve basically consists of a flat round segment of an 

30 enlarged channel that is constructed in its collapsed form by the deliberate removal of 

polymer l. A patch of polymer 3 (Teflon) is placed under the valve such that polymer 2 does 

not stick to the surface. The valve is opened or closed by applying a current to the 
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conductors above the pass-through valve which buckle the diaphragm upward thus opening 

the valve. 

V. Bubble Pumps and Capillary Valves 

As noted above, it is not intended that the present invention be limited by the nature of 

the flow-directing means used to convey fluids through the polymer channels of the present 

invention. In one embodiment. the present invention contemplates a polymer channel 

comprising one or more electrodes in contact with the liquid sample. A schematic of one 

embodiment of the bubble pump and capillary valve is shown in Figure 9. The bubble pump 

10 comprises a polymer channel with several electrodes (e.g. Ti/Pt electrodes) in contact with the 

liquid sample. When coupled with the capillary valve. the bubble pump can actuate a certain 

quantity of fluidic samples along the polymer chip. The capillary valve is essentiaJly a 

narrow section of a polymer channel. In operation. the fluidic sample is first injected in the 

inlet reservoir. As soon as the fluid is loaded, it moves in the channel by capillary force. 

15 The fluid then passes the narrow section of the channel but stops at the edge where the 

channel widens again (see Figure IOA). After the fluidic sample is loaded. a potential is 

applied between two electrodes. At both ends of the electrodes. hydrolysis occurs and bubble 

is generated. The bubble keeps on growing as the electrodes continue pumping electrical 

charges to the fluid (Figure I OB). The expanding bubble then creates a pressure differential 

20 between the two sides of the liquid drop, which eventually large enough to push the liquid 

forward (Figure 1 OC). 

The combination of bubble pump and capillary valve is an excellent fluid propelling 

device. This actuating device does not require any moving parts and is easy to fabricate. In 

addition. the device produces a well-controlled fluid motion. which depends on the bubble 

25 pressure. The bubble pressure is controlled by the amount of charges pumped by the 

electrodes. Furthermore, the power consumption of the device is minimal. 

EXPERIMENTAL 

The following examples serve to illustrate certain preferred embodiments and aspects 

30 of the present invention and are not to be construed as limiting the scope thereof. 
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EXAMPLE 1 

This example describes one embodiment of the fabrication method of the present 

invention. More specifically, this example describes one embodiment of the process flow for 

channels and cavities with frontside inlets and outlets. 

The process starts with a 4 inch silicon wafer. Thereafter, the steps are as follows: 

0. {Optional) Deposit 2µ-thick p-xylylene with primer. 

I . HMDS is spread at 200 rpm for 16s, and spun at 4000rpm for 30s. 

2. Photoresist (AZP4620) is spread at 200rpm for 16s. and spun at 750rpm for 

50s (about 20µ-thick). Experiments reveal that this resist does not stick too well with silicon 

10 substrate without applying HMDS. For some other resist, HMDS may not be applied. 

3. Remove the resist beads which reside on the edge of the wafer using Q-tip 

soaked with acetone. This step is necessary because these beads will glue to the mask plate 

during mask aligning. 

4. Soft baked on a hot plate for 2 mins .. at l 30°C. Lower temperature with longer 

15 bake time should also work. 

5. Patterned and exposed at intensity of 1250 ml/cm2
• 

6. Developed for 16 mins in AZ312: H20=1:I. 

7. Hard baked at 130° for 3 mins. 

8. Plasma etching using 0 1 at 80W: 250mT for 2 mins. Longer etching time may 

20 bum the resist. 

9. Deposit 2 µm-thick p-xylylene without applying primer. The p-xylylene will 

crack if it is too thin. and resist will crack if primer is applied. Without primer. the adhesion 

between p-xylylene and silicon substrate is not too good. 

l 0. Plasma etching using 0 2 at 80W for 2 mins. This dry etching is necessary to 

25 improve the adhesion between parylene and polyamide. 

30 

I l. Polyamide (Polyamide 7020 from OCG) is spread at 200rpm for l Os. and spun 

at 2500rpm for I Os (about 40µ-thick). 

12. Soft bake at 90°C for 2 mins, followed by baking at 110° for 7 mins .. 

13. 

14. 

15. 

16. 

Pattered and exposed at intensity of 350ml/cm~. 

Bake at l 05° C for 1 mins. 

Let it rest for 30 mins. 

Develop (QZ250l from OCG) for 6 mins. Agitate. 
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17. Rinse (QZ3512 from OCG) for 2 mins. Agitate. If some white residual is 

observed, put the wafer to the developer. 

18. Blow dry. 

19. Repeat Step 2 to 6. No HMDS is applied because adhesion between p-xylylene 

5 and polyamide is strong enough. 

20. Etching p-xylylene: Plasma etching using 0 1 at 250W. 250mT for 20 mins. 

21. Sacrificial release: Immersed into hot Acetone for 20 mins. 

22. Rinse with IPA and water. 

23. (Optional) Final Cure 250° for 30 mins. Higher temperature may burn p-

l O xylylene. 

EXAMPLE 2 

This example describes another embodiment of the fabrication method of the present 

invention. More specifically, this example describes one embodiment of the process flow for 

15 fluidic interconnect. The process starts with a 4 inch silicon wafer. Thereafter the steps are as 

follows: 

20 

I . Repeat Step 11 to 18 from Example I. 

2. Repeat Step 2 to 6 from Example I. 

3. 

4. 

xylylene. 

Repeat Step 9 to 22 from Example I. 

(Optional) Final Cure 250° for 30 mins. Higher temperature may bump-

EXAMPLE3 

In this example, another embodiment of a reaction chamber is constructed using the 

25 methods of the present invention. The fabrication process is same as in Example I (above). 

Figure 11 shows the resulting reaction cham~er with one supporting post. The reaction 

chamber is approximately I mm Jong, I mrri wide and 20 µm high. 

EXAMPLE 4 

30 In this example. another embodiment of a thennocompression suction pump is 

fabricated according to the methods of the present inventio~. A thermocompression suction 

pump is fabricated (Figure 12) that is similar to the one described in Figure 7 of the patent. 

Figure 12 shows a polymer valve of 1mm in diameter with a 30 µm thick boss of 320 µm in 

- 21 -

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 189 of 300



5 

W098/07069 PCT/US97/14054 

diameter. The valve orifice is 80 µm in diameter. A combination of chromium and gold of 

50 µm-wide are placed on top of the 4 µm-thick p-xylylene diaphragm. The polymer valve is 

connected to a stand channel of l 00 µm wide. 

EXAMPLE 5 

In this example. one embodiment of the fabrication method for the bubble pump and 

capillary valve is described. Figure 13 is a schematic showing the embodiment of the 

fabrication method for the bubble pump and capillary valve. 

The process begins with a I 00 mm p-type silicon substrate with a 0. 7 µm layer of 

l O thermally grown silicon dioxide. The hydrolysis electrodes are next formed by evaporating a 

thin layer of 20 run of Ti followed by a 30 nm layer of Pt and patterned by liftoff using a 3 

µm of Shirley 1827 photoresist and acetone. A uniform thin layer of p-xylylene (Specialty 

Coating Services, parylene-C) 2 µm-thick is vapor deposited at room temperature on the 

oxidized substrates. The p-xylylene layer is next roughened with a lOOW, 300mT 0 2 plasma 

15 for 2 minutes to improve the adhesion of the subsequent polymer layer. A 10 µm-thick layer 

of photosensitive polyamide (OCG Probimide 7020) is next spin-cast at 7000 rpm for IO sec. 

serving as a stop. The sample is soft baked at 90°C for 2 min. followed by I I 0° for 7 min. 

The soft baked polyarnidc is next exposed and patterned with a dose of 350mJ/cm2 followed 

by a bath in OCG QZ2501 developer for 5 min and a I min. rinse in QZ3512. Next, a 

20 second 2 µm layer of p-xylylene is deposited on top of the polyamide and selectively etched 

on the Pt electrode areas with a 250W, SOmT 0 2 plasma for 30 min. After that. the polymer 

channel is ready to be constructed. First. a 20 µm-thick sacrificial layer of AZP4620 

(Hoechst) photoresist is spin cast at 750 rpm for 50 sec. and soft baked at 130° and exposed 

using a dose of l 750mJ/c:m1 to define the channel area. A second partial exposure of 

25 250mJ/cm2 is performed to define the narrow section of the channel, followed by a lO min 

development in AZ 312. After that, the wafer is hard baked at I 30°C, followed by a short 0 2 

plasma descum. A third 2 µm thick layer of p-xylylene is deposited which completely seals 

the resist layer and prevents the subsequent polyarnide solvent from attacking the soft 

sacrificial resist. The top p-xylylene is next roughened with 0 2 plasma and the top structural 

30 layer is constructed by spin-casting and patterning a 30 µm thick of photoresist polyamide as 

described earlier. This is followed by an 0 2 plasma descum and a final I µm p-xylylene 

deposition. Access holes to the sacrificial resist are patterned using a 20 µm-thick layer of 

resist (AZP4620) and etched in a 250 W, SOmT, 0 2 plasma for 35 min. that removes the two 
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p-xylylene layers on top of the sacrificial resist layer and at the same time the three p­

xylylene layers on top of the platinum electrodes for electrical contact. The masking resist 

and the sacrificial resist layer are both removed in a warm bath of acetone for about 50 min, 

followed by a rinse in isopropyl alcohol and DI water. 

From the above, it should be clear that the polymer-based technology of the present 

invention provides a micromachining technology that allows for fabrication of channels with a 

flexibility in cross section and channel length with virtually no Joss in system performance. 

10 In addition, the polymer technology of the present invention is low cost and does not require 

specialized equipment. 
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CLAIMS 

I. A method for fabricating microchannels, comprising the steps: 

a) providing a substrate. said substrate having upper and lower surfaces; 

b) depositing a first polymer layer on said upper surface of said substrate. said 

first polymer layer having i) a lower surface contacting said upper surface of said substrate 

and ii) an upper surface; 

c) depositing a second polymer layer on said upper surface of said first polymer 

layer, said second polymer layer having i) a lower surface contacting said upper surface of 

10 said first polymer layer and ii) an upper surface; and 

15 

d) sacrificially etching said first polymer layer under conditions such that said 

second polymer layer comprises walls of a microchannel. 

2. The method of Claim 1, wherein said substrate is a silicon substrate. 

3. The method of Claim I. further comprising, prior to step (c) the step of 

photolithographically defining said first polymer layer under conditions such that said first 

polymer layer has a desired thickness. 

20 4. The method of Claim 3. wherein said desired thickness of said first polymer layer is 

between 0.5 and 200~L. 

5. The method of Claim I. funher comprising, prior to step (d) the step of 

photolithographically defining said second polymer layer. 

25 

6. The method of Claim 1. funher comprising, after step (d) the step (e) of etching 

openings in said walls of said microchannel. 

7. The method of Claim 6, further comprising after step (d) and before step (e) the step 

30 of depositing a third polymer layer on said upper surface of said second polymer layer. 

8. The method of Claim 1. wherein said first polymer and said second polymer are 

selected from the group consisting of photoresist, polyamide, benzocyclobutene, 
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polydimethylsiloxane. vapor-deposited p-xylylene, pTFE. PMMA. p-HMDS, polypropylene, 

starch-based polymers, epoxy. and acrylics. 

9. A method for fabricating microchannels. comprising the steps: 

a) 

surfaces: 

providing a silicon substrate. said silicon substrate having upper and lower 

b) depositing a first polymer layer on said upper surface of said silicon substrate, 

said first polymer layer having i) a lower surface contacting said upper surface of said silicon 

substrate and ii) an upper surface; 

JO c) photolithographically defining said first polymer layer under conditions such 

15 

20 

that said first polymer layer has a desired thickness; 

d) depositing a second polymer layer on said upper surface of said first polymer 

layer. said second polymer layer having i) a lower surface contacting said upper surface of 

said first polymer layer and ii) an upper surface; and 

e) sacrificially etching said first polymer layer under conditions such that said 

second polymer layer comprises walls of a microchannel. 

10. The method of Claim 9. wherein said desired thickness of said first polymer layer of 

step (c) is between 0.5 and 200µ. 

I 1. The method of Claim 9. further comprising, prior to step (e) the step of 

photolithographically defining said second polymer layer. 

12. The method of Claim l. further comprising, after step (e) the srep (f) of etching. 

25 openings in said walls of said microchannel. 

13. The method of Claim 12. further comprising after step (e) and before step (f) the step 

of depositing a third polymer layer on said upper surface of said second polymer layer. 

30 J4. The method of Claim 9, wherein said first polymer and said second polymer are 

selected from the group consisting of photoresist, polyamide, benzocyclobutene. 

polydimethylsiloxane, vapor-deposited p-xylylene, pTFE, PMMA. p-HMDS. polypropylene. 

starch-based polymers, epoxy. and acrylics. 
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I 5. A method for fabricating microchannels. comprising the steps: 

a) providing a silicon wafer, said silicon wafer having upper and lower surfaces: 

b) depositing a first layer of a first polymer on said upper surface of said silicon 

wafer. said first polymer layer having i) a lower surface contacting said upper surface of said 

5 silicon wafer and ii) an upper surface: 

c) depositing a second polymer layer on said upper surface of said first layer. 

said second polymer layer having i) a lower surface contacting said upper surface of said first 

layer and ii) an upper surface; 

d) photolithographically defining said second polymer layer under conditions such 

10 that said second polymer layer has a thickness between 0.5 and 200µ; 

e) depositing a second layer of said first polymer on said upper surface of said 

second polymer layer. said second layer of said first polymer having i) a lower surface 

contacting said upper surface of said second polymer layer and ii) an upper surface; 

f) sacrificially etching said second polymer layer under conditions such that said 

I 5 first and second layers of said first polymer comprise walls of a microchannel. said 

microchannel having a height defined by said thickness of said second polymer layer of step 

(d); and 

20 

g) etching one or more openings in said walls of said microchannel. 

16. The method of Claim 15. further comprising after step (e) and before step (f) the step 

of depositing a layer of a third polymer on said upper surface of said second layer of said 

first polymer. 

17. The method of Claim 16. wherein said first and second layers of said first polymer 

25 comprise vapor-deposited p-xylylene. 

18. The method of Claim 17. wherein. at step (g), first and second openings are etched. 

said first opening serving as an inlet and said second opening serving as an outlet. 

30 19. The method of Claim 18. wherein said openings are etched from said lower surface of 

said silicon wafer into said lower surface of said first layer of said first polymer. 
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20. The method of Claim 18. wherein said openings are etched from said upper surface of 

said layer of said third polymer into said upper surface of said second layer of said first 

polymer. 

5 21. A device. comprising a polymer channel comprising one or more electrodes positioned 

such that they will be in contact with a liquid sample placed in said channel. 

22. The device of Claim 21. wherein said polymer channel comprises two electrodes. 

10 23. A method of conveying liquid in a microchannel, comprising introducing a liquid into 

the device of Claim 22. 

24. The method of Claim 23. wherein a potential is applied between the two electrodes 

under conditions such that said potential results in the generation of a gas bubble large enough 

15 to move at least a portion of said liquid in said polymer channel. 
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Figure l: (a) The polymer fluid channels and reservoirs are constructed by deposition of plastics on top of 
a silicon MOS control chip. Etch-through holes are fonned in the silicon substrate to serve as funnel-like 
inlets and reservoirs for the sample, reagents and buffer solutions. (b) Fluidic chip is mounted on a PGA 
or MCM package that isolates fluidic and electrical interconnect. Some of the sample inlets arc sealed to 
serve as reagent reservoirs 
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Figure 2: Top view and cross-section (a) of example polymer channel with fro·nt side inlet (h) fonned on 
top of a regular Si suhstrate. Channe] heights can be adjusted between 0.5-100 µm. 
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Figure 4: (a) Top view of example three-polymer channel J 00 µm wide and 25 pm-thick with front side 
inlet. (b) closeup cross-section showing the three-polymer construction of the channels. 
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Figure 5: (a) Top view of I mm2 thermal cycling chamber (b) cross-section of 25 µm-high. l mm2 polymer 
PCR chamber fabricateri on top of a silicon wafer. 
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CVZ-012 

Microfluidic System Including a Bubble Valve for Regulating 

Fluid Flow Through a Microchannel 

Related Applications 

This application claims priority to U.S. Provisional Patent Application No. 

60/373,256 entitled "Microfluidic System Including a Bubble Valve for Regulating Fluid 

Flow Through a Microchannel" filed April 17, 2002; and is related to Attorney Docket No. 

CVZ-021, entitled "Method and Apparatus for Sorting Particles", filed herewith. The 

contents of both applications are herein incorporated by reference. 

Field of the Invention 

The present invention relates to microscale fluid handling devices and systems. More 

particularly, the present invention relates to a method and system for controlling liquid flow 

in a microchannel by the introduction of a gas bubble to a microfluidic system. 

Background of the Invention 

In the chemical, biomedical, bioscience and pharmaceutical industries, it has become 

increasingly desirable to perform large numbers of chemical operations, such as reactions, 

CJ separations and subsequent detection steps, in a highly parallel fashion. The high throughput 

n~O synthesis, screening and analysis of (bio )chemical compounds, enables the economic 

25 

discovery of new drugs and drug candidates, and the implementation of sophisticated medical 

diagnostic equipment. Of key importance for the improvement of the chemical operations 

required in these applications are an increased speed, enhanced reproducibility, decreased 

consumption of expensive samples and reagents, and the reduction of waste materials. 

Microfluidic devices and systems provide improved methods of performing chemical, 

biochemical and biological analysis and synthesis. Microfluidic devices and systems allow 

for the performance of multi-step, multi-species chemical operations in chip-based micro 

chemical analysis systems. Chip-based microfluidic systems generally comprise 

30 conventional 'microfluidic' elements, particularly capable of handling and analyzing 

chemical and biological .specimens. Typically, the term microfluidic in the art refers to 

systems or devices having a network of processing nodes, chambers and reservoirs connected 

by channels, in which the channels have typical cross-sectional dimensions in the range 
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CVZ-012 • between about 1.0 µm and about 500 µm. In the art, channels having these cross-sectional 

dimensions are referred to as 'microchannels'. 

By performing the chemical operations in a microfluidic system, potentially a number 

5 of the above-mentioned desirable improvements can be realized. · Downscaling dimensions 

allows for diffusional processes, such as heating, cooling and passive transport of species 

(diffusional mass-transport), to proceed faster. One example is the thermal processing of 

liquids, which is typically a required step in chemical synthesis and analysis. In comparison 

with the heating and cooling of liquids in beakers as performed in a conventional laboratory 

10 setting, the thermal processing of liquids is accelerated in a microchannel due to reduced 

diffusional distances. Another example of the efficiency of microfluidic systems is the 

mixing of dissolved species in a liquid, a process that is also diffusion limited. Downscaling 

the typical dimensions of the mixing chamber thereby reduces the typical distance to be 

overcome by diffusional mass-transport, and consequently results in a reduction of mixing 

times. Like thermal processing, the mixing of dissolved chemical species, such as reagents, 

with a sample or precursors for a synthesis step, is an operation that is required in virtually all 

chemical synthesis and analysis processes. Therefore, the ability to reduce the time involved 

in mixing provides significant advantages to most chemical synthesis and analysis processes. 

i:iJ20 Another aspect of the reduction of dimensions is the reduction of required volumes of 

sample, reagents, precursors and other often very expensive chemical substances. Milliliter­

sized systems typically require milliliter volumes of these substances, while microliter sized 

microfluidic systems only require microliters volumes. The ability to perform these 

processes using smaller volumes results in significant cost savings, allowing the economic 

25 operation of chemical synthesis and analysis operations. As a consequence of the reduced 

volume requirement, the amount of chemical waste produced during the chemical operations 

is correspondingly reduced. 

In microfluidic systems, regulation of minute fluid flows through a microchannel is of 

30 prime importance, as the processes performed in these sy~tems highly depend on the delivery 

and movement of various liquids such as sample and reagents. A flow control device may be 

used to regulate the flow of liquid through a microchannel. Regulation includes control of 
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flow rate, impeding of flow, switching of flows between various input channels and output 

channels as well as volumetric dosing. 

U.S. Patent Number 6,062,681 describes a bubble valve for a liquid flow channel in 

5 which the flow of a liquid is controlled by the generation of a gas bubble in the channel using 

a heater placed in the liquid. As the heater is activated, a bubble is formed which can be 

enlarged or reduced in size by increasing or decreasing, respectively, the temperature of the 

heater. The described system presents a number of disadvantages, namely, the required 

power to operate the valve and the inherent requirement that liquid in the channel be heated 

10 upon passing the valve. Even small increases in liquid temperature, by only a couple of 

degrees, can have disastrous effects on the highly heat sensitive biochemical substances 

present in the liquids to be controlled in many microfluidic systems. In addition, the required 

on-chip electric circuitry for the heater increases the complexity of the described valve and 

consequently results in unacceptably high costs, particularly if the fluidic system employing 

the bubble valve only used for a single application. 

Other valves in the prior art use electrochemical m·eans to produce a bubble in a 

liquid. 

;:~20 Summary of the Invention 
i ¥J 

The present invention provides a bubble valve for controlling, regulating or varying 

fluid flow through a microfluidic system. The bubble valve regulates fluid flow through a 

channel using an externally operated mechanical or pneumatic actuator. The actuator causes 

a deflection of a fluid meniscus into the interior of the channel to regulate liquid flow. The 

25 actuator may mechanically force a gas bubble into a fluid carrying microchannel to inhibit 

30 

liquid flow or to cause liquid flow by applying a sufficiently high pressure to the meniscus. 

The bubble valve effectively controls the flow of liquids in microfluidic systems, without 

heating the fluid and without complex on-chip circuitry. 

The microfluidic system includes a microchannel and a sealed, gas-filled reservoir 

positioned adjacent to and connected to the microchannel. The gas filled reservoir has a 

movable wall and a meniscus formed by a liquid in the microchannel that forms an interface 

between the reservoir and the microchannel interior. The meniscus may form a portion of the 

side wall of the microchannel. An external mechanical actuator may be used to deflect the 
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movable wall of the reservoir. As the movable wall is deflected, the volume of the reservoir 

decreases and the gas pressure inside the reservoir increases, causing the meniscus to deflect 

into the microchannel, thereby modifying the cross-sectional area of the microchannel and 

consequently varying the flow of liquid through the channel. The increased pressure in the 

5 reservoir pushes gas from the reservoir into the microchannel. The gas may result in a local 

gas bubble being forced into the microchcµmel from the gas-filled reservoir. The resulting 

gas bubble occupies a portion of the cross-section of the channel, allowing liquid flow 

through the channel to be effectively controlled by controlling the size of the gas bubble via 

the external actuator. 

10 

The meniscus may comprise a virtual wall formed in a side wall of the microchannel. 

The virtual wall is a meniscus formed by a liquid in the microchannel that fills an aperture 

formed in the side wall of the microchannel and essentially replaces the removed portion of 

the side wall without affecting the properties of liquid flow through the channel. A gas 

bubble can be forced into the channel by applying a gas pressure at the opening using an 

external pneumatic actuator. The gas pressure forces the meniscus inside the channel, which 

varies the flow of liquid through the channel interior. 

::~ 

(j According to one embodiment, the microchannel includes a hydrophobic patch 

j'~ 20 spanning the width of the microchannel at the location where the gas bubble is introduced to 

enhanced on-off switching of the bubble valve. The hydrophobic patch anchors the bubble in 

25 

30 

a particular location in the microchannel. If the introduced gas bubble covers the whole area 

of the patch, the bubble is effectively retained by capillary forces and blocks any liquid flow 

up to a certain pressure difference, depending on the level of hydrophobicity of the patch. 

Alternatively or in combination with a hydrophobic patch, the microchannel can be 

locally shaped into a cavity for receiving and anchoring the gas bubble. By providing an 

appropriate cavity, the bubble can be kept in place during operation, reducing the risk that the 

gas bubble is carried away with the liquid. 

According to one aspect of the invention, a microfluidic device is provided. The 

microfluidic device comprises a microchannel having an interior bounded by a side wall and 

a valve for regulating the flow of fluid through the microchannel. The valve comprises a gas­

filled reservoir, a fluid meniscus interfacing the reservoir and the interior and an actuator for 
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varying the volume of the reservoir to increase an internal pressure of the reservoir to vary 

the flow of liquid through the channel. 

According to another aspect, a microfluidic device is provided, comprising a first 

5 plate having a groove formed therein defining a microchannel, a second plate for enclosing 

the microchannel and a flexible membrane. The second plate is bonded to the first plate and 

has an aperture adjacent to the groove sized and dimensioned to form a meniscus when the 

microchannel is filled with a liquid. The aperture defines a reservoir adjacent to the 

microchannel, wherein the meniscus forms an interface between the microchannel and the 

10 reservoir. The flexible membrane is bonded to the second plate to seal the reservoir. 

According to another aspect, a method of making a bubble valve is provided, the 

method comprises providing a microchannel having an interior bounded by a side wall, an 

aperture formed in the side wall and a valve chamber adjacent to the aperture in 

communication with the interior, filling the microchannel with a liquid to form a meniscus of 

the liquid in the aperture, whereby the step of filling traps a gas in the valve chamber and 

providing an actuator for increasing the pressure in the valve chamber to deflect the meniscus 

into the interior. 

According to yet another aspect, a method of making a bubble valve is provided. The 

method comprises providing a microchannel having an interior bounded by a side wall, an 

aperture formed in the side wall and a valve chamber adjacent to the aperture in 

communication with the interior, filling the microchannel with a liquid to form a meniscus of 

the liquid in the aperture and applying and sealing an actuator comprising a chamber to a top 

25 surface of the microchannel to form a gas-filled chamber adjacent to the meniscus. The 

actuator varies the pressure in the gas-filled chamber to deflect the meniscus into the interior, 

thereby regulating fluid flow. 

According to still another aspect, a microfluidic device is provided comprising a 

30 microchannel having an interior bounded by a side wall, a bubble valve for creating and 

injecting a bubble into the microchannel interior to regulate fluid flow through the 

microchannel and a hydrophobic patch for retaining the bubble in a predetermined position in 

the microchannel interior. 
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According to yet another aspect a bubble valve in a particle sorting device for 

separating particles having a predetermined characteristic from particles not having a 

predetermined characteristic is provided. The bubble valve comprises a gas-filled reservoir, a 

side channel in communication with a channel through which a stream of particles in a carrier 

5 fluid passes, wherein the carrier fluid forms a meniscus in the side channel adjacent to the 

gas-filled reservoir and an actuator for deflecting the meniscus to create a pressure pulse to 

selectively deflect a particle having the predetermined characteristic from the stream of 

particles. 

10 According to still another aspect, a method of varying an electrical resistance in a 

microchannel is provided. The method comprises generating a bubble and injecting the 

bubble into a liquid in the microchannel, whereby the bubble varies the electrical resistance 

of the microchannel. 

According to yet another aspect, an electrophoretic system is provided, comprising an 

electrokinetically operated microchannel, a sample well for providing an sample to the 

microchannel, a voltage source and a bubble valve for injecting a bubble into the 

microchannel to vary the electrical resistance of the microchannel. 

According to a final aspect of the invention, an electro kinetic column to column 

switch is provided, comprising a first electrokinetically operated microchannel, a second 

electrokinetically operated microchannel in communication with the first electrokinetically 

operated microchannel and a bubble valve for selectively blocking flow from the first 

25 electrokinetically operated microchannel to the second electrokinetically operated 

microchannel by selectively injecting a bubble into a microchannel. 

30 

35 

Brief Description of the Drawings 

Figure 1 is a schematic view of a microfluidic system suitable for implementing the 

illustrative embodiment of the invention. 

Figure 2 shows an exploded view of a bubble valve according to an illustrative 

embodiment of the present invention. 

Figure 3 shows an isometric view of the bubble valve of Figure 2. 

Figure 4 shows a top view of the bubble valve of Figure 2. 
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Figures 5a-c are cross-sectional views of the bubble valve of Figure 2 in operation. 

Figure 6 shows an exploded view of an alternative embodiment of a bubble valve 

according to the present invention. 

Figure 7 shows a top view of the bubble valve of Figure 6. 

Figures 8a-c are cross-sectional view of the bubble valve of Figure 6 in operation. 

Figure 9 shows an application of the bubble valve of an illustrative embodiment of the 

present invention in a microchannel. 

Figure 10 shows a Y-intersection in a microfluidic system of an embodiment of the 

invention that implements a bubble valve to control liquid flow according to the teachings of 

10 the present invention. 

i~ 

;;~15 

25 

Figure 11 shows a Y-intersection in a microfluidic system of another embodiment of 

the invention that implements a bubble valve to control liquid flow according to the teachings 

of the present invention. 

Figures l 2a-c shows an electrophoresis system that implements a bubble valve to 

control electrical current during electrokinetic injection according to the teachings of the 

present invention. 

Figure 13a shows an electrokinetic column-column switch implementing a bubble 

valve according to the teachings of the present invention. 

Figure 13b shows an alternate electrokinetic column-column switch implementing a 

bubble valve according to another embodiment of the present invention. 

Figure 14 shows a selective resistance circuit that employs a bubble valve to control 

electrical current according to the teachings of the present invention. 

Figure 15 shows an alternative selective resistance circuit that employs a bubble valve 

to control electrical current according to the teachings of the present invention. 

Figure 16 shows a particle sorting system that implements a bubble valve of the 

present invention to produce fluid impulses to sort particles. 

Figures 17a, 17b and 17c illustrate the operation of the particle sorting system of 

Figure 16. 

30 Detailed Description of the Invention 

The present invention provides an improved bubble valve for controlling fluid flow 

through a microchannel in a microfluidic system. The invention further provides a method of 

forming the bubble valve. The bubble valve of the present invention can be applied in 

numerous microfluidic systems for controlling and switching fluid flows. Examples of 
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suitable applications include, but are not limited to: flow cytometry, column switching, 2-D 

separations, cell or particle sorting applications on a chip, regulating pressurized fluid flows 

including on-off switching, regulating electrokinetic fluid flows and electrokinetically 

induced processes including on-off switching and electrokinetic sample injection and channel 

5 to channel switching. 

10 

!'U20 

25 

Figure I illustrates a microfluidic system suitable for implementing the illustrative 

embodiment of the present invention. The illustrative microfluidic system I 00 comprises a 

substrate IO I having one or more microchannels 21 disposed therein. The microchannels 

transport fluid through the microfluidic system I 00 for processing, handling, and/or 

performing any suitable operation on a liquid sample. As used herein, the term 

"microfluidic" refers to a system or device for handling, processing, ejecting and/or analyzing 

a fluid sample including at least one channel having microscale dimensions. The term 

"channel" as used herein refers to a pathway formed in or through a medium that allows for· 

movement of fluids, such as liquids and gases. The term "microchannel" refers to a channel 

preferably formed in a microfluidic system or device having cross-sectional dimensions in the 

range between about 1.0 µm and about 500 µm, preferably between about 25 µm and about 

250 µm and most preferably between about 50 µm and about 100 µm. One of ordinary skill 

in the art will be able to determine an appropriate volume and length of the microchannel. 

The ranges are intended to include the above-recited values as upper or lower limits. The 

microchannel can have any selected shape or arrangement, examples of which include a 

linear or non-linear configuration and a U-shaped configuration. The microfluidic system 

I 00 may comprise any suitable number of microchannels 21 for transporting fluids through 

the microfluidic system I 00. 

The microfluidic system 100 includes a bubble valve 10, 1 O' shown in Figures 2-8c 

for controlling liquid flow through a microchannel of the system. According to the 

illustrative embodiment, the microchannel is defined by a side wall having any suitable shape 

enclosing at least a portion of the interior of the channel. The bubble valve may be formed 

30 by a gas-filled reservoir positioned adjacent to the microchannel including a meniscus that 

forms the interface between the reservoir and the microchannel interior. The meniscus may 
I 

form a portion of the side wall of the microchannel. The bubble valve includes an actuator 

for modifying the pressure in the reservoir to deflect the meniscus into the channel interior, 
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thereby modifying the cross-sectional area of the microchannel and consequently varying the 

flow of liquid through the channel. 

According to an alternate embodiment, the bubble valve is formed by a meniscus in a 

5 separate side channel that communicates with and intersects a microchannel through which a 

liquid to be controlled flows. One skilled in the art will recognize that the meniscus can be 

located at any location relative to the microchannel through which liquid flows. 

10 

The gas-filled reservoir may be formed when filling the microchannel having an 

aperture in a side wall and a reservoir formed adjacent to the aperture. An empty 

microchannel may be filled with liquid, forming the meniscus in the aperture, which traps the 

gas that forms the gas bubble and forms a gas pocket in the reservoir adjacent to the 

meniscus. The creation of the gas pocket on filling provides a sterile gas bubble and reduces 

:,/j contaminants in the system. Alternatively, the air pocket may be created by introducing a gas 

;;~15 to the reservoir after filling of the microchannel. 

i:n 

F ::r= 

/:B20 

FIG. 2 shows an exploded view of an embodiment of an illustrative bubble valve I 0 

of the present invention. The microfluidic system may be formed by a plurality of stacked 

layers. As shown in Figure 2, the illustrative microfluidic system I 00 includes a first plate 20 

in which a groove defining the microchannel 21 is provided. A hydrophobic patch 22 may be 

applied to an inner wall of the microchannel 21. A second plate 30 for enclosing the 

microchannel is bonded to the first plate 20 and includes an aperture 31. A third plate 40 is 

bonded on top of second plate 30 to close and seal the stacked structure. The aperture 31 of 

the intermediate second plate 30 defines a void in the system adjacent to the microchannel 21. 

25 

FIGS. 3 and 4 illustrates the assembled bubble valve 10. As shown, the stacked first 

plate 20, second plate 30 and third plate 40 define a closed, gas filled gas reservoir 70, which 

can be actuated with a displacement actuator 50. According to the illustrative embodiment, 

the aperture 31 defining the reservoir 70 comprises a main body 31 a and a slot 31 b extending 

30 from the main body 31 a. When the microfluidic system 10 is assembled, the slot 31 b of the 

aperture 31 defines a gap in the side wall of the microchannel 21 that provides access to and 

communicates with the interior of the microchannel 21. 

9 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 232 of 300



CVZ-012 

The bubble valve 10 operates to control the flow of liquid through the microchannel 

21. A meniscus is formed in the aperture 31, which interfaces with and separates the 

microchannel interior from the reservoir 70. According to the embodiment shown in Figures 

2-8c, the meniscus is formed by a liquid filling the microchannel in the slot 31 b. One skilled 

5 in the art will recognize that other suitable devices may be used to form the meniscus. The 

liquid in the slot 31 b is retained in the microchannel by capillary forces. The actuator 50 

deflects the upper wall of the reservoir, defined by plate 40, which decreases the volume of 

the reservoir 70. The actuator 50 may comprise any suitable device for deflecting the wall, 

such as an electromagnetic actuator or a piezoelectric element. The plate 40 may comprises a 

IO flexible membrane. The decreased volume consequently increases the pressure of the 

reservoir 70 and causes the meniscus 80 to deflect into the channel interior to create a 

lJHS 

constriction in the channel, thereby impeding fluid flow or pushing fluid away from the 

meniscus. If a sufficient pressure is applied to the meniscus, the actuator generates and 

enlarges a bubble in the liquid of the microchannel, which blocks fluid flow. The 

hydrophobic patch 22 provides an anchor for the bubble and retains the bubble at a selected 

location in the microchannel. 

;= 

"F 
(;20 
fY 

After the microchannel is filled with a liquid 60, the bubble valve 10 is ready for 

operation. FIG. Sa-c illustrate the operation of the bubble valve according to the teachings of 

the invention. FIG. Sa shows the bubble valve in an 'open' state. According to the 

embodiment of Figures Sa-Sc, the meniscus between the reservoir and the interior of the 

microchannel is defined by the meniscus 80, formed by the liquid 60 in the slot 31 b in the 

second plate 30. In the 'open' state, liquid flows freely through the microchannel 21 and the 

valve does not impose any additional flow resistance in the channel. 

25 

The slot 31 b may be sized and dimensioned to form a "virtual wall" in the 

microchannel. As used herein, "virtual wall" refers to the meniscus 80 formed by the first 

liquid 60 in the aperture formed in the side wall of the microchannel 20, which essentially 

replaces the removed portion of the side wall without affecting the properties of the 

30 microchannel. The meniscus surface can be, although not required, substantially co-planar 

with the wall of the microchannel in which the meniscus is formed. The word "virtual" is 

chosen to express the effect that the overall liquid flow through the microchannel 21 of the 

microfluidic system 100 is not influenced by the virtual wall, i.e. the flow of liquid in the 

microfluidic system having a virtual wall is substantially identical to the flow of liquid 
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through an identical microfluidic system in which no virtual wall is present. One of ordinary 

skill will recognize that the meniscus may be convex or concave, depending on the 

appropriate system pressure. 

When the actuator 50 is actuated, the bubble valve 10 switches to a "pinched" state, as 

shown in Figure 5b, to inhibit fluid flow through the channel interior. In the 'pinched' state, 

the actuator 50 deflects the top of the gas reservoir 70 for a certain fraction, increasing the 

pressure in the reservoir 70 and forcing the meniscus 80 down into the channel 21. The 

deflection of the meniscus locally reduces the cross-section of the channel 21 and introduces 

10 an additional flow resistance to the liquid flow. The degree of reduction in the liquid flow 

[:.* 
i:J 
!:::!: 
=:~ 

iJ~ 

;;~15 

fn 
ru 
::~ 

;:B20 

through the microchannel corresponds to the amplitude, frequency and duration of the 

displacement of the meniscus 80, which are controllable by the actuator 50. One skilled in 

the art will recognize that any suitable means for varying the pressure within the reservoir 70 

may be used to deflect the meniscus 80, thereby regulating fluid flow. 

When the actuator is fully actuated, the bubble valve 10 is switched to a closed state, 

as illustrated in Figure 5c. As shown, in the closed state, the meniscus 80 deflects fully to 

form and introduce a gas bubble 81 into the microchannel 21. The gas bubble 81 is retained 

by the hydrophobic patch 22 formed in the channel wall opposite the slot 31 b. As a result, 

the liquid flow in the channel is substantially blocked. By reducing the pressure on the 

meniscus 80, the bubble valve 10 can be brought from the 'closed' state of Figure 5c via the 

'pinched' state of Figure 5b back to the 'open' state of Figure 5a. 

According to one embodiment, the bubble valve 10 may be used as a check valve for 

25 regulating pressure in the microchannel. When the pressure in the microchannel exceeds a 

maximum breaking pressure, the bubble collapses, opening the valve and allowing fluid to 

flow through the channel, thereby reducing the pressure in the microchannel. The breaking 

pressure depends on the hydrophobicity of the hydrophobic patch 22, as well as the geometry 

of the microchannel. 

30 

Alternatively or in combination with the hydrophobic patch 22, the microchannel 21 

can be locally shaped into a cavity for receiving and anchoring the gas bubble 81. By 

providing an appropriate cavity, the bubble can be kept in place during operation, reducing 

the risk that the gas bubble is carried away with the liquid. 
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According to the embodiments shown in Figures 2-5c, the actuator 50 is integrated in 

the miyrofluidic chip 100. However, one skilled in the art will recognize that an external, 

reusable actuator may also be used to control formation of a gas bubble in the microchannel. 

5 

FIG. 6 shows an alternative embodiment of a microfluidic system I 00' including a 

bubble valve 10' having an external actuator 90 according to the teachings of the invention. 

In the embodiment shown in Figure 6, the microfluidic system 100' includes a first plate 200 

including a groove defining the microchannel 210 and a second plate 300 bonded to the first 

10 plate 200 for enclosing the microchannel 210 and in which a virtual wall opening 32 is 

formed. The virtual wall opening 32 is sized and dimensioned to form a "virtual wall" when 

the microchannel 210 is filled with a liquid. 

::~ 

;?;o 

Upon filling of the microchannel 21 with a liquid, a virtual wall 32a is formed in 

virtual wall opening 32. As shown in Figures 7, 8a-8c, the microfluidic system further 

includes an external actuator, illustrated as pressurizer 90, pressed and sealed onto the top of 

the second plate 300 to form a tight seal. The external pressurizer 90 defines a sealed 

pressurizing chamber 92 adjacent to the virtual wall 32a. The pressurizer varies the pressure 

within the pressurizing chamber 92 to control liquid flow through the microchannel 210 by 

modifying the position of the virtual wall. The pressurizer 90 may include a source of 

pressurized gas (not shown) and a gas inlet 91 to allow a gas pressure to be applied to the 

virtual wall 32a in order to move the virtual wall. The pressurizer may alternatively include a 

flexible wall that deflects to vary the volume of the chamber 92 upon activation of an 

actuator, such as a piezoelectric element or electromagnetic actuator. 

~~ 

25 

FIG. 8a shows a cross-section of the bubble valve 10' of Figures 6 and 7 in the 'open' 

state. As shown, when the microchannel 210 is filled with liquid 600, a virtual wall 32a, 

defined by a meniscus 800, is formed within the virtual wall opening 32. The meniscus 

essentially replaces the absent portion of the side wall of the microchannel and allows liquid 

30 to flow through the channel interior unimpeded and uninfluenced by the virtual wall. 

FIG. 8b depicts the 'pinched' state of the bubble valve, when the pressurizer 90 is 

activated. As shown, activation of the pressurizer 90 increases the internal pressure within 

the pressurizing chamber 92. The increased pressure moves the meniscus 800 down the 
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channel height and into the microchannel interior, thereby regulating liquid flow. The 

pressurized controls the level of the internal pressure in order to control the amount of 

deflection of the meniscus and therefore the rate of fluid flow. 

5 To switch the valve to a 'closed' state, as shown in Figure 8c, the pressurizer 90 

10 

r~ 
i"" ::F= 

;i~o 

applies a large pressure that is sufficient to form and introduce a gas bubble 810 into the 

channel 210. The hydrophobic patch 220 retains the gas bubble 810 in place. As a result, the 

liquid flow in the channel is blocked up to a 'breaking pressure', which depends on the 

hydrophobicity of hydrophobic patch 220. A higher hydrophobicity results in a larger 

breaking pressure. By reducing the pressure on the meniscus 800 the bubble valve 10' can be 

brought from the 'closed' state of Figure 8c via the 'pinched' state of Figure 8b back to the 

'open' state of Figure 8a. 

FIG. 9 shows an application of a bubble valve 10 for flow regulation in a 

microchannel 121 according to one embodiment of the invention. During typical operation of 

a microfluidic system, a pressure difference is applied over the length of a microchannel 121. 

A bubble valve 10 can be employed to regulate the flow through the microchannel between 

zero and a maximum flow rate, depending on the applied pressure difference. 

FIG. 10 shows a portion of a microfluidic system according to an embodiment of the 

invention forming a Y-intersection comprising two inlet microchannels 121 a and 121 b and an 

outlet channel 121c that combines the fluids flowing through the two inlet microchannels. 

The first microchannel 121 a carries a first liquid and the second microchannel 121 b carries a 

second liquid. The microchannels 121 a and 121 b are each controlled by a corresponding 

25 bubble valve, 1 Oa and 1 Ob, respectively, for regulating the combined composition and flow 

rate through the outlet microchannel 121 c. One skilled in the art will recognize that that the 

number of inlet channels is not limited to two, but is presented here merely as an example. 

FIG. 11 shows a Y-intersection of a microfluidic system according to another 

30 embodiment of the invention. As shown the Y-intersection comprises an inlet microchannel 

221 c and two outlet microchannels 221 a and 221 b for splitting the incoming liquid flow from 

the inlet microchannel 221 c. The flow of each outlet channel is regulated by a corresponding 

bubble valve 200a and 200b, respectively. The incoming liquid flow from the inlet 

microchannel 221 c can be split between microchannel 221 a and microchannel 221 b in any 
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required ratio. One skilled in the art will recognize that that the number of inlet channels is 

not limited to two, but is presented here merely as an example. 

FIG. 12a-12c shows the implementation of an electrop~oresis system 110 comprising 

5 five bubble valves, 1 Oa-e of the present invention, arranged with a crossed microchannel 

configuration. Regulation of the bubble valve 1 Oa regulates the electric current through the 

associated electrokinetically operated microchannel 115a. The pinching of the liquid in the 

electrokinetically operated microchannel 115a by a bubble valve will result in an increased 

electrical resistance in the microchannel 115a. As a result, the migration of charged species 

10 

l,~ 

!'.©ts 
i)g 

and electro-osmotic flow in the electrokinetically operated microchannel 115a can be 

regulated. A voltages difference for the injection of sample from a well storing a supply of a 

sample 125 between the bubble valve 1 Oa and the crossing point 111 of the microchannels 

and consecutive separation are provided via wells V+ and VO. Electrodes are placed in the 

V+ and VO wells and energized with a constant voltage difference during the operation of the 

electrophoresis system. 

In the injection phase, valves 10a, 10b, 10c and 10d are substantially in the open 

position, allowing passage of electrical current up to a required level for injection (FIG 12b 

shows direction of current / sample), while bubble valve 1 Oe is closed. The valves are kept in 

this position long enough for the sample to move from the sample well 125 towards and past 

the central injection crossing 111. Varying the opening ratio of valves 1 Oa, 1 Ob and 1 Od can 

be adjusted to confine the sample to a narrow flow through the injection cross 111, as shown 

in Figure 12c (i.e. 'pinched injection'). 

25 Immediately after the injection phase, a plug of sample is injected and separated in the 

30 

separation column 115a (microchannel which runs horizontally in figure) by closing bubble 

valves 1 Oa, 1 Od and 1 Oc and opening valves 1 Ob and 1 Oe. Now the total voltage difference is 

applied longitudinally over the separation channel, resulting in the separation of the 

constituents in the sample (Figure 12c). 

FIG. 13a illustrates another application of the bubble valve of the present invention 

implemented in a column-column switch 130 for electrokinetically transferring a substance 

from a first electrokinetically operated microchannel 215a to a second electrokinetically 

operated microchannel 215b. The column-column switch 130 comprises a bubble valve 1 Ob 

14 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 237 of 300



CVZ-012 

of the present invention that connects the first electrokinetically operated microchannel 215a 

to the second electrokinetically operated microchannel 215b. Both electrokinetically 

operated microchannel 215a and electrokinetically operated microchannel 215b are 

connected to corresponding wells well 220a-d. In the following example, it is assumed that 

5 the substances electrokinetically move from a positive electric potential to ground and that 

well 120c and well 120b are provided with a positive potential whilst well 120a and well 

120d are grounded. 

At first, the two electrokinetically operated microchannel 215a and electrokinetically 

10 operated microchannel 215b are operated independently and the connecting bubble valve I Ob 

is in the 'closed' state whilst bubble valve IOa and bubble valve 10c are in the 'open' state. 

To electrokinetically transfer substance from electrokinetically operated microchannel 215a 

to the electrokinetically operated microchannel 215b, bubble valve 1 Oa and bubble valve 1 Oc 

are switched to the closed state, and the connecting bubble valve 1 Ob is opened momentarily 

to allow passage of an amount of substance from the electrokinetically operated microchannel 

215a to the electrokinetically operated microchannel 215b. The amount transferred depends 

directly upon the time bubble valve 1 Ob is opened. After the required amount of substance is 

transferred, the connecting bubble valve 1 Ob is closed and the bubble valve 1 Oa and bubble 

valve 1 Ob are opened again. 

FIG. 13b illustrates the implementation of another column to column switch 130' to 

exchange liquid from a first column 215a' selectively into a second column 215b'. The first 

column and the second column are each crossed by a transfer column 250, operated by a first 

bubble valve 1 Oa arranged on one end of the transfer column 250 and a second bubble valve 

25 !Ob arranged on the opposite end of the transfer column 250. The first one of the bubble 

valves is attached to the first column 215a' and is actuated upon transiently by an external 

actuator for increasing the pressure within the bubble valve reservoir. Increasing the pressure 

on the bubble valve will deflect the meniscus 80, inducing a transient flow in the transfer 

column 250 from the pressurized bubble valve I Oa towards the second bubble valve I Ob, 

30 which comprises a compressible volume of gas. This transient flow effectively transfers a 

liquid volume from the first column 215a' to the second column 215b'. Upon deactivation of 

the external actuator, the flow in the transfer column 250 reverses as the compressed gas 

volume in the second bubble valve I Ob exerts a pressure on the liquid in the transfer column 

250. 

15 
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FIG. 14 shows a selective resistance circuit employing a bubble valve of the present 

invention for selectively including a predefined electrical resistance in an electrokinetic 

circuit. The circuit 140 comprises an inlet microchannel 321, which splits into two paths. 

5 The first path 322 includes a fluidic resistor 240a and a bubble valve 1 Oa, the second parallel 

path 323 includes a fluidic resistor 240b and a bubble valve 1 Ob. The fluidic resistors 240a-b 

comprise a channel of appropriate length to results in a certain electrical resistance. The 

bubble valve 1 Oa and the bubble valve 1 Ob can be switched each to either on to allow fluid 

flow through the associated microchannel or off to block fluid flow through the associated 

10 microchannel. As a result, the overall electrical resistance of the electrokinetic circuit can be 

switched between four values: infinite (both bubble valves 1 Oa-b are oft), the resistance of 

fluidic resistor 240a (bubble valve 1 Oa on, bubble valve 1 Ob oft), the resistance of fluidic 

resistor 240b (bubble valve 1 Oa off, bubble valve 1 Ob on) and the parallel resistance of fluidic 

resistor 24a-b (both bubble valves 1 Oa and 1 Ob on). 

FIG. 15 shows an alternative resistance circuit 150 according to another application of 

the invention, now for the selective application of a voltage. By opening either the bubble 

valve 1 Oa or bubble valve 1 Ob, the voltage imposed on an outgoing channel 523 can be 

selected. Fluidic resistor 245a and 245b function to limit the electric current in either of the 

two states to a predetermined value. 

FIG. 16 illustrates another application of the bubble valve 10 of the present invention 

in a particle sorting application, wherein the bubble valve is positioned in a side channel that 

communicates with a channel through which particles in suspension flow. According to one 

25 application of the present invention, a particle sorter 160 comprises a closed channel system 

of capillary size for sorting particles, such as cells. The channel system comprises a first 

supply duct 162 for introducing a stream of particles and a second supply duct 164 for 

supplying a carrier liquid. The first supply duct 162 ends in a nozzle, and a stream of 

particles is introduced into the flow of carrier liquid. The first supply duct 162 and the 

30 second supply duct 164 enter a measurement duct 166, which branches into a first branch 

I 72a and a second branch 1 72b at a branch point 1 71. A measurement region 182a is defined 

in the measurement duct 166 and is associated with a detector 182b to sense a predetermined 

characteristic of particles in the measurement region 182a. Two opposed bubble valves 1 Oa 

and 1 Ob are positioned in communication with the measurement duct 166 and are spaced 
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CVZ-012 • opposite each other. The bubble valves 1 Oa, 1 Ob communicate with the measurement duct 

166 through a pair of opposed side passages 174a and 174b, respectively. Liquid is allowed 

to partly fill these side passages 174a and 174b to form a meniscus 175 therein. An external 

actuator 176 is also provided for actuating the bubble valves 1 Oa, 1 Ob, which momentarily 

5 causes a flow disturbance in the duct to deflect the flow therein when activated by the 

actuator 176. 

10 

i)j15 

In a suspension introduced by the first supply duct 162, two types of particles can be 

distinguished, normal particles 180a and particles of interest 180b. The flow rates in both 

branches 172a and 172b are adjusted so that the stream of particles normally flows through 

the second branch 172b. Upon sensing the predetermined characteristic in the particles in the 

measurement region 182a, the detector 182b raises a signal. The external actuator 176 

activates the bubble valves 1 Oa, 1 Ob when signaled by the detector 182b in response to 

sensing the predetermined characteristic, to create a flow disturbance in the measurement 

duct 166 between the sideway passages 174a, 174b, to deflect the particle having the 

predetermined characteristic so that it flows down the first branch duct 172a rather than the 

second branch duct 172b. The detector communicates with the actuator 176, so that when the 

detector 182b senses a predetermined characteristic in a particle, the actuator activates the 

first bubble valve 1 Oa to cause pressure variations in the reservoir 70 of the first bubble valve. 

The activation of the first bubble valves causes a transient pressure variation in the first side 

passage 174a. The second side passage 174b and the second bubble valve 1 Ob absorb the 

transient pressure variations in the measurement duct 166 induced via the actuator 176. 

Basically, the reservoir 70b of the second bubble valve IOb is a chamber having a resilient 

wall or contains a compressible fluid such as a gas. The resilient properties allow the flow of 

25 liquid from the measurement duct into the second side passage 174b. 

Figures 17a-17c illustrate the operation ofthe particle sorting system 160 of Figure 

16. In Figure 17a, the detector raises a signal to activate the actuator. Upon activation of the 

actuator, the pressure within the reservoir of the first bubble valve IOa is increased, causing a 

30 transient discharge of liquid from the first side passage 174a as indicated by the arrow. The 

sudden pressure increase caused at this point in the duct causes liquid to flow into the second 

side passage 174b because of the resilient properties of the reservoir of the second bubble 

valve 1 Ob. This movement of liquid into the second side passage 174b is indicated with an 

arrow. Resultingly, as can be seen in the figure, the flow through the duct is deflected causing 
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CVZ-012 • the selected particle of interest 178b located between the first side passage 174a and the 

second side passage 174b to be shifted perpendicular to its flow direction in the normal state. 

The flow resistances to the measurement duct 166, the first branch 1 72a and the second 

branch 172b is chosen so that the preferred direction of the flow to and from the first side 

5 passage 174a and the second side passage 174b has an appreciable component perpendicular 

to the normal flow through the measurement duct 166. This goal can for instance be reached 

by the first branch 1 72a and the second branch 1 72b so that their resistances to flow is large 

in comparison with the flow resistances of the first side passage 174a and the second side 

passage 174b. 

10 

Figure 17b shows the particle sorting system 160 during the relief of the first bubble 

valve reservoir when the particle of interest 1 78b has left the volume between the first side 

passage 174a and the second side passage 174b. The actuator 176 is deactivated, causing the 

pressure inside the reservoir to return to the normal pressure. During this relief phase there is 

a negative pressure difference between the two reservoirs of the bubble valves, causing a 

liquid flow through the first side passage 174a and the second side passage 174b opposite to 

(J the liquid flow shown in the previous figure and is indicated by the arrows. 
1:n 
r~ 
= "F Figure 17c shows the particle sorting system 160 after completion of the switching 

,:::::c 
j.J 

i~20 sequence. The pressures inside the reservoirs of the bubble valves has been equalized so the 

flow through the measurement duct 166 is normalized. As the particle of interest 178b has 

been displaced radially, it will flow into the first branch 172a as was the objective of the 

switching operation. 

25 According to yet another embodiment, the cross-sectional dimensions of a 

microchannel including a bubble valve according to the teachings of the present invention 

may be varied locally to affect the pressure within the microchannel interior. For example, 

the microchannel may be narrowed or widened at certain locations to incn~_ase or decrease the 

capillary forces acting on a fluid in the microchannel interior. One of ordinary skill in the art 

30 will be able to determine a suitable cross-sectional dimension to achieve a desired pressure 

within the microchannel interior. 

The bubble valve of the present invention may be implemented in a variety of 

microfluidic devices used for many applications. In a particular application, the bubble valve 
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CVZ-012 • is implemented in a flow-cytometer based instrument for sorting or physically separating 

particles of interest from a sample or for measuring selected physical and chemical 

characteristics of cells or particles in suspension as they travel past a particular site. The 

bubble valve may also be employed in devices for sequencing or manipulating DNA, medical 

5 diagnostic instruments, devices for drug discovery, chemical analysis and so on. 

IO 

The present invention provides an improved system and method for regulating fluid 

flow in a microchannel for a variety of applications. The bubble valve of the present 

invention is easy to operate and control, simple to manufacture and economical. In addition, 

the bubble valve does not adversely affect the liquid in the microchannel. The bubble valve 

effectively controls the flow of liquids in microfluidic systems, without heating the fluid and 

without complex on-chip circuitry. 

The present invention has been described relative to an illustrative embodiment. Since 

certain changes may be made in the above constructions without departing from the scope of 

the invention, it is intended that all matter contained in the above description or shown in the 

accompanying drawings be interpreted as illustrative and not in a limiting sense. 

"F It is also to be understood that the following claims are to cover all generic and j:, 
i'U20 specific features of the invention described herein, and all statements of the scope of the 

invention which, as a matter of language, might be said to fall there between. 

Having described the invention, what is claimed as new and protected by Letters 

Patent is: 
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CVZ-012 • What is claimed is: 

A microfluidic device, comprising: 

a microchannel having an interior bounded by a side wall; 

a valve for regulating the flow of fluid through the microchannel, the valve 

compn ing a gas-filled reservoir, a fluid meniscus interfacing the reservoir and the interior 

ator for varying the volume of the reservoir to increase an internal pressure of the 

vary the flow of liquid through the channel. 

2. The microfluidic device of claim 1, wherein the actuator deflects the meniscus into 

the microchann\1 interior to regulate the flow of fluid through the microchannel. 

3. The micriidic device of claim I, wherein the meniscus comprises a virtual wall 

formed in an aperture in the side wall of the microchannel when the microchannel is filled 

with a liquid. 

4. The microfluidic d Yice of claim 1, wherein the actuator generates a gas bubble in the 

microchannel. 

5. The microfluidic device f claim 4, further comprising a hydrophobic patch attached 

to an inner wall of the microchior anchoring the gas bubble. 

:~tainin:~em::::::i: device of c \4, wherein the microchannel defines a cavity for 

7. The microfluidic device of claim wherein the gas filled reservoir comprises a 

movable membrane. 

8. The microfluidic device of claim 7, wh rein the actuator deflects the movable 

30 membrane to create a bubble in the microchann 

9. A microfluidic device comprising: 

a first plate having a groove formed therein fining a microchannel; 
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CVZ-012 • \ a second plate for enclosing the microchannel bonded to the first plate having an 

aperkue adjacent to the groove sized and dimensioned to form a meniscus when the 

annel is filled with a liquid, the aperture defining a reservoir adjacent to the 

el, wherein the meniscus forms an interface between the microchannel and the 

le membrane bonded to the second plate to seal the reservoir. 

10. The micro uidic device of claim 9, further comprising an actuator for deflecting the 

flexible membrane, wherein the deflection of the membrane increases the pressure in the 

reservoir and deflect~the meniscus into the microchannel to regulate liquid flow 

therethrough. \ 

11. The microfluidic de\ice of claim 10, wherein the actuator comprises one of an 

electromagnetic element and~ezoelectric element. 

12. The microfluidic device of claim 9, further comprising a hydrophobic patch attached 

to the groove. \ 

13. The microfluidic device of claim 9, wherein the meniscus forms a bubble in the 

microchannel to block liquid flow. 

14. The microfluidic device of claim 13, wherein the groove includes a cavity formed 

therein for retaining the bubble. 

25 15. A microfluidic device, comprising: 

a microchannel having an interior bounded y a side wall; 

a bubble valve for creating and injecting a b ble into the microchannel interior to 

regulate fluid flow through the microchannel; and 

a hydrophobic patch for retaining the bubble in predetermined position in the 

30 microchannel interior. 

16. The microfluidic device of claim 15, wherein the bub e valve comprises an aperture 

in the side wall, wherein a fluid in the microchannel forms a me iscus in the aperture, a 

21 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 244 of 300



5 

10 

CVZ-012 

se~chamber formed adjacent to the aperture and an actuator for deflecting the meniscus 

into th~interior by increasing the pressure in the chamber. 

17. iethod of making a bubble valve, comprising: 

prov~ng a microchannel having an interior bounded by a side wall, an aperture 
\ 

formed in the si'~e wall and a valve chamber adjacent to the aperture in communication with 

the interior; 

filling the mi ochannel with a liquid to form a meniscus of the liquid in the aperture, 

whereby the step of filling traps a gas in the valve chamber; 

providing an actJ tor for increasing the pressure in the valve chamber to deflect the 

meniscus into the interior. 

18. A method of making a bubble valve, comprising: 

providing a microchannel having an interior bounded by a side wall, an aperture 

formed in the side wall and a va~lchamber adjacent to the aperture in communication with 

the interior; 

filling the microchannel with liquid to form a meniscus of the liquid in the aperture, 

applying and sealing an actuat~~omprising a chamber to a top surface of the 

microchannel to form a gas-filled chamb\adjacent to the meniscus, wherein the actuator 

varies the pressure in the gas-filled charnbe\ deflect the meniscus into the interior, thereby 

regulating fluid flow. \ 

19. In a particle sorting device a bubble valv for separating particles having a 

predetermined characteristic from particles not ha · ng a predetermined characteristic, the 

25 bubble valve comprising: 

30 

a gas-filled reservoir; 

a side channel in communication with a channel hrough which a stream of particles 

in a carrier fluid passes, wherein the carrier fluid forms a eniscus in the side channel 

adjacent to the gas-filled reservoir; 

an actuator for deflecting the meniscus to create a pre ure pulse to selectively deflect 

a particle having the predetermined characteristic from the stre of particles. 
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CVZ-012 • 2~ A method of varying an electrical resistance in a microchannel, comprising the steps 

of: \ 

generating a bubble; 

in~ing the bubble into a liquid in the microchannel, whereby the bubble varies the 

5 electrical rest tance of the microchanneL 

25 

21. The metho of claim 20, wherein the step of generating a bubble comprises applying 

a pressure to a menis us formed in a side wall of the microchannel, wherein the meniscus is 

formed by the liquid in he microchannel filling an aperture in the side wall. 

22. The method of c~ 21, wherein the step of applying a pressure comprises increasing 

the pressure within a sealed reservoir formed adjacent to the aperture. 

23 A l h 
. \ .. 

. n e ectrop oretlc system, compnsmg 

an electrokinetically oper~\ed microchannel; 

a sample well for providing\n sample to the microchannel; 

a voltage source; 

a bubble valve for injecting ab bble into the microchannel to vary the electrical 

resistance of the microchannel. 

24. An electrokinetic column to column witch, comprising: 

a first electrokinetically operated micr channel; 

a second electrokinetically operated mi ochannel in communication with the first 

electrokinetically operated microchannel; 

a bubble valve for selectively blocking flo from the first electrokinetically operated 

microchannel to the second electrokinetically opera ed microchannel by selectively injecting 

a bubble into a microchannel. 
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Abstract 

A microfluidic system includes a bubble valve for regulating fluid flow through a 

microchannel. The bubble valve includes a fluid meniscus interfacing the microchannel 

5 interior and an actuator for deflecting the membrane into the microchannel interior to regulate 

fluid flow. The actuator generates a gas bubble in a liquid in the microchannel when a 

sufficient pressure is generated on the membrane. 
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Attorney's 
Docket 
Number CVZ-012 

Declaration, Petition and Power of Attorney for Patent Application 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VALVE FOR REGULATING 
FLUID FLOW THROUGH A MICROCHANNEL 

the specification of which 

!)1 ( check one) 

i'.di X is attached hereto. 

was filed on as ------------------
Application Serial No. ----------------
and was amended on -----------------

(if applicable) 

I do not know and do not believe that the subject matter of this application was known or 
used by others in the United States or patented or described in a printed publication in any 
country before my invention thereof, or patented or described in a printed publication in any 
country or in public use or on sale in the United States more than one year prior to the date of 
this application, or first patented or caused to be patented or made the subject of an inventor's 
certificate by me or my legal representatives or assigns in a country foreign to the United 
States prior to the date of this application on an application filed more than twelve months 
(six months if this application is for a design) before the filing of this application; and I 
acknowledge my duty to disclose information of which I am aware which is material to the 
examination of this application, that no application for patent or inventor's certificate on the 
subject matter of this application has been filed by me or my representatives or assigns in any 
country foreign to the United States, except those identified below, and that I have reviewed 
and understand the contents of the specification, including the claims as amended by any 
amendment referred to herein. 

I acknowledge the duty to disclose to the Office all information known to me to be material 
to patentability as defined in Title 37, Code of Federal Regulations, §1.56. 
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I hereby claim priority benefits under Title 35, United States Code, § 119 of any foreign 
application(s) for patent or inventor's certificate listed below, and have also identified below 
any foreign application(s) for patent or inventor's certificate filed by me on the same subject 
matter having a filing date before that of the application(s) from which priority is claimed. 

Check one: 

ll no such applications have been filed. 

_ such applications have been filed as follows 

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

Country Application Number Date of Filing Priority Claimed 
(month,day ,year) Under 35 USC 119 
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Yes No -

Yes No -

Yes No -

Yes No -

ALL FOREIGN APPLICA TION(S), IF ANY FILED MORE THAN 12 MONTHS 
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CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICA TION(S) 

I hereby claim the benefit under 35 U.S.C. §l 19(e) of any United States provisional 
application(s) listed below. 

60/373,256 April 17, 2002 
(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 
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CVZ-012 • CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, §120 of any earlier United States 
application(s) or PCT international application(s) designating the United States listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
earlier application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, § 112, I acknowledge the duty to disclose to the Office all information known to me to 
be material to patentability as defined in Title 3 7, Code of Federal Regulations, § 1.56 which 
became available between the filing date(s) of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this application which 
is common to my earlier application(s), if any, described below, I do not know and do not 
believe that the same was known or used by others in the United States or patented or 
described in a printed publication in any country before my invention thereof, or patented or 
described in a printed publication in any country or in public use or on sale in the United States 
more than one year prior to the date(s) of said earlier application(s), or first patented or caused 
to be patented or made the subject of an inventor's certificate by me or my legal representatives 
or assigns in a country foreign to the United States prior to the date(s) of said earlier 
application(s) on an application filed more than twelve months (six months if this application 
is for a design) before the filing of said earlier application(s); and I acknowledge that no 
application for patent or inventor's certificate on said subject matter has been filed by me or 
my representatives or assigns in any country foreign to the United States except those 
identified herein. 

(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 
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CVZ-012 • POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 

James E. Cockfield Reg. No. 19,162 Maria C. Laccotripe Limited Recognition 
Thomas V. Smurzynski Reg. No. 24,798 Under 37 C.F.R. § I0.9(b) 

Ralph A. Loren Reg. No. 29,325 Debra J. Milasincic Reg. No. 46,931 
Giulio A. Deconti, Jr. Reg. No. 31,503 David R. Burns Reg. No. 46,590 
Ann Lamport Hammitte Reg. No. 34,858 Sean D. Detweiler Reg. No. 42,482 
Elizabeth A. Hanley Reg. No. 33,505 Cynthia L. Kanik Reg. No. 37,320 
Amy E. Mandragouras Reg. No. 36,207 Theodore R. West Reg. No. 47,202 
Anthony A. Laurentano Reg. No. 38,220 Shayne Y. Huff Reg. No. 44,784 
Kevin J. Canning Reg. No. 35,470 Hathaway P. Russell Reg. No. 46,488 
Jane E. Remillard Reg. No. 38,872 Daniel B. Ko Reg. No. 47,332 
DeAnn F. Smith Reg. No. 36,683 John S. Curran Reg. No. 50,445 
Peter C. Lauro Reg. No. 32,360 Lisa M. DiRocco Reg. No. P51,619 
Jeanne M. DiGiorgio Reg. No. 41,710 Richa Nand Reg. No. P52,059 
Megan E. Williams Reg. No. 43,270 Allan Tameshtit Limited Recognition 
Jeremiah Lynch Reg. No. 17,425 Under 37 C.F.R. § 10.9(b) 

David J. Rikkers Reg. No. 43,882 

Send Correspondence to Anthony A. Laurentano, Esq. 
address is: 

at Customer Number: 000959 whose 

)1 Lahive & Cockfield, LLP, 28 State Street, Boston, MA 02109 

Direct Telephone Calls to: (name and telephone number) 

Anthony A. Laurentano, Esq, (617) 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Full name of sole or first inventor 
John Gilbert 
Inventor's signature Date 

Residence 
69 Naples Road, Brookline, MA 02446 
Citizenship 
us 
Post Office Address (if different) 
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Full name of second inventor, if any 
Sebastian Bohm 
Inventor's signature Date 

Residence 
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Microfluidic System Including a Bubble Valve for Regulating 

Fluid Flow Through a Microchannel 

Related Applications 

5 This application claims priority to U.S. Provisional Patent Application No. 

10 

60/373,256 entitled "Microfluidic System Including a Bubble Valve for Regulating Fluid 

Flow Through a Microchannel'' filed April 17, 2002; and is related to Attorney Docket No. 

CVZ-021, entitled "Method and Apparatus for Sorting Particles", filed herewith. The 

contents of both applications are herein incorporated by reference. 

Field of the Invention 

The present invention relates to microscale fluid handling devices and systems. More 

particularly, the present invention relates to a method and system for controlling liquid flow 

in a microchannel by the introduction of a gas bubble to a microfluidic system. 

Background of the Invention 

In the chemical, biomedical, bioscience and pharmaceutical industries, it has become 

increasingly desirable to perform large numbers of chemical operations, such as reactions, 

separations and subsequent detection steps, in a highly parallel fashion. The high throughput 

!~O synthesis, screening and analysis of (bio )chemical compounds, enables the economic 

25 

discovery of new drugs and drug candidates, and the implementation of sophisticated medical 

diagnostic equipment. Of key importance for the improvement of the chemical operations 

required in these applications are an increased speed, enhanced reproducibility, decreased 

consumption of expensive samples and reagents, and the reduction of waste materials. 

Microfluidic devices and systems provide improved methods of performing chemical, 

biochemical and biological analysis and synthesis. Microfluidic devices and systems allow 

for the performance of multi-step, multi-species chemical operations in chip-based micro 

chemical analysis systems. Chip-based microfluidic systems generally comprise 

30 conventional 'microfluidic' elements, particularly capable of handling and analyzing 

chemical and biological specimens. Typically, the term microfluidic in the art refers to 

systems or devices having a network of processing nodes, chambers and reservoirs connected 

by channels, in which the channels have typical cross-sectional dimensions in the range 
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between about 1.0 µm and about 500 µm. In the art, channels having these cross-sectional 

dimensions are referred to as 'microchannels'. 

By performing the chemical operations in a microfluidic system, potentially a number 

5 of the above-mentioned desirable improvements can be realized. Downscaling dimensions 

allows for diffusional processes, such as heating, cooling and passive transport of species 

(diffusional mass-transport), to proceed faster. One example is the thermal processing of 

liquids, which is typically a required step in chemical synthesis and analysis. In comparison 

with the heating and cooling of liquids in beakers as performed in a conventional laboratory 

10 setting, the thermal processing of liquids is accelerated in a microchannel due to reduced 

diffusional distances. Another example of the efficiency of microfluidic systems is the 

mixing of dissolved species in a liquid, a process that is also diffusion limited. Downscaling 

the typical dimensions of the mixing chamber thereby reduces the typical distance to be 

overcome by diffusional mass-transport, and consequently results in a reduction of mixing 

;;i~~ 5 times. Like thermal processing, the mixing of dissolved chemical species, such as reagents, 

with a sample or precursors for a synthesis step, is an operation that is required in virtually all 

chemical synthesis and analysis processes. Therefore, the ability to reduce the time involved 

in mixing provides significant advantages to most chemical synthesis and analysis processes. 

Another aspect of the reduction of dimensions is the reduction ofrequired volumes of 

sample, reagents, precursors and other often very expensive chemical substances. Milliliter­

sized systems typically require milliliter volumes of these substances, while micro liter sized 

microfluidic systems only require microliters volumes. The ability to perform these 

processes using smaller volumes results in significant cost savings, allowing the economic 

25 operation of chemical synthesis and analysis operations. As a consequence of the reduced 

volume requirement, the amount of chemical waste produced during the chemical operations 

is correspondingly reduced. 

In microfluidic systems, regulation of minute fluid flows through a microchannel is of 

30 prime importance, as the processes performed in these systems highly depend on the delivery 

and movement of various liquids such as sample and reagents. A flow control device may be 

used to regulate the flow ofliquid through a microchannel. Regulation includes control of 

2 
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flow rate, impeding of flow, switching of flows between various input channels and output 

channels as well as volumetric dosing. 

U.S. Patent Number 6,062,681 describes a bubble valve for a liquid flow channel in 

5 which the flow of a liquid is controlled by the generation of a gas bubble in the channel using 

a heater placed in the liquid. As the heater is activated, a bubble is formed which can be 

enlarged or reduced in size by increasing or decreasing, respectively, the temperature of the 

heater. The described system presents a number of disadvantages, namely, the required 

power to operate the valve and the inherent requirement that liquid in the channel be heated 

IO upon passing the valve. Even small increases in liquid temperature, by only a couple of 

degrees, can have disastrous effects on the highly heat sensitive biochemical substances 

present in the liquids to be controlled in many microfluidic systems. In addition, the required 

on-chip electric circuitry for the heater increases the complexity of the described valve and 

consequently results in unacceptably high costs, particularly if the fluidic system employing 

5 the bubble valve only used for a single application. 

Other valves in the prior art use electrochemical means to produce a bubble in a 

liquid. 

i~,~20 Summary of the Invention 
: b~ 

The present invention provides a bubble valve for controlling, regulating or varying 

fluid flow through a microfluidic system. The bubble valve regulates fluid flow through a 

channel using an externally operated mechanical or pneumatic actuator. The actuator causes 

a deflection of a fluid meniscus into the interior of the channel to regulate liquid flow. The 

25 actuator may mechanically force a gas bubble into a fluid carrying microchannel to inhibit 

liquid flow or to cause liquid flow by applying a sufficiently high pressure to the meniscus. 

The bubble valve effectively controls the flow of liquids in microfluidic systems, without 

heating the fluid and without complex on-chip circuitry. 

30 The microfluidic system includes a microchannel and a sealed, gas-filled reservoir 

positioned adjacent to and connected to the microchannel. The gas filled reservoir has a 

movable wall and a meniscus formed by a liquid in the microchannel that forms an interface 

between the reservoir and the microchannel interior. The meniscus may form a portion of the 

side wall of the microchannel. An external mechanical actuator may be used to deflect the 

3 
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movable wall of the reservoir. As the movable wall is deflected, the volume of the reservoir 

decreases and the gas pressure inside the reservoir increases, causing the meniscus to deflect 

into the microchannel, thereby modifying the cross-sectional area of the microchannel and 

consequently varying the flow of liquid through the channel. The increased pressure in the 

5 reservoir pushes gas from the reservoir into the microchannel. The gas may result in a local 

gas bubble being forced into the microchannel from the gas-filled reservoir. The resulting 

gas bubble occupies a portion of the cross-section of the channel, allowing liquid flow 

through the channel to be effectively controlled by controlling the size of the gas bubble via 

the external actuator. 

10 

The meniscus may comprise a virtual wall formed in a side wall of the microchannel. 

The virtual wall is a meniscus formed by a liquid in the microchannel that fills an aperture 

formed in the side wall of the microchannel and essentially replaces the removed portion of 

the side wall without affecting the properties of liquid flow through the channel. A gas 

5 bubble can be forced into the channel by applying a gas pressure at the opening using an 

external pneumatic actuator. The gas pressure forces the meniscus inside the channel, which 

varies the flow of liquid through the channel interior. 

According to one embodiment, the microchannel includes a hydrophobic patch 

!'U20 spanning the width of the microchannel at the location where the gas bubble is introduced to 

enhanced on-off switching of the bubble valve. The hydrophobic patch anchors the bubble in 

a particular location in the microchannel. If the introduced gas bubble covers the whole area 

of the patch, the bubble is effectively retained by capillary forces and blocks any liquid flow 

up to a certain pressure difference, depending on the level of hydrophobicity of the patch. 

25 

30 

Alternatively or in combination "With a hydrophobic patch, the microchannel can be 

locally shaped into a cavity for receiving and anchoring the gas bubble. By providing an 

appropriate cavity, the bubble can be kept in place during operation, reducing the risk that the 

gas bubble is carried away with the liquid. 

According to one aspect of the invention, a microfluidic device is provided. The 

microfluidic device comprises a microchannel having an interior bounded by a side wall and 

a valve for regulating the flow of fluid through the microchannel. The valve comprises a gas­

filled reservoir, a fluid meniscus interfacing the reservoir and the interior and an actuator for 

4 
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varying the volume of the reservoir to increase an internal pressure of the reservoir to vary 

the flow of liquid through the channel. 

According to another aspect, a microfluidic device is provided, comprising a first 

5 plate having a groove formed therein defining a microchannel, a second plate for enclosing 

the microchannel and a flexible membrane. The second plate is bonded to the first plate and 

has an aperture adjacent to the groove sized and dimensioned to form a meniscus when the 

microchannel is filled with a liquid. The aperture defines a reservoir adjacent to the 

microchannel, wherein the meniscus forms an interface between the microchannel and the 

10 reservoir. The flexible membrane is bonded to the second plate to seal the reservoir. 

According to another aspect, a method of making a bubble valve is provided, the 

method comprises providing a microchannel having an interior bounded by a side wall, an 

aperture formed in the side wall and a valve chamber adjacent to the aperture in 

5 communication \vith the interior, filling the microchannel with a liquid to form a meniscus of 

the liquid in the aperture, whereby the step of filling traps a gas in the valve chamber and 

providing an actuator for increasing the pressure in the valve chamber to deflect the meniscus 

into the interior. 

According to yet another aspect, a method of making a bubble valve is provided. The 

method comprises providing a microchannel having an interior bounded by a side wall, an 

aperture formed in the side wall and a valve chamber adjacent to the aperture in 

communication with the interior, filling the microchannel with a liquid to form a meniscus of 

the liquid in the aperture and applying and sealing an actuator comprising a chamber to a top 

25 surface of the microchannel to form a gas-filled chamber adjacent to the meniscus. The 

actuator varies the pressure in the gas-filled chamber to deflect the meniscus into the interior, 

thereby regulating fluid flow. 

According to still another aspect, a microfluidic device is provided comprising a 

30 microchannel having an interior bounded by a side wall, a bubble valve for creating and 

injecting a bubble into the microchannel interior to regulate fluid flow through the 

microchannel and a hydrophobic patch for retaining the bubble in a predetermined position in 

the microchannel interior. 

5 
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According to yet another aspect a bubble valve in a particle sorting device for 

separating particles having a predetermined characteristic from particles not having a 

predetermined characteristic is provided. The bubble valve comprises a gas-filled reservoir, a 

side channel in communication with a channel through which a stream of particles in a carrier 

5 fluid passes, wherein the carrier fluid forms a meniscus in the side channel adjacent to the 

gas-filled reservoir and an actuator for deflecting the meniscus to create a pressure pulse to 

selectively deflect a particle having the predetermined characteristic from the stream of 

particles. 

10 

20 

According to still another aspect, a method of varying an electrical resistance in a 

microchannel is provided. The method comprises generating a bubble and injecting the 

bubble into a liquid in the microchannel, whereby the bubble varies the electrical resistance 

of the microchannel. 

According to yet another aspect, an electrophoretic system is provided, comprising an 

electrokinetically operated microchannel, a sample well for providing an sample to the 

microchannel, a voltage source and a bubble valve for injecting a bubble into the 

microchannel to vary the electrical resistance of the microchannel. 

According to a final aspect of the invention, an electro kinetic column to column 

switch is provided, comprising a first electrokinetically operated microchannel, a second 

electrokinetically operated microchannel in communication with the first electrokinetically 

operated microchannel and a bubble valve for selectively blocking flow from the first 

25 electrokinetically operated microchannel to the second electrokinetically operated 

microchannel by selectively injecting a bubble into a microchannel. 

Brief Description of the Drawings 

30 Figure 1 is a schematic view of a microfluidic system suitable for implementing the 

35 

illustrative embodiment of the invention. 

Figure 2 shows an exploded view of a bubble valve according to an illustrative 

embodiment of the present invention. 

Figure 3 shows an isometric view of the bubble valve of Figure 2. 

Figure 4 shows a top view of the bubble valve of Figure 2. 

6 
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Figures 5a-c are cross-sectional views of the bubble valve of Figure 2 in operation. 

Figure 6 shows an exploded view of an alternative embodiment of a bubble valve 

according to the present invention. 

Figure 7 shows a top view of the bubble valve of Figure 6. 

Figures 8a-c are cross-sectional view of the bubble valve of Figure 6 in operation. 

Figure 9 shows an application of the bubble valve of an illustrative embodiment of the 

present invention in a microchannel. 

Figure 10 shows a Y-intersection in a microfluidic system of an embodiment of the 

invention that implements a bubble valve to control liquid flow according to the teachings of 

IO the present invention. 

5 

Figure 11 shows a Y-intersection in a microfluidic system of another embodiment of 

the invention that implements a bubble valve to control liquid flow according to the teachings 

of the present invention. 

Figures 12a-c shows an electrophoresis system that implements a bubble valve to 

control electrical current during electro kinetic injection according to the teachings of the 

present invention. 

Figure 13a shows an electrokinetic column-column switch implementing a bubble 

valve according to the teachings of the present invention. 

Figure 13b shows an alternate electrokinetic column-column S\\-1.tch implementing a 

)t20 bubble valve according to another embodiment of the present invention. 

Figure 14 shows a selective resistance circuit that employs a bubble valve to control 

electrical current according to the teachings of the present invention. 

Figure 15 shows an alternative selective resistance circuit that employs a bubble valve 

to control electrical current according to the teachings of the present invention. 

25 Figure 16 shows a particle sorting system that implements a bubble valve of the 

present invention to produce fluid impulses to sort particles. 

Figures 17a, 17b and 17c illustrate the operation of the particle sorting system of 

Figure 16. 

30 Detailed Description of the Invention 

The present invention provides an improved bubble valve for controlling fluid flow 

through a microchannel in a microfluidic system. The invention further provides a method of 

forming the bubble valve. The bubble valve of the present invention can be applied in 

numerous microfluidic systems for controlling and switching fluid flows. Examples of 

7 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 270 of 300



CVZ-012 

suitable applications include, but are not limited to: flow cytometry, column switching, 2-D 

separations, cell or particle sorting applications on a chip, regulating pressurized fluid flows 

including on-off switching, regulating electrokinetic fluid flows and electrokinetically 

induced processes including on-off switching and electrokinetic sample injection and channel 

5 to channel switching. 

Figure 1 illustrates a microfluidic system suitable for implementing the illustrative 

embodiment of the present invention. The illustrative microfluidic system 100 comprises a 

substrate 101 having one or more microchannels 21 disposed therein. The microchannels 

10 transport fluid through the microfluidic system 100 for processing, handling, and/or 

performing any suitable operation on a liquid sample. As used herein, the term 

"microfluidic" refers to a system or device for handling, processing, ejecting and/or analyzing 

a fluid sample including at least one channel having microscale dimensions. The term 

"channel" as used herein refers to a pathway formed in or through a medium that allows for 

5 movement of fluids, such as liquids and gases. The term "microchannel" refers to a channel 

preferably formed in a microfluidic system or device having cross-sectional dimensions in the 

range between about 1.0 µm and about 500 µm, preferably between about 25 µm and about 

250 µm and most preferably between about 50 µm and about 100 µm. One of ordinary skill 

in the art will be able to determine an appropriate volume and length of the microchannel. 
!J20 

25 

The ranges are intended to include the above-recited values as upper or lower limits. The 

microchannel can have any selected shape or arrangement, examples of which include a 

linear or non-linear configuration and a U-shaped configuration. The microfluidic system 

100 may comprise any suitable number of microchannels 21 for transporting fluids through 

the microfluidic system 100. 

The microfluidic system 100 includes a bubble valve 10, 1 O' shov...n in Figures 2-8c 

for controlling liquid flow through a microchannel of the system. According to the 

illustrative embodiment, the microchannel is defined by a side wall having any suitable shape 

enclosing at least a portion of the interior of the channel. The bubble valve may be formed 

30 by a gas-filled reservoir positioned adjacent to the microchannel including a meniscus that 

forms the interface between the reservoir and the microchannel interior. The meniscus may 

form a portion of the side wall of the microchannel. The bubble valve includes an actuator 

for modifying the pressure in the reservoir to deflect the meniscus into the channel interior, 
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thereby modifying the cross-sectional area of the microchannel and consequently varying the 

flow of liquid through the channel. 

According to an alternate embodiment, the bubble valve is formed by a meniscus in a 

5 separate side channel that communicates with and intersects a microchannel through which a 

liquid to be controlled flows. One skilled in the art will recognize that the meniscus can be 

located at any location relative to the microchannel through which liquid flows. 

The gas-filled reservoir may be formed when filling the microchannel having an 

10 aperture in a side wall and a reservoir formed adjacent to the aperture. An empty 

microchannel may be filled with liquid, forming the meniscus in the aperture, which traps the 

gas that forms the gas bubble and forms a gas pocket in the reservoir adjacent to the 

:'= meniscus. The creation of the gas pocket on filling provides a sterile gas bubble and reduces 

contaminants in the system. Alternatively, the air pocket may be created by introducing a gas 

5 to the reservoir after filling of the microchannel. 

FIG. 2 shows an exploded view of an embodiment of an illustrative bubble valve 10 

of the present invention. The microfluidic system may be formed by a plurality of stacked 

); layers. As shown in Figure 2, the illustrative microfluidic system 100 includes a first plate 20 

;B20 in which a groove defining the microchannel 21 is provided. A hydrophobic patch 22 may be 

25 

applied to an inner wall of the microchannel 21. A second plate 30 for enclosing the 

microchannel is bonded to the first plate 20 and includes an aperture 31. A third plate 40 is 

bonded on top of second plate 30 to close and seal the stacked structure. The aperture 31 of 

the intermediate second plate 30 defines a void in the system adjacent to the microchannel 21. 

FIGS. 3 and 4 illustrates the assembled bubble valve 10. As shown, the stacked first 

plate 20, second plate 30 and third plate 40 define a closed, gas filled gas reservoir 70, which 

can be actuated with a displacement actuator 50. According to the illustrative embodiment, 

the aperture 31 defining the reservoir 7 0 comprises a main body 31 a and a slot 31 b extending 

30 from the main body 31 a. When the microfluidic system 10 is assembled, the slot 31 b of the 

aperture 31 defines a gap in the side wall of the microchannel 21 that provides access to and 

communicates with the interior of the microchannel 21. 
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The bubble valve 10 operates to control the flow of liquid through the microchannel 

21. A meniscus is formed in the aperture 31, which interfaces with and separates the 

microchannel interior from the reservoir 70. According to the embodiment shown in Figures 

2-8c, the meniscus is formed by a liquid filling the microchannel in the slot 31 b. One skilled 

5 in the art will recognize that other suitable devices may be used to form the meniscus. The 

liquid in the slot 31 b is retained in the microchannel by capillary forces. The actuator 50 

deflects the upper wall of the reservoir, defined by plate 40, which decreases the volume of 

the reservoir 70. The actuator 50 may comprise any suitable device for deflecting the wall, 

such as an electromagnetic actuator or a piezoelectric element. The plate 40 may comprises a 

10 flexible membrane. The decreased volume consequently increases the pressure of the 

reservoir 70 and causes the meniscus 80 to deflect into the channel interior to create a 

constriction in the channel, thereby impeding fluid flow or pushing fluid away from the 

!'"" meniscus. If a sufficient pressure is applied to the meniscus, the actuator generates and 

enlarges a bubble in the liquid of the microchannel, which blocks fluid flow. The 

5 hydrophobic patch 22 provides an anchor for the bubble and retains the bubble at a selected 

location in the microchannel. 

After the microchannel is filled with a liquid 60, the bubble valve 10 is ready for 

";;; operation. FIG. 5a-c illustrate the operation of the bubble valve according to the teachings of 

;"¥20 the invention. FIG. Sa shows the bubble valve in an 'open' state. According to the 
;:i::: 

25 

embodiment of Figures 5a-5c, the meniscus between the reservoir and the interior of the 

microchannel is defined by the meniscus 80, formed by the liquid 60 in the slot 31 b in the 

second plate 30. In the 'open' state, liquid flows freely through the microchannel 21 and the 

valve does not impose any additional flow resistance in the channel. 

The slot 31 b may be sized and dimensioned to form a "virtual wall" in the 

microchannel. As used herein, "virtual wall" refers to the meniscus 80 formed by the first 

liquid 60 in the aperture formed in the side wall of the microchannel 20, which essentially 

replaces the removed portion of the side wall without affecting the properties of the 

30 microchannel. The meniscus surface can be, although not required, substantially co-planar 

with the wall of the microchannel in which the meniscus is formed. The word "virtual" is 

chosen to express the effect that the overall liquid flow through the microchannel 21 of the 

microfluidic system 100 is not influenced by the virtual wall, i.e. the flow of liquid in the 

microfluidic system having a virtual wall is substantially identical to the flow of liquid 
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through an identical microfluidic system in which no virtual wall is present. One of ordinary 

skill will recognize that the meniscus may be convex or concave, depending on the 

appropriate system pressure. 

When the actuator 50 is actuated, the bubble valve 10 switches to a "pinched" state, as 

shown in Figure Sb, to inhibit fluid flow through the channel interior. In the 'pinched' state, 

the actuator 50 deflects the top of the gas reservoir 70 for a certain fraction, increasing the 

pressure in the reservoir 70 and forcing the meniscus 80 down into the channel 21. The 

deflection of the meniscus locally reduces the cross-section of the channel 21 and introduces 

IO an additional flow resistance to the liquid flow. The degree of reduction in the liquid flow 

5 

through the microchannel corresponds to the amplitude, frequency and duration of the 

displacement of the meniscus 80, which are controllable by the actuator 50. One skilled in 

the art will recognize that any suitable means for varying the pressure within the reservoir 70 

may be used to deflect the meniscus 80, thereby regulating fluid flow. 

When the actuator is fully actuated, the bubble valve IO is switched to a closed state, 

as illustrated in Figure Sc. As shown, in the closed state, the meniscus 80 deflects fully to 

form and introduce a gas bubble 81 into the microchannel 21. The gas bubble 81 is retained 

,,:: by the hydrophobic patch 22 formed in the channel wall opposite the slot 31 b. As a result, 

i:ij20 the liquid flow in the channel is substantially blocked. By reducing the pressure on the 

meniscus 80, the bubble valve 10 can be brought from the 'closed' state of Figure 5c via the 

'pinched' state of Figure Sb back to the 'open' state of Figure 5a. 

According to one embodiment, the bubble valve 10 may be used as a check valve for 

25 regulating pressure in the microchannel. When the pressure in the microchannel exceeds a 

maximum breaking pressure, the bubble collapses, opening the valve and allowing fluid to 

flow through the channel, thereby reducing the pressure in the microchannel. The breaking 

pressure depends on the hydrophobicity of the hydrophobic patch 22, as well as the geometry 

of the microchannel. 

30 

Alternatively or in combination with the hydrophobic patch 22, the microchannel 21 

can be locally shaped into a cavity for receiving and anchoring the gas bubble 81. By 

providing an appropriate cavity, the bubble can be kept in place during operation, reducing 

the risk that the gas bubble is carried away with the liquid. 
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According to the embodiments shown in Figures 2-5c, the actuator 50 is integrated in 

the microfluidic chip 100. However, one skilled in the art will recognize that an external, 

reusable actuator may also be used to control formation of a gas bubble in the microchannel. 

5 

FIG. 6 shows an alternative embodiment of a microfluidic system 100' including a 

bubble valve 10' having an external actuator 90 according to the teachings of the invention. 

In the embodiment shown in Figure 6, the microfluidic system 100' includes a first plate 200 

including a groove defining the microchannel 210 and a second plate 300 bonded to the first 

10 plate 200 for enclosing the microchannel 210 and in which a virtual wall opening 32 is 

formed. The virtual wall opening 32 is sized and dimensioned to form a "virtual wall" when 

the microchannel 210 is filled with a liquid. 

Upon filling of the microchannel 21 with a liquid, a virtual wall 32a is formed in 

Lfis virtual wall opening 32. As shown in Figures 7, 8a-8c, the microfluidic system further 
,;~ 

25 

includes an external actuator, illustrated as pressurizer 90, pressed and sealed onto the top of 

the second plate 300 to form a tight seal. The external pressurizer 90 defines a sealed 

pressurizing chamber 92 adjacent to the virtual wall 32a. The pressurizer varies the pressure 

within the pressurizing chamber 92 to control liquid flow through the microchannel 210 by 

modifying the position of the virtual wall. The pressurizer 90 may include a source of 

pressurized gas (not shown) and a gas inlet 91 to allow a gas pressure to be applied to the 

virtual wall 32a in order to move the virtual wall. The pressurizer may alternatively include a 

flexible wall that deflects to vary the volume of the chamber 92 upon activation of an 

actuator, such as a piezoelectric element or electromagnetic actuator. 

FIG. 8a shows a cross-section of the bubble valve 10' of Figures 6 and 7 in the 'open' 

state. As shown, when the microchannel 210 is filled with liquid 600, a virtual wall 32a, 

defined by a meniscus 800, is formed within the virtual wall opening 32. The meniscus 

essentially replaces the absent portion of the side wall of the microchannel and allows liquid 

30 to flow through the channel interior unimpeded and uninfluenced by the virtual wall. 

FIG. Sb depicts the 'pinched' state of the bubble valve, when the pressurizer 90 is 

activated. As shown, activation of the pressurizer 90 increases the internal pressure within 

the pressurizing chamber 92. The increased pressure moves the meniscus 800 down the 
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channel height and into the microchannel interior, thereby regulating liquid flow. The 

pressurized controls the level of the internal pressure in order to control the amount of 

deflection of the meniscus and therefore the rate of fluid flow. 

To switch the valve to a 'closed' state, as shown in Figure 8c, the pressurizer 90 

applies a large pressure that is sufficient to form and introduce a gas bubble 810 into the 

channel 210. The hydrophobic patch 220 retains the gas bubble 810 in place. As a result, the 

liquid flow in the channel is blocked up to a 'breaking pressure', which depends on the 

hydrophobicity of hydrophobic patch 220. A higher hydrophobicity results in a larger 

10 breaking pressure. By reducing the pressure on the meniscus 800 the bubble valve 1 O' can be 

brought from the 'closed' state of Figure 8c via the 'pinched' state of Figure 8b back to the 

'open' state of Figure 8a. 

FIG. 9 shows an application of a bubble valve 10 for flow regulation in a 

5 microchannel 121 according to one embodiment of the invention. During typical operation of 

a microfluidic system, a pressure difference is applied over the length of a microchannel 121. 

A bubble valve 10 can be employed to regulate the flow through the microchannel between 

zero and a maximum flow rate, depending on the applied pressure difference. 

FIG. 10 shows a portion of a microfluidic system according to an embodiment of the 

invention forming a Y-intersection comprising two inlet microchannels 121a and 121b and an 

outlet channel 121c that combines the fluids flowing through the two inlet microchannels. 

The first microchannel 121 a carries a first liquid and the second microchannel 121 b carries a 

second liquid. The microchannels 121a and 121b are each controlled by a corresponding 

25 bubble valve, 10a and 10b, respectively, for regulating the combined composition and flow 

rate through the outlet microchannel 121c. One skilled in the art will recognize that that the 

number of inlet channels is not limited to two, but is presented here merely as an example. 

FIG. 11 shows a Y-intersection of a microfluidic system according to another 

30 embodiment of the invention. As shown the Y-intersection comprises an inlet microchannel 

221 c and two outlet microchannels 221 a and 221 b for splitting the incoming liquid flow from 

the inlet microchannel 22 lc. The flow of each outlet channel is regulated by a corresponding 

bubble valve 200a and 200b, respectively. The incoming liquid flow from the inlet 

rnicrochannel 221 c can be split between rnicrochannel 221 a and microchannel 221 b in any 
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required ratio. One skilled in the art will recognize that that the number of inlet channels is 

not limited to two, but is presented here merely as an example. 

FIG. 12a-12c shows the implementation of an electrophoresis system 110 comprising 

5 five bubble valves, 1 Oa-e of the present invention, arranged with a crossed microchannel 

configuration. Regulation of the bubble valve 10a regulates the electric current through the 

associated electrokinetically operated microchannel 115a. The pinching of the liquid in the 

electrokinetically operated microchannel 115a by a bubble valve will result in an increased 

electrical resistance in the microchannel 115a. As a result, the migration of charged species 

10 and electro-osmotic flow in the electrokinetically operated microchannel 115a can be 

regulated. A voltages difference for the injection of sample from a well storing a supply of a 

sample 125 between the bubble valve 1 Oa and the crossing point 111 of the microchannels 

and consecutive separation are provided via wells V+ and VO. Electrodes are placed in the 

V+ and VO wells and energized with a constant voltage difference during the operation of the 

5 electrophoresis system. 

In the injection phase, valves 1 Oa, 1 Ob, I Oc and I Od are substantially in the open 

position, allowing passage of electrical current up to a required level for injection (FIG 12b 

shows direction of current / sample), while bubble valve 1 Oe is closed. The valves are kept in 

'~~O this position long enough for the sample to move from the sample well 125 towards and past 

the central injection crossing 111. Varying the opening ratio of valves 1 Oa, 1 Ob and 1 Od can 

be adjusted to confine the sample to a narrow flow through the injection cross 111, as shown 

in Figure 12c (i.e. 'pinched injection'). 

25 Immediately after the injection phase, a plug of sample is injected and separated in the 

30 

separation column 115a (microchannel which runs horizontally in figure) by closing bubble 

valves 1 Oa, 1 Od and 1 Oc and opening valves 1 Ob and I Oe. Now the total voltage difference is 

applied longitudinally over the separation channel, resulting in the separation of the 

constituents in the sample (Figure 12c). 

FIG. 13a illustrates another application of the bubble valve of the present invention 

implemented in a column-column switch 130 for electrokinetically transferring a substance 

from a first electrokinetically operated microchannel 215a to a second electrokinetically 

operated microchannel 215b. The column-column switch 130 comprises a bubble valve 10b 
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of the present invention that connects the first electrokinetically operated microchannel 215a 

to the second electrok:inetically operated microchannel 215b. Both electrokinetically 

operated microchannel 215a and electrokinetically operated microchannel 215b are 

connected to corresponding wells well 220a-d. In the following example, it is assumed that 

5 the substances electrokinetically move from a positive electric potential to ground and that 

well 120c and well 120b are provided with a positive potential whilst well 120a and well 

120d are grounded. 

At first, the two electrokinetically operated microchannel 215a and electrokinetically 

10 operated microchannel 215b are operated independently and the connecting bubble valve 1 Ob 

is in the 'closed' state whilst bubble valve 10a and bubble valve 10c are in the 'open' state. 

To electrokinetically transfer substance from electrokinetically operated microchannel 215a 

to the electrokinetically operated microchannel 215b, bubble valve 10a and bubble valve 10c 

are switched to the closed state, and the connecting bubble valve 1 Ob is opened momentarily 

to allow passage of an amount of substance from the electrokinetically operated microchannel 

215a to the electrokinetically operated microchannel 215b. The amount transferred depends 

directly upon the time bubble valve 1 Ob is opened. After the required amount of substance is 

transferred, the connecting bubble valve 1 Ob is closed and the bubble valve 1 Oa and bubble 

valve 1 Ob are opened again. 

FIG. 13b illustrates the implementation of another column to column switch 130' to 

exchange liquid from a first column 215a' selectively into a second column 215b'. The first 

column and the second column are each crossed by a transfer column 250, operated by a first 

bubble valve 10a arranged on one end of the transfer column 250 and a second bubble valve 

25 10b arranged on the opposite end of the transfer column 250. The first one of the bubble 

valves is attached to the first column 215a' and is actuated upon transiently by an external 

actuator for increasing the pressure within the bubble valve reservoir. Increasing the pressure 

on the bubble valve will deflect the meniscus 80, inducing a transient flow in the transfer 

column 250 from the pressurized bubble valve 1 Oa towards the second bubble valve 1 Ob, 

30 which comprises a compressible volume of gas. This transient flow effectively transfers a 

liquid volume from the first column 215a' to the second column 215b'. Upon deactivation of 

the external actuator, the flow in the transfer column 250 reverses as the compressed gas 

volume in the second bubble valve 1 Ob exerts a pressure on the liquid in the transfer column 

250. 

15 

Cytonome/ST, LLC Exhibit 2011
NanoCellect Biomedical, Inc. v. Cytonome/ST, LLC, IPR2020-00548

Page 278 of 300



CVZ-012 

FIG. 14 shows a selective resistance circuit employing a bubble valve of the present 

invention for selectively including a predefined electrical resistance in an electrokinetic 

circuit. The circuit 140 comprises an inlet microchannel 321, which splits into two paths. 

5 The first path 322 includes a fluidic resistor 240a and a bubble valve 1 Oa, the second parallel 

path 323 includes a fluidic resistor 240b and a bubble valve 1 Ob. The fluidic resistors 240a-b 

comprise a channel of appropriate length to results in a certain electrical resistance. The 

bubble valve 1 Oa and the bubble valve 1 Ob can be switched each to either on to allow fluid 

flow through the associated microchannel or off to block fluid flow through the associated 

10 nricrochannel. As a result, the overall electrical resistance of the electro kinetic circuit can be 

switched between four values: infinite (both bubble valves 1 Oa-b are off), the resistance of 

fluidic resistor 240a (bubble valve 10a on, bubble valve 10b off), the resistance offluidic 

resistor 240b (bubble valve 1 Oa off, bubble valve 1 Ob on) and the parallel resistance of fluidic 

resistor 24a-b (both bubble valves 10a and IOb on). 

FIG. 15 shows an alternative resistance circuit 150 according to another application of 

the invention, now for the selective application of a voltage. By opening either the bubble 

valve 1 Oa or bubble valve 1 Ob, the voltage imposed on an outgoing channel 523 can be 

selected. Fluidic resistor 245a and 245b function to limit the electric current in either of the 

nJ20 two states to a predetermined value. 

FIG. 16 illustrates another application of the bubble valve 10 of the present invention 

in a particle sorting application, wherein the bubble valve is positioned in a side channel that 

communicates with a channel through which particles in suspension flow. According to one 

25 application of the present invention, a particle sorter 160 comprises a closed channel system 

of capillary size for sorting particles, such as cells. The channel system comprises a first 

supply duct 162 for introducing a stream of particles and a second supply duct 164 for 

supplying a carrier liquid. The first supply duct 162 ends in a nozzle, and a stream of 

particles is introduced into the flow of carrier liquid. The first supply duct 162 and the 

30 second supply duct 164 enter a measurement duct 166, which branches into a first branch 

172a and a second branch 172b at a branch point 1 71. A measurement region 182a is defined 

in the measurement duct 166 and is associated with a detector 182b to sense a predetermined 

characteristic of particles in the measurement region 182a. Two opposed bubble valves 1 Oa 

and I Ob are positioned in communication with the measurement duct 166 and are spaced 
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opposite each other. The bubble valves I Oa, I Ob communicate with the measurement duct 

166 through a pair of opposed side passages 174a and 174b, respectively. Liquid is allowed 

to partly fill these side passages 174a and 174b to form a meniscus 175 therein. An external 

actuator 17 6 is also provided for actuating the bubble valves 1 Oa, 1 Ob, which momentarily 

5 causes a flow disturbance in the duct to deflect the flow therein when activated by the 

actuator 176. 

In a suspension introduced by the first supply duct 162, two types of particles can be 

distinguished, normal particles 180a and particles of interest 180b. The flow rates in both 

10 branches 172a and 172b are adjusted so that the stream of particles normally flows through 

the second branch 172b. Upon sensing the predetermined characteristic in the particles in the 

measurement region 182a, the detector 182b raises a signal. The external actuator 176 

activates the bubble valves 1 Oa, 1 Ob when signaled by the detector 182b in response to 

sensing the predetermined characteristic, to create a flow disturbance in the measurement 

duct 166 between the sideway passages 174a, 1 7 4 b, to deflect the particle having the 

predetermined characteristic so that it flows down the first branch duct 172a rather than the 

second branch duct 172b. The detector communicates with the actuator 176, so that when the 

detector 182b senses a predetermined characteristic in a particle, the actuator activates the 

first bubble valve 1 Oa to cause pressure variations in the reservoir 70 of the first bubble valve. 

/\120 The activation of the first bubble valves causes a transient pressure variation in the first side 

passage 174a. The second side passage 174b and the second bubble valve 10b absorb the 

transient pressure variations in the measurement duct 166 induced via the actuator 176. 

Basically, the reservoir 70b of the second bubble valve 10b is a chamber having a resilient 

wall or contains a compressible fluid such as a gas. The resilient properties allow the flow of 

25 liquid from the measurement duct into the second side passage 174b. 

Figures 17a-17c illustrate the operation of the particle sorting system 160 of Figure 

16. In Figure 17a, the detector raises a signal to activate the actuator. Upon activation of the 

actuator, the pressure within the reservoir of the first bubble valve 1 Oa is increased, causing a 

30 transient discharge ofliquid from the first side passage 174a as indicated by the arrow. The 

sudden pressure increase caused at this point in the duct causes liquid to flow into the second 

side passage 17 4b because of the resilient properties of the reservoir of the second bubble 

valve I Ob. This movement of liquid into the second side passage 17 4b is indicated with an 

arrow. Resultingly, as can be seen in the figure, the flow through the duct is deflected causing 
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the selected particle of interest 178b located between the first side passage 17 4a and the 

second side passage 174b to be shifted perpendicular to its flow direction in the normal state. 

The flow resistances to the measurement duct 166, the first branch 172a and the second 

branch 172b is chosen so that the preferred direction of the flow to and from the first side 

5 passage 174a and the second side passage 174b has an appreciable component perpendicular 

to the normal flow through the measurement duct 166. This goal can for instance be reached 

by the first branch 1 72a and the second branch 172b so that their resistances to flow is large 

in comparison with the flow resistances of the first side passage 17 4a and the second side 

passage 174b. 

10 

Figure 17b shows the particle sorting system 160 during the relief of the first bubble 

valve reservoir when the particle of interest 178b has left the volume between the first side 

passage 174a and the second side passage 174b. The actuator 176 is deactivated, causing the 

pressure inside the reservoir to return to the normal pressure. During this relief phase there is 

5 a negative pressure difference between the two reservoirs of the bubble valves, causing a 

liquid flow through the first side passage 174a and the second side passage 174b opposite to 

the liquid flow shown in the previous figure and is indicated by the arrows. 

Figure 17c shows the particle sorting system 160 after completion of the switching 

::~20 sequence. The pressures inside the reservoirs of the bubble valves has been equalized so the 

flow through the measurement duct 166 is normalized. As the particle of interest 178b has 

been displaced radially, it will flow into the first branch 172a as was the objective of the 

switching operation. 

25 According to yet another embodiment, the cross-sectional dimensions of a 

microchannel including a bubble valve according to the teachings of the present invention 

may be varied locally to affect the pressure within the microchannel interior. For example, 

the microchannel may be narrowed or widened at certain locations to incr~ase or decrease the 

capillary forces acting on a fluid in the microchannel interior. One of ordinary skill in the art 

30 will be able to determine a suitable cross-sectional dimension to achieve a desired pressure 

within the microchannel interior. 

The bubble valve of the present invention may be implemented in a variety of 

microfluidic devices used for many applications. In a particular application, the bubble valve 
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is implemented in a flow-cytometer based instrument for sorting or physically separating 

particles of interest from a sample or for measuring selected physical and chemical 

characteristics of cells or particles in suspension as they travel past a particular site. The 

bubble valve may also be employed in devices for sequencing or manipulating DNA, medical 

5 diagnostic instruments, devices for drug discovery, chemical analysis and so on. 

The present invention provides an improved system and method for regulating fluid 

flow in a microchannel for a variety of applications. The bubble valve of the present 

invention is easy to operate and control, simple to manufacture and economical. In addition, 

10 the bubble valve does not adversely affect the liquid in the microchannel. The bubble valve 

effectively controls the flow of liquids in microfluidic systems, without heating the fluid and 

without complex on-chip circuitry. 

The present invention has been described relative to an illustrative embodiment. Since 

5 certain changes may be made in the above constructions without departing from the scope of 

the invention, it is intended that all matter contained in the above description or shO\vn in the 

accompanying drawings be interpreted as illustrative and not in a limiting sense. 

It is also to be understood that the following claims are to cover all generic and 

(;320 specific features of the invention described herein, and all statements of the scope of the 

invention which, as a matter of language, might be said to fall therebetween. 

Having described the invention, what is claimed as new and protected by Letters 

Patent is: 
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What is claimed is: 

1. A microfluidic device, comprising: 

a microchannel having an interior bounded by a side wall; 

a valve for regulating the flow of fluid through the microchannel, the valve 

comprising a gas-filled reservoir, a fluid meniscus interfacing the reservoir and the interior 

and an actuator for varying the volume of the reservoir to increase an internal pressure of the 

reservoir to vary the flow of liquid through the channel. 

10 2. The microfluidic device of claim 1, wherein the actuator deflects the meniscus into 

the microchannel interior to regulate the flow of fluid through the microchannel. 

3. The microfluidic device of claim 1, wherein the meniscus comprises a virtual wall 

formed in an aperture in the side wall of the microchannel when the microchannel is filled 

5 with a liquid. 

4. The microfluidic device of claim 1, wherein the actuator generates a gas bubble in the 

microchannel. 

5. The microfluidic device of claim 4, further comprising a hydrophobic patch attached 

to an inner wall of the microchannel for anchoring the gas bubble. 

6. The microfluidic device of claim 4, wherein the microchannel defines a cavity for 

retaining the gas bubble. 

25 

7. The microfluidic device of claim 1, wherein the gas filled reservoir comprises a 

movable membrane. 

8. The microfluidic device of claim 7, wherein the actuator deflects the movable 

30 membrane to create a bubble in the microchannel interior. 

9. A microfluidic device comprising: 

a first plate having a groove formed therein defining a microchannel; 

20 
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a second plate for enclosing the microchannel bonded to the first plate having an 

aperture adjacent to the groove sized and dimensioned to form a meniscus when the 

microchannel is filled with a liquid, the aperture defining a reservoir adjacent to the 

microchannel, wherein the meniscus forms an interface between the microchannel and the 

5 reservoir; and 

a flexible membrane bonded to the second plate to seal the reservoir. 

10. The microfluidic device of claim 9, further comprising an actuator for deflecting the 

flexible membrane, wherein the deflection of the membrane increases the pressure in the 

10 reservoir and deflects the meniscus into the microchannel to regulate liquid flow 

therethrough. 

11. The microfluidic device of claim 10, wherein the actuator comprises one of an 

electromagnetic element and a piezoelectric element. 

5 

12. The microfluidic device of claim 9, further comprising a hydrophobic patch attached 

to the groove. 

13. The microfluidic device of claim 9, wherein the meniscus forms a bubble in the 

;iJ20 microchannel to block liquid flow. 

14. The microfluidic device of claim 13, wherein the groove includes a cavity formed 

therein for retaining the bubble. 

25 15. A microfluidic device, comprising: 

a microchannel having an interior bounded by a side wall; 

a bubble valve for creating and injecting a bubble into the microchannel interior to 

regulate fluid flow through the microchannel; and 

a hydrophobic patch for retaining the bubble in a predetermined position in the 

30 microchannel interior. 

16. The microfluidic device of claim 15, wherein the bubble valve comprises an aperture 

in the side wall, wherein a fluid in the microchannel forms a meniscus in the aperture, a 
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sealed chamber formed adjacent to the aperture and an actuator for deflecting the meniscus 

into the interior by increasing the pressure in the chamber. 

17. A method of making a bubble valve, comprising: 

providing a microchannel having an interior bounded by a side wall, an aperture 

formed in the side wall and a valve chamber adjacent to the aperture in communication with 

the interior; 

filling the microchannel with a liquid to form a meniscus of the liquid in the aperture, 

whereby the step of filling traps a gas in the valve chamber; 

providing an actuator for increasing the pressure in the valve chamber to deflect the 

meniscus into the interior. 

18. A method of making a bubble valve, comprising: 

providing a microchannel having an interior bounded by a side wall, an aperture 

5 formed in the side wall and a valve chamber adjacent to the aperture in communication with 

the interior; 

filling the microchannel with a liquid to form a meniscus of the liquid in the aperture, 

applying and sealing an actuator comprising a chamber to a top surface of the 

microchannel to form a gas-filled chamber adjacent to the meniscus, wherein the actuator 

i'Ki20 varies the pressure in the gas-filled chamber to deflect the meniscus into the interior, thereby 

regulating fluid flow. 

19. In a particle sorting device a bubble valve for separating particles having a 

predetermined characteristic from particles not having a predetermined characteristic, the 

25 bubble valve comprising: 

a gas-filled reservoir; 

a side channel in communication with a channel through which a stream of particles 

in a carrier fluid passes, wherein the carrier fluid forms a meniscus in the side channel 

adjacent to the gas-filled reservoir; 

30 an actuator for deflecting the meniscus to create a pressure pulse to selectively deflect 

a particle having the predetermined characteristic from the stream of particles. 

22 
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20. A method of varying an electrical resistance in a microchannel, comprising the steps 

of: 

generating a bubble; 

injecting the bubble into a liquid in the microchannel, whereby the bubble varies the 

5 electrical resistance of the microchannel. 

10 

5 

21. The method of claim 20, wherein the step of generating a bubble comprises applying 

a pressure to a meniscus formed in a side wall of the microchannel, wherein the meniscus is 

formed by the liquid in the microchannel filling an aperture in the side wall. 

22. The method of claim 21, wherein the step of applying a pressure comprises increasing 

the pressure within a sealed reservoir formed adjacent to the aperture. 

23. An electrophoretic system, comprising 

an electrokinetically operated microchannel; 

a sample well for providing an sample to the microchannel; 

a voltage source; 

a bubble valve for injecting a bubble into the microchannel to vary the electrical 

resistance of the microchannel. 

24. An electrokinetic column to column switch, comprising: 

a first electrokinetically operated microchannel; 

a second electrokinetically operated microchannel in communication with the first 

electrokinetically operated microchannel; 

25 a bubble valve for selectively blocking flow from the first electrokinetically operated 

microchannel to the second electrokinetically operated microchannel by selectively injecting 

a bubble into a microchannel. 
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Abstract 

A microfluidic system includes a bubble valve for regulating fluid flow through a 

microchannel. The bubble valve includes a fluid meniscus interfacing the microchannel 

5 interior and an actuator for deflecting the membrane into the microchannel interior to regulate 

fluid flow. The actuator generates a gas bubble in a liquid in the microchannel when a 

sufficient pressure is generated on the membrane. 
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Customer Number: 000959 

Attorney's 
Docket 
Number CVZ-012 

Declaration, Petition and Power of Attorney for Patent Application 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

MICROFLUIDIC SYSTEM INCLUDING A BUBBLE VAL VE FOR REGULATING 
FLUID FLOW THROUGH A MICROCHANNEL 

the specification of which 

(check one) 

X is attached hereto. 

was filed on as -----------------
Application Serial No. ---------------

and was amended on 
(if applicable) 

I do not know and do not believe that the subject matter of this application was known or 
used by others in the United States or patented or described in a printed publication in any 
country before my invention thereof, or patented or described in a printed publication in any 
country or in public use or on sale in the United States more than one year prior to the date of 
this application, or first patented or caused to be patented or made the subject of an inventor's 
certificate by me or my legal representatives or assigns in a country foreign to the United 
States prior to the date of this application on an application filed more than twelve months 
(six months if this application is for a design) before the filing of this application; and I 
acknowledge my duty to disclose information of which I am aware which is material to the 
examination of this application, that no application for patent or inventor's certificate on the 
subject matter ofthis application has been filed by me or my representatives or assigns in any 
country foreign to the United States, except those identified below, and that I have reviewed 
and understand the contents of the specification, including the claims as amended by any 
amendment referred to herein. 

I acknowledge the duty to disclose to the Office all information known to me to be material 
to patentability as defined in Title 3 7, Code of Federal Regulations, § 1.56. 
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CLAIM OF BENEFIT OF EARLIER FOREIGN APPLICA TION(S) 

I hereby claim priority benefits under Title 35, United States Code, § 119 of any foreign 
application(s) for patent or inventor's certificate listed below, and have also identified below 
any foreign application(s) for patent or inventor's certificate filed by me on the same subject 
matter having a filing date before that of the application(s) from which priority is claimed. 

Check one: 

..K_ no such applications have been filed. 

_ such applications have been filed as follows 

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

Country Application Number Date of Filing Priority Claimed 
(month,day,year) Under 35 USC 119 

Yes No -

Yes No -

Yes No -

Yes No -

Yes No -

ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

- 2 -

-

-

-

-

-
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CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICATION(S) 

I hereby claim the benefit under 35 U.S.C. § 119( e) of any United States provisional 
application(s) listed below. 

60/373,256 April 17, 2002 
(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 
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CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, § 120 of any earlier United States 
application(s) or PCT international application(s) designating the United States listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
earlier application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, § 112, I acknowledge the duty to disclose to the Office all information known to me to 
be material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 which 
became available between the filing date(s) of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this application which 
is common to my earlier application(s), if any, described below, I do not know and do not 
believe that the same was kno¥m or used by others in the United States or patented or 
described in a printed publication in any country before my invention thereof, or patented or 
described in a printed publication in any country or in public use or on sale in the United States 
more than one year prior to the date(s) of said earlier application(s), or first patented or caused 
to be patented or made the subject of an inventor's certificate by me or my legal representatives 
or assigns in a country foreign to the United States prior to the date(s) of said earlier 
application(s) on an application filed more than twelve months (six months if this application 
is for a design) before the filing of said earlier application(s); and I acknowledge that no 
application for patent or inventor's certificate on said subject matter has been filed by me or 
my representatives or assigns in any country foreign to the United States except those 
identified herein. 

(Application Serial No.) (Filing Date) 

(Application Serial No.) (Filing Date) 

-4-

(Status) 
(patented,pending,aband.) 

(Status) 

(patented,pending,aband.) 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 

James E. Cockfield Reg. No. 19,162 Maria C. Laccotripe Limited Recognition 
Thomas V. Smurzynski Reg. No. 24,798 Under 37 C.F.R. § 10.9(b) 
Ralph A. Loren Reg. No. 29,325 Debra J. Milasincic Reg. No. 46,931 
Giulio A. DeConti, Jr. Reg. No. 31,503 David R. Bums Reg. No. 46,590 
Ann Lamport Hammitte Reg. No. 34,858 Sean D. Detweiler Reg. No. 42,482 
Elizabeth A. Hanley Reg. No. 33,505 Cynthia L. Kanik Reg. No. 37,320 
Amy E. Mandragouras Reg. No. 36,207 Theodore R. West Reg. No. 47,202 
Anthony A. Laurentano Reg. No. 38,220 Shayne Y. Huff Reg. No. 44,784 
Kevin J. Canning Reg. No. 35,470 Hathaway P. Russell Reg. No. 46,488 
Jane E. Remillard Reg. No. 38,872 Daniel B. Ko Reg. No. 47,332 
DeAnn F. Smith Reg. No. 36,683 John S. Curran Reg. No. 50,445 
Peter C. Lauro Reg. No. 32,360 Lisa M. DiRocco Reg. No. P5l,619 
Jeanne M. DiGiorgio Reg. No. 41,710 Richa Nand Reg. No. P52,059 
Megan E. Williams Reg. No. 43,270 Allan Tameshtit Limited Recognition 
Jeremiah Lynch Reg. No. 17,425 Under 37 C.F.R. § I0.9(b) 

David J. Rikkers Reg. No. 43,882 

Send Correspondence to Anthony A. Laurentano, Esq. 
address is: 

at Customer Number: 000959 whose 

Lahive & Cockfield, LLP, 28 State Street, Boston, MA 02109 

Direct Telephone Calls to: (name and telephone number) 

Anthony A. Laurentano, Esq, (617) 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my o\\-n knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Full name of sole or first inventor 
John Gilbert 
Inventor's signature Date 

Residence 
69 Naples Road, Brookline, MA 02446 
Citizenship 
us 
Post Office Address (if different) 
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Full name of second inventor, if any 
Sebastian Bohm 
Inventor's signature Date 

Residence 
Verbindingsweg 1, 2067 EH, Bloemendaal, The Netherlands 
Citizenship 
Germany 
Post Office Address (if different) 

Full name of third inventor, if any 
Manish Deshpande 
Inventor's signature Date 

Residence 
34 Apple Blossom Way, Canton, MA 02021 
Citizenship 
us 
Post Office Address (if different) 
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