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M CROFLUI DI C LARGE SCALE | NTEGRATI ON CROSS- REFERENCE

TO RELATED APPLI CATI ONS [0001] This patent application
WO0@/06e98 i nuati on-in-part of U S. nonprovi si orai/us2004/025946

pat ent application no. 10/670,997, filed Septenber 24,

2003, which clains priority to U. S. provisional patent

application no. 60/413,860 filed Septenber 25, 2002.

US| puitREREUA ARG RS CATE RS TR RATION 1

filﬁscg??ust 11, 2003. Each of these prior o for

AT pur poctO SRR, TR R P IR
[0OMIADE TUNDRrft ERRALbrYisSSRONBOREOnRESEARGH. SNIbnprovisional patent
e kS S0 ol D
progﬁ"gcgﬁf g:!ﬂelg a%Bﬁ@ati@ﬁ'%o. G5 PBred-S3RAbANS dobe. PARBAtant

s program The United States Governnent nay
patétiteappficationaisoelams paprityr todhS spromisidne! patentapplagation no.

D, OF THE 0003] In.the first part
60 P4 AL AP0 chisi NSO PEEEtPhL g e incBfctated by
refSORTEN :¥in §&Y diBshrpdies.” Tyr anny of Nunbers": there is a
practical limt to the conplexity of macroscopically

assenbl ed systens. Using discrete conponents such as

: . okl
SRS A DAy T A PR RS DI RDE ERpp aLLY
at the uni VSFGNSQRED PESBARICIRAND DE VIEIABPMENT| st ed
of 19,000 vacuum tubes, weighed thirty to % and ed

[0098h RV orksesqribed hersiyRas beem sURROKRY; 1B 08T %& F mmtggona{he

Angg Hgsé‘a?@rpb?ﬁ&r(h\ﬁ)z 9%13%6%3 Irlg% 89‘2'? Eﬁd @R B ARPRMiBAH s pRGram. The

y vacuum t cir , but connectivity
UnitedrSiarsdGavepmmdt emay th&yofo4d halletdetaighightginrikemyentoan. d i n
principle design increasingly conplex circuits
consi sting of hundreds of thousands of transistors,

.each conponent phERIGROURICORCIHE INFENTIONE
hand- sol dered: an expensive, |abor-intensive process.

[0003Hi iy thedfiret promfche2ith cenfurh engineass faced e prabdera gomgrpnly called

Weliabili ) [ . [. | i Qi .
ey SR s NIBREre e Tud areug SRuBiaRe PabplflP bt wopsgppieatl
assémbRY saftemNoyeia g Sitickedslcdigonemisrsacnys eiculdurtigdss complex circuits

probl em for electronics by inventing the integrated

quiklybgpame By feapaistvatie Ruildpnd operatee The BPEAEN: sreated abhg
" sinal . : o . . .
G PRI 54, AL, 0 B T gt i
ton8fandRed 260 kilGvatR P powt0r'Ehe tr@sistiravas iavettddhe Bell Laboratories in
correspondi ng i nterconnects .. .. .
1947 and went on to replace the bulky vacuum tubes in circuits, but connectivity remained

a problem.

[0004] Although engineers could in principle design increasingly complex circuits
consisting of hundreds of thousé.nds of transistors, each component within the circuit had
to be hand-soldered: an expensive, labor-intensive process. Adding more components to
the circuit decreased its reliability as even a single cold solder joint rendered the circuit

useless.

[0005] In the late 1950s Kilby and Noyce solved the "Tyranny of Numbers" problem for

electronics by inventing the integrated circuit. By fabricating all of the components out of
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in situ, elimnating the need for manual assenbly. By
the md- 1970s, inproved technology led to the
wdevwsloment of | arge scale integration (LSI): PComskmt/025946
integrated circuits containing hundreds to thousands
a 519 le sQ8I¥h@Habr GANRAY @Bin%anikR B8] silb&it OKIIbY ehE N0t @ested
e possibili ty of Solving simlar systemintegratjon
c1rcuﬂs cesistiog olﬁtmhs:gtyrsama@lﬁem regiptors apdﬂheé&@f{ﬁseon%@ﬁerconnects

S 546 0
in s dininala0E i BBt omsn BNk o7 B
tecl{n%h{g ad t&ﬁhe %vélbﬂt)rﬁ&ltwldigmlﬂ iintdgrationdl SHScomyplex frtegrated
he Si I i cone el astoner pal ydi net hyl si |l oxane (PDVS).

clrcpa@mtalmmﬂreda éqlth@é%an%oﬂlélfité”% EOmMpAEBH- a met hod
for a high degree of integration, other than sinple
[OO()ﬂp eMitdo@nididd ¢ireaf tMIdeSIbmy}S(bfmkfﬂngmmlhe gystams gdegration issues
denonstrate a diverse arra[ﬁ’hgﬂfr bi oI o i cal

for hjgpraycand chamistivh dion GXaeP B skl SO0ER 255 (G4 113 (2000)

pre BB i e KR R B P R atn oF s

witexoablithid valnel nadtufdm ehesiipdoms etn‘stcmmeat Ipeu'ddovmylpﬂ@@es $RMS).
of | aboratory techniques, they are al so stand-al one

[00f)‘}"]n CHO%%I‘ bR Ses t6 AR MO BkEPa Melioddbea FiRARIORRBLS integration,

hin an integrated circuit. The current industri al
othanhamaniplet Epeliitme stgﬂmdl@ Sy$eok bg%lzﬂen uAEEigrigmospTHAs
otic

aiviiey Revhel BRoeER LI SRR G e e st Batigue enzymatic

assdyR Y01 R cFR8 ShAL Fallieh @CTO)aR] insRatchybridizhtidiDreactions.
rrem ni scent of the macroscopi c approach to circuits

T e D T

lab@afd@p thchii ghébe tlaftard dlko thghaldae ﬁlﬂc}dondlﬂfeg&:oﬁ@f&le to a single
i ntegrate

m crof |l ui di c. devi ces, and meijq?
confapenicuithingnduiperatsORR Ee THIEN! RAERTROPT %%6? agilresiing true
iR PRI ls S AVTF T oP R B0 ABCIE IR, ol i
taks o tntirk ldtogatandryandseqriresentiderab Erapaisapspase afd labdry pgniniscent

in accordance with the. resent entjon feature .
of thy H@P@ﬁﬁplﬁﬁ?%%‘:‘i‘é o st ReRES g BRaE AP Liresed amays n

thefegy}# iSth @&h ng the nenbranes to experience
ar reS|st ice to an applied pressure across their

re w.dt Such on-qof.f ,valyv f ab
1007 eGPl 4 ey e et B el el ettt megred
mlc%(ﬁLFlﬁi'ﬁie%cleQWné%éﬂlﬁids‘f& ﬁﬁﬁ@eﬁlﬁ%%ﬁme and can be used to
ement active functions such as punps and mixers in

i ntegrated m crofluidic chips. VaI ve perfor mance was

characterized by W&n I on pressure
and flow resi stance over a e range of desi gn

[00PGY AR bRsic PhelsiCAlEPRInhGs, hhleﬂgﬁ andmicthoflifor the ferizationt of
simul ations and alternative val ve geonetries.
microfluidic valves using multilayer soft lithography is presented. Embodiments of valves
in accordance with the present invention feature elastomer membrane portions of
substantially constant thickness, allowing the membranes to experience similar resistance
to an applied pressure across their entire width. Such on-off valves fabricated with
upwardly- or downwardly-deflectable membranes can have extremely low actuation
pressures, and can be used to implement active functions such as pumps and mixers in

integrated microfluidic chips. Valve performance was characterized by measuring both
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[0011] An enbodinent of a mcrofluidic device in

accordance with the present invention, conprises, a
woiowstocdamyer including a first recess in a firBCT/US2004/025946

surface. An elastoneric second |layer has a first side

the hdhuARAtpREdsudi dnld fiRerckistaate s haride tamgd ef desbgrapdramsters, and
m crof 'ui di ¢ channel, a nenprane portion of the secand

conipasieg thew} ot finge elment sigplagprs i AieFial ve KalyR gpometrics.
exhibiting a substantially constant thickness. Athird

[001 1Y €An efbooding bag nivofthidéc devémendl asioddanse withethe present
el astoneric second | ay ne a.s

invapFigh RIS SaHan R MO HUD AR T ARES PO o BEEP cAPSipipmeri

secon'?ltlg%e? hs & ftir§t heielih Eéﬁta&"iﬂtlﬁ%@ ‘ﬁ‘i‘ﬁ stfedeablaefifé & fieh ariveiisidic
onse to pressure wth the other of the first

chagiul, asmemhdmmportnfnl afithié sacamahm asb acpuigie 2he figst evigyodnidisthannel

of .am rofI di c dey] in acgordance wt
xR RRE RO PSS G 1 b g spppnd side
of tie élhgt&tﬂeﬁ@ %%ﬁd idyefiof dofiBb aSedond Geicrofidtia Bha&inas ﬂm’l’ﬁémbrane
second layer havi'ng a substantially constant thickness

porMmIdefhactabth intp enefafities fiest ansl seponsdomicaefluidiciohanneds injrpsponse to

econd recess I n second
surface, the second surface in contact with_a seconq

[00152]d eAD feitodimmetof A MECIOBUHET deYiEeAn 3 QT SAICE PHTHADE PERRFT
hannel
o SRR o s RS ARE TSRO RS o,
clastdhéred dedbistl Ryéd M@lﬁmbeﬂanmzdlyrmpmmsmckueqs laed swhelmg a first
within the control chann [ 001 enmbo Bdl
sidenigtonaiaci with deoiighsteReaia ’Pﬁé W@%’é’ﬁw CoRTEt e ebf third layer

mclﬁ%ktz[ é%: bﬁ@&cgésqw 'g.s9 chcfﬁd@hﬁﬁ&f {Hé's@écﬁxdsshfﬂd@é Mr®ntact with a second

a control channel separated from
s1de945f tﬁ@l n&ﬁﬁ)mnel’tb clbﬁﬁé mnﬂcroﬂﬁlldm/\ﬂ@h ahansel, bynembranepertiae of the

scogTasS FRIACRY 1 TRceral e ABC HOAREFORe Rtk SHEERERAS fgp
chaht}f i? Hgé&g f@f{ﬁé @i e defttAch/thel.Nt 0 t he

m cro Iow channel . [0014] An enbodi nent of a

[00 'Lﬁgﬁgé’r{h% FREaldil 08 2?%&&{ thk g}’e‘é‘éﬁtih%nﬁ% of

. prestsplllfrer@ elgiglger&ﬁgcqr}ﬁ]a%ggggrf secBI ddjfn‘fcrgﬁlﬂhfcoéhamnel A

ure

conff@hﬁ’ﬂgriﬂ)v@mf 4 m¥droBhiaft s@rﬁeﬂilrmblﬁphéﬁs proeiding af ¢orsitol r:hmmelj
feature exhibiting a rounded cross-sectjon to define

sepiithtod froze e adjacend nfiproduidig Hew shanngkby 1 glestgmgsmsbFanc having a
t |
s o 3R PSRl TGS Bl St o s

elas%rﬁérsmétﬁﬁltah@[k dedledRtliime tige m&rdﬂmﬂmrﬂweﬂmnnﬂ a first
de of the second elastoner material. The first side

I [
[OOEAF] angs %Sﬂp'g 1}% o?ﬁ%:ﬁém# | 1?2&%:&{;{1 lce g\?ittptlﬁé‘f) ‘vi:é?lgtgﬁ‘s'/éﬁﬁbn for
fabgt Ak Ricrmaligicisahctuse, pdmmms,ag@ldn@ta ﬁrsts@asimuielsmd@n@]f over a
t he second e| ast omer terial, such dtegat the f

firs ised Goanufe SE RN AEGLFORRGA G LR 51 deBHG A BN ek o s side
of tﬁ%] gﬁgtron{ég g;%gc—]qﬁ? Rayidi MR &hdtdlidlYs ﬁq@HféH dWbr a second

ness An alternative enbodi nent of a nethod
raised fatre edhibitmgw fettabpidampresenctidmediefing a control recess in a first side

of the second elastomer material. The first side of the second elastomer material is placed

against a planar substrate. The first side of the first elastomer material is placed against a
second side of the second elastomer material, such that the flow recess is separated from

the control channel by an elastomer membrane having substantially constant thickness.
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for fabricating a mcrofiuidic structure, conprises
provi di ng a substrate having a concave recess in an

wappesroce9sf ace, and placing a first side of a PCTAIS2004/025946
el astonmer | ayer having substantially constant,

[OOfCﬁ' CKNERSMbIN Qe Akt IHatrhethdtBintRBGdasdery/ifie thetpdesent invention

fine a mcrofiuidic flow channel. A second el ast oner

for fubtieatingl a microfididiedtovtore, omprisss. NrayideE & Bsiite hpyng a concave

define a con '

rol recess | fir ' h
reocg tntopieT TSR 2 P ¢ fppidk R ik SFeint I cRRaARE
subtﬁhxﬁﬁa;l@%ﬁstﬁﬁttﬁﬁkﬁéss i1fo BbRSR Gvitighb nppersusranndefine e nérofluidic
e

irst elastoner layer to define a r}]crofi i.dic

flovecirennell A benond lelastoprer atagatiaf isgneldeboYRr & 1Up| 1gisa geature to define a

control .channel, b n ' - an f :
conlrpEreRs Lt %?llr{; Sids r?\sf tﬂgensteg{”ﬁils% E nes%lj.m O?Bfrh%?ergtes lc}fn%f the second
elas%rﬁkﬁrn&ﬁ%’ﬂdé PRBéSa ]Enst heccpnésidadf gn\fﬂsitagmmrpaﬁamlw defgne a

its advantages an eatures,. are SGri bed- nor
micgrdtuadic cppfrelehprned sonsFALGH frwntﬂﬁeemf%szf?ulﬁa %9%%811@‘38{1?13’3&&

i gures T : W NGS [ 0017] Fig.

elasgorgesr Hall?}mtl”l%%g{;sfda%?ﬁo&r?hg,f éo%!? ﬁ:ﬂsu}ﬁg?sgsf oner i c[ | ay e]r °

formed on top of ncro hi ned [d...[0018] ,;Fi g,
10018 ahasp pod ot BRoBeA O L ICERRGY G B gy ap R advantages
andiffge{tgqﬁg,i q‘?? AL RBbE iPm bl deimE Rbiyaact Rl with {HAdBIbetldv@andattached

ustration of the elastonmeric |ayer of Fig. 2

figuresroved from the m cromachi ned nold and positioned
over the top of the elastoneric layer of Fig. 1 [0020]
Fig. 4 is an illustration corresponding to Fig. 3, but

showi ng t he $EEBROESERIFTION OF TEEDRPOFINGSned on top
of the first elastoneric layer. [0021] Fig. 5 is_an

[001T]l uEigr Aid amillwsatiwassadirsiglastmsriy layer fymRedMbiRP 0§ 2t he
.first.and cond el astoneric |ayers bonded together.
mlcf%af%]mel@irﬁagfi is an illustration corresponding to Fig.

5, but showng the first m cqniomachj Hed I d rem)veg
[00881d BigpP avan gEationale ssedieiasipuerticayqr Jorgedqn ©0p 9633

. Fi i nillustration corresponding to Fig. 6,
i (%Jr?acshfz@v(\i/irﬁn%ﬂt he el astoneric structure sealed onto the

00B31EFleof Foap iRy g e LRusat i Bk EE o e

mick A ed O 2hd '[:)8 Eifﬁonezﬁsv%ﬁﬂl@ t6p b thi SlakiinePidJayidn 0 Fipg 1
or

steps of a metho form ng an el astoneric structure

ST e e
elastRYE Ry E sk of topR fBhe fifSt blastamerie layat. ed

[0021] Fig. 5 is an illustration corresponding to Fig. 4, but showing the first and second

elastomeric layers bonded together.

[0022] Fig. 6 is an illustration corresponding to Fig. 5, but showing the first

micromachined mold removed and a planar substrate positioned in its place.

[0023] Fig. 7A is an illustration corresponding to Fig. 6, but showing the elastomeric

structure sealed onto the planar substrate.

[0024] Figs. 7B is a front sectional view corresponding to Fig. 7A, showing an open

flow channel.
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state. [0027] Fig. 8A and 8B illustrates val ve opening
vs. applied pressure for various flow channels. [0028]
WwWOi2005/080398 | ustrates time response of a | OOmx| OMUsk@aN25946
RTV m croval ve. [0029] Fig. 10 is a front secti onal
[0025]8 E R, H %6,*/%}(1%%&5%0&%%@@0% nadthotPd Estndhg ke
is a front sectional view of
elastomari¢ sruvatre heviegbarimtsane fofmed framasaparaiagjagiomperaiayer.
channel with a curved upper surface. [0031] Fig. 12A
[002@] aFffo PHSS ReRRt LetivhBWieW stvingieivalvead (g, TEa32] actuated
is a sectional elevation view along |ine
stat23B 23B in Fig. 12A [0033] Fig. 13A is a top schematic
view of a peristaltic punping system [0034] Fig. 13B
002751 arseshi HAIB dhsyatd wilvedening angpplied pre2die ZdiBarious flow
Fi 3A.[0035] Fig. 14 is a graph show ng
ch &riment al | y achi eved punping rates vs. frequency
for an enbodi nent of the peristaltic punping system of

[0088]0- Fik39 ill4@36ek tinegrespombe 10§ ad 00 mynx 30 amatdon RIShmidrovalve.

one control line actuati ng mul tiple flow lines
a {; &9 SRR actuation of th
oo BT R0 PR BT g g of
memmbfnel6 IS a schematic i I lustrati on of a multipl exed

system adapted to permt flow through various

an - ] 0df ORfve h
nSIE 11 5B s g i

flovt 8kerebWwolvapuaredwippassuofacone enbodi nent of a cel | pen
array structure. [0041] Figure 19A shows a sinplified

[O()}?i]anF @A iid b s doBbhaet AeRiofah ¥nloferalve. cr of | ui di ¢
I tipl exor opéerational diagram[0042] Figure 19B

[OO?& }% é?%?%) %%g&,‘tlgn%e:l% Qtu?)/ﬂe gl\(’)\(rwvl a(l)cgrg'ﬁr[eaﬁﬂw%ﬁlﬁ B, 2 ﬁ?Ay

0043] Figure 20 shows a si I|f| ed cross- sectl onal
(0083 lowksr 13RGS iR TBYI0L P IFHS e AEIeET. | he
devices of Figures 19A-B. [0044] Figure 21 shows a
[0084]npFigl i1 88 iph sortivhdwlavhtianviewtnbetignheret 248F-24B in Fig. 13A

mcrofluidic structure utilizing control channels to

[00§ﬂnt Rl l@ﬂ?é‘r ?ﬁ’ B dvihg capRRIngall [ LB1k9Ed Eﬁrﬁﬁﬁlg ré&édvs. frequency

ows a sinpfitied cr oss sectional view of
for st embodinentéf the garisalfid paking systemepftthe 13i ne 21A- 21A

[0036] Fig. 15A is a top schematic view of one control line actuating multiple flow lines

simultaneously.
[0037] Fig. 15B is a sectional elevation view along line 26B-26B in Fig. 15A

[0038] Fig. 16 is a schematic illustration of a multiplexed system adapted to permit flow

through various channels.
[0039] Figs. 17A-D show plan views of one embodiment of a switchable flow array.
[0040] Figs. 18A-D show plan views of one embodiment of a cell pen array structure.

[0041] Figure 19A shows a simplified plan view illustrating a binary tree microfluidic

multiplexor operational diagram.
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[0046] Figure 21B shows a sinplified cross-sectiona
view of the structure of Figure 21 taken along the
wOi2os/08d38321B 1. [0047] Figure 22 shows a si npPCTiuse004/025946
cross-sectional view of the general mcrofluidic
[00@10 thﬁgé PQVEﬁ W DEmPBHEE Blaf Fvidvh Alus@stingle 2 Bry r8OhEdrofluidic
i‘gur 3 shows a sinplified plan view of an
muktipleaonapdratonehiagiament of a m crofluidic structure
utilizing control channels to control other contro

[00£512NPRlife 24 ARARla fiinglfied &3és-shnusal @i ofxhe Beetal microfluidic
cross-sectional view of the structure of Figure 23

architoctme af rgevices of FiguegAH . [ 0050] Figure 23B shows
a sinplified cross-sectional view of the structure of

[ooEAﬂg UFRua32 1 o diplifiediplah ivivey G GRRIdimGS 2jmikiofluidic
24 shows a sinpljfied cross-sectional view of the

strugbwe ntalizing eowtal ghamelsde eentrad offisy éoleffoltcﬁ%m{?&\-/i ce of

Fi gures 23-23B. [0052] Figure 25 shows a sinplified
[0085]0S Fighec? i Asidws/a swiplified besgesntiond! view pbiblewirutgre of Figure 21
architecture of a}got her enbodi nent of a device
tak@nqlpql&m@dm@@ﬁgr%} over control lines by other control
lines. [0053] Figure 26 shows a sinplified plan view,
[0046] oRimuen®iidsmev a sifuplified prpes-sestinnaltvigy ekide sgpetueeraffagure 21

i n_accQrdan | the present invention. [0054]
tak@}@lﬂ?%ﬁfgl@%g%\g&@si mplified plan view of one

enbodi ment of a cascaded mnul tiplexor structure in, .
[004%c oF tiane22 siarts & timphfied eness-sestienal Ve of hosserpgigrafluidio

ho a simpli-tie i ew of an enbodi nent of a

arc]%lge&?qf? \é\gﬂﬁlﬁ%f"ggloggﬁugﬁsglg%%r dance with the present

i nvention. [ 0056] Figure 29A shows an opt.i cal .
(00HBlor BigusnsBt dows mAERBRELP N STERGHA ST RYG eagimeat of a
mlc[\;cl())@x%@c s@u%é@%ﬁl?z&%%onﬁrgg IRhELE kG o o} ?JM cRRBls.

show n ani cs for a single chanber
within a selected row.af the chi, hown i.n Figure ,
(00§95 EjEurs i sdovssrsimplfied SRssFT OB ‘W oF fed Dot dfiure 23

)indf3a_ gk e 29A show ng | oadi ng and purgi ng of
takélrhngf)ﬁ%lfvi 1(glluazl storage | ocation. [0059] Figure 29G

.a d i.on..af .nicrofl.uidi - .
100385 6Bigtrs 2 Shote SnBEedFoftserighl ol BEP SRR Bhigure 23

takgﬂgl[nqé{ﬂéilg{e(%gomyator chip. [0061] Figure 30Bis a
sinmplTfied schematic view of the mcrofluidic

[oogf’]”p %{g%treo 54 gl%iwps aogim'p:)iigg& groggéctional view of the general microfluidic
architecture of the device of Figures 23-23B.

[0052] Figure 25 shows a simplified cross-sectional view of the general microfluidic
architecture of another embodiment of a device utilizing control over control lines by other

control lines.

[0053] Figure 26 shows a simplified plan view of one embodiment of an inverse

multiplexor structure in accordance with the present invention.

[0054] Figure 27 shows a simplified plan view of one embodiment of a cascaded

multiplexor structure in accordance with the present invention.

[0055] Figure 28 shows a simplified plan view of an embodiment of a modified

multiplexor in accordance with the present invention.
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[0062] Figures 30C-H are enlarged sinplified plan
vi ews showi ng | oadi ng of the chanber of the

wai2erseb0398di ¢ structure of Figure 30A. [0063] PCOmSe®4/825946
| A-D are a set of optical mcrographs show ng a

0B % M OTEAL L AR s

deverpar at or | ogi ¢ using and enzyne and fl uorogenic
substrate. [0065] Figure 32B shows a scanned

uo e . . ; -

(005 B0 B 57 ¥ STEPURES AMEefiflef it CRAPALARE pARAE mechanics
for @fsfrgtd chafnbee ivithigesstatisl roivdlihectip skeRPineiignes29iing

control cells and CCP expressing cells on output
[00?3]g nﬁlglllrés%@-i? afd Gy ﬁg@er?&rgzé vieh® o EEFayt FeQARE DOA showing

I'nes Versus the nunber o I ow |'i nes bei ng

loadiag andplueihg éfom individwabstragelocatmarl. t i pl exer structures.

[0068] Figures 34A-C show sinplified cross-sectional

(00891 WRidukd 215 SREW S dSho kb6 S0 AREbroMadia th@RorgTdisplay.

enbodinment of a vertical one-way val ve in accordance

ith_an e di ment of.. t he. ' L-an. .
oophl,FRErSERREFttn Srich R RLGRET S BUESAE R cnie
-l lustrating structure and operation of one pixel of a._,
[006d Ic r Brauge 308 ish ipnkified achiematis wewcidhempaatlydiqronparator chip of
. nt inventioen.[0070] Figure 36 shows a plan view
Flggl%e%)%\é enbodi ment of a display sinplified

crosssectional_ vie il lustrati strugtur.e and.
100GHor ieveas 06 GhLReged YL elage g ioging fpeding of the
| : Fdwgat i on. [0071] Figure
Chagﬁipéﬁ%\?\s%gwgﬁl%f Ft??og%rggr?gfsggsecti onal view of a
wnwar dl y. gctuated mcroflui.di c val ve structure.
00b o7 fEubssei e Dt Sriatier i i B ErBus Y SbtliR s e
conyﬂa%gfna@ﬂoﬁnbodi ment of an upwardly actuated val ve
structure in accordance with the present invention.

0ob07 Bl o e G BER  PRAEERE B0k o

usind MRz gMe ah@Ohdlogbhiputistra@. pl ot s actuation pressure
versus mcrofluidic channel width and control |ine

L dih. [0 : 4 y .
00BSE kPO AL B R U R B o e
[OOE&TE%%%?{C@ Lwﬁ%ﬁglc\é&pgrta{olrj %}1&] ’[hee elfHacta gfchoege(ljrg gne%%oﬁ,g rtnlr)](ture

of eGFP expressing control cells and CCP expressing cells on output signal.

[0067] Figure 33 plots the number of control lines versus the number of flow lines being

controlled, for various base n multiplexer structures.

[0068] Figures 34A-C show simplified cross-sectional views illustrating structure and
operation of an embodiment of a vertical one-way valve in accordance with an

embodiment of the present invention.

[0069] Figures 35A-D show simplified cross-sectional views illustrating structure and
operation of one pixel of a microfluidic display device in accordance with the present

invention.
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[0076] Figure 40B plots actuati on pressure versus
menbr ane t hi ckness for enbodi nents of an

wapwarodddgs def | ecting val ve structure in accor drQTAISHOUA25946
t he present inventi on. [0077] Figure 41 plots

[OOBﬁL 2? Eﬁ';uéé:“?% ghO%V 813\% %ICW‘S ﬁg&;ﬁﬁ&gr HQE]%%PT%E&? gbrfl%hﬁed cross-

secHiahal @ﬁewﬁ&ﬂhdl@tlh@ Streaie etihdnspa&hmm sf or[eQﬁ)?él]of Bidgapley dRice in
pl ots nornmalized resistance versus actuati on channel

accprdageqiyih theyprasent mnartinny - def | ect abl e val ve. [0079]
Fi gures 43a-f show el ectron m crographs of
[0001Ps Figee 37 Asbovod a sinplified gpss-atolienaltvievaof adewnwetsidy sxtuated
positio of Fi ure 42. [0080] Figure 44 shows a
mip }Cf‘fai‘ﬁ? SHUgWEe - sect j onal view of an al ternative
enbodi nent of a valve architecture:in accordance with
[owa]e PigesediB shmvend siowplifiDETris-RotliDEGCR YT @nerabodiment of an

DT R B PP Rt e Rapbton 0%

of mcrofabricated fluidic devices utilizin eI ast oner
[00r73k eFigaB8 shews o phetpeispl ofanenbedigiontpig microiudic device in

i onal n ion nos. 10/118, 466 filed
ace CE‘P e\glth d% 5688?’38%3‘05 filed Novenber 28,
[Oﬂék(y)f,)émoglg 26p %SWS ! IJtlgg@égtg;trlg@grsgé%?c}?ﬂqlg iﬁﬂgﬂ chltlhlagg control

These patent applications are hereby
|ncor'porat ed by reference for all purposes. 1. Methods

of ' Fabric 0082]. | ary net hods ff ri aing
(007F Brassc Al PRI SHOBP ST VB deHHEs et
e hrdiyn8e RICERE PhlvE BVRRIrk M adcd dh% l:vhtl’ﬂtﬁ t
emtt@ﬁ%aﬁ%?gg[tll{l%ﬁ ' y}ho%ecorgt h‘e’ ot her ofat hfase ?ret hodiBlgiresen
invBigitdmer, ot her suitable nethods of fabricating the
present mcrostructures, including nodifying the

[OOPGFS EHurd B PRb%s achiRion |p$é%51ﬁ@ RESIPhindehne [tRI0BMEss Fir@mboliments
7Billustrate sequential steps of a first preferred

of mnmdlafdeﬂa@mgcwrerﬁgrupw Prassidange; veitothe piesetyigyention.
(which may be used as a punp or valve). Figs. 8 to 18
[0o7%] Uﬂgru@é £1 plegutitinaHredsbsftandefvessus actanibrpstaheslpeessure for

nmet hod of fabricating the r ent mcrostyuctuyre,
upvpaAlyc rudfiepn g hnéetlssagleas ea gaWﬁgEhe sFRepengionFa 4]  As
will be explained, the preferred nethod of Figs. 1 to

[0078) | Pipake/4Bplots mgmplimdueaésiamdea&tsuamtuhtﬁymlmnmipmctssumefor an
asserr};l ed and ponded, hi an alter native rret hod, each
upygdlyrdefiectabls spbiter may be cured "in place", hi the
foll owi ng description "channel" refers to a recess in
[0079k Eigasetsemff showtetagtronmucrapiaphs efgrossereciions of afplughvupfvalve at
fluid g

various num ereg positions of Figure 42.

[0080] Figure 44 shows a simplified cross-sectional view of an alternative embodiment

of a valve architecture in accordance with the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

I. Microfabrication Overview

[0081] The following discussion relates to formation of microfabricated fluidic devices
utilizing elastomer materials, as described generally in U.S. nonprovisional patent

application nos. 10/118,466 filed April 5, 2002, 09/997,205 filed November 28, 2001,
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[0085] Referring to Fig. 1, a first m cro-nachined

mold 10 is provided. M cromachined nold 10 maybe
woasioeevaed by a nunber of conventional sili CORCT/US2004/025946

processi ng nethods, including but not limted to

' ' Yl gl 208! TVOPRARTNY/605,520,

09/???%2% Pgﬁ%ﬂ%%g%l]’ @Rfsmgg'r? 4 ggedsggﬁ?r@ém cro- machi ned
filadoude 20, 2006. &hesi bt ppplisatonsprohergly mrorporassd eneslergnee for all

t hereal ong. A first elastoneric layer 20 is cast on
PURP8PSof nol d 10 such that a first recess 21 will be

formed in the bottom surface of elastoneric |ayer 20,

(recess 22 corresponding in dinmension to protrusion

11) 1. as Meshads of Golgrrgating can be seen in Fig. 2, a

o r - . . . .

(0035 Hreath{ rPRERL B e Butheldo PRULR ARG & brovidet hergin. It
to BeanRested Bhiahe piesert diypenti@?is mot tiasted enfabopatwh byodrg of 2he other

s shown, such thﬁ;}E a_rﬁcess 2 rmed inits

ill.be f
of fees BRMG(y. Bebers PG RIS o febrishies O Greseny

miﬁ%%ﬁdﬁije?,'?n&édin gﬁ?ﬁiﬁn@%h&ﬁ%s&% nERAs) Brelal® RafMeMtbal

steps 11 Tustrat n"Firgs. 3 and 4, second el astomeric

| ayer_.22 is,_then renoved fraom 12 and pl ace L
003" G 1 e rbdfiheefrenaral Ry s b gl @R Fhabricating
the! éﬁes%ﬁﬁm?c"mﬁfafcﬁ&al(ﬂzﬁicﬁlw dded H@&P&lﬁp%ﬁ vhiREr Fods. § @5 D ilustrate

astonmeric layer 22 wil'l forma flow channel 32.
sequenidd jsteRe bba sécngd prefeFieg method pefabepriingitee prepest migrgstructure,
econd el astoneric |ayers .20 and 22 (Fig. 4) are then
Wﬁl&ﬁ&@& n@aé&@[lﬁg&ast %P?‘Bm Xﬂvﬁgnt egrated (i.e.:

nmonol ithic) elastonmeric structure 24, [0090] A As_can |,
[008dEn Asewill baexphnesle heanefpred Betied of Frasgh to BB in@lves using pre-

el ast ri t ' r .
cuS TR B 1B Eh ot pabEE DR JURRYID BRI, coch
layBEoSéiorhér riygbe ddeditid plde” Whethe édlastingrdescopton Uahianned” refers

24 has been sealed at its bq%ttom surface tg Ej anar
to a1Ag8ts/iA the elasiomericeyricnirg wijahcan gowaln oy, oE HuidREIa50 . -

[ 0091] The present elastoneric structures forma
[0086 e Rsiftatiag eFigetl i xfistmicroimachimed mojd 40js rovided Mlicrar

substra An advyantage.to formng a seal thj.s way is.
maghged Tl 1) 28y BirbrsAet Py ATy Regoperimnal SliCeppprocesSing
me‘t‘l’ﬁﬁgﬁﬁcluaﬁ‘l% buEndtIRsited!td Rﬁét%fiﬁ{ogﬁghy?li&@-ﬁ{iﬂingpﬁrﬁi éléctron beam

substrate I4 i1s glass. further advant age of using
lithgigeaphyi s that glass is transparent, allow ng optical

I nterrogation of elastoner channels and reservoirs.

[OO%! eradah \WRls¥en, hi§roah@hiaehole 19thas g kil lﬁﬁ)br?@oth@[lﬂleﬂ
onto a flat elastoner |ayer by the same nethod as

extdediog Hiseatlango Ve first slentomgtia lqyer Aiscnst carfap R gIRIG10 exedithat a
ﬁrsg ?egcggﬁﬁglgﬁgl?eg%ﬂrgécg ?/nethg %Xé&% %Q&Qc%%f%@%n&h@ I'f%;er Eﬁ,céfecess 22

corresponding in dimension to protrusion 11), as shown.

==

[0087] As can be seen in Fig. 2, a second micro-machined mold 12 having a raised
protrusion 13 extending therealong is also provided. A second elastomeric layer 22 is cast
on top of mold 12, as shown, such that a recess 23 will be formed in its bottom surface

corresponding to the dimensions of protrusion 13.

[0088] As can be seen in the sequential steps illustrated in Figs. 3 and 4, second

elastomeric layer 22 is then removed from mold 12 and placed on top of first elastomeric
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[0092] As can be seen in Fig. 7A and 7B, flow channels

30 and 32 are preferably disposed at an angle to one
wanoeishes3 t h a smal |l nmenbrane 25 of substrat eP@#/US2004/025946

separating the top of flow channel 30 fromthe bottom
layglj 20 | OV HNMVEL 1B%ss 290831 dihgalBh S HRWoREmARPRES 8f second

pl'anar substrat’e 14 is glass. An advantage of using
elagbmssic laget 2htvill Foempr e nbanskb¥. oneri ¢ structures may

be peel ed up, washed and reused. A further advantage

[008D u?lie?%n'ﬂ f5Bigl § thd'@haRR filePindSREGHIJadi®iterelayers 20 and 22
errlpl oyed. ternatively, planar substrate 14 may be an

(Fig| 4 srothen bouded| thgethaite Formean iptegtatedddo a proaghdie clgsiymeric
hi gher back pressures are used. [0094] The net hod of

Stryc, ??éation just described may be varied to forma
structure having a nenbrane conposed of an el astonerjc

[0086} erisatan e sac in the seghenhalistapdi Highy O eAd 7 (e f Reoperie fgucture
channel s of e device. - | ant fl ' 4 A
24 GAREG Ry APEpf B I ph En Pl R o PRIRERIRERS 14, s can
be $en h Big. & and 7B, fxdien Blastomenia stricie 2ddiad ba¢h segled at its bottom
rovi ded. M cronachi ned {mlfl 10 has abgai line or
surgap@tq planaisubsirais | b aefesy? t Wat & W PRanaelS0-7p £y st
el astonmeric layer 20 is cast on top of first )
[0081 k r Thapodsemedhstomhatick@ustunds fomag reveesitlo pemteticisealiwitlynearly

| [ 0 i,s flush with th f.raised
oy PGP R AR pvepige gl & G A vk il B Re
ela&@ttﬁgfié‘ Et:n)’ct&@@h‘fa? bk ipgﬁled 15 wRhstTBn@te-gdeas (@ PRIFéed aspects, planar

material spun ohto nold 10 relative to the known
sublvizatg it inglassai A datther advantage Af vsng alaps/igthat glageisdeanspasent,

shape coul d be f.or i nj.ecti.on | di
gl pacet iflersvart i BF st e e P s A0 o PRyt e
claftb@bFY Sireiurd In B PeHddiaboith a fRAakafgmieslagbrsy the eathe abthod as
Second el astoneric layer 22 is cast on top.of second

despribedl abpvesfosnman Pesnaient st higkswengtipbonds Fhis may prove ¢ s
bottom f [ t he di [ f

oy Bl Pl i B BAGHERM AR S8 'S Cona" el aotomer ¢

(00DRY £ b HENIETE AY\AnsHD FoSaaInEE 5P S1b iy Fiec PR

dis]lgc?nsteg étr %f éjtot&etaﬁbﬂlgrbfglzétsglgﬁ Tl mbraYes s ﬁ&ub&reft@?ﬂbeparating

astoneric 4 using techniques
thed@sof flbe dhirmet2d fbin thebavem Af flowichapei 2. i n t he
process, recess 23 fornerly occupied by raised line 13

[002‘]“ | 1 ﬁlée@%ﬁédoa‘ébgéﬂs?gﬁ%r_ SBstrdtO VPR glhR. ﬂrﬂafdvflﬁage of using glass is

astonheric block 224 is placed on top o i rst
thatiihe poeseetcfidstrgierivoitmictlfesanay e pestedaipawashedrang reusgdr AXgrther

od\ERGRE BEPRIEHE B CHL P PRI, T B Gy terghlivALS planar
subSRAL 11 iy De £ ASKARB itsBIfSWRILE hidfPrave ddayitBgeods when higher back

pressures are used.

[0094] The method of fabrication just described may be varied to form a structure
having a membrane composed of an elastomeric material different than that forming the
walls of the channels of the device. This variant fabrication method is illustrated in

Figs. 7C-7G.

[0095] Referring to Fig. 7C, a first micro-machined mold 10 is provided. Micro-

machined mold 10 has a raised line or protrusion 11 extending therealong. In Fig. 7D,

10
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menbr ane conposed of a separate el astoneric |ayer 222.
[ 0099] When el astoneric structure 24 has been seal ed
wanoistsodst t om surface to a pl anar substrate i RCTHS2004/025946
manner descri bed above in connection with Fig. 7A the
r by i ' irét dhisRAmbEHRedlshol 10 suRItHB the to
ﬁr{t%%%iﬁg?r%.lg%g%]@%%g variant fabrijcation nethod .p
of iHel firstt alast@deribleyer 20ris fost with thedap of taiscdilips or petyusion 11. This

of fers the. adyanta of ot h ra .
mag diedechiip R b rpak oBRoing Uish e By PRTRIRAE material goun
onf®) BSIHOMBEIa6vER BE kabwRheibhtoNreio®d higket 1.oAltedetively, the desired
structure. This is inportant because the thickness and
shagiegoniddepfooped by wsectipn tioddin@nbr ane play a key role in
operation of the device. Mreover, this nethod all ows
[0098¢ d8FaE. B s&@oad hiermichyed niald l2ddiing abeissdipjoausied 13

to conditioning prior to incoyporation intg the
oxiendisg Siesealent s alsameovidel. desaisatiompricilaysh 12 5Epgwn top of

sec%ﬁﬁ%l? $29E RRLE @\t.uifhatlhgtyrege%§ b8 Ao En PG U Rfdn) AfTHEE
the Tntroductiond of magnetic or electrically
cotespdndihg ngthepibmeesorts@f pertristonddt uat i on of the

menbr ane, and/or the introduction of dopant into the

[0({9?2‘0 TR R 178, Q& glgdi cltaﬁpfﬁ'eﬁ@ laybi B Blréabiéd fom[bdid b a}v]m ipl#Red on

above method 1S 11lustrated i n connection with
torf afithird glastanieoin daysh 2% dSesbad tlastemierc laype?d isthomdeditagthird

repli.catiop.nmolding on,top of .a Jm chined nol Y
clspplie S0 o fiset Eofgferi hRPEg2E RSPk PEhnRt described in
defaf BRIGWAUL: thist fhekt ih GEIPIOEHIE et TfRRcANBL QIR BPraised fne 13

the individual |ayers of shaped el astoneric materi al
will fienm Bew chennsé2bonded toget her. For exanple, a shaped

| ayer of elastoneric material could be forned by | aser
[0098] t ITAFiN17G, Bjacwiricaio biaek A4 ds placedmn top ol Gieks mitrokmadhiged mold

cheni cal etching and/or sacr.ificial terials as
10 gnd it slagtoperis Wiven 2@ ofjastemeris hlagkand gy clastogpgyic layer 20 are then

box?dé@??%egﬁéf t5ehogh in&e%gaggie?.ér:‘ b ffH teilééﬁ)n[[@?fcmlcture 24 having a

es a patter astoner structure utilizing
metithr el eaomoteddf plepbmatesdissimeivdaps 22at ed wi t hi n
el astoner material. However, the nethods in accordance

[00%] N Whéh 858888k sFMRRE RRaPBRN RO Ied bt RfkohPsurface to a planar
utilizing photoresist. Oher materials such as netals

sulistratedn Sesmamer descabedaove i einakctiomt eith Hlgs 1Ay therecess formerly

oc‘ir’r%fr%r %’gr ;g@ﬁgékﬁgilﬁ[&rﬁgﬁo@%e e. n?nelmaﬂqiogetr he scope

of the present invention. For exanple, gold netal may
[0168] etThewdrisw falnidatien methRuvilesimted|aheyoinegonipmctipn Wity Higre 7C-7G

BRI S R S B AL
mabrial 8ah e abmaric RhrELIITREE @nfiindee bithe sfrakttieC altdslisiimportant

accordance with an enbodi nent. of the present . .
beqapsecthe ity pknepnangeslestigprongrties #f thermembrgne playprkeyyale in operation

of fis WRPRE OMcRLovlh, g HARIJAGALRA e et Bl rierd 10 kdaifly be
subjected to conditioning prior to incorporation into the elastomer structure. As discussed
in detail below, examples of potentially desirable condition include the introduction of
magnetic or electrically conducting species to permit actuation of the membrane, and/or

the introduction of dopant into the membrane in order to alter its elasticity.

11
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| evel, with at |east one dinension being mcroscopic
(i.e. below 1000 mm). Mcrofabrication typically
wOonvwlosemws seni conduct or or MEMS fabri cati on teemiugems 025946
such as photolithography and spincoating that are
I r e
[Olgﬁi ; g’glg(ije thd ap&pe et%\%&f ?ﬁqﬂl&?ﬁ{t&f if ShiRREsh %ﬁihfgprgﬁﬁélanous shaped

oprc level, east sone of t

eladfondetie layess fofraddt b peptidatrmatimgenrtep)of a nigromachined mold, the

m croscqpe. to reasagnahly resol ve e t.he structure.
DreS e GReniIpn fSt ik 84 T gpeiEHERaRS QN BB s soulhs Srgtioyed t

for%gtfﬁi %Aﬂﬁﬁglqﬁg%p% %fs %ﬂ\%&ﬁ é’l@ts%rﬁeﬂ&ﬂ@ﬂ%ﬁ@l thaldrO% 95 bé‘ﬁ?fé& together.

non- I st of other ranges of
Fombxaihipld, a-stegpmlayeaboif elmstomesic omteatih etelldnbﬁ torareiddi)i lasem cutting or

inigiion el o by mheds uiling boisvial el Bisa /oy gl sial mraterials s
distedPabwRE @érﬁﬁﬁ&ioyl withlthb @eclaﬁd éxedlﬂagnm@%eapl ary

aspect fl ow Channel s 30, 32, 60 and 62 have w dths of

013 g diePugtiy et Pat St eliStoh B bl il
dex%l@iﬁ@dnﬁﬁﬂﬁtﬁat&%mﬁ%c%ﬁ%wﬂtﬁiﬂ%Bistoﬁ{br lnsat&;dl)lﬂboveizaoﬂle
m crons, nore preferably 0.05 to 1000, njcrons,

meliods &y adspilancerwith themesentgeriionfee Botdimaitet t@mtshzmgtnhotoreswt
250
Ot@ 1) n%rf:a'isogﬁ% a?ﬂl% ﬂ%’)\ﬁg‘ogxthﬁ élgclg g{:r?% %j% sa%ﬂt}&%lnglg%n%% g@ r?r]e%noved

anne

sel&dtive tclﬂlersmroﬁﬁhmlaﬁﬁmﬁﬂMa%ﬁamd 2 metho®®ould remB@innmithin the
80rrm90rrm100 110 130 mm 140 mm
scops o1 FinPrese DL HHHLERO HRREHarate, rﬁ‘hildz Bl w%z@@hﬁﬁﬁé%tye to

TR ﬁﬂ%’g Qe[ 0105] Fl ow
R chalréﬁééi%t % u@%x@% gp;tgdﬁ@ ave ; %eplt hsfeof about 1 to
100 m crons. A nonexclusive list of other ranges of

depths of flow annﬁ s in.accordance with enbodi nents

of the pHE&EARd| OHREORS 01 to 1000 microns, nore

[omsgf QLRRIbrioalE rbRrs8 hdRisd S TeatuFBR o€ af eﬁfs@ﬁﬁbmrﬁctaret 0
250 mcrons, and nore preferably 1 to 100 m crons,

fabmioated pr @ﬁ:@ndameywxzh m embodimsniefshe aresentomengiprf Bt gl

vat%aﬁigf%glaﬁwaa O{ﬁdlrxﬁlﬁ E%HT#] %@Hg%te%(g&fk &Céoﬂggged to the micron

levelL 5/1t[’f'£‘t 1elstmﬁ1e d?rnmorﬁbdﬁg m{’crmplé (ﬂé’ﬂbe?ov@l(m{] mh@ rrm
12.5 5mm 17.5 mMm 20 nm 22.5 mm 25 mm
M1d1©falvmcat5m tymcal‘bslnwnive& gmigenduc®o onMEMS dabrinatign @pcgggues such

o SRkt AP RO AN e Rbdhell et sROER iy dfibEisions

on SN IFCcHAE Yevb) withait Neaktsofiedthd dinthéies bf tHeenivpetbridackd
of force reqU|red to deflect the nenbrane as di scussed

strgpure seqyitingremisipicaPe Brijcaseanhly respivieinmeg thespruciuge.
exanpl e, extrenely narrow fl ow channels having a width
[OIOH]ht e pefaasd agpeds, Blbwnohanmsls 36 30560 ad 6Dprefirbisighaverdidth-to-
er applications, as discussed in detail_ bel ow.

derith gpfion AL 40511k DB GR LIS REPHErapaFs Giordtnigudeng ratios in
acc%ﬁﬁﬂ@ee%ﬁh %Inbgéﬁﬁ{éngsrcﬁqﬁe%reg@ng Rehfi@is¢eE £t bos! 1, more preferably

1:1 to 50:1, more preferably 2:1 to 20:1, and most preferably 3:1 to 15:1. In an exemplary
aspect, flow channels 30, 32, 60 and 62 have widths of about 1 to 1000 microns. A non-
exclusive list of other ranges of widths of flow channels in accordance with embodiments
of the present invention is 0.01 to 1000 microns, more preferably 0.05 to 1000 microns,
more preferably 0.2 to 500 microns, more preferably 1 to 250 microns, and most

preferably 10 to 200 microns. Exemplary channel widths include 0.1 ym, 1 pm, 2 pm, 5

12
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above are al so contenpl ated by the present invention,
and exanpl es of applications of utilizing such w der
wohas/ostmanel s i nclude fluid reservoir and m XPA@/US2004/025946
channel structures. [0107] The El astoneric | ayers my
be,cas ' r hahj ca bl 1
g S BB 20, 38 43 rad TR ST LEC b0 BE 70 it 60 g8, fhan, L0O o, 110
pml, $260mi 30 GRS 140ACY S F,fn, ¢6mLinyeTenm, 180 pk, 180 @m@06 pm, 210
preferably approximtely 4 mmthick. A non-exclusive
pml, 220 pof 23Gpgedddfum; piiE ke of the el astoner layer in
accordance with other enbodi nents of the present

[0105) € RidvPBhdnficld SHEE B0aRRLE2 BavE depths oNatiout 1Go ¢00 microns. A non-
mcron to 5 cm 10 mcrons to 2 ¢ 100 m.crons, to 10,
exatusivd 155t 08pthecrengesiatglepths ﬁﬁﬂ@Wé’ﬁéﬂ& IBfaC‘Ff?Té%‘n"? gvith embodiments

epar at,i.n AN n i :
of (i BikRuilalioRts GRER Siod ity mite 10y ¥BS 6500 microns,
moky S@%M@my §.2Q0 050 hticos) ant aiicye preferably 1pto 608 maibiops Omaret o
250, nore preferably 1 to 100 micrqns, nor gre%er%glnxl
preforeldy 80 30 BHGIRES 2 daRb BECLAY o' BPyisrons, 5o Ry Ente
S . 1 -1 hi f el [ I i
o EEl iLRide 0.6 K LGP R, Bt €63 BEEDIGu VS L DS Bim, | pm, 2
| ADY 3Nem} 10 GIRNESS @8n, 195G ndley. D] 20mom, 22G2um, 25
”mr’rE?n%g.AgéM’n}ﬁrF 0 pum. 10 e B! 2qurn%1 0.3 %m 0. 5nmnzm11
pmirf pgh, wung Sem,57 Snem, 700G S0uemn2R0 um, 1430 Ws. mm

17.5mMm 20 mMm 22.5mMm 25 mm 30 mm 40 mm 50 mm

[016%]0 Mhe HQQ dHahneldSre ot 1iR0Rd BRhedbdebiic dRAENSIBA rahBE: did)
500 mm 750 mm and 1000 nm 3. Soft Lithographic

exaBuiel giver] A0oe]|anBmedsevaay iny widsh inserdpipiagiertihe mpgaitade of force

bonded, t.0 her cheni cal | ' i Sif c 1S
o R RO B Sl PRt g o e 27
Fod@ftipRiTektrdBi§ mirroWERw Hahels abviig atwiéthtantle Bger of 0.01 pm may
conpri ses two” conponent "addition cure" bondin

be 1@:11l0} opticahapt ether applicatéqnecas, disdyesed an efald belgye ?@a@ipmeric

el asto .are. bound t.ogether in het er '
s PR R0 R0 L PP BT IR, PR
abdVelafd 4188 Eotdniplad BYMRYEREUS iheAtéN) andeyarhisics|SLpplivations of
which all layers would be of the sanme chem stry

utitiing sop, widereflave shrsaelsecludealyid weservoiaadgnipg channel structures.
optionally be glued together by an adhesive instead.

[010m] a The Bidston@siedaiers tlag belcasitioink forandchyeical stabylifye In an
t her npset el ast oners bonded, t oget her égy Jheat i ng.

exqueplaryjembedigprat.dastemergsy lapes, ag 1S RYETogS tq fgyeral centimeters
thlcrqréagﬁ& &%FJ ﬁr\%{‘e%%%f E@)r@ﬁiﬁla‘f&ﬂ@%%ﬁf(. A R6n S20BsiGb ﬁ?tt SRdges of

erlra “sane chem cal entity in one |ayer
thi¢ckeastdfMmige slhdtbmenaysaineacchidaneavitie othet gmbetitents of Herpresent
| ayer., to bond the | ayers odi nen

inVE@%{m] i§ ge%pg\éléqpt ol RHFEPD eqqlg?%tg,hlg%ﬁqrg)ﬁ goog Elg: Frigrons fo2 cm,
100 BY&EESs BBy gsul t from activation of a

[0108] Accordingly, membrane 25 of Fig. 7B separating flow channels 30 and 32 has a
typical thickness of between about 0.01 and 1000 microns, more preferably 0.05 to 500
microns, more preferably 0.2 to 250, more preferably 1 to 100 microns, more preferably 2
to 50 microns, and most preferably 5 to 40 microns. As such, the thickness of elastomeric

layer 22 is about 100 times the thickness of elastomeric layer 20. Exemplary membrane

thicknesses include 0.01 pm, 0.02 pm, 0.03 pm, 0.05 pm, 0.1 pm, 0.2 pm, 0.3 pm, 0.5
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crosslinking agent due to light, heat, or chem cal
reaction wwth a separate chem cal species. [0112]

wahowsroaedsvel y in a heterogeneous aspect, the PCT/US2004/025946
el ast oner i c | ayers are conposed of different

I {7 I t [
o SR CTRP. S L2 ot 18 B, SR 920 AL 2 ik 25
tﬁmyhnhﬂy@m_50pnpmsuﬁxenppafysh@hgaog@nga50@ape©0pn1400
the bondi ng process used to bind respective
umg 1586 tangs0 ¢unh, aapd 1 80Q pet her may conprise bondi ng
together two layers of RTV 615 silicone. RTV 615
silicone is a two-part addition-cure silicone rubber.
Par 3, A ceakdiith®giaphi! B@idngos and catal yst; part B
contains silicon hydride SI-

[0198hv dhefietnbhy, ekaa@n@md@yemwe@% dstogqtﬁerwéemrr&ilwm Fhgmistry

thal ?L'ou féRl1o 3@{@& %o%hplﬁggﬁe é%t %dedee.iasgf)lirgeggé Eéél. _ﬁ%&st

prdjér@blmbhs bEﬁchhg Icamgnsesstwo womposap &additdnycursthieondite t wo
Iayers are brought into contact and heated at el evated

[mtmgp éf@rriaci &gx ctBRYalibaEMGES bbbmsta&remx%oand together in a
'Tthic e omeric substrate.[0113]
heterogapdusrbpndmgec tvhich thé ayprsdseget dlﬁfmatttctlctmstrsrl adteomrtiviely, a

structures .are fornmed, .util.izi 184 .
hofpggetioy bRIiRR Y Bedret MauthrD islear aid btk e Saing Shomistry
Thﬁ@fy {He%§p%gt1\;e®las§§ﬁéif lx}ergﬂay @btléﬁdlly%%ﬁerdctﬂgéﬂ@ by an adhesive

Chém cal 14] In one enbodi ment "i n accordance w th
instehd. px @ﬁgmh asmp@,rthe elastomgric ﬂaa/ygsrm@r besthermeesetelastomers bonded
¢ Eﬁ‘ruﬁ ﬁ%s were fabricated from pure acryl at ed :
Ot RARE BSe 270. A thin bottom | ayer was spin coated

at 8000 rpmfor 15 seconds at 1700C. The top and
[0134} t dmrnegepest qﬁ@pmogﬁmqquabps}dlwﬁ%elaﬁemﬁn@lamawir@mnposed of
t t I

thesh B st it Rl it i, MO BhUh R o 1 FedfREE it he
sangO¢Hentiedl ieatity il iec ethardaydred bowd/he daywey togéthan Ianvhe embodiment,

an additional 30 .m nutg?qa eact i n was cat al ¥rzed by a
borgling befyieer /B lymekesns ot .eEa o0 Tatot5 TRaPERE elme%ftmﬂon ofa

croSiRind 1¥t Eﬂinhglg‘tl ﬁeaé THEhERRAL féa@@or?&zﬁﬁ%%é@%ﬁ@ chemical

rraterl brt er at e elasticity an esion to
spegieass. [0115] I n anot her enbodi nent in accordance with
the present invention, two-layer elastoneric

[01§ b1 U@II’eéﬁ?a%w@l?rlﬁ afh@QEdg%ﬁE&Q akp QM tAe £12§TBINBAY 1298rsQfe go'ir{ﬁosed of
Ebe 270 / 50% ht 245 / 25%|sopropyl al cohol "for a th

diffeoamt ohtsuowep magerihls Wit mﬁnsyﬂmm;dal lenétylinnae Eyer @3@H®Wah a

tt
seob cheieAl enffiin atofetBed TalofY Blentii ildo Svoile 5 the
bortifl$:08sss USPD bind féﬁ'"“é"%“éﬁ“&?b’??ﬁ" Ao Buthera comprise bonding

togalhéltwbllamré OEBIHoﬁlét siligene TREVaQM@@ iy &y@-ﬁam@d@tlon-cure
s111<t:ogr{eenrf1yz L %tqélﬁ;d \qinif s z%% cry[ @% S)%.}’t }5 gg}ﬁgmg 0186 hydride

c PSR rgacure
(Si-H) groups. The conventlonal ratio for RTV 615 is 10A:1B. For bonding, one layer

may be made with 30A:1B (i.e. excess vinyl groups) and the other with 3A:1B (i.e. excess
Si-H groups). Each layer is cured separately. When the two layers are brought into
contact and heated at elevated temperature, they bond irreversibly forming a monolithic

elastomeric substrate.
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500 manufactured by C ba-Geigy Chem cals. The

resulting elastoneric material exhibited noderate
wehestoceiosy and adhered to glass. [0116] Al t er rarivgedoy/025946

ot her bondi ng net hods may be used, i ncluding

(0179 | #Rdd S@nihey @bt ONMBE pRidédtdentiborelexangicestluytures are
pl'asma exposurée, so that the el astoner

forthed etilizing Bylgamnl 182wl 84 omiidd ongiphaie uxethanp diaspttgtsuch g (but not

. eX 0 ossi €. a ondi ng toget her
hmg?(g@t?bﬁggy F&pg?@%c%g‘:f&oigf Cﬁep ﬁﬁé%é grre material is set
forth by Duffy et al, "Rapid Prototyping .
[0134]M by orfd amlridamentde aspordanceBiith tepreaent fhention dralayer
Anal vyt i ' .
AR e AR BB g0, i
botlohalay@xp@siphgcquddya 8080 tym Sirl I0xanmds RDVE)°C. abhertep tid bottom

T TR
Mol@'S 5 ﬁ@ tﬁgﬁ%@ﬁ@ﬁufﬁ&ﬁgd 18&Holitd Ekpdhtidet Tﬁé‘ﬁs&fﬁbled layers

appr oac ondi ng togefher successive |ayers o
were tleesit cumt for an ndditibndl 3eninhies. Riaedo wapeaspgrad tosa 86% vol/vol

.uncured el a mer..Specifigally, a-thin |ayer of.i..
mie o G-eira S0 B Rer el iy G deier chanfals e sl uping of
elasforhéiSafetih Sk HEi R HASIREALS cladiely-anlR¥hesicislO e, cur ed

el astonmeric |layer is placed on top of the uncured

astoneric | r . The thin m I ur.ed
[01 g]ast‘ﬁ}’é’}hﬁrfnlt%ﬁ b s a%([fgo‘g%ﬂégwﬁ%{ﬁtoﬁp?ﬂ%l’ Ethayer
elasBd RS OfRIchE Sk EldThbidatedAldre b Raibitalivn ofRSUs Bok 270 / 50% Irr245 /
el astomer can be applied to the bottomof a fjrst

25% isopeppal alselrkder 3 tyrdhotiop taper, pd pyre serydaied HrethaneRheeh/0 as a
ayer C . -0 t "

op WG AL AR 0B P BySROSNRE S B8 AORp sy

curédifol Q0 REihies vatleraultimviolet lightandtrastrogannitdizate aktodeldZLC 500

dovisaprpainass pTRale Seharafas e et el DUl LR b ryed o
an a@ic}it%)%ﬁﬁ?@ﬁﬁﬁ{ﬁes? |I@&Et‘gcf]gﬁ'hsccdtﬁyﬁd%mS%GV%QPﬁPithﬁhﬁ%gacure

uring uncured stonmer” over a previously cured
500ahasifareed bylGiye GemydClemicalacThd fesilting alastomesl material exhibited

atterned ther on. ndi ng between el astoner | ayers
mo‘ge&tﬁlegasﬁﬂg’?@ar%ﬁ%@aﬁ%ﬁ Yation and reaction of the
pol ymer chains of an uncured el astoner |ayer with the
[01 1]l yAbermetivglpsothér banding aeethadssednks usedyiaeludiggsbvpiiagithe

urin f the el astonmeric. | t Wll ¢
clos bR der e P BB e ray B Singrip oG B Goe Bfis(pubstoat
willed R BRI 1 6ced tifi bsiitatt e Fot &hifplle, BaE podsiblgapproddhetobondihg

met hod of Figs. 1 to 7B, first elastomeric |ayer

er 20 .
togethr distamerdeyals eameqseh ob hasRng MATRI Sot f&r@rlé'ylaﬁffy et al, “Rapid

i, cr.of apy . ¢ . ) . )s .
ol S S PR B AR i
(195%)¢ 0\ di9g 4 a8 HiBEdrPoriyl dlereii2 byrbaferorceC I'HAs papebyiscusses that

spi n-coating an RTV mxture on mcrofabricated npld
exposing pelypimeihysidloxane (PDMS) layers to oxygen plasma causes oxidation of the

surface, with irreversible bonding occurring when the two oxidized layers are placed into

contact.

[0117] Yet another approach to bonding together successive layers of elastomer is to
utilize the adhesive properties of uncured elastomer. Specifically, a thin layer of uncured

elastomer such as RTV 615 is applied on top of a first cured elastomeric layer. Next, a

15



10

15

20

25

30

20 and 22 may be separately baked or cured at about
800C for 1.5 hours. The second el astoneric |ayer 22
woayoslmeowsnded onto first elastoneric | ayer 20rar/uabwuin25946
800C for about 1.5 hours. [0120] M cronmachi ned nol ds
1Q an 2, may. at t 08 The thi
S R R e R e G R g S
mid @@ Qiy%[r 85 lSdurdBla S OBy 1@tthe1;210|§)&bdr tp Iprqilhlce errmnd)hvhlt hlastomegh
resol ution transparency filmas a n
structenee | Adpraentivielsl, anpRyed plaFATEF ¢ at@r?&ﬁﬁgffto gﬁﬁts‘?faﬂf A cyred
m Cr o \Wiedh Blee®BR fHd MBde8bd cured
elas% yfeds%%@lﬁpﬁ%%ﬁkdneut es, Q"J} Sho?or esclgps((% refl ows
clasfnébr idier.i Oughs theahiddheahin eﬂ)@lmmr laysu pghdn resblis py formpticagof a
aspects, the nolds may be treated with
mOMII%§h§tP€ﬁﬂ6§%?tPl§ne (TMCS) vapor for about a mnute

before each use in order to prevent adhesion of
[0118] | | Wihe& enuiqtsata.tlon of sacSfiicteh biyersis emsploied focfabEgade fhe elastomer

[012]1] ck et.al, Conte orary I
sagipe. b g SET S BB eE e 27 A1 ORp SR Epdiine
uncrél %fabtr(‘)‘iheﬂ)v& 4 pephal eued kéﬁsm&dﬁlctlﬁlﬁir and h@s §acr1ﬁc1a1 material
transition tenperature and |iquefaction tenperature

patt&ined tmmppn Banémg @le@ve@n lglapiomeg laysrsi acis Sy £Q mé%fpeﬂetfaﬁon and
ecause nmer I I
Ll e e e T M

curéd%?&%?ﬁ& lagera SﬁBé’eq&ent\ﬁuhﬁg bhiie bhstohenie 11}!:& wn]g create a bond
recoiling to assume the prior e in the absence of

betwéra thoelagomeric fygesragd cr ea%‘"t“@ﬁ%lftg CEASHIPTHLACR S ce i s
applied, but then return to their original shape when

[0119)e Refeamgts thefinyadthollné Falsabtd ?:B tﬁxsbelaﬂtcbmﬁw afygr 20 may be

elastoneric, materials may be. ch
cr ngspéﬁ'ﬁ%’(ﬂgl?él S e R %t 200 rpr's for 30
A0 Hni 3f5’1@s SebodPdlastoBesic layer 22
BB ISR e fpnsGad Ui, Slnldamt: e
ma;plﬁeeérez[tedbby sppietocetng abBUY @ty on nncr@iﬁmcn’@d anold 11. Both layers

N I

elasgC ol dlﬁ%e%%Z‘% ngbé Q&Tdfé& SR Hrst é'fé/s?&ﬁérfﬁ"hy&l ﬂ()he[? 4Bbut 80°C for about

s having a Young's” nodul us outside
1.5 %urts,hese ranges could also be utilized dependi ng upon
the needs of a particular application. [0122] The
[OI?MSt $iGohcitifed RloRRABLank '1‘2 t%‘ba'ﬁ@ﬁheﬁ %hf)t%?ésis@ 8h 8ficon wafers.
W ge varirety of elastoners hi an exenplary

In aﬁfeﬂ&ﬁplary hpee] aShipherSIR §Hpehotonesyst pras Spunad| 2009 epm patterned
fabri cat dfromS|I|coe r ubber Vv ot he
withy gy htgé‘t?? g;ogbtf%ﬁggrgnqﬁ@lnhqssaomssé( ad@gﬁe ?ﬁff?gfd eldmg an inverse

cha&n rdxi ﬁfa?agtlo‘ﬂfucfo £ 1{3&9 NEyAAMRRED Ahp I’d’iﬁ—‘mﬁlfemC for
V5t e ar e

ricate an el ast oneri c poI ymer
aboﬁt»@m&&t@EﬂB‘b‘bﬁoﬁﬁ&ls@freﬂmﬁ zmtllthmbn,velae vhanmblssheque rounded. In
crosslinked (type) silicone elasto
profsR et W A BS BHY D& FERE i GmRGpchlorosilané (TMCS) vapor for

about a minute before each use in order to prevent adhesion of silicone rubber.

4. Suitable Elastomeric Materials

[0121] Allcock et al, Contemporary Polymer Chemistry, 2" Fq. describes elastomers in

general as polymers existing at a temperature between their glass transition temperature

and liquefaction temperature. Elastomeric materials exhibit elastic properties because the
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limted to this one fornulation, type or even this
famly of polyner; rather, nearly any el astoneric
weoabosrmee39ds suitable. An inportant requirenment PEDUSRINE/025946
preferred nmethod of fabrication of the present
polsintgr@ligihy eadils uh&t&g@tﬂrklbﬁal nid@ionao germit tidpliléng @fthe Badkbone
el ast oners toget her i the case of nultilayer soft
chping HygsRAFRS 1o 4 8%% w@rth%b@fibeﬂee? hapsgeeqibingiosaspuna the prior shape
in ﬁfédab"séﬁ%g oPARUEH ! ?ﬁgé %1 eldfbhers YBRAR v[flfegl%fc%si %}E@ ed, but then
cured Tayers possesS sufficient reactivity t B
retungetther ori@'nalh;hapd Wherl thy dorse mymbeedafTheMasmrty eklylibfted by
and are 1ng bI e B ondi ng t.0 tgerrsel vea
elaglomyricy 118y BRehirpriedZeddy SPWILCHpe flaSoFl aﬁ&%qegmtenals
hahﬁﬁ SACRNQ SRS dulld S¥etRDSIbBUl 1 PA €3 THIC e plchEaBlS Be@ten about

adResi ve between [ayers and the use of t hernhoset
10&aastWrrePas mdre pmralﬁymnwmelbwte%eﬂa}o U SR werspreferafly between

ab 3 0T .S t14GRGte RGN B bl RN G T MR g vsert in

acdi@nde REGRhOPrEBaT uﬂfenﬁ@@ Sauthb h&!l@s%zﬁéfﬁfm&ﬁéﬁhl@ MavinBalyoung’s
could be used to nake nopnolithic el astoneric

mognbsoutsideced thasd rgngep soulyalsp deiughzged deperdingrapesn thglnseds of a

nost |ikely be driven by the need for
paﬁ%ﬁ]‘[ﬁ %ﬂlﬂlg?uoﬁqat erial properties, i.e. solvent

resi stance, stiffness, gas per meabi I ity, or

[0322fp dihgsiivtems pEeipresgny ipyentionrrasrhe f3 récaﬁ%f;vomma\mde variety of
elag%ﬁl%ﬁs Gh off le?éhﬁl@léf%s e80 h)égﬁa@‘%meﬁc Befd mgﬁéfé&"ér%l?%g Bricated

he nost conmp ses o astoners resen
ﬁohmlhconwru‘tkbet hHoivet-@nbthef suitablietegtonieas may alsoietuded.
relatively "standard"” polyners, many possibilities for

[oﬂzgrd i 8n €%ér§§1ary%ﬂé'8? of ﬁiegﬁés‘eﬂﬁhb&uiaﬁ' HEBES A SRS are

yi soprene, pol ybut adi | or opr ene,
fabp'loatyd ﬁobmwlmh@nempqumtew@h@s Iﬁi]i RlVarié {ﬁctrmubnmh) atvhegyl-silane

eroB Bl e e on S By Reb F OB Eh SOy BB aNe PBrsyiipaace not

limixed yPmisesticFomulaish, BRe)o: b6 SR RSyt %o@lrﬂerﬁ%mémehﬂﬁ tny
from di ene m)norrers and therefore have one

elaﬁ@lmn@mlym@h @rﬁ@rtablneﬁnpmpyﬁmturwuremﬁm for dmu‘s&nmd nmethod of
fabﬂcl:%\tf)o\ﬂsoftt r@?e {Hﬁérﬁvél tt?eo 1 bl‘ﬁy u?e 9? & Iﬂgi@é’?‘?{ ]%y?rs Ipﬁ{ab%stomers

cani za essen

togethes SIkﬂtlié@asb Gf eitilajdreofl Qﬂ’ﬁigﬁaph?ﬂdy’erbﬁf él@@bﬂn@ﬂire chiHds
woul_d eaS|I allom1hon0%eneous nultllg%fr sof t

sepﬁﬁafq%bg%ﬁbﬁv pydadiegsharel bis vehemprieguiras dhat epredHayerspessess
sufﬁ&emg%?ggggo b&ﬂf)trogétﬁglj %%h%f]ﬁl%%}%kﬁ}uh? e%am% type, and are

0ssI ar nmecnani sm Iene

cappbl 27 borlingtoRbbmsodaybyihen mayds of owel difﬁ%@lt bﬁp’dﬁ Sandlué capable
IS prossllnked to use as, an elastonmer by including

of bopginie ta feairther. ergrossiBiliics etuds thesegBiaghenvoatmen layers

and € use of thermoset elastomers.

[0124]  Given the tremendous diversity of polymer chemistries, precursors, synthetic
methods, reaction conditions, and potential additives, there are a huge number of possible
elastomer systems that could be used to make monolithic elastomeric microvalves and
pumps. Variations in the materials used will most likely be driven by the need for
particular material properties, i.e. solvent resistance, stiffness, gas permeability, or

temperature stability.
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i soprene nononers give pendant doubl e bonds on the

Pol yi sobut yl ene backbone, which may then be vul cani zed
wa0@mee3m3 Pol y(styrene-but adi ene-styrene) : [ BCRA}]S2004/025946

Pol y(styrene-butadi ene-styrene) is produced by living

(03] ONTHerd e iRy %dhy Bfpes bF aaétmh@nc }:)élsemersl A Bﬁeﬂ&%éﬁ;ﬁlom of the

chain-termnating step in the reaction) “live'
mq@bcqm@pn chdses 04 ﬁlaetyamts is praseged h¢redwmtf&en@ient qirghgwing that even
Q. n £ candi dat e
wil vl SRRt By fRR bRk el TP gt Gompmon
elaplo@itiiy pofynilis ﬁﬁnidegko[mmf@ie palybilrgdiéne pbl@chlamexmu red
on top of the cure er). Inconplete curing would

polyigol Wf@ﬁn@%ﬁ@%@erhﬂtft 1pngysbyTeBRf the|19i0bﬁ16¢§h§1§ﬁgﬂn@/§ﬂw@n¢s
bondi ng). The chem stry also facilitates making one
| ayer with extra butadiene ("A") and coupling agent
and Pbl}ésoprehnerpdlﬂyﬂadi@ﬁeBp@lymﬁﬂbtopverbut adi ene deficit

R S S

dich8 blohbmetsS a@@ﬁlaielﬁsle hiabe % d&b%nﬁ%@ﬁ%ﬁoﬁ%ﬁ&hé&p&l?ﬁlenzed
osed to elastic); reducing the tenperature vyi el
Thtsrtgvubleémnd ﬁﬁowa@mmlyﬂm&@ bg @cym@ecb@relaﬁ@mw ] dulcamzatlon

her t hanes .
(eshg G is 8 b sl e A B bendsby psatige). This
woalickadily alle® h@llrlﬁgeﬁfeoﬁh mamlHes s&thﬁbgra@hﬁ 69 indoaiptetakBlcanization
Iarge vari ety of di-isocyanates an
of te 1ayesirdedoadsds photorasist prpspatation wWould be passihly pr ¢ sinilar
mte%J[rﬁ'éﬂﬁet hanes is huge. The A vs. B nature of the
pol'yners, however, would make them useful for
het er ogeneous nultllayer soft lithography just as RTV
615 i i ng excess A-A in one |ayer and excess
BPPIE{‘SPﬁétngﬁer | ayer. Silicones: [0130] Silicone

[019?1 y mﬁfépdap@mmwn@ﬁaé%t RRHFRABE Bt BlESETMER to use ag an
variety, and alnost certainly have the greatest nunber

elagbmenbyrmchidalg asmaalhiathaiité~1%) odlilseprenmis. thadpelywierigatidno-The

. (Si- K TV 615 L1 t .
isopyZhe PlogBES R Tt dpubi-dent v gy Bl backbone, which
nm%hﬂhqka@mghu@@gggﬁﬁkat|on) has al ready been di scussed,

ut this is only one of several crosslinking nethods

used in silicone polynmer chem stry. 5. Qperation of

Devpgl%l't}%%g%l])?t? e#t?‘%w Cd 7H toget her show the

cl os hannel by pressurizing a

[0128k o Rdly{dtpenebamadiehe-stidne) fsipgodutBd b livingrini e pol9matization
vi.ew cutting through flow channel 32 in correspgnding
(thatiigy theponis nogkgiplfhainteppinating step iy the fpacheminge “1oee” prieper ends

can'exht irf ﬂﬂe%ﬁ&ﬁ‘g%grréérr Shis Ih%s%% L dﬁfa%slgg’.d@inresent

pressuri zati t he secon anne
photoresist encapsulation system (where there will be plenty of unreacted monomer in the

liquid layer poured on top of the cured layer). Incomplete curing would allow
homogeneous multilayer soft lithography (A to A bonding). The chemistry also facilitates
making one layer with extra butadiene (“A”) and coupling agent and the other layer (“B”)
with a butadiene deficit (for heterogeneous multilayer soft lithography). SBSis a
“thermoset elastomer”, meaning that above a certain temperature it melts and becomes
plastic (as opposed to elastic); reducing the temperature yields the elastomer again. Thus,

layers can be bonded together by heating.
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[0132] Referring to Fig. 7B, first flow channel 30 and
second fl ow channel 32 are shown. ©Menbrane 25

woeepara®s the fl ow channels, formng the top BETMISE@®Y/025946
rom1channeI 30 and the bottom of second fIOMIchanne

32. E%% seen, flow channel 30 is "open". [0133]
Péﬁm seen in Fig. 7H, pressurization of flow

[Olczman r%lyxﬁahﬁrms talegprotyced dmono dl—isbq;wn@t% A19dnd d@kalcohols or di-

t her ei cau rane 25 t defl| ect. do
arnia (B4 BEHOERGR A4 EF S8 BEASHIY SCHPOULT T Gols/amines,the
nuﬁﬁarﬂlgflf nt t@ﬁé‘socﬁﬁi)'o kdtharY iM%l Mhe A, BrRdiEe b€ thepolymers,

[ nearl y actuabl e val ving systemis
howewy, \delddsmakh thdrausdfilofor béterogeicoss mydidayss sofh difhwgraphy just as

RS FE00 B  SETRIR SR A SR 8% f B e

shovvn in a "nostly closed" position, rat her than a
"fully closed” position). [0134] Since such valves are
act Ssltceaes@y novi ng the roof of the channels thensel ves

(01301 £ il oA HoBRAy fife B oXEite PR RIAAHRO GHE o
cemwmhvmgle\gamm nivabe dfy:omlmacm]dayc hwniilgble formwdationde dHe vinyl-to-
vol une r0XI al._to the, active volu of the
(Siofd) GeselinbRe ot Bl 6l Lottt sl sbotbbostogsrsats miegyer sof
11th§glf$§hgﬁﬁ@gﬂ&h%ﬁe&ﬁ%ﬁﬂtﬁﬁfh&oﬂﬁ%! AMidchgseADMit Mels is only one
ne are appr oxi _

tely two orders of magnitude
of savatal erosslinkimgkmethndsoad émsiliconzl pofingerehainisty,.  Snal | er
and | arger valves and swi tching valves are
contenplated in the present invention, and a
nonsexcl @E,bf.éﬁohm;[)e@&eranges of dead vol une incl udes 1
aL to 1 u 100 aL to 100 nL, 1 fL to 10 nL, 100 fL to
[0181h| FigsndBpnd(H tegather show thodlgsipe vha fiestilosnehaynel by pressurizing

V,
o TS SRR R Eid TG MELIR0 S BN B
32 sdntespdriditg Pigy AN, 3B@winBpaoipéh Gest figw dhhﬁna Bﬁj Witk fFig. 7H
known vol unes of fluid_ capabl e, of, b ?n%aa%
shoveng e flow champl d0glosedrby preseriation sbhe ¥l ¢hegeel 32.
capabl e of being netered by automated systens i s about
[0182Nnt iHeﬁanhgtcgEilg. 18, fidsi ﬂoxtz)k:hdtﬂnzl MMmHmsncbﬂmwwhdtmeiﬁZ fre

accord th the sen tion, | u
sh g L Hpaos e P& haiely GUERAGEY oy chamel 30

anc?t'ﬂg bgft&ﬂ%ﬁ@&ndm% AANE1BDEATRLEDE 830 Oflov ChdrRBESV/is “open”.
vol umes of fluid enabl ed by the present

o B TR PR GRG P ek (e by gas o

liqetd %&E&ﬁ&é&th%fb‘fﬁ)&aﬁé’ég n?e‘hﬂﬁéﬁ’fe 24 1R 6kctidaisiaed) tHereby pinching off
i fied mat hemati cal nodel of

represents a hig n‘g(l)
flowdt passing dhrongh ﬁowes mwg afcoqrdinghys by spring the pressure in channel
32,61513}56%%? 89“15%? %vﬁlfg( u 1&1?}% %@?&e%%]gl? ﬁlap %'/ivo‘g r&ggﬁ% ? ?%In be opened
or Absedlb3tBoving membrane 25 as desired. (For illustration purposes only, channel 30

in Fig. 7G is shown in a “mostly closed” position, rather than a “fully closed” position).

[0134] Since such valves are actuated by moving the roof of the channels themselves
(i.e.: moving membrane 25) valves and pumps produced by this technique have a truly
zero dead volume, and switching valves made by this technique have a dead volume

approximately equal to the active volume of the valve, for example about 100 x 100 x 10
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B = shape coefficient (dependent upon length vs. width
and support of edges of plate); P = applied pressure;
wo 2005peve Wi dt h E = Young' s nodul us; and h = pCatus2004/025946
thickness. [0137] Thus even in this extrenely
Eg(i)rﬂﬂc | G L&IRE SSRLRE and QJeLiseéan'sﬁ&ﬁe@f)y ﬂ{é tﬁ‘dnﬂﬁg H¥R{brdhe are
ane I n response to a pressure w be a function
applﬁxmtduﬂy bweo gtders Qﬁ agnitude simaller éh@mé@@w@fcoﬂh@ltmﬁlﬁﬂ’éﬁé’alves

e fl X|b|I|t of, the manb
sl apdiedt i oA ChBEa Chue S pklrd Bt piten: Bation,
ancpéﬁ&{t%ﬁﬁﬁvamétlofﬁfg)és ¥F @al Yonepancdiudes Lok 1 he, Bitalato 100 nL,
di mensi ons and physical conposition of a partlcular

1 fbitad® ohetCfldievi tle and ladctori@d®ée with the present
i nvention, a w de range of nenbrane thicknesses and

[018KPS Wh@lekbfeﬁely@ﬂﬁiﬂlnﬁilumiﬁabsble afibeing telisteraibyf punogssandrvalves in
contenpl ated by the present i nvent)l on@i %3 It _sho (ﬁ
scdoeAnA B BUIGOBFoR ieREon BPFRSFRATSPS st apyatpee s SBRRLyealy. the
roxi pmtion
e B S PR 0 NS08 .

smAlst REsES Saluhey csimbld ofbempanéeret (bytaht?.)rﬂz&ﬂgst}htearsds about ten-
wi dth, and the deflection is not necessarll sm

times tqngﬁréa plo Vihirgempumpgiard, vabies fihaeRifegee with tﬂ#epresent invention,
hel th
ol e VP OEhFaR: ek Ry IIEE SRR B aibr. e

acc%?aﬁé ﬁiéﬁarfﬁgdﬁ%kfr@ﬁe g%ﬁﬂﬂ%ﬁm@és of efuieetabind byahs pesent invention
139] Figs. 8A and 8B |Ilustrate val ve

i ed force.
wogE&m axgremsly vwd @@1 plaegsqumber of biglogisal #n ligatienss nelyding
flo and-a 50 mw de second fl ow channel
dm§5°%%ﬁgﬁpﬁlz?§%% of this device was formed by a | ayer

of General Electric Silicone V 615 h
[0136] ¢ Hqwationy f%?fﬁi%i i2 llév ?@%ﬁ a??éh%w@\éfd&g%gﬁééﬁﬁ%on ofa
rec%%&ﬁf Qfﬁfe%(zﬁlsﬁc {=BobR ﬁylatg bgﬁ‘nlfo%ljfﬂllﬁ:ﬁﬁes%% aﬁrﬁﬁﬁlléd}ﬁ‘essure
t" of dépening of the valve to be subsfantially
| i near over nost of the range of applied pressures.

[0140] Air_ s applied to actuate the
Mnerbr ane OT&%ﬁ%&%@vP’c Fir ough a 10 cm |l ong piece of
plastic whidgehedn sfplag, outer diameter of 0.025"

connect eg L on A e 23 ft1cht @EFerbntSipdh $t88eth and rt of
hypodermﬁcg :Q,g; g) gins%ut%r pgl arr%?tg‘rf of Oitl(r)125suppa$nd0

an i nner€d| 1e?rr .013". This tubing was pl aced

into con e control channel by insertion
into the g% oc in adirection normal to
t he cont oT EH%ﬁg}o u

= plate thickness.

[0137] Thus even in this extremely simplified expression, deflection of an elastomeric
membrane in response to a pressure will be a function of: the length, width, and thickness
of the membrane, the flexibility of the membrane (Young’s modulus), and the applied
actuation force. Because each of these parameters will vary widely depending upon the
actual dimensions and physical composition of a particular elastomeric device in
accordance with the present invention, a wide range of membrane thicknesses and
elasticity’s, channel widths, and actuation forces are contemplated by the present

invention.
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pressure was applied to the hypoderm c tubing from an
external LHDA m niature sol enoid val ve manuf actured by

wQees@06039p0141] Whil e control of the flow of nRCEMIS2A104/025946
t hrough the device has so far been described utilizing

ﬂﬂ{' | TeSho BB bPhRESH6 &1 that the Forfuld just presehibdlieonlyed approximation,
42] For exanple, air is conpressible, and thus

SID@Q pleg@r@r?é dhe wembrang dpessncl Bpvgupormdhickegss the memprane thickness
S

nedREMI1ABBall bomparedhé Rl width, emﬂﬁdlmmmof thé rrtdmbr@ﬂiee Sestertheless,
i nvention, pressure caould be a %) from an external

theseypen $5ves a3 3riseinh swas a5 adiusil lspasamiigrsdp aghieve a desired
re#&x&fe |d|6ﬁe(9105§,.e gb‘x%ﬁédrigrc%” a near-i nst ant aneous

rans er of app ressure to the nenbrane. However,

035h A8 e%eBdﬂ Slf Faife ohstapes Sty Bha 106 um wice
ﬁrﬁ%w @anﬁél@'o%ﬁ%ﬁ(ﬂﬁﬁwm@wcsnd Aowehahel 2. aThéJﬁfeh%Fane of this
The optimal nediumfor transferring pressure wl

devinewes Grrmed byerayanof ficnérel Blaetric SiliconcuR Vi @étha@mgaarﬂiwkness of

d f d bot h
oMUy QD b it Bip o o ASBRE B S 1 5P fiep 210 and
216 éﬁcﬁ»& fh’é' exBRPbT LB ESIIHY GalfStodRSGHAARAIFINEE ARS nRBESY the

appli1ed by a purrp/tank system t hrough a” pressure
range9tihpptlisd pagsdurest er nal m ni ature val ve, ot her nethods
of applying external pressure are also contenplated in

[0140E RNiepRBIuré WS BHPIRI to hitGats tHeberdBiané ante dev1ce through a10 cm
conpressors, piston systems, and col ums of

longipigse®d ﬁlaéh‘bt@ﬂ%ha@l& Heouiesalianeteralif: %5|”>¢0@mﬁdrfp ﬁg7~5 mm
pieL 8?&&%5%@88& gmg%ﬂpaﬁl &R&“&i Q81 8€0.b23 D9 an inner

organi snse, ressure, I‘I C pressure,

dlahtwer P O$I8T, eTmrs eﬁlﬁﬁg wlam plab&l m&mﬂma@switﬁ gthe ddnitiotichannel by
pressure present in the intra-ocul ar space, and the

insgitien dfp éheeeééﬁt?@a%? Ok §13 digecign pﬂgn%? copfralghagnel. Air
pregd?g{‘;vagrﬁgﬁf%g% e c gHérﬂﬁé Rl@mgxﬁé ext@fneﬁ EHﬁfA HiftiafrS S lenoid

conte as m ni at va Ves,
vﬂnaumm&@dpndlgétms@mltlc punps, pinch valves and ot her
types of fluid regulating equipment such as is known

[0149] t Weni® dontloPAAhE O SBRatES AEBReh B TR R RFaPheen

val ves 1 n accordance with enmbodi nents of the present
describedhutilomghappdied ganpressues, othenflaids yowdbemsedo be al nost
perfectly linear over a large portion of its range of

[014RPV &by e¥¥niple, ik BBMpRYSbR! 88 thus &%‘éﬁéﬂi@@ Sbrie fihil€delay between
present valves are ideally suited for mcrofiuidic

thertsncee ] apglieatignfaf presswe by tiad exterha spleneldrwaiwe agfl théréme ghay ¢his

onse deno ates that {h i dua al ves
prefFF R R ERLEY BRGREnbARL, oG ARG et LHRbod iRl R Prgpent
inveliteHS Preesiré Bolld®e ﬁblmqu&m ﬁﬁlaxtétnaﬁsourdbﬁtﬁ ks HdheSEpesSible fluid
can be countered sinp % by increasing the actuation

sucbraég@mr@r E@g@hq ﬁ]{]_ﬂnf%p g h@eq;rlggt@ﬁgneous transfer of applied
pressure to the membrane. However, if the displaced volume of the valve is large or the

control channel is narrow, higher viscosity of a control fluid may contribute to delay in
actuation. The optimal medium for transferring pressure will therefore depend upon the
particular application and device configuration, and both gaseous and liquid media are

contemplated by the invention.
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i nventors have achi eved val ve cl osure at back
pressures of 70 kPa, but higher pressures are also
woanis@mapdat ed. The fol l owi ng is a nonexcl usi vePCTAIS201/025946
pressure ranges enconpassed by the present invention:
Pani ;appR& pids bed abfe hasbebPappliedya
UH%@E Qvﬁﬂ@éd%ﬁngﬁzodgk5%FJ§E%Q%% kPa - 100 kP?ﬂ)[Oﬁﬁé]
puiipitirdk systemebrosgh ammﬁwe deguigor andcfuiereal miRiage yakvgaathen

me{k@dﬁgf %ppiggg (F%/tgs 1 %rgsesgl? aérerﬁgs R3 nt%ﬁlpgig%(flggéé Bﬁgﬁéﬁ lqu%?xhon

incRIIREHE RIS chorﬁﬁwssmrsvp@tompsteﬁqa@nd pehinmg ofligtide A/l&b ve
is used to control f|low rate by being parti.all

confemplatedds the use RFRANT2HE gpeaTing PissBEYFRICES SHELFS %@W pe found
tuat | ;
s GBS S0 bl e SASFPRS R R st
thedRfdbi@@irdEguidepressucd mesune in the dittweoculee spddet argf the ipnessure exerted
actuation is thgﬁ the faorce Hﬁﬁ érd faor val ve

by awselat feingReymablleass | theemst *B1Biing ReepRbREEge arc also
coﬂt@méﬁ%df éu‘?:ﬂ'ag ?ﬁilre vall(fesaﬁﬁx?‘lﬁé 'rﬂ%ﬁrds@oﬂlb B&@Jtaltlb gﬁfnﬁﬁﬁﬁ‘ﬁbh
sure in ow chan be count ered

valaels;i am@omhletypeum“ fbn@mtaangfeqmlpmepfewcm a$ is kapwa)in tﬂaﬁ arhe
actuated portion of the valve. [0146] Linearity of a

[0 1‘4@1 Ve dGR 8B YdSerOthelrBofild HiGales in §RORRAES W en®Bdiments of the
ne hoo]s of actuation of the valve structure.

prefent tiention bavekicen bxgrerimentadlyishgwh o be almost perfectly linear over a

desi r.abl echar act C.Nn.a e
targerfi@np P A ERAL e ah ofi i S Gr 5 2 orRt s present
valf&d 48 11y shiv@SormeréMiitiR R tatigdadd il eomittdd s @he linearity of the
i nvention, and the pressure r an%ﬂss over which a val ve

valivg rqucm_sg .dpgaogmaﬁﬁhg thg jndi eare Wil gxagi&lqd' gs Hooke’s Law
sprtr g“ulqﬁ(%{’n ﬁél’ gﬁ%{ﬁr 8 ng tshleg'lo?ﬁ%}g gﬁaz i.d] ﬂ?ck &)Eésgﬁlr@ €an be
cour@GpOsigH1§ by cedasing ¢hd a_[btlamph ipegdsyoe. eExpmm)temﬂlﬁ the present

. 100MX100Mmx10mm RTY m cr ve Wit h ?78&%H0%8%]
inveniorsitfve drHetada verdeited e Bfeﬁ%‘r%% + bt highiey pregyures are
als ftg’rfté Eageda %ud&ﬁé% af[t‘ﬁ’féx@ﬁﬁl'v %réih&'etrﬁ{ §@ﬁ‘<§d’nﬂ$assed
si'gn actual "air pFessure at t een the ubi ng
by amcprmhmvapmr ng Par-@SsMBwrﬂ(]OrPaH 1§. Mpa, ITkRa ot B &Pa - 300
applied on the ro elslookPa which is
kP%épHM@a} %ndhﬁgl% QQ % he ~40 kPa required to
close the valve. Thus, when closing, the valve is
[0146E h &thidd e anil phmas go sgéu@q@rﬁmldapactgﬁtmte pp@marrrd close linear
required. \We ver e.ls
res %\‘%ﬁ dpgs gifoy Ya@@ﬁg&qrg?%ﬂy \é\sﬁluﬁedov P ng or ce
emb&diftfénk&athe intBitson, H dpegingDf ﬁi@ﬁfﬁ@eﬁé’ uéed toofti®ll BV rate by being

than topen. There is also a | ag between the control
pama@yw attuateditocoknoval dagreesediplasuree H@ﬁ%‘éﬂlVQﬂféu%U@ntWeS it easier to

detﬁxfnélgg ﬁ{e:sa%](%g {)ﬁ %,?gueagg]g orl%é %q‘ﬁ rgc? \éﬁ?#stﬁgyélg% {0 &és%ledtdgg‘ree of

clo§1ﬁ€3%§16ﬂ1%r benefi6f Niddati &ctustioRis tlﬁpﬁﬂé forca réifbines ,foﬂ\Q\WIaotuatlon
1.88 ns, tclose = 2.15 ns, tclose =0.51 ns. |If
may be easily determined from the pressure in the flow channel. If actuation is linear,

increased pressure in the flow channel may be countered by adding the same pressure

(force per unit area) to the actuated portion of the valve.

[0146] Linearity of a valve depends on the structure, composition, and method of

actuation of the valve structure. Furthermore, whether linearity is a desirable
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3t each are allowed for opening and cl osing, the valve
runs confortably at 75 Hz when filled w th aqueous

weoeabostoeeas [ 0149] If one used anot her actuati oRCHEISEWA/025946
whi ch did not suffer from opening and cl osing |ag,

l Brere O dih Bhedrf}fand non-
chargdta'ls\ﬁ% é% g{ Jaly dg%ernldg e dapg)h!f:gt (§qu{hcrhang| n% tﬁe rﬂﬁan non
hnéai!ljica"cameletdmil@k ramntehﬂplste@ il theprespitiinventiviomdftios pressure ranges

ei ther fast_ opening or fast C|OSIn The S
OveEGHEERAYAIS i EeATE gctséblaa*ﬂé g@f@d’vlﬂy @ﬁﬁgfﬂ{’%@mem

elasticity (Young' s nodul us) of the merrbr ane, as is
[01dG}s s iFtg. & ibystiantsrtogkensspapse Gpzntlodunt of vahe aserfbnetinal erﬁnm/m

o s SR D Db e

with 1@3ch 7&“‘ Qub[ %]c%%e rﬁ)ﬁﬁ’eecfﬂlm duvnafB F8NE a8 dedchiBed

val ve pr erties as Illustrated in Fig. 9 the valve
abaoveeni ng was neasured by fluorescence. In these
experinments, the flow channel was filled with a
[01&91 Ut’[‘%“péifodﬁ br@iRsIcRhttol Saldl Rampaiaprsiure AiGhe eAd of the tubing
fer (pH > 8) and the fl Uorescence of a square ar
ancbmiwpypamglg #res rFigl 9. 3Flep pressurreanphgh ae fhe control line 15 100

ARBtghepary Ey Filbe! (RS EH8R R BEARG AR, it Thus

Wh@ﬁ ERSMEEtheaslvERbisREEEovddiviilaa Wb@ﬁtrs 650 RPa preatdg ¢han required.
pressure sensor (SenSywSCClSGDZ pressuri. zed

Wlmnmppmagéwsqur ey vl teri dpeR bask to fithEest PORFHOHE Y ik own spring
forg‘eg] a)[ %’;e%?uz]%l So4 1s$e%€év]\(/:%: t!o%%ss aﬁel% t’ﬁ%rﬁ %pgﬁa %@{e SR8 % lag

C anne € presen

betiwd¥E el cORtroBgrAPhhdEtRtloY plessutle fspitse, diettd tigh lfrﬁﬁz[tﬁmt ofthe
cross sectional sizes and Shﬁﬁﬁf offering differe
n

muagmyai‘g@gsedd@ Q@ﬁml Hip RIpwALe: gush fagg tapd Fhreclé? an]ﬁ constants

P BRETR e 5P | P, R 1o 1 s
37 8dcANFe bl w&IYol bFeniRNMdtINing, thd Nidvd RES 86 Hr@BB&RTS5 Hz when

under an upper cross channel’). Such a curved upper
fillediwithegudémsisblutian.es val ve sealing, as follows. [0152]
Referring to Fig. 10, a cross sectional view (simlar

[01*49] t l]!%neqiseEbﬂothgrabuiaﬁwﬁﬁmoﬁlvﬂmmmamebﬁf&@ro@mdpe’iﬁlg snd
shown. can be seen, flow channel 30 is rectangul ar

closing dam ﬁgs welve wonldirus Abp¥ S s Hﬁtea@ﬂQOéhﬂéb%Smme@ﬂﬁt@éF can be

o RABEEY 5Bl PGB iR g s s

opeiRREST ﬂéétrc\lf(%%gs UrHeagfing b&Hkbad} cdied also ibe gdjfulsifed bytchal‘r_glm the
10, when flow channel 32 is pressurized, the nenbra

elagisityi (a’ﬁu%’s grodguseidhe resmbiinse i is possia b&tniltffgiufnng\;@opant into
the%rl] 131% @tﬂ%gx;% Wffehen@ 13191 m?ﬂ%r&lleg %e?vet J%ecg%r’&xembrane

successi ve ’pos ns's I nes
(ded&rthed 2B6ve ASOnjunction with Figs. 7C 7H.)

[0150] When experimentally measuring the valve properties as illustrated in Fig. 9 the
valve opening was measured by fluorescence. In these experimenfs, the flow channel was
filled with a solution of fluorescein isothiocyanate (FITC) in buffer (pH > 8) and the
fluorescence of a square area occupying the center ~1/3rd of the channel is monitored on
an epi-fluorescence microscope with a photomultiplier tube with a 10 kHz bandwidth.

The pressure was monitored with a Wheatstone-bridge pressure sensor (SenSym
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and 25E. As can be seen, inconplete sealing may

possibly result at the edges of flow channel 30
wadp@meodys pl anar substrate 14. [0154] In the aPCemSai08/025946

preferred enbodi nent of . Fig. 11, flow channel 30a has
SCT16GD2Y PrespReled Wahiltaa8dhs VWA tHel RWire N @toudR nesrly identical

pressurized, nmenbrane portion 25 wll nove downwardly
pnewnatigeconneat®dsi ve positions shown by dotted |ines

25A2, 25A3, 25A4 and 25A5, with edge portions of the

menbrane noving first into the fl ow channel, followed

by 6op nEtdw @henqedCrasoSsctiodd advant age of havi ng such

a_curved upper surface at menbrane 25A s that  .a.nore.
[0158hp e b Bggle ot e PEFSEY 1BETRHRR &R QRgianeibain i gth
difﬁiﬁ@rﬁ% sk §§c‘iii0n?%%% bh& Hapl¥s, oﬁ@ﬁn% BRfLent@lvan®gel MR pEABNS upon

channel 30 w1 provide a contihuous contactlng edge
theargtesimad applliaataom. Fobstanmple tHedgrogsteectéingl shape of thy loter flow channel

"i sl and” o% contact seen between wal.l andhthe. . q
may By & A P CF PR SRS FsH 2 Oﬁgﬁﬁgmlrfd.en%’gﬁzggﬁt AR Hgispose
un@F A Rbp&réds dAdieNd SacHCHEn el wRResurflco s fhlve sealing, as

surface at nmenbrane 25A is that the nenbrane can nore
follosesdi | y conformto the shape and vol unme of the flow

channel in response to actuation. Specifically, where
[0132] eQ{e&ﬁﬁﬁ% & Figl 00y acdad¥’Redtional \eW|(sialr td thet effigrAB) through

perimeter (2x flow channel height, plus the flow . |
flowieharnsls 3 arch32 inshewe Acrands seem dlophehanne) §O0dn kstapgular in cross

I X . S . .

secl T Ehper 1ol st it td A6 R M S B hofhn i i 10, the
crodd-sdueidn pH4 floonchanmed B0 bestdad haedn ipyien cttved stidmrel . | n

this manner, the nenbrane requires |ess change in
[01B8] | TRELfing Bkst ?&F%‘?‘i 0, ¥heA v ShahPEIr2f i peesSRZRd, the membrane

responsive to an applied actuation force to block the
poitibn 35 ofi alasteinefio bs®k 2K sepanatirlgt fiow ebhannaksPécngd 32mill move

il ted), the bott. f fl L 30,
dovetiab s hoottiivs S LA Sowniithe AR Einal dstnp tSt Ssp,
andPIFET AYBdH beZRen, ABcdiBfibie sBalinlgGnayfbsei@Belehbest tBOBYERs of flow

[0157] In sunmmary, the actual confornrational change
chaspeled() adirsent gnar Rebstrateddane upon actuation will depend
upon the configuration of the particular elastoneric -
[OISH{ uCh theltefpRCirbfetad kmbodiRkentofWigr 1Ma flooneanfi¢1 30g Gas a curved
will depend upon the length, width, and thickness .
upnsr 3fafl|28 Aot Wheie flawiebpntiel 32 isipsesaiirizadh msmbrans pagon 25 will move

' ¢ . Str e : i icgt;h
aol STBURF e ST oy A ML, Ao 25 A0 ha
ZSAHﬂtv?tH @lge @bﬁil‘{ﬂs toEdﬁ: mémbage sloaigdirsirintesthel flowhshannel, followed by
conformati gnal change may _al so depend upon the pethod
top FReTARIARGRIIHANS. 4N ALYARAEP Bhhfng ﬁ@ﬁﬁéweaiﬁ@pphw@gﬁ 8hse

mefnBrA8 23RRk HEH 2 RideS ShFleW sehi Wiiipe Iﬁ%w&fxeﬁ fI8® channel 32 is
actuation in response to a magnetic or electrostatic

prefsnriced. $tHRRlIjheoper watllog tibeflow ebanmeh ®withpiowitkla continuous

conct:anz%g %déenagtaﬂlest {;rﬁrqgrrs%gsﬁra\{\é H, t}?elrgb%/ le%gcﬁng the “island” of contact seen

between wall 25 and the bottom of flow channel 30 in Fig. 10.

" [0155] Another advantage of having a curved upper flow channel surface at membrane

25A is that the membrane can more readily conform to the shape and volume of the flow
channel in response to actuation. Specifically, where a rectangular flow channel is

employed, the entire perimeter (2x flow channel height, plus the flow channel width) must
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dependi ng upon the particular application for the

el astoneric structure. In the sinplest enbodi nents
wdeswsrocissl above, the val ve may either be openPOT/US2004/025946

closed, with metering to control the degree of closure

beFbrctd ﬁltcy HeMRow «lsﬁhn%lh q{ov@ﬁi%f’%&% N SirdHRWR IS chahhel[j[?ﬁsé&ea smaller

esirable to alter the shape of the nenbrane an
petimetef bf)mawtnah(rwly tha semdeurcular aadhd @odiom) nmst:bmﬁnlr«ebd 1ﬁtodh/c
For .instapce, the f]ow,channel cou

I
cnfylh; Sl mer toRaBrg: risie LA as I perascian Sofgstion and

is ﬂ’x@fe‘fdr@ 'ihor@ K& Pl to BRAPp RES Ma'ﬁ@ﬂ 6108 tTBIGBIE ARG bhahnel
only a percentage o? the fl ow t hrough the flow

el th t he rce f
wﬁ%@ 8o el e pNL RS sy bOOR 5 A5V phepng) 30 s rounded
sudYbdhyt ifEdtibven@rtabd flRE sﬁthnh@éurkzam@w whal @y ACHadRBR In Fig. 20
cross-sections are contenpl ated by the present
desopibethahay§, i ncl udi ng rectangul ar, trapezoi dal ,
circular, ellipsoidal, parabolic, hyperbolic, and
[0¥5T) ydn lﬁhmaﬁﬁ tieeddtua soisfeahattonal cifangMa(mheﬂ@dSﬁ&be fhembrane
More conpl. ?x cross-sectional shapes, such as the

upeiabeatioarill dependnon the sopdigupntion o€ iepartisari %S&rpem structure.
Sp@cl?ﬁé’a?l fhe%@nﬁm%m Bilan @WIP agﬁegisql?\ﬁh&ﬂeelén%tﬂ Wieh,fah@Whickness

chann are al'so conte he pres
prafile eﬁﬂhe meml{rm @ attachactdt t0| thm renveidee of the stmviand, iand thesheight,

willfo e SUbE Pt R ch i Rnddf i) bPperien gfshe

e1a§taﬁ1réf1@4eda mefceﬁfaﬁﬁatidﬂan@ﬁaﬁg& ﬁf@@lgo%ﬁeﬁdlﬁ)ofnl tHé’herodtdIfe

channel is formed from an underlying substrate,
actpationeag actyafientoif gre membugne in mnoelde tooary Etppheqb ardssum MaH vary
sooék%Pﬁ:t'QQ m¥$lhs and floou f? A uld al so
B ANBLASHRIORR ERTRRTE YT AP §B%§°t?ra ee"mﬁ}ial Yhty the
ceiling of the flow channel constructed from

[0158h s Msrepverthe desired sppipppatiqnalhehange Hethe sesnpbrare wdlislgo vary
a2 BB S M ARG FOAD e bAESRAASE 18 R ppres

embddimehis rdleatlnbt:ﬂ] abasghthelvalvielnmay thanbeodpenl or cieBéWith metering to
hi c sto r. structures as_descri bed el sewhere

COHW?TﬁwéfegWgto i S‘é‘ﬁ;ﬂ S eyt Iy pthep pabadimegtshpwever, it may be
des'iPaElE% %zl%rq’ﬁfﬁ E bf ﬁlf@tg'rlé?ﬁlgané'& Ghe b\gv cﬁ%e?\ﬁqe&%%f &l aﬁhleve

to enpl oy el's I'n the su strate re suc
moarceanplanjeneegulgiony iFde mstadvg mhea@m chiorel codd bapmvided with

i e i B o SR B okl e mermbrae
shu'td &bl ?F&%hfeh@a%le by tHeQIJWhﬁlr&igﬂQh@flo@ BTt AR fﬂeg)er entage of
channe wor ked Systems [0161] Figs. § %

flow lytngked inisenstfivsfto shesippljed acswdtiohfforcal ve, |dent|cal to
the systens set forth above, (for exanple in Fig. 7A).

[0159)9S Mah$ MchilitadeBi ckNeWwprabilBeadSAG) bhannBUEmieciYsd £80

conprised of a plurality of the single addressable
conggmpdated D theapresent Bwenfiqng incjugingirectangular, trapezoidal, circular,

ellipsoidal, parabolic, hyperbolic, and polygonal, as well as sections of the above shapes.
More complex cross-sectional shapes, such as the embodiment with protrusions discussed
immediately above or an embodiment having concavities in the flow channel, are also

contemplated by the present invention.

[0160] In addition, while the invention is described primarily above in conjunction with

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

25



10

15

20

25

30

but networked together. Fig. 14 is a graph show ng
experinmental ly achi eved punping rates vs. frequency

woéanostdaesoper i stal ti ¢ punpi ng system of Fi g. 13PCFiU§3004/025946
15A and 15B show a schematic view of a plurality of

elabtbRér, Gha el sor Wi it hahfel vk ed fratl 4n Meﬂy&gmgbsirate the present
control line. This systemis also conprised of

mVpnfmralIS |np§/hl@fted weth§| neglialarpaicBiad a| Wadk o flogiiaf sbangels could

o5 A LS BRI G 1 o By L0 o

corfsﬁh@tﬁ&ﬁiom d:lhsitchtﬁérr artioelagtbmar ﬂthch{imEi( ba‘i@ng yfsublrproj ect downward
adapt ed to permt fluid flow thro

inte Hmhemse ILISPRATSS Bharqup&leé PePaion ‘g’gﬁ?f aPFF@YSCPHEP%mg the flow of
I

Bl 508 iy, At Bk s,

de@nB@hdmhece mfthé instane hppiwehm 80 pmfdrr@forr smmﬂwrdlc Fprdigations.

channel re rabl a
Hopaseh R dmansen bugnblor e hatiesd Sund fipek Wi gt an
arr%}@%fn,eﬁg %ﬁ@@%ﬁtaﬁ@s Bt iMdncal 4 ﬁib@ﬁfat@ erl@dlﬂgsptlcal waveguides
rein is pressurized such that menbrane

codépavatsimgted ke that the qpmlaaln@x@gwdys dizcct Ephtspeaticalht o thygide of a
$ hdpf floi/channel shutting off the passage of
Inlq’96F9?¥%ﬁ through, as has been expl ai ned. As such,
“flow channel” 32 can also be referred to as a
"control _Iine" which actuates a single valve in flow
chanel BetwarkedPypéems 2 to 15, a plurality of such
[OI%QFF %‘T’Lésapi& ARS8 § @‘X/% ik 9 ShAVPF Bk, E)(féﬂﬁ&;?% tHe'kystems
vari o arrangenen to pro unps capable o
set P@xth shcak} (fer qxanpiaig,F 1g.riZA)otHnﬁ IBALand i18Blsbgwe a peristaltic pumping

Syt pePRtsH Oh apP Rl s tingr At mesaE splb Ve Seen £ Fig. 12,
butfxfé't\;z&)ﬁlﬁc} toetht ‘Pﬁé: hanoglr %9 sﬂé‘\ﬁm% &béﬁﬁéﬂtﬁ]‘ly Shieved pumping rates

generally“paral ['el flow Channels (1.e.: control |ines)
Vs. mAuetﬁky%Iahd pmlpapsmpglgtstyewmféﬁg EyFwsels’isAu andzﬂﬂg show a

t.rol F th h fl h
OSSR ot O o R GFOUBT o Py o
lin& Ok @}stén‘l 'Ikealﬂﬁmﬁﬁ@eﬁ bewphRARDF thGingk Addrésshdle ot valves of

not shown), by pressurizing control line 32B, flow F
Fig h2, onglhpfekcd/\togﬁhﬁm bt B differshiarrasemanidhan iehek Bigel 2 Fie. 16 is

rsection
= smehEit ShErE ¢ Al albRthn el PRt by drouen
selebtdd chankklS 26mipSiseedrad sluril }C?r aittte singRdnto ff Thieewd fF 1g 12, joined or
peristal sis nmaybe actuated by the pattern of actuating

netgprkedrieged®C t oget her, foll owed by 32A, foll owed by 32A
and 32B toget her, follomed by 32B, followed by 32B and
(0162 OBefdng fitsk o FiERl 132Acmd1ezsagamdﬁemaumfsﬂmmme 30 and 32 is
‘101, 100, 110, 010, 011, 001" patt wher e
shovei bt ehpnneli0rrefsprbly hagluid (o gag) Ba Fpasgag fheretirough. Flow

cha%é%s%g whidll| blztbr o'vé‘r.t A 'cﬁarﬁlﬁf 3@LEwas aﬁ!ez%lg/ &P&mdarﬁsré?n) is

tern eferring to the ﬁhase an act uat 1 on
preb@trmedamchhha mambmmzs S@.ﬂiﬁl’lg peer flet aha'nnelspmyt ter deprewsed into the

path o? ﬁovxychpos?38 ! s‘l?xuttfnrg](i)f%'I the gssage gtn ﬁ‘ov? lq‘ t eret oug?l as has been

explained. As such, “flow channel” 32 can also be referred to as a “control line” which

actuates a single valve in flow channel 30. In Figs. 12 to ‘15, a plurality of such
addressable valves are joined or networked together in various arrangements to produce

pumps, capable of peristaltic pumping, and other fluidic logic applications.
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[0165] In experinents performed by the inventors, a

punpi ng rate of 2.35 nL/s was neasured by neasuring
woheosdieevance travel ed by a col unm of water i nPCHiUS2004/025946

(0.5 mMmi.d.) tubing; with 100x100x10 mm val ves under
[0163] 2REMAIOD s aSAUAR BB, 4QykER for, ﬁ@swﬂimptﬁgpmgﬁfprowded as

I ncreased W th actuation freéq uenca until approxi mately
follg®s.H, fleam chanhelr3 Ones arpdurelity ef@eneraly paraliel floyh ehamnolg éi-c.” control

R

thrddgN Elov@RAN&B9E MM offurider inembrag RSA aveit intepeechion nﬁmi)ntrol line
by the inventors, none of the val V§Bf in the

32Apm Bowlchanneb3trpSigalaely; Gagneicherp) (N@%WI% gontest Line 32B,
ﬂov\YNE' %@8851% i, %%ﬁ%%ﬁigb% J{ﬁ?gg L\tnﬁé’lr}ném laht OB a@ﬁlteLiﬁ‘ttei's@&%n of

ion err Ity, ey are al so gentle.
confroBRhd B3 IR Indflo ch&mkl 3@wnped t hrough a channel and
tested for viability showed a 94% survival rate.

[01&4@16@1c f%on&él lirs 324" 898 HABCNY s@?ﬁﬁﬁélyrﬁﬁﬂﬂe@éabk Therefore,

hi ev e punpi ng rates vs. frequency f
perigtsissihay be actpataby thepasieemofaictuating 324 an{l 6_3.@ 7<]>g€|ﬁi1€gsf01lowed by

15A and. 15 h
2y e A A R IPA Gl LB RS R08 ue
togéﬂc%c bkl GRlsl dbrredpdplis tPd bilkeRvRan 8l | @, { 1(D‘0'10 hﬂﬂn@d)B’ pattern,
30A] 30B, and OCar e provi ded. Fl ‘ow channel

where {0 Dididates Eyalg@opeas sod “tlhmdecm Valop 61pSe4.T i peiwlligpattern

o e LB LA S T s e
val@e%f Sk ?&éﬁﬁﬁp?écc TN & gi&\qua@ﬁ%osﬁﬁlé %éﬁdlﬂgc@t" %ﬂd 3b° piiferns.

ersections o 32 and fl ow channel s
30A, _30B, and 30C. [ 016 h
[0163] uL GxpERIBISRISPC (f ‘%Hhﬁ%i“f?é‘?%& %tpglmspglggg%?ee%fc% 35 nL/s was

mea?sﬁl'e %é/' ﬁi@ﬁsﬁnﬁ? Ha (ﬁstiﬂcﬁ't&vél‘éd Eb%WoIMé‘ﬁbatéﬁﬂn&ﬁﬁQd 5mmi.d.)

ann downwar d defl ecti on of
tubifigNWwith166x KOp&d ﬂm vaj;vds hmdcmmbmruva pfdsewe oh4d KBi.s The pemping

a control line passin ther above
ratelﬁ%a%ﬁé@t%@atlgg reqyy ?.H.pr@flg& e(f&%ﬁl%n%ldi%g} was nearly
con%ﬁﬂtﬁéjrgﬁ ab \Feoﬂ)@lﬁ'z uﬂ%"véﬂf& aﬁﬁ\%ﬁﬁ?@ ﬁreddl {eQRigable and the

[ ng y varying the hs of ow channel
elastmmemnémblrane, c:eﬁtrolmhléng@s, ot bpndhayerBBer bepn pbsq@w%ﬁotfwé In

I
expeRERREPE oGt ting iErlEs oot oane YAk B e bRl pup
des&iEARESn sl'fdv@ an;lﬁgﬁ bl Wehr @ii8SeR aFePRIFRd then dfmislithactuations. In
system as [0169] A plurality of parallel

additicmwo (tlhmndm‘lalslhso theymals@ omtboB sqjg@rh@,fdi wnped through a

and SRR SRR BB A SRR Gl Channel s 32a,

328 32C, 32D, 32E and 32F are adaﬁt ed to shut off
[0166]u| Hig |16\y95a gqaph phowipg experimentallypghiege ggrgplﬁg raigs %a?quency

arall e 3308, 30C, 30D, 30E and 30F
forﬁ‘fpﬁ&“g fip ﬁg%@%ﬂu hg syst ems described above, with
the follo g
[0167] Figs. 15A and 15B illustrates another way of assembling a plurality of the
addressable valves of Fig. 12. Specifically, a plurality of parallel flow channels 30A, 30B,
and 30C are provided. Flow channel (i.e.: control line) 32 passes thereover across flow
channels 30A, 30B, and 30C. Pressurization of control line 32 simultaneously shuts off

flows F1, F2 and F3 by depressing membranes 25A, 25B, and 25C located at the

intersections of control line 32 and flow channels 30A, 30B, and 30C.
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nodi fication. [0170] Each of control |ines 32A, 32B,

32C, 32D, 32E and 32F have both wi de and narrow
weoantsioe®3 For exanpl e, control |ine 32A i s W HETiUS2004/025946

| ocati ons di sposed over flow channels 30A, 30Cand 3CE.

[0168I [Rig| )6, is amnhernﬂticlillm&ﬁraﬁﬁﬁof 8 mﬂllﬁiﬂe)'ting bystanh bdapted to selectively

di d f | h oD
e RGh o e e elerP Er e PoROTIgNS s Agsiueiflection of
mefrrlHi’MYleQ @Qgﬁﬁlﬁ‘h& tﬁ@ﬁasge%@i@e RAEBRISE6m a cc{n%”ille ﬂssgl ®hereabove

[ ocati ons where the respective control lineis
(for emnmlesscmbmats 27A,W5BL amh%ﬁé irt Figs.nidrbarsink B) Z8pends strongly
aratln the flow chann an the.c tro [ to
up e st S st AT ARG ERePY VTR e s ok gyanne
corfttd? thhb B9 ifh PRysf | PAVaRBESRIGEIs HOSTISIE 6 RGN, cogﬁeyﬁﬁe%ﬁdsy ové
the | ocations where the respective control line is

mulfznle Gawv qlremﬁle ryet gk B otuate (1.l ssel) esiredrflaynchannels. Fig. 16

. ane degre f pressurization wll

Illu’S/A“%%“Q“res hﬁ E%n%‘rasﬁ'étefg %I%BVSm ng depressed into /
e fl ow channel h’iﬁ?% Therefore fluid gassa e

lﬂl@ﬂbr SuPgEAityPf parplnl @cﬁxameaOA{@Bz@pCF gD de30F are

posmd%gp&r@gu{am ne o ;lgggn&f& %g\ﬁgoig %gad,g 32F.

Cogirotichamiejs 3228 GEICI 3ﬂD |32Reand BCFiase plapseuo lletftd),ff ﬂlIud flows F1,
F F6 in flo chann

il b ows. FI
2 S o2 oI et 8 S E! S
andSUF m&gw of*th@@awa speexﬁgaygafa.sgd ovkNi ﬁﬂ{éefohb&ﬁr For
exanpl e, contr ol es 32A and 32C can e pressuri zed
modificatieraneous| y to bI ock all fluid flow except F4 (with
32A bl ocking FI, F3 and F5; and 32C bl ocking Fl, F2,

[01F76] apdcH6p co[n@l)yﬁﬂles ByaAsebe 0320/ aby), BIEIRUSIE hi\G both wide and
different control I|ines bot h t oget her and

narspxy pytions elpreeaple, eongiod glne daynewidsfin fgogtions dlsmsed over flow
Vi te

chaf1L 30 SCmRE @S BB SRE PR, iat LA B Bonsfamoged

ovef 80y chafind1B 6B, 30MarldBOF, pad edtel 1i6©BLC & wideh® fochBais disposed
and by varyin the 0si ti oni ng of the w de and narrow

ovef Hgp, W’Kg BPBland 3ARs, “very conplex fluid flow
control systens may be fabricated. A property of such

[0131]st Abtheilscdtioas wihtreithe pepetibt eoritm] tine ik Wﬂeﬂ;@pﬁﬁbﬁnﬁé‘tﬁiﬁ will
channel out f n flow chapnels with onIy2

cauge i MAMATIIRIES) EEPasing @mﬂ% el 3uckihg Korfod g 1 devyess

I
LAY N TR 4 R I et
Conyerspbniti thalleatidny wbdre dwsmsmntlwmmﬂoé lind 1s31arrbwam_embrane 25)

wi.tchable flow.arra stemis_.provided in_Figs. )
will g% Q. Apqpranel e SRE S5e DOMPRTEAR G WilRa gesult n
merhl?ﬁéﬁé (25? b8eRShE WBpreLd iftO theA o Qﬁﬁﬁ%ﬁ?# ’gll?érgfore, fluid passage

substra havi ng a bottom surface
thereunder will not be blocked.

[0172] For example, when control line 32A is pressurized, it will block flows F1, F3 and
F5 in flow channels 30A, 30C and 30E. Similarly, when control line 32C is pressurized, it
will block flows F1, F2, F5 and F6 in flow channels 30A, 30B, 30E and 30F. As can be
appreciated, more than one control line can be actuated at the same time. For example,
control lines 32A and 32C can be pressurized simultaneously to block all fluid flow except

F4 (with 32A blocking F1, F3 and F5; and 32C blocking F1, F2, F5 and F6).
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pattern of recesses formng a flow channel grid
defined by an array of solid posts 92, each having
wobhas/ostmanel s passi ng therearound. [0175] | n pcefuseeed25946
aspects, an additional |ayer of elastoner is bound to
t . s . i f .
0473F  ERRRELR) Byt MR MRl AL, CoY b oA in
varfdus sequenessp e mebac degee olf flwid fiooncor@ol ¢enche abiiBved Bloreover, by

_bot.tom vi ew of the bottom surfac t he sec | qyer
extgpdipg GSHRIFATPL DiSteShiMPAG thucs gétﬁ@?ﬁ[ﬂ%@%ﬂﬂ#ﬁ“?ﬂ@ off e than
foﬁ&aﬁh&ﬁfoﬂ%l Hﬁes(??f, EhclP,ﬁiI '\}a&g%ttﬁé? oditidiB8e 9BthdRHde and narrow

orizontal ™ control lines ertical" control )
regiomes tecontroblindseverg vempledtfhiid flew sahiselgysisms megysbe fabricated. A
"horizontal" control. |ines 9 ave alternating w
ProgRRY RERFDAYHERE FOHE it BPoSHblRe Lo o7 ar BragphrpiietSut ofn flow
chdn@¥8 wifltodl$ 206821d)iconesl 1p¢er top of el astomeric |ayer
90 such that "vertical" control lines 96 are
positi oned over posts 92 as shown in Fig. 17C and
"hogi zontgl." Lhes 94 are positioned with
the|§'r V\Aggltﬁ%ﬁ?g%g‘l%%%%en posts 92, as shown in Fig.
[01%4D. If 9dtZAbthAs noweh elmbodiarnt, iffuidpaysagt ©an bukelnctively directed to
“vertical" control lines 96 are pressurized, the
floyrepsithaiof 6Wo pr@endicwar Sireshions. (AR PXAle of ﬁ%sg %yypWitable flow
) G AT Ol | I B2 first
sl REEE oV aEh Kl LA 0 F TP pEle L PR e B b fir
layevafreldshenardOa(orahy bilensutzhlereebsirde)c havibgs bbitawsimfacsniigh a

pat%grll gﬁ%&ﬁ;g?%éfﬁig?ngf&gﬁév\ggk{pglgté%ﬂdq? eé:béf%nfyr\ég\%ﬁ Iéqc{l?d Il)(}/s%s 92, each

havill@fb% QRbels FRGLE AlerddrfiBR. 94 are pressurized, the
rane of the integrated structure fornmed by the

menb
0184 SHaPBETod SGis gt BGEL L URR RS T L B e
of 18Y&90shieh eat AMidolow bLavbEdpniedls diresrud toimbye bither i@ direction F1,

regions where they are widest), such that flowin onl%/
or pependicylgs direction F2. ofisd] Peista koom Yieyjof ghe bottom surface of the

w5 o35 OO S T g

["'ow arr ay
“vegifuadt doptoblindsranandrithyrizombal e bagtod imes 94.1 ‘@yatisal” vbiitol hiaes 96
vertical vias passing, between control |inpes |

havgithy ynviddh Hsraiang Whergge morizerfal” cgptrol ey o bos dlieempting
Wi(%l aﬁﬁ'nﬁﬁ%@?ﬂ?édsn%ssh%&'nar e connected, they may be

ressuri z romone input. The sane is true for all
izontal flow caontrol .lines 96. 9. |1 .Pen 80
o181 y Efeslemency i 53 gpericianed fvariop AEClanBusHt Ty dhcbyhat
“veiita®! @LBIEAL DL PELitRAGRIE: RRtW s HEAN IR FIRATO AL €
organi sns or other biological material. Figs.” 18A-18D
“hogitzomtal” control lines 94 are positioned with their wide portions between posts 92, as

shown in Fig. 17D.

[0177] As can be seen in Fig. 17C, when “vertical” control lines 96 are pressurized, the
membrane of the integrated structure formed by the elastomeric layer initially positioned
between layers 90 and 95 in regions 98 will be deflected downwardly over the array of
flow channels such that flow in only able to pass in flow direction F2 (i.e.: vertically), as

shown.
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pl an views of one enbodi nent of a cell pen structure

i n accordance with the present invention. [0181] Cell
woemsacoxmy 4400 features an array of PCT/US2004/025946

orthogonal l y-oriented fl ow channels 4402, with an

[0} ar/gesin'be&ben it Figl i PDewH4P4harizohtd” tontiet Hres 940ate plessurized,
alternating fl ow channels. Valve 4406 is pQSI tiqned. at

therthembriane ahibe inagratedstrugiuratosned by therelasiqmris lavgy4nitially

t 4
oA SRS IBPoT i 5 HERBionE N L B RARCALERE Oy over he
arreanfiel sharmels] (bait aniydh thep@pions whemsuh@y arp 0A8s5}), Gedhl thgeffow in
array 4400 of Fi g. 18Ahas been | oad V\flth cells A-H
onkyraile e Bdlay ﬁ%‘%c\‘illoélﬂl(}fesb?liﬂ@&ta ?§1§ A8B- 18C show
t he accessing and renoval of individually stored cell
[01G9by The degignilhgptratzt ve 1g$4D75¢\4ﬁhalba|WsWeﬂWlmhdlde cﬂo“a@t]r%cterbte

pens O4a and 4404b, 2 orlzo t al
coRFaRisa tomn ¥ < ChtonldNeRy PRl Vil by pegy een
corﬁm&xe&nvtﬁfféﬂeﬁtaélaé‘térﬁ&&‘l@ haem @éC}u‘ﬂl@@ 2 A10ver @i Yo wC&InkroOlines 94
Fig. 18D shows that second ce G is noved back into
arei dogngntddo theyasayt beopressuriged fropenne arnudy Thesranaip trus\fer alf heyizontal
q t he ﬁ {lectl gn of liquid flow through horizontal flow
OFHRRHR MEAG%a. The cell pen array 4404 described above
is capable of storing materials wthin a sel ected,
addr essabl e position for ready access. [0183] Wiile
t he en‘oo@e K8 shown and descri bed above in connection
(0140} 6 5 Y8 SulBF ol o PR r B nti L UE BB Mructure can
be uglgdd to ammmMe bl;gahfsmsmr eten b1oil<rgw®ﬂ1 triatanial. (Figer18A-18D show

configurations,. incl I 'inkin acent. v
plagvics Ghane cBRUITAE OB CrIFBLRNIE R MeAeEOdan G Chedrsent
invéBliye surrounding an inter sectl on, are possible to

provi de the desired fl ow characteristics. Wth the

dent I t h h
018D R e o, Bt Rt ae e RS sy SR tert oy ghanets
44@@ With z&een%géd TR E@lict@RA0¥ al the int6eedHon G hitRatey flew
ayout M crofluidic Large-Scale |Integration

chqrmlsqv amémﬁﬁ ei/wusor@é @t theenianpe@ad exit BEepcHmSB Siragfie 4404.
Pe%sé% Flg\éﬁmp stsructéf °5 4% Lfg)eﬁl%ﬂé 8“ L:Qf:h h%ﬁg@ﬂtgloﬁox@ @Hannel and on the

SCri ed met

vertig#lrflosaéiangelt mmhgm GHllcpealstt&GtureFor the relatively
sinmple arrays of mcrofluidic valves previously
crd f
T T Bt D
previvgklyaorted) - Figt.cl@Bal & sl thealcc@bing tied yeroawah of indévidually stored

R At RLSTRD ST oo e s
pu e--.g1 531"’%&“5%1‘%99@ ASPM2a Y@hl\é@%e A6 @ Hang! Hhd then 3) pumpmg

nments o e present ention provide a variet y
vertical flow channel 4402b to remove cell C. Fig. 18D shows that second cell G is

moved back into its prior position in cell pen array 4400 by reversing the direction of
liquid flow through horizontal flow channel 4402a. The cell pen array 4404 described
above is capable of storing materials within a selected, addressable position for ready

accCess.

[0183] While the embodiment shown and described above in connection with Figs. 18A-

18D utilizes linked valve pairs on opposite sides of the flow channel intersections, this is
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of techni ques which nmay be applied alone or in
conbination to allow for the fabrication of |arge
weaeals®6039s egr at ed mi crof | ui di ¢ devi ces havi ng PCT/US2004/025946
i ndi vi dual 'y addressabl e val ves. [0185] Enbodinents of
not péqgne&j 89% ﬁe%?&ggﬁtwnd'éthé{eoﬁﬁghﬁu&%c ﬁfcﬂ@&ﬁhtﬂhh@ of #facent
sent ntion contain p networks with
vameb of Slamﬂ&s@hom arrindapehdanit ecthaticel qf@gclamivmmueadmg@p

et e & BV AP BOIE 6 EPGRION LA Byt Bl e independent
valee' Achdtibs afqﬁf QﬁdhCIﬁﬁﬁ?eq'eH% dhBuldedBcoptitlc tha k@QEAaL bertrol Atructures
onponent these nétworks is the fiuidic
Wouhil bt luphmdoﬁor caghivelvej eoraplicating detien le¥Putar ray of binary
val ve patterns that exponentially increases the
processi ng power of a network by allow ng conpl ex

1. f 1 ui Nricmuptt Bar@nScalk Ditegration nal nunber of inputs.
These integrated m crofluidic networks can be used to

- 0184" S’fﬁ@ﬁ%ﬁ%ﬂ? Sé&l&? Flgé $sBlibe AN AEhie frmé‘ro'%ﬁ’l%@ﬂﬁi &% substantially

arra ui dic menory st or age devi ce
leaHp@@cﬁTﬁhH iscejatet, @ntl hanialso deseribed metheds fqréahnca%@g these microvalves.

Control] of _Flow Lines b exor 6
For ghf TV BRI e kel B VR Bfey o Hesr en) §Eh Hid
flov Qh g§ b@EbrWotlle By% %WnQH&Qfduﬁf v donfbl EHaNES]. However,
ove ying a single set fl ow channel s. Figure 19A

sucls h nms—uateguaw;ilcpﬁﬁr@@tlpt@gﬁ camrm/be pragtieaby implemented for more

n1crofIU|d|c .bin e multiple
confy S St B aR Bt S UL R 38 SREY 80kt
addfs@HIOMRYes| 2URbrdesIN, dntbodifierfts of the pfestrttievensibn pydvideea variety
control channel s 1902 defined in _an overl

of t@ihaBLIU@WhlolhaW ba applied alepe eninreombingiieg te aﬁ %Pﬁ the fabgication of
gg%tgff tét'&f?%ﬁttail #gcro?l e a8 %a%'ﬁg \{‘@r{iﬁﬁﬁaﬁﬁl&ﬂ?&sﬁﬁg %}al%se

T anes  t or ne eI ntersection
the wi der portion 1902a of a_contraol chann 190,
[0185]f | Bwbedizients of i’@&i@denﬂ% naerpﬂa@%ﬂum ‘é‘&gﬁﬂf a‘i‘°§ “é‘ﬁb@‘n& gresent

1nve§19&o£|1?{ﬁta%1¥mﬁbﬁ ey k rtﬁ&gl%éréc?{cff gﬁo@éc?ﬁg&eﬁ ¢hR€s and

hundtdds bﬁirﬂmdueﬂshyraddtessabla ehabﬁ»ssd Taset ﬂmd@mmw arorapalogous to
in pressure reqguir to aC.tUtea rati o

cleaoniR BN LS FOHCHER SHPB e SAIFa SR OR. Accomporct of

thes%%%[v@ﬁ%?% thé ﬂ&i%?d m-tmﬁlé?& td/lﬁl:l?ié%rcoﬁiﬂiﬁlﬁéﬁﬂl Qrra{ 8YBinkFy valve

in the form of a binary tree of valves
patt\ahﬂ Iteat e&pdmesu&igansehm tlse pmeessing pofver vi)a reswark yr allgysng

of f channel s t he .nmu | e
conjple bb‘g atloé‘ﬁé"ﬂﬁ’caomlﬁlgt ?Lgﬁb%fo bné)e i/ gllqlos e@gﬁ%}
m1ck<§ﬂ1h§‘i@ n@%w&rkﬁéa%)%r usS@tEEInStri A thAmsdroilidicehalog ®ff a csmparator
at n flow channels can be addressed with only 21og2n

arraofcamﬂraonlcmfmrmg memdrp $R8jzeEpvigs resgmpling PlﬁPté@@%lf%PWCCGSS
6sterrs the power of the binary system becones
me@Piant : only about 20 control channels are required
to specifically address 1024 fl ow

1. Control of Flow Lines by Multiplexor
[0186] The use of multiplexor structures has previously been described in connection
with a single set of control lines overlying a single set of flow channels. Figure 19A
shows a simplified plan view illustrating a microfluidic binary tree multiplexor operational
diagram. Flow channels 1900 defined in a lower elastomer layer contain the fluid of

interest, while control channels 1902 defined in an overlying elastomer layer represent
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channels. This allows a | arge nunber ofel astoneric

m croval ves to perform conplex fluidic manipulations
wonzbdsioaodbese devices, while the interface betReewS(ve/025946

devi ce and the external environment is sinple and

robust. [0189] Figure 19B shaws a sinplifj,ed Vi
corsol es perui R P BB DR A UV REI Llges LUk at Bfned
by I\%J HEhbFSed PrRAcE o HaRGEsWiHoR of B Widesssttioh NYENH d fbontrol
't plexor structure 1950 conprises control channels
chai@bP1 §03rwigha flnwaohaehel 4 9oMeThd 2ojuationpesspyie igctdsemso that only the

.channel s 195 f der | yi e I
widg,BPBrange ey ¢Rleetelo i B ShATIeP PEt0,) SHeelfoatiy e
muli1b4d}sBu etk bided Wnghd Sp MdtdabPingressukb@uitadtpratingts a valve
atertiary tree of val ves, where each stage conprises

as thierratéo of contrpt ehappeliwirlthsflew shansel widiiyis degreagsd. ¢ hr ee
total groups of flow channels. Each conbination of

[0187E N/ THeasdltdpleabytuciute stvevrinlFigyk é2Aris ohe farel efd binkgriree of
a single channel, so that n flow channe

cap be
valyerivberssachufiege ssicls apeghshiwodAta] sxoueﬁahﬁ%\wgﬁaw&%d? the
R B B LK G O, A ohRRAdioR o opy LR valves in
thelBvliBlexay sdietgton e singtd dhynmed proghant faiw charniels cai trp laildriegsgd with
crosssectional view of Figure 20, wherein second
only) Zheg28 antirel ¥ defining control channel network C
overlies first elastoner |ayer El defining flow
[0188hn M3l usieg moktipldxed [valye systahs thropewes ofthe hipargsystembecomes

Fiqure 19B is.th t efficient designethat
evigedy obly shaul 20 so e Goemerses s auyd Prgt ki T fow
chdn®ieRE TRUSRINRE Mrge @8bBr ¥Rl deorh&ridnftréfated typeif@necdsplex
used for the base of the log. As fractions are not

fluiggenanipplatines withia thesadoviees, Hhilathe inpriage betwep thegleyice and the
oxtGine| G Ry S BRI St io e (2. 71son) .

(01891 | dTigiey SBRheWSA BERIZA R TIDH 64 SR SUTEH g Bier of
o i P At B e i S 95
corfpiidess @bntcolrvhsnmadls BERdoRnddintanplastonier Base oPerBasgfl@w channels

Structure [tiple Mul 1 . .
1954 of an underly'vllfllg ei storri(e? I’layelr.l (t)lpgrlat%(go lrm er ﬁlegsa;ﬁ% physical principles of

the multiplexor of Figure 19A, multiplexor 1950 comprises a tertiary tree of valves, where
each stage comprises three bits ("a trit") and selects one out of three total groups of flow
channels. Each combination of open/closed valves in the multiplexor 1950 selects for a
single channel, so that n flow channels can be addressed with only 3 logsn control

channels.

[0190] The general microfluidic flow architecture of either of the basic multiplexor
devices shown in Figures 19A-B may be generically represented in the simplified cross-
sectional view of Figure 20, wherein second elastomer layer E2 defining control channel

network C overlies first elastomer layer E1 defining flow channel network F.

[0191] The base 3 multiplexor of Figure 19B is the most efficient design that may be
used to address large numbers of ‘flow” channels. This is because the x logy n valve is

minimized where e is used for the base of the log.r As fractions are not used for the base of
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9 23 27 +4 12 64 81 +17 15 181 243 +62 18 512 729
+217 [0193] While the above description has focused
wapes/oeead ous nul ti pl exor structures utilizi ngPETAGE®4/025946
havi ng the sane base nunber, this is not required by
an dchRl pluitidator) thy anist efficicAt meltipéixo srustiyo i avhieved Bhere the value
mul tipl exor structures. in accordance with the present
of Ry b iteEeT PR A6 88 ges of unlike base numbers.
For exanple, a two-stage plexor consisting of a bit
[0182]ag®o aigihlight thistpoirttaGable &pompans theteiiéciensytofdhd basp émpultiplexor
.way of addressing six flow channels. The order of the
Wlﬂ%fh&d’%e?g“%ﬁ‘@fﬂfqrary, and will always result in the
same nunber of flow |ines being controlled. The use of
mul ti pl exor structures corﬂﬁﬁbieslgng different binary and
tertiary stages allows the efficient addressing of any

nunber of "fl ow' chan@gj & Rak10% Einkhie product of the
i

nurigre 2 a0 s, [0l R (RS | aniasaiicny
use Wl Te nuniper exahp-e;—Ve—may (aBag PRIultiplexor
us edonEl{iReShase | nunifase 2i f necesBages Hoyever ,giucture

efficiency in utill i Mattipdexoof |coMultiplekpmes di mi ni shes
as the gunber of [contrgl lines nmoves away |fromthg

value—oi —Fht-st-s—showr—tn & gur 733, W:LILLI” pi O_i_A}S

t he nurr%er of control ?J nes versus “’he number of [ ow
l'ines b@ ng controlledé4for nultipl8xor structured?

—having different [base jgynbers|. [019 The [ st andangy
miltinlavor ot riidt nir nc revi-ousv—showr—amd—d Hal
LEAC o e SA AR StTugtour-CS —PT TVl OSTyS1ITowT daffifu—ucoul cu
a suitd¥l e for mainy appPicatilons. ver| altertative
enbodi ments of rmultiplexor structures nay offer

or BTG G SISk SRR EE o
util%%éte[geﬁ ﬁgﬂﬁg theS@hleabdminie?, 1B1sNE hot' RGHiRIASHYOthe BreétitRavention.

nted cross-contam nation attributable to dead
Altarobtiveesnoeimends o fmuitipdexonstrustwes in ascerdpafieriyitly thepresante

. 28 shows a sinplifie an vi ew,of alternatiye

inv OB TSR Bt o s Bt aifipRis, Hor SHAFRE™ infEstage plevor

con'biamg;&ﬂ Dbt st‘é?é i 4 eR1EE Seplestits kb A fefftgad wagldfaldressing six
[0197] Specifically, nultiplexor 2800 conmprises a_ flow

flove blaammels. e wode of Boatagayismghbigaypprd WHpelvayorgult in the same

rranged . in the f | i -
e SEA5H s 5 SHERTIE' T i S b e R e
differedt lﬁﬁ@xgmﬂdtt@ﬁbiﬂtages hiddvestha 80rern addi2&dgdbof amychuhibenof/ flow”
stage 2806c¢c control lines access of the flowed fluid

chapeplpiet we txgpadedt of e mdgrschatkhdl net work. The
control lines 2806 are positioned to | ocate control
[0194]! VAsnREpRxasmay oseetvably use any base number. For example, five may

also be used as the base number, if necessary. However, efficiency in utilization of
control lines diminishes as the number of control lines moves away from the value of e.
This is shown in Figure 33, which plots the number of control lines versus the number of

flow lines being controlled, for multiplexor structures having different base numbers.

[0195] The standard multiplexor structures previously shown and described a suitable
for many applications. However, alternative embodiments of multiplexor structures may

offer enhanced performance in certain situations.
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possi ble to each flow channel junction in order to
m nimze dead volunes. Additionally, a final input
woOi2os/ 088304 of every multiplexor is allocated tBCTAS2I04025946
a buffer, thereby allow ng cleaning of the contents of
| .
o337, Y BN 3t BOATR G na Foppged sl
intOehet espivrisqife chi, axmag}:ed ofosé-bentimipeticmatmhutafle tcadagd volumes

scale jntegrated (LSI cr.of | c _devices.is .the u
befeRERPpIE foayer dvordiod, Pighe 4w RrpiE e igh of an
alté%ht'ﬂv% SR Rt BhSH £ %Hﬁﬁlﬁgﬁeﬁor ﬁfu%&f@ofaﬂie pROYR ifvdRtiah, WhiSNVfeatures

one enbodi nent m crof |l ui dic device having a
a rhiniigemoddeadovolimnne controll ed by a second contro
line. Figure 21A shows a cross-sectional view of the

[0197£r @Peb’ﬂﬁ@hl"iy, mtl-ﬁlﬁXQfZSIf_)O @Ufnpriseh.a floik ElihnabloRgwbiki B802 having
Fi gure 2 shows a cross-sectional view o

of
sample inpuds 2304 Areiingedimvhe shape oFk fuidic put reg dronirod liges 2806 are
arrI | ] rlpitg 62 %t\i%esf %v%ﬂi%%%}t and% c%f é%ldgérg/ F‘a;tés%bgg gnc?%&%b and binary

ow C anne orne

stak@ PEIIERDhtrel lasds QoEdss bithe ﬁloﬁlk@ﬂuld:ﬂorcﬁttleCZBﬂSrcﬁ’lthe:ﬂm BRdnnel
networ k 2106 including first inlet 2106a in fluy

|
wlﬁmfﬁh@;@ant@h ligs 3500w posinned i e spainpinalyes 8B assigse o
asi an 8
poHiCF el Ay g Tu BRI PileFo A RRE 0o Rl Hhdditionally, o
fin2liapi 1ofe 218il 4 of evapnmudlipletmninalocated vwrdeeié @ Guffag ithately allowing

vvlden portion 10 overlyjng.first flqw channel .
clegnipg g Cik? Caa?epﬁé)ffzﬂi}f‘r g?wx?g?lvéiszﬂgiéf?ws%’é THELARBY . 2106¢
of first control channel network 2106 incl udes w dened

port| on 2114 overlyi n% second flow channel 2102b to
def 2ne s&oohdl afflanirod Ligs by @M]C@@@bh@e%ont rol

-

oSSt AP R AR D SR RS

mieeEnidid Fidee tOmd ued asthoNBle 1h;aet§6f cbh681 mTém Fiaeed 20018
channel 2118a incl udes w dened port| on 2118boverlying

illusiratg thip ﬂmrewlg Tosweai shows e plaa e PT evapmadimentgbpuicrofluidic
] ui

ety § REEHRAGnf Eodrollcl B3 bl ShEEAE MLz 214 shows o
cro@§sécﬂbhzﬂwiew Af fhewnidrdfiuidic dsviteoftiguranil plakat sidng Ene 21A-21A".

present in flow channel s 2102a and_2 Appl i cation
Figyre 1B shoye i @ossosecHenal viegt oféﬁfﬁww wﬁwﬁ&ce g 2T taken
aloéé?lﬁeﬁf‘ﬁ g the nenbranes of valves 2112 and 2116 to

ect O\Ahvvard into their respective flow channels

[ R N

lov&‘é?ﬁbEt@las?d?ﬁé?rl%l'er Q?G)AWOF st 2ol ‘éﬁé&ﬁt‘%ﬁ nét%rmrlﬁélﬁdi‘ﬁﬁ first inlet

val ve 2122 to deflect downward into underlying first
210fradn dhiddddouninitjoroith firss andspeondbragthes 3é06mantdwbliOke, is formed

in %flegg%d érligé{g?afﬁllf ﬁyer il%% o\égrlgf/lgg %rst elastr(])metr ?ayer i(ﬁlc tlﬁr%t branch 2106b
of first control channel network 2106 includes widened portion 2110 overlying first flow
channel 2102a to define first valve 2112. Second branch 2106¢ of first control channel
network 2106 includes widened portion 2114 overlying second flow channel 2102b to

define second valve 2116.

[0200] Second control channel network 2118 comprising third control channel 2118a is

formed in third elastomer layer 2120 overlying second elastomer layer 2108. Third
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all ow ng the pressure within the first control channel
network 2106 to be varied without affecting the state

woh005683932112. [ 0203] The general architect ur ecofustdee/025946
m crofluidic device depicted in Figures 21-21B is

j i I
corﬁlfbggf?ﬂérﬁléﬁﬂ 189 idifies érieti E@Hm‘ﬁ 0385 §€& 1N Bst ¥ia@¥h 2106b of

2. Specifical | astonmeric device 2200
ﬂrsd:oorﬂrdlshmnlebnﬂwt)ﬂ@lkﬁ)ﬁtto[ﬁmn Vaye212Z2l defining flow
channel network F, underlying second el astoner | ayer

[0267] dgfhk mmﬂmdicsaev@&rmmg&atmm@hemmwm kndsl be dfiefa%&d as
control channel network C in turn underlies seco

followrst Pofluidibatigto b?étl%mplkla@ ig pragent 51 fpsy PhrnaelgiZlA24 fad 2102b.
d el
ApBﬁéalrnﬁg%Fr? ﬁ ggﬁ ui dl C ev%gtéglo%g |eé§$tlé&ls %%r@q %@&dﬂhmiinbranes

of #eGII1he dn@s1 teionifitationaataadlinta theirtréspeetiedfew ahanels 21022
el astonmer |ayers, this is not requi regj by the present

and B2kt thergby Nalwg@ vy fheongh b flaw of I ui di ¢

structures in accordance with enbodl ments of the
[0202F S \piplitaticandfiagnessemtto sécogd cuittdl phannetingtwotk 2118 dansss the

memaneqssANER © el Gt M pd e TrLBRhat 21 Suty of
ﬁrs\f"'cctnﬁfdf I é{‘gn%isne%%oﬁ@ﬁ%[ GOl x5 itEHN Ave? Bl 12N 8 dBflected state, in turn

si np pl an view of a mcrofabricated el astoner
allaleing te prnsshmdwmlgnﬂlner Bist congrod dwone rebwark 21 86 tebe vasgouithout

00b, branched control channel network

aff%‘@ﬁ%%ﬁ?)‘??ﬁ%"??[ﬁ channel s 2300a and 2300b to define

val ves 2304 and 2306 respectively. Figure 23A shows a
[026Bbs The gendralrma¢hiterave of the rucrafleidisr dayicedlgpisteddn ﬁsgltsﬁ%%l -21B is

d f, Fi
surﬂ%\ébﬁ g rtl}h 11%5%@68 g’rgs% slaeﬁfe{ a‘?Lf Q&g%le }tlglgrle és i 'Sﬁeé\}ifalyé'éﬁstomenc
deﬁ@é)ﬁzooaﬁﬁlphlsésslbw@ﬁrﬂafsﬂimfﬁ h‘@l&ﬂ Bl d2ffidg diefs dhadnélmetyppR T,

el astonmer | ayer 2310 0206] . Lower el astoner, | aye
undeglytngesecehistarag laves Ealedning irsigonpkahiancl ﬁlét%[{v@zl i

congl%# ghe[nﬁ’x@ x;m’fiﬂrﬂ A dhdel er§ %e&ﬁé%ﬁﬁkol%ﬁ%ﬁﬁ?ket%%@@Cﬁ%at is

ef I ne v ccor |ng igure 23 ows a
deth{ed&@it}ﬁmﬁﬁndcnmltom@rdnwnﬂ%t he m crofabricated el astoner
device of Figure 23, taken along line 23B-23B1. Wile

[OZBEFS Wllﬁllé the Eﬁ%o&ﬂf%’c &1 @B droahRAR QWK JfdY, re@@ﬁ@lB fid @cribed

channel network 00 and second control channel
as lvtéﬂg/\fabhczzaiﬁomrtbres epzaralt elaatothed tayeust thisis opkrgqtirethly the present

N T e
of B %ﬂé@@ﬁt iREInYIBA KeaturBpdnlBiplek&d cailtRN ifds MBS ¥OfkricdedBllizing

thus be present on a single é)loower) el astoner | ayer El
onlytao elastomee tyaisd Thys appoeash is siowatapdellusirgied in ponnection with

F1g91§gs'2g-i)3%.only a control channel network CI.

[0205] Figure 23 shows a simplified plan view of a microfabricated elastomer device
including first and second flow channels 2300a and 2300b, and first branched control
channel network 2302 overlying flow channels 2300a and 2300b to define valves 2304
and 2306 respectively. Figure 23A shows a cross-sectional view of the microfabricated
elastomer device of Figure 23, taken along line 23A-23A", with flow channel 2300a
defined in lower elastomer layer 2306, and first control channel 2302 defined in upper

elastomer layer 2310.
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[0208] The mcrofluidic device illustrated in Figures

23-23B may be operated as follows. Afluid that is to
woeoswad3esll ated is present in flow channel s 2380@Uanm®4/025946

2300b. Application of a pressure to the first contro

[ozg)gg“ Rhwed BLa VB hdEr %gQIZZﬁﬁgﬁﬁﬁertcBﬁlpﬁ_@w 20615 &fnt\AbNASel network

4 to deflect wnward 1 nto their respective flow
23 thamniigaindafeath finst casoGshanted 230R tovdefing malve 23t Aeeidinely,

.the ow channel s. .[ 0209 i j
FiEUBC AT SR 4GP AT V1ot Ak a5 SRk Bafpfer tbficd &
FigWed s anenonsalnee 33yt qvidrigreeht inphesand Qbwer) bRastomer layer
overl'ying branch 2302a of first control channel

230fe tlowr thapgd netvitnk 2300 sudsecord qaatipbclrnmal nefwerks2312 are separate

flected state, jn turn allowng the pressure within
anc?ﬁ%n?tilpgefsegto%eragf)éhﬁ%tvvork 2302 to be varied without

affecting the state of valve 2314. é 0210 n coﬂ rast
[0207] h Asvepieseied idhe sigmbfiad ProswroglPRAl 1ew bt R S&kate flow
ché[}%ng{r‘f’é‘t%&lkqb &md.gogmgg iRnflRHER Clindrphul 83pHEER h ¥ ahye

oper at es ecting upward 1nto an adjacent
(logern)telstonadrasyee E 1 itht iesyolagibyt mother elastoatee thypr B2 dafiwing only a
Large scale integrated mcrofluidic structures
contrpl Shyuie ?ﬁﬁﬁﬁ%égh upwar dl y defl ecting val ves may
i ncl ude fl ow channel s having rounded or arched
[0208Ds Sheaviciofhuidic deviieillubtraiedinkigwes 23-338Bmaay heoperated as

el o b ES5E Bl PN o B BRA b s00e
AppliEioh&Ta ppQRRE itd tHedirkt vtr6Neband] sicfvork B0 tdisednbp @iembranes
and | ower | evel s, both the upper and | ower channels

of paledssl3QM ty deflast downward dntorbrir isppaciive flox chanugls &300a and 2300b,
di,.scussi on of ' [ and performance of such
1he%W@%%ﬁ%ggg&ﬁ%@?ﬁﬁgésgkﬁgghﬁé&provided bel ow i n
Section 8. [0211] The approach of Figures 23- and
[0202] nefyprdisatinn ofiazuessurs P AgGosd ae@#&wgﬁt_&}el BFiORE £2p &ies the
megn%%r{eodf VaKRD 3SR PRI & W& ttHlel@l‘lgﬁ%’brXﬁch%EQa of first control
avi ayers. This is

ng to resort to nore { hant wo
chdnnblUsdtwatkexd 02 n Thisrfjxes tel vatvedt1 K ifritg defdecRS, stath,i inlurn allowing the
repr esent simplified cr -sectional. vi of. a
prefuze Bt e Ars cPRER el o3 638261%\’3&6& §'f b3 Tesing fh gt of
valv@¥8{4 El having flow channel network F and second
control channel network C2 defined therein, underlying

7 AR o e PSR A b s
FiduBRrBLIBB fdddked] a vhIvE thaidgettitel By diEetigs whvdrt 246 @n adjacent

control channels to control other control channels as .
condtd wharmebindesponsdiednictevated maessien Largersorle grfegrgteg migrpfluidic

B
hail@roy@lded 61 Welidd. créRepineid Faallitad valvt 2iButes irenmanes dimilar to
thaft (lilgs%f’i{)gdn%olvg l1/r'1 connection with Figure 11. Thus in a two-layer microfluidic
structure comprising flow channels on both the upper and lower levels, both the upper and
lower channels preferably exhibit an arched profile. A detailed discussion of the
fabrication and performance of such upwardly deflecting valves is provided below in

Section 8.

[0211] The approach of Figures 23-23B and 24 may be utilized to introduce almost

unlimited control over complex flow functionality, without having to resort to more than
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[0213] Specifically, the sinple nmultiplexor structure
of Figures 19A-B allows valving of all but one of n
wohas/ostmmannel s gi ven only xl ogxn control channeCs/us2004/025946
t hereby allowi ng flow through a single channel.
e IR lified
e B PR U AR Rl VAR 1 e

crog§€ectibniligew af ¥ ﬁﬁcmﬂyldhﬁstﬁjct’aﬁb Qﬂbﬁemm}brw@ﬂbwr e]dstomer layer E1
utilizing a nult|€I exqr havin

haying Hg¥rphapesieeyork Frigd seqond £2 g 5ﬁ§$%ﬁ8&%%§?'d&ﬁn?@hefem
un@egﬁﬁ’ggllﬂppe? Rkl & I}/E{E?M‘hz{vﬂ?g 49 8raff e Bird LbMES chénnel

cont I nes, as previously described.
neﬂﬁiogkﬁ(élé’fﬁiﬁlj cﬂafmbdﬂtewnone enbodi ment of an inverse
mul ti pl exor structure 2601 in accordance wth an
[Oﬂﬁroqﬁk Hﬁ&{)ﬂﬁfdmt J@l&ﬁﬁﬁl@fﬂg doRtt6Tihiafibls Whioattolbther d@frol channels
tiple layers of control lines. [0215] Parallel flow
as svarmaidslega e dfio comwciion with Figiressd 1233 effess ajmanber gf edvantages

h Y
ovd Shraiicaft RS RRtE SryiFaroRfavE R HRisks SRR GAIRE! Rk, One
poﬁﬁﬁﬂ%@vﬁhé@é@Eﬁﬁanb&yﬁhc@dtﬁllghafI ng a conmon inl et
2602b. There are t he same nunber of control channel s

0730 e AR o e aERRUcAlpslggachiving o
alleat dsmmnm\n ghédnew givearmdy slog,ﬁmontml cimhncie, thedebe alGtidg flow
[0 At a point between coqm) ql et 2602b a g tlgﬁ
theprghis. smglswhélﬁ%nlépwe‘é?rs Bfgexosgautighreg daf Ao not
T
actaawp uiikiing a walliislsx@6ibinigrihd samd mmmyan{(xlagm) aomttoltlyle@f
actuabl e nenbranes. In certain enbodinents, this
[Oflﬁf?lrsglcﬂ ?ﬁ%’ﬁﬁﬁalﬁ% iC AN ER, dvialifiic BRbh dg'ﬂ tRe ukd6f control lines to

| exor formed in a third el astomer |ayer
comivad okher ngnttcﬂ éms% @® pwveiuals/td@ﬁ@rberlayaur@ Shilkisipteg ong ergbodiment

control Alternatiy

of FERBRR OB B A0 A pRRRY Fitani W bSRESER Ot e presen
invRBtidg) fHRch 1htﬂ1zfe§1ﬁ1uﬂtﬁplétay8ﬂs®$b@ﬁfﬁﬂ linaS/ er, al ongside but

not intersecting with, the flow channel net wor k. [ 0217]

r:
3 JARER Y s 108 AAMSERS, AL RS SR by
coftfil ch@neC hetivoed ZMMphsﬁlg%areﬂleﬂ pdttoif abrhtyol channels 2602a formed
depressurized, Miltiplexor 2604 is t héeOE a&%{uat ed. to
in & gqcapd elastomsplayerRndshaginga eoamABIRIeFO02P, Jherggy thsame
iSRG R 20 BB BRI HOCD, SRR bt g
having elwédéred poctinr26026 beerhyehg ode efdhevosrkespéading flowrahbymels 2600 to
actuati n the valve of only that unselected control
defneayahd 26100ver se mul ti pl exi ng functionality has thus
been achi eved. [0218] Another potential advantage
[0216] erfdch fmymitHeeweeneomimandntet 36026 andshe Grst Sawrabianmslregecond

network 2604 of control channels passes proximate to the first control channel network

2602, defining a multiplexor structure 2606 comprising valves 2612 in the form of a
plurality of actuable membranes. In certain embodiments, this second network of control
lines defining the multiplexor may be formed in a third elastomer layer overlying the
second elastomer layer containing first control channel network. Alternatively, the second
network of control lines defining the multiplexor may be formed in the first elastomer

layer, alongside but not intersecting with, the flow channel network.
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control lines is a reduction in the nunber of
external |l y-accessible control lines required to
woamisred39sonpl ex mcro fluidic structures. PCT/US2004/025946
Specifically, the use of nultiple |ayers of control
[hes, can be combipned wth i
102145 DyEBR o fiafior B RS frolien LF1eTH bRy Hove R Hee 26,
corti@bh [0t J60DB B 1 Fifkt ex@rd] chamtl mdtworke2608 i auigalyndaposssurofed.

e LS B LB Pt
cha%ﬁavl\{%p?orﬁ g@@b' Negd g@ﬁ%%‘i’s! aﬁ%’h&f toqfRt 266 FRIMe Ppressure
M Crof | ul

I'c devi ¢ I n accordance with the ]
incRagsi@nhe s0ly endeleareditontrolzéhagnat af veftiork 2602, ithrrehsorctuating the

Specifically, parallel flow channels 2701. defined i.n
valghia a4 G A G pato L RS AT By Op i bl gl bas thus
! network 2702 featuring wi de and narrow contr ol
bee@%gﬁl%g%d'porti ons defining multiplexor2703. First

023" ShgaERra e B VR Ak kDo Bl AT ot other
contfdl fhesab 8 PediRBbY ifthe WuiBePdtbxRatidlBMacceditlebortta tined required to
portions defining second nultjplexor 2706, |

. ] 0220]
corftiof corap |27 niprofvidiosirectures. tTRsPidically. by ofimgltinls [gyess gf control

L

extERENY-hédeEsiBIB lc¥niolSinkg keedertpshtrol @&nb lirpgnimber df@batrolahannels
only seven control lines. The |qgical states of the
respasstieiionepetapng Jasge mb%og@fer%ag qARRSITEFLESHy
addressing each line using the first nultiplexor, and_
[021DE N Figird 2Thghdweea sitmplifiediplan yidvhef ambdinbadimentiofpuittofluidic

R PR e IS = Rt A PR
sp&?ﬁdzﬁg,b%%ﬁex ﬂ]% ERNR1s 8501068Ined il Bhd¥1 86 HES: MhEhird oldiRid by

secon tiplexor is reduced via evaporation or )
firsb vorged shangebiietwotku2it02dpathiting widepnd siatrowscontiohehasnel pertions

an be count cted t ith I odical : :
deffrgxpg; @g]{mﬂ@(%ﬁéﬁ s :Feélisgco\é\fro}/?%a%g%lg{ghﬁoerkuﬁpg Eeéf)l(*lg rg{,ﬂ%%ro %Ellles or is
undeBE Il @b e cBamfel h@§Brk ZV0ACivtRthiald fehtuied wWide and narrow
neglidible levels relative to the total tinme of the

 congropehanmelporfiopxigfiniug seeand rawléiplexid 0 onbi nat or i al

arrays of binary or other valve patterns can increase

[0220F PiREESTEsmgvyives nofltiglexie compising oalyl sivcograd dinpd mey control
fluid mani pulations with a m.ni

] .ni mal . nunber of .. ..
a g twentEgeyandiiave lines afier gepcedipg dyath %f‘eﬂ?fi Hiuﬁtml?f@é’ IegHrng

0 g . e . .
onl Y58 KBRS AL B LSRRI Wab) TR RIRcsor e
sechB@fultile:oh ardyeiesset siquéntally by atldwessiag eachdinetising thofitshe

i R RReshr Bt eine s ERb oy ieapshyp (on) sates

ma {eﬁéfélg} lgéjfé'iéfﬁ‘ﬁi fo?r% %ﬁlitewaﬁfo‘am S hE duB e HeqHBRsickas

cordance w th enbodi nents of the present . )
permeability of PDMS, as over time pressure within the second multiplexor is reduced via
evaporation or outgassing of actuation fluid. This loss in pressure can be counteracted two
ways, either by periodically refreshing the state of the second multiplexor, or by reducing
the rate of loss in actuation fluid to negligible levels relative to the total time of the

experiment.
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invention may be utilized to fabricate a chip that

contains a high density array of 1000 individually
wadarsgseabl e picoliter scal e chanbers and whi cRCIAN$2004/025946

serve as a mcrofluidic menory storage device. Using

[ozfzri(‘ﬁ gglpt gl ex. r%ﬁfﬁbﬁa ?r?al GRS Pl SFBRES valde patteni;]s can

age vice s desi gned

incre@Q0hb pﬂﬁl@n@%&w&m@eﬁm by aaamrig&ammmﬂmahmmlauons with
organi zed as an addressabl e 25 x 40

a nmmabautmbfgr of portpaijedrnpyils. eS‘Q@’AnP@PEX%ﬁY ﬁ‘ﬁﬂt’fc’ﬁ iliags gandye used to
ho I
b R A R A e LA
addréseNw1@feadlicn cagibregs witicadubstantix reduetion methie afimbegeff@nirol inputs
29A, illustrating purging mechanics. [0224] Array 2900
requiseehioj addeesuindrvidyal ¥plye sEREIF ayer defini ng rows 2902
of parallel triplet flow channels 2902a-c havi ng
i nterconnecting vertical branch flow channels 2902d.
For3t he MicrpOsidic Mientony drraydliuetded on, fl ow channel s
.an 02c, f.l anki n ntr f i n
[0222 i %-H}dg Eeglﬁ%lﬂpeésdntagcog ancB%Jlt én%dflﬁglﬁg 8#‘1&%%9@51%1!

I nes

mVIBﬁHcﬁlrrﬁ%%é QA8 tyveDRicate\uhip hal coatamcdhigh d2skigraray of 1000
central” fl ow channel 2902b defines a, separate storage

| 1ndi\o¢tmlll>'@ddnessab1¢atw¢1t§w wAlg chambers and WHicAJBAIRIY R 2 piopfuidic

w.ch
meg)g@a oréige gg%i%aﬁQS%%V§ %ﬁ)srg eﬁlé:attﬁgi%h%&ééja%x% amlﬁroﬂuldlc
meffory §6ral @ﬂé\ﬁb@Wa@ﬂ@ﬁgﬁEH&nﬂBm-lﬁd@bmim cmpammmts pud 3%/4
i nput 2% [ 0225] Q/erl the fiyst elastoner |ayer
MmigrOYR Yﬁsn@fﬁgmfﬂ? ¥ P SEYRBCER r layer
! b Srairepals 25 5 40 CLBRRTER AL

cont ai ni ng net wor ks of cont roI channel s. Hori zont al
[0228]p AtgureP@ Ali§ @ sitiptified phinrvidw elivawing b nresk wesilgn 291tbe microfluidic

MU R R AN § S R -
locf} i dRhEXP @@é@@@%@hﬁﬁu&%gﬁﬂ ginB thd¥Basiegond

ast oner ayer 022 Row access control lines D1-D4

f d th qlast I
B 23 D T B R LB BT o S
tnp@é%%w&hahﬂas bodew-Ohaviih in@érwrme@mgtmtmaeatahah ﬂbbvcnhannels 2902d.
channel or one of the flanking bus Iines for any

Forthe phiposasod thys application.dlpw ¢lonpdl 290% and d9RdC 8%‘!@% ﬁ%r}ifal flow

BAETEP BT 5 S8 TR PR btvns

ver@ 8l HBanchRoe2 PidY cdital\Eew ch@dﬁébﬂ%lbl deffin294 ddpasutel stbtage location
first row of the array 2900, a separate (i rhéol
in thataweind et the steraas s vicer Faeh oithe Hawrqhaagelssipiessrgmmon sample

oo 1585 B A3 g SRS ket

2904kd shatee n@on@dBpurghmpat®208. ment of Fi gure 29 thus
represents a two-layer device allow ng control over

[0248] U iRk M@l B1aL Bt BYEdntaining flow channels is a second
elastomer layer containing networks of control channels. Horizontal
compartmentalization control charmel network 2910 having common inlet 2910a is
formed in second elastomer layer. Control lines C1-C10 defining row multiplexor 2912

are also formed in the second elastomer layer.

[0226] Row access control lines D1-D4 are also formed in the second elastomer layer.

Row access control lines D1-D4 are selectively actuable to control the flow of fluid
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control channels utilizing two separate contro

channel networks nultiplexor structures 2914 and 2916.
wepewsiocidal | y, during operation of the storagePdemiSemy4/025946

actuation. of select control channels of the colum

throRdH the centail fidk) MEnA e 88S of e @ahmng BEs RAS fof hPbne of the rows of
storage location in the array while all other "storage

thejage@sit i ons remai n seal ed and uncont ani nat ed. Oper ati on
of the storage device 2900 is now described in detai

[OiZOIZ 28}he sb@nd @$asBiHerfayeh alo ﬂeﬁﬁds%dldél Qd’inlydrﬁﬂ&ltﬁfzaﬁ&@control
| ocation of the arra shown i n Figure 29C

chaanolirs iy CIOL b i comvRareialo: SSHiba At bemqnmmmon |
mlgt%@tl 519 Itancf:l!ﬂ@ I'1"1'I‘§rlro Qo]fzi!hé ;ﬁ'fas;e @ég%éf%’g%o% gon‘frlo? tx%&lk 2916

ment I zatl on va um nu

forﬁﬁd&h ihs ﬁrkt&ﬂlasmr&aﬂwydr zadsdsqinded thy &émculaiomrtﬂ%ﬁ%zaldrmontml
conmpartnental i zation_val ves 2924 |

RGeS 5 Qe bEh [rOPRfor 25440 Thom ertne 1t o ure 29
thuk %}gés@ﬂts Qfewal 1L1¥e°r;cﬁ3(/i%9 ﬁllé)ﬁgﬁlﬁtcbﬁt@ lhd‘@{: %rﬁgal%l R@grﬁlentahzatlon

i cular centr flow e Wt
commvih clpaninels intihzin teostpandte comesd chinngl ndiverlcl mslﬁdle&bﬁt e

s B R SoAREE A Sl PP S gtation

of &[&Y‘@orﬁo‘? SRAEB IR coMmA RIlFEA R allows access to only one particular
onpartnmental i zation control "‘channel 2910 to close

stonam loceiemin the apay wihie sl biheattomge edations 12821 scaledrapty

uncga% WORE ORBGTY B SPe asled pilRionr St e
torage | ocations. Specifically, colum multiplexor

[02%55}1 sFigregediek skew gelgrged plraadewine boneataragebsdinn of the array. As
sho llH eéh? @?ta{t g 18@1?1%%% L 1c§1@%ﬂlﬁghml%ﬁahga§§%t ﬁ{rolo rl‘lal%el 2914

I'zat1 o vVes

is p&imxtmamiclbeé @wtlsztl@bﬂl@mﬂne@taﬁzamnn 29605 ZQXI UBFlumn multiplexor
mul ti pl exor 2918 remai ns pressurized to keep val ve

291§9%61§n REGs§u{zed to ﬁﬁéf@&@o‘gﬂwﬁaﬂﬁ%% hitthepal theaerticgbed st ate
Congp%ﬁﬂeﬁ%lllﬁ&m\t/é@@%%%@ﬁ e&g&tg924 of adj acent

torage | ocations y, control lines D -4
wthr e .top bus

t.ed t | fl h. o
023415 FREHIT e, e baptnafl Siogegedofatiops qycmegtaloz@@a)amcular
cenfr ffdvnAndé BALTR Wéle@ﬁveﬁh@ﬁ@ﬂ%ﬁ&? 8t é&l‘&o?ﬁé& 1140 TheRlosed

bus i ne 2902a, along the bus 1 ne 2902a,
state pf verticad Icymp@utmgntabzettputva@@(s)wzz{ age }heS{strtmat nmvetg¢nttolﬁﬁ1e

on B8 L DR P S A0S B Bl fbetnetization conto
chafbRDDEY toCddkelRd rizOfth M ohsakthen Bids RSy ddSong, th&%b\‘f" f&b}éﬁﬁ

mul ti pl exor and row nul'tiplexor. The contents of” each ,
adjasppfstapaga leeatipas| ocati on can be sel ectively progranred
to be either dye (sanple input) or water (wash buffer

[0230)pUEipure 29F shows the purging of loaded fluid from specific storage locations.
Specifically, column multiplexor 2918 is depressurized to deactuate valve 2930b, allowing
venting of control channel and deactuation of the vertical compartmentalization valves
2924 lying above and below storage location 2950. Column multiplexor 2918 remains
pressurized to keep valve 2930a actuated, thereby maintaining in a closed state vertical

compartmentalization valves 2924 of adjacent storage locations.

[0231] Finally, control lines D1-4 are manipulated to allow flow through only the top

bus line 2902a. Pressure is applied to purge inlet 2908, forcing the contents of storage
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' 02é61nt FFEm dexice pdiissa sjgnidicanti! 5%

[0233] The large scale integrate nultipl exor val ve
systens in accordance wth enbodi nents of the present
wonvessia al | ow each chanber of the matrix t oPO®US2004/025946
i ndi vidual |l y addressed and isol ated, and reduces the
locREHPEY50GhtoQtd BusBnEDIU2a0Alohdthe baoline2202al md wikintaydywout of
Fluid can be | oaded into the device through a single
outpwidA06port, after which control |ayer valves then act
as gates to conpartnentalize the array into 250pL
[028DpNiSefsnarizit, Hiettiarbg e Meayheaip adrﬂ:n&ss&i agpyi of 25 x 40 chambers each
acconplished through flow chann h un.para
of Which Res KaBre SHBnD BF e eaadiis LM ey v te
h | Hdbdnl I tion
co B o R PR oy Sl loca
can| ALt Flg pragr@8Beil $o be sithmplyé (seuiplridpeh Pavgisd (wasdirbuffer
. view agai n show ng purgi ng mechanics for a single
inpiflanber within a sel ected row of the chip shown in

Fi gure 29A. Each row contains three parall el
[0238kr dbhéargesale mtﬁgpﬂw gultiplewsypive @y&ﬁﬁaﬁwcgﬁd@@%\mﬂz ed

i s first troduce
e R e OB S S P RE FB vt
addr&Ed anisblakh aatiiakd@des tienumt et 61 edlsidovontidi éntembtingtts to twenty-
mul ti pl exor r el eases the vertical valves of t

tweg rﬂnweqan balloasier! o trredgyicssaioneh a gingleippuiRoTh Pg%‘ which control

'lay rEhetnha“?:;t g?%ﬂ@setro c@ﬂﬁw HeBG1i4d fe 9{}% ?‘H& 55041083 mibers.

ev ce ad Flcant 1 eve exity to

Indilﬁ@afdl OhEniver Qﬂd)rfebsingilscacﬁd)m]ﬂ‘mm«y throughhfidw bllmmelsathai rumparallel to
successi ve |l evels of cont - the col um

tho SO BAT G A0 BERDEBTI P HBGd TSNS Snat it T ERd column
mur’hlbzerx\g?% it otffﬁgﬁrﬁ%lc\ﬁﬁﬁlbe (Eb%téiil?sstbgﬁb &@gugTeCchani cs of the

IC array are SI m ar to random access rrermry

. Ea t .of
28l Fipesona 6 s b b R8RS RIRiRe Bypeipe
me%lnmoﬂ aﬂsﬁ@@ cHﬁhBér’imtﬂlQ 236ibctbd kv dyhaithip dﬂﬁwn ih FEUrOROA.

col umm I tiplexors have uni que functions. The row
anhrbw q@h@n@rthres pagadlgl minroghannels.t Fapwige Rispepifis chambes pressurized

the.fluid.re i bl e
fuigds i PSRRI Mege PRaHES: dfte u0f mbhGHEorhen dirocts the
fluid BRI TbWeinSst(ONBRY] W He@BRHeE oW The éblammmlupmblo@mases the
to a RAMword |ine. The col umnul ti pl exor _acts in

vertigd drakrenefthe ghamberealiowingeruessuizsd: fuad fq ﬂ@thhr@ugh the chamber

t/out put valves for specific centra
andcp%n% Om séjl n each row. [0237] To operate the colum

exor the vert, cal {.al nment val ve on the

Suly BreYingS i fudic
plu]e{bf@?’ in tﬂ;ﬂ Bhdr® Lﬁé@vo&ﬂﬁ%éétsﬁbg 16QEls ok L&RFR Y iR bolBEn hlu@iplexor

I's activate ts valves deflected upwards
actmanésovaﬂ\hecommt liods, Whichrin tum tetapte tlieevabvasshamsehes. [Thedesgn and

h I
meclél{;ﬁ&sg ﬁgr{]{qﬁ) ug rl%} Iﬁéﬁy a?eosr;rtnﬁérncg?é}}do\rlnaz!tc\égssa}'xrlerzrggry (ﬁAM). Each

set of multiplexors is analogous to a memory address register, mapping to a specific row

or column in the matrix.

[0236] Like dynamic RAM, the row and column multiplexors have unique functions.
The row multiplexor is used for fluid trafficking: it directs the fluid responsible for
purging individual compartments within a row and refreshes the central compartments

(memory elements) within a row, analogous to a RAM word line. The column
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selected by the multiplexor, and the pressure on the
vertical containnment valve is released to open the
wepesiociamsl colum, allowing it to be rapidly pecgas2my/025946
pressurized liquid in a selected row [0238] To
ﬂgﬂ%{]ﬁa{; r? a ‘fll}l%la&légt% 1y(a re&t%{f{n REntIGA yé’tﬂeLUeﬂic%l input/output
orage devi Ce; nmenory- sto

Val%baﬂaib%&ﬂlfceﬁﬁﬁhoﬁqus iheactadwni t h dye (2.4 nmM
br omophenol blue in sodiumcitrate buffer, pH 7.2) and
Cag | | Wi EnrRAI9E oh the control
[02858I doﬁgr*%h%%&%ﬂn@gh@]%&?é%&%sél(l)tpt [ cgl t hIOS e conto
layaﬁmprqzssmmdct@ clabsoff dssentitré alrdyy Thmmﬂumm guwdieplexdr) located on the

ﬂogf-: I%fpelg,?i%/ agtg#]agd%%} §,9:§r gqu?eiecte ﬁ\ﬁ?v g%g Stqurg:l angrr to trap the
pre§$1lrfz‘8& hgﬁtﬂn Pdér&ﬁga YRtiSR ebhtaRient Fd1ve arrdy. K& ¥ing /@8 & then

unbing display is that once the picture is
selen¢d by the nadtiplerore @mismmpsesmerﬁym Ithe qu@cqé comripinment vrge pleased

NIRRT A T T N T ey

selvi@s@vweont ents are individually accessible through
hori zontal novenment of fluid through co-planar bus
es. posi ti f h
02 TR IE o L R BB TR i aovis,
cen$@bhRmioRy &gfagt elambets of ¢ach dow vatre loatied wihidge él:é mMan ce:

wth enbodi nents of th re nvent on re not
bromopherad bius ingedivmetiteg Pufire S%aia' %'\épé?clea@ fo@urggyingfyjdual

cha’x;r}t% fth e o V%ust h@PP 4R 168 A230RGE bhIRAR thi¥ infiory device

ratlng t structure and operation of ‘an
als@ Hsb;edmamzrﬂmafona avalfiuelisdispley nromiton Bigemr2@&nshowsiat demdmetratlon

o Gicro s oA e TGO OR 56 SarS el TReHLRFp ou

nclgel We anﬁzﬁﬁtagé‘@f t‘fY@}Shﬁﬁ%lﬂ§§1sﬁﬁy id ﬂﬁaﬁ dHcB tiRepibfuld iszed tHeQlevice

createan alternative enbodi nrent of a | arge-scale
consninegjverydidtlepevef i ui di c st orage device utilizing

novenment of fluid in the vertical, as well as

hori zontal directions. [0241] As shown in Figure 34A,

one way 0akWeay¥ e fuifioDigslay r om upper el ast onmer

?/er 3401 over|ying m ddl e el astoner | ayer 34% thag
[0259 t (he stoyage|degise depigted ép Higusigtd 59/1@?“%‘3&@& arrpy RE phambers

whg){ 2{%)?1%[1?{%!3 1d§aﬁ§/%g?<§sgﬁ%be§%%i%?ng%rﬂegqgfwmh@ﬂt 3R through
co-pRAbY RBdings pdsmmnea%%ahem@mfad cenfraliitdvy charuiel. 3AQRbver,
[ rial of mddle

th th d | ast t
tec#vlmragl@@s T B e R A
emé@%iﬂené%@%legﬁ%ént ﬁ‘n%’eﬁthﬁ a‘i“@ hbtr 18hiXedlbo fﬁlbr!c%hn% ks pREBIIALdevice.

nbr ane portlon 402 resting

1028 lear%é%ﬁfgfshpwa?ﬂp@%@aeﬁeﬁ &5 N Y Shpg i srgore

and38 R BatldRr dr2aRhAbtn @k bB£Valve structure in accordance with the present

invention, which allows for the vertical flow of fluid in one direction only. As described

in detail below, these one-way valves may in turn be utilized to create an alternative
embodiment of a large-scale integrated microfluidic storage device utilizing movement of

fluid in the vertical, as well as horizontal directions.

[0241] As shown in Figure 34A, one way valve 3400 is formed from upper elastomer

layer 3401 overlying middle elastomer layer 3402 that in turn overlies lower elastomer
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fromthe location of first via opening 3406. [0242] As

shown in Figure 34B, fluid may freely flow through
woneoswayzsal ve 3400 in the upward direction. PCT/US2004/025946

Specifically, a pressurized fluid will nove through

layk} 3404. VL Av @ ReRtoMEEr 346 3 800k di12e 8 st Wlacopiehing 395D MEAEe elastomer
portion 3402a, deflecting it into the overlyln second

layer %@p@ﬁmmgesaﬁsmébdnqnb@m neytion 84924 mjsgaalionandy sige 3402b with

enter ond. v n p
e Bpn SRS ot PRGN R TR 02D Rferdie B 4020 of
middl€elablodict 14yRY 340 oviek iy thehér@iﬂgb of fiest wizyopealnge3 484 Dith rdge

t he downward direction. Specifically f@k‘/ressurl zed

3493 pfanembranpperign A0 tng ep 6%1%0%1@&% plloyskrlpsigmer layer
34 gl s A5 BEAU R, BRORE S0y BB 803 82l o

fro844be ledatise df fitshvialopsniap 3406re as t he pr essure of fluid
in the underlying first via opening 3406 exceeds the
[02228S A G0l iR FEAREI3¥B ATAR 'y'i%e?}/'ﬂ&v thBaddnd Wl QaltB8400 in
specific enbodifent of a oné-way val ve shown in . )
theRipgurd dir@tianC Spscifiedilyi, & aresshirized fiuid Wil mhve throught finsicyia opening

ast oner, |ayers 1t be , .
s 80 Bveet s b i OR Rt tehngfRp ¥ fying second
via®pafingBR08 hay 8llGwink Predhuttrell MRidRHAterREcORAVid SFenaipB408end
top layer utilizing a single nold. [0245] And while
uppeelasioansr fayer d4blodi ment of a one-way val ve shown in
Fi gures 34A-C al |l ow passage of fluid in the upward
[OMBI eyl ehiragl dsshoahiin Figardddll,fhand mayayt Sbwaltopgk sageray valve
of fluid in the downward, direction anl ,Such a.val ve
3404 infhe downyyagd %@cm%ﬁm?atf@aﬂw R@@P@%@u jéempting to move

thuigt b id A8 oBenihe SRl ol hted ithn it 14020,
Menrbr st pcmiomﬁzyohe)vmtrbmhmesdated; ahdbmnlve 3460 dlosgd, au;atll such time as the
devi ces. ur es are si lified cr secti onal
prefge 8t THFe IR I0R S YELHeARIA 5P CxiRerl Hegtteste 0 second
Vla%g,gﬁgﬁ Luangg. [0247] As shown in Figure 35A pi xel 3500
nprises first .fl ow channel 3502 formed in | owernost
er 350 Seco flow. ch ]
02§ > BT e B 65 RPoq SR coe MU Flondi i drgess 34a-Ciis
fabHiBRed 08ELin n% kiasd @skict bRYOMmes RY8rs, fhiy 1§ho@ﬁ:§uﬁ*@d/ ¥ &lay®e possible
3510, chanber 3512, and second one way val ve 3514, are

to fabieaselthisstaichue oay only{vee elagigmer layetsy paningghe mepbEane portion
andt%g ]gggrgﬁﬂﬁﬂ%u%’f 08e nlo3248] Operation of display

rzea’'in Figures 35B-D. In Figure
coI ored fluid 3518 fromfirst flow channel

{02A 3 i dndovhiledhe spredfic grkadiment of BrosggYRyT VAl Sh@ﬁ@%%&g%fes 34A-C
alloC ggsgﬁm%@ §Pthe ﬂg@g@rdfk@&gm, aﬁ%ﬁ%ﬁv@éﬁ%&lﬁémﬂ%}pﬁﬁ)@v

a col
passage of fluid in the downward direction only. Such a valve structure may be fabricated

by reversing the orientation of the one-way valves.

[0246] One-way valves in accordance with embodiments of the present invention méy
be utilized to fabricate display devices. Figures 35A-D are simplified cross-sectional

views illustrating one embodiment of such a pixel structure.

[0247] As shown in Figure 35A, pixel 3500 comprises first flow channel 3502 formed in

lowermost elastomer layer 3504. Second flow channel 3506, orthogonal to first flow
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dye. [0249] This pixel charging may be perfornmed

nonsel ectively by applying a higher pressure to first
wohas/ostmmnnel 3502 than is present in any of tReTRSz®MM25946

flow channels. Alternatively, this pixel charging may

chapﬁe[l @Sb? q5 ﬁ'ﬂ‘zeﬂ% ﬁ%ﬂrﬁﬁ&%lﬁorﬁ‘éﬁ&’y&@ﬂm ZFingd oﬁe-vsllay valve 3510,

exor 1 n co nication with the second f
chaﬁfbanmiall 25 and seconé ahewah alve 8654 are/fopned iglastomer layers 3516

differential bet 1t irst and only sel ect second
intery SR BRIV AR lgyer[sgg@g]m$§5({§i gure 35C, the colored fluid
is purged fromfirst flow channel 3502 while
[0248]i nOgerating of displayt mx%aﬁ%@mn@mags%meﬁlg‘afeﬁﬁ@ﬁé? In Figure 35B,

B

ondPiv¥EValss 991 (RYo EfnRaBYEY] HHyell3566 &nd oy bben ¢iraegedurich a colored
second fl ow channel 3506 and flowing a colorless fluid

dyet hrough first flow channel 3502, first one-way val ve
3510, chanber 3512, second one-way val ve 3514, and

[OZH%]t i fmtsqin‘i(lel&ﬁafgmg thhybe pehﬁjmlel i ngﬁda&ctlyﬂgfog]apﬂyg]gaahlgber
shows a plan view 0 a

Pregg weﬂrawﬂoay clgomg) a0 i, Ripubat 5 605 ARG s Apels
Altéﬁ@ﬁ?e{l% el Eﬁfﬁ?{ngfmew B h&rfohﬁ@& i @tveBARLaléMitAERE a

para wer nos nnel's 3502 i S governed by
muftipiesdor mndlmmhmxanotﬂ@mlﬁ) the‘Eh@qdrfksfs ehaeanalﬁdOfcr@W &F npeagpady

Prefistr‘f%nﬁlf lge%t%%%e%‘f%ﬁént tﬁ@ %‘S%F‘gﬁ?f’ Bteﬁgw {}\%n%ﬁ thnel

is governed by second and thlrd mul ti pl exors 3602

[0236)04 n Elgutaa?rfg’e tigeedlere Aluidyis preged domp st flow @@maré@ésgwme
253
%gaé éﬁ%cd)ng agﬁa;’ﬁég ?1{ S ﬁ%hg’r nggé%{g ﬁxep%)\?\aﬂﬁ%gt% oﬂfv é% first one-

wa?i%l% BHD abgerdofl uidic structures, it does not allow
for two different materials to be separately

[02'#::]'t gg%ﬁgxgn aNg; B%% tfl(eegolblnof%upé?@gb(?gl gﬁ)e%ﬁﬁ@@ﬁﬁb lessening

gnet T onatd omever i'S provi ’hasecd
the hdspurdii€ seebad ﬂbﬁ@dheﬁineMSS 06 hat @tmmgal celartesyfludi tlmnvugh ﬁrst flow

t echnol whi ch t of 256
chagm AP e GHOMeSE VA e 10y Bhaimiss G ) Bt ow SRt SalYR 334 and
ultla'QﬁSe M ShOYBlES s s08si gned which is capable of

ormng nore conplex fluidic rmnl puI atl ons. [0254]

S U ST B SRR T Y of

pileﬁ‘é? d826Bed RATEEr¥BS R-IT. OSﬁE&ﬁ’cah?OﬂoW' YE Huiddroth smad 3550 through

e channel s and sub-elenents of the fluidic | ogic.
parflid llxrveerﬁ@Bt ﬂm\nlaarmel§| 3PP iif gavernsd heyrfirst roulbiplexor 36K gfhe

pressu?e évg rg u1d Sin ‘frﬂletn.% S%fl th':rlogéﬁ Sargﬁ)é‘ ‘uppermost flow channels 3506
in the parallel uppermost flow channel is governed by second and third multiplexors 3602

and 3604.

5. Large Scale Integrated Comparator Structure

[0253] While the memory array structure previously described above represents an
important advance over existing microfluidic structures, it does not allow for two different
materials to be separately introduced and then mixed in a particular chamber. This

functionality, however, is provided in a second chip microfabricated with large scale
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[ 0255] Conparator chip 3000 is forned froma pair of
paral lel, serpentine flow channels 3002 and 3004
waavnisrngodsl et s 3002a and 3004a respectively, ardThaiomg25946
outlets 3002b and 3004b respectively, that are
intd t ' ' ap bapsheshhahio0 Bpatifically, a
mtél‘gghv\g{ngt?%%g)\ﬁ? %%%E%ﬁggg%%%g% _gns of t hlbé&hori zgﬁt al y
sechhddedtracmidisink 3056 edcrbedlvesevas desigaed yhishiineapfablpypf performing
channel s_defi ne .m xi.ng | ocati ons 3010. [0256] A first
mopgRleX f Cr[BF‘mPPﬁéO’%OlZ overlying the center of the
connecting channels is actuable to creafe adjacent )
(025 kniFiguse 3Qdahows areptidalminregteph af 4 BuFro He dicsimpsgajorghip 3000.
t he. adj.acent chanber X [
oy PR eBtee: faard §iEbor{d BEFARG B hite BRThRHS and
sutCHIBmbeE of fHe filsdbasgc.t Rigord 30BRHole arstmplifiéd gchematic plan view of
hori zontal f]ow channels. [0257] One end 3006a of the
ongptier of thg chipreiZBa4rg 0 ow channel 3006 is in fluid
comuni cation with pressure source 3016, and the other
[0236] AGaradr dhie3ehis damadgrdmaipaiof phrafléloserpéndina dlow channels

300 i(;lgviygb"%lggs@g%%qc i '68 Ees\ﬁlileqtt{\]flegrl, A5 BiEag utlets 3002b and
30&@%‘@@68‘5’%%&6& 2O fritdis AVt Shiidlsi olrRslb e Bfaﬁﬁ]ﬂ@ﬂ}]ozizaﬂtal rows of

vie eration of one mxing elenment of t
flowtchamtels 3006f Pertiensed tiB0RrBontal Gow shawelsHevated brtwagndhag

el enmre rior t oadi n Wit h m xer barrier
SerE%WPE{O“F?lWEH%Iﬁae eéﬁl)%g%lﬁﬁ%}l%gbpf%r control line

unpressurized. Figure 30D shows pressurization of t h%
[0256hp-Lafist berrioaeqrtel line A0 Horverlying theeembeof iths copngeding channels

. line to activate ] i.on. v-al . i I

o B S SR SR B SRt

adj35das bieMEbaroRdhing Afedohé batfientmit®] Vint BOB ddubdds back over either
conmponent and a second copponent by fl ow ng .t hese

enchal (B¢ PeiReend SFTIRars 0 8elgieRs) GOM (G esha hieIBrizeii gy channels.

., 30OFshows pressurization of the vertical ) .

(0250 P Drtererd BaD6z of the nommatinghorizontal 80RFhameel 866 is in fluid

i solati,on tp define the j acept chanb 0 .
com st S st ouie 204 350 B TR STOAEE conmecting
ho%f”c{n%dl FHowk Q3065 & Rgluid SoriasichticH With BearBSROAEIRA output

arrier valve, thereby allowi ng the different
30 thothpmighnindtiplersedi20i n t he adj acent chanbers to m x

freely. [0260] Figure 30H shows the deactivation of
[0238] ' IF8gurbd0C-S0dRW SMphAed édirgtd Fﬁn viAsSd vPeration of one mixing

deactivation of the isolation valves, followed b){ .
elemept oihe storctot of Femeesr WA-B. tigure 8¢¢ shows theanixig element prior to

ol b PR  h Dipe

unptedhufigeds Napioi 30 DRHGWs @Sesditfrativn biwhe dirh-aromnt barieg enitel line
can be separately | oaded, m xed pair w se,

d .
andsiriot ik Jing tcasiivpiedsolation aly o5 endbeparabion velayg pRAefinepdjacent
chfiitd Af30 MRS, File S0P URWAIORIiAS B thE BREHDAS WHBATREY S

r ecover
component and a second component by flowing these materials down the respective flow

channels. Figure 30F shows pressurization of the vertical compartmentalization control

line 3025 and the isolation to define the adjacent chambers.
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particularly interesting reagent. The m crochannel

| ayout consists of four central columms in the flow
woOaywsroeensi sti ng of 64 chanbers per col um, wWPCI/US2DW/025946

chanber, containing 750 pL of liquid after

rtne 4 i i Xi A divd - E '
(025300 BT TGN ARl ol bf o i i chARCHHanI B
deaRUVRE Ol separatatibaeriér Bk d)eretlyi dlloiving the differerdroomponentapresent
ser&ent i ne fashion, Barrier valves on the control

in the pdipcent ambsys odnixdsichte the sanple fluids from each

ot her and from channel networks on the flow | ayer used
[0260] r Bimved0H Kisoveothe dasivefioreafiariierdheisolatipn eorird dine, causing

deng OB KB SR By rafo PR CBREPEPD DEPRne g spmtrol lne
and' QBcFHHoh OF t&hﬁﬂﬂ?i&o@foealﬁ)w thé colabide®@ntikihid tb@d réédvlred.

water prior to actuation with pneumatic pressure; the
essed aiJt, at, the.ends h o
02685 T B D R R AT B Bilor R8s can e

sepBtatdly AHES ntiRed pdinWidepind sRlcRtildl@ réddovured ayaling fgssiblete
actuation, as well as evaporation of the I('# ui d
peréunt distinsd a3says RSP sulvnpeg]der reagiion sharabgsanq thep apqpaer a

o e

in tde ﬂBW?l_taYelafcgniiéjﬁlﬁdﬂ“éiﬁl anmbem’pbl_rtlgzilumin,e)vﬁh edcf]i champber ddllt&é?ng
were filled wth two S fo rllustrate the proces

~T3 0l phbguid aﬁﬁ@w@mp@aﬁ;@@dm}nﬁgi&%d BPgeiigny hese

col%g%g?&gﬁgh@ g,g{)%?t&?ﬂglg%]ﬁl&tlwgﬁm}%ﬁ ﬂ%&u?ei ©20KPa); filling up the

ow a set of optical m crographs
arrShiavi segpeatipofashion. Barricnealyenpathatcontroldayer fimption Ao isolate the

bset, of th nmb [ [ | j '
sargale gatts T SRb LRt oropbvarse sveiiati e BRdr o RS engedsn
recGNETRELonBhtd d¥eoath 'hﬂi\_;i@ueg Shfble P gRERHetWorks function under the

conpartmentalized, mxed pairw se, and selectively
conpuol gal mudtihexon end baverah nthey edttphvelgput i ons. Each of the
256 chanbers on the chip can be individually addressed

[0280F Ths EERAAChiMR]RE i Usad @@qURHeH Whtef pifiotte actuation with
anal ysis using only 18 connections to the outside

C de,
pneporatig prassurasthe apmnigsiedein a4 thegnds efiths ghapnelgs foned into the bulk

merofluidic cireuit,. [ 5 ‘
po B UL S b RS P52 Bl R pon e
act@Qionass welesk @aparativg odfhk ligdidconminedria tier fléw ldyes t Theoelastomeric
the expression of a _ particular_ enzyne.. A populati.on_of_ ...
valpeicare ARA0B0SS foodlagiEpTio S Ghee SGEREAS Mgt AR esdge fer Auidic

traﬁi%ﬁi?n%r ate system provides an anplified output signal
in e formof a fluorescent product. An electronic

conparator circyit is designed tg provide a |ar .
(0263} pa dsmgrsiFate oy e PRIRIRE pe il ot BV flfed with two
dyds®b ARRRGE thd 58888 e 1048 InECcor N hrRRentiRafdr ntiking Sinl PArging of the

Input signal” relative to the reference, forcing it to

corttenthofihsingle chambdriwithie agbdlunwf | ui di ¢ conpar at or
structure illustrated

[0264] Figures 31A-D show a set of optical micrographs showing a portion of the
comparator in action. A subset of the chambers in a single column is being imaged.
Elastomeric microvalves enable each of the 256 chamber on the chip to be independently
compartmentalized, mixed pairwise, and selectively purged with the blue and yellow

solutions. Each of the 256 chambers on the chip can be individually addressed and its
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in Figure 30A, the non-fluorescent resorufin
derivative, Anplex Red, functions as the reference
wWeigsa0393he i nput signal consists of a suspensComsefo4/025946
E. coli expressing reconmbinant cytochrone c peroxidase
res &@P b cohtRfts 2EHY BRd T8 MBSe Al iSteNE Sl 18BhndctiBiis toRhe outside
he circuit. [0266] Figure 32A shows a_schematic
wodlidaidluatmating thﬁmtfiﬁf@ﬂbﬂdlturemfdh@mmaﬂlaﬂ@rmc@@| c using and
enzyme and fl uorogeni c substrate. Wen a input signal

[0268R RN 1608 k&l dinitepedtb S mRepARIER digrice o Fesuzy B®A O€Rigure 30 was
non-fl uorescent Anplex Red is converted to the

used) ag@rraisEaiidip cognatator fotest fof fhe expressipRobpaHewWaggnzyme. A
ro b MR AIB RE oL, L2 TR Col g e
protvittbs e atpiliedroutpaiosifel id e f@ﬂrmséajﬂu(vremnﬁpromhaﬁ rrAna:rh«:btromc

npartnent al i zed exact | ke the proc ) )
COMPHYEY FaRELS 57 2190 @FQYéX%ﬁif ﬁwﬁ%@e&l&qt signal

ex&tbﬁ% Fepdtehck RO 185 a168. n%@%fﬁh}%ﬁﬁéﬁkh&ﬁlﬁﬁ{ §8nat relative to the
nmedi an di stribution of cel I's/ conpart nent,
referendd, fardingyt thbadighsmrdow. dtecmicuqzﬂmdlp 0@@B3ratbh etrivciwreiiBustrated

e S R R L

reférBh@ difif] CORPRPLIEEP coHRMRb M AMBpdRRNGTIH. cli ¥xpteginglhe
barrier is then closed to reduce the reaction vol une

recembinanpeybechirethec pergrilasnGESR); therenzyrae paregstds grehemgcab applifier
mt@ t ter g one hour incubation at roomtenperature, the
i 15 s scanned (lex,=532nm | em =590 DS 40) wth a
nodi fied DNA m croarray scanner (Axon Industries
[0266h e Pigura 308 showsthechsmatie diagragt olifie nyerofipidic eoppparator logic
I Vi

usuS%( ?%(ﬁé&'gﬁ}gl ? ﬂlugrdggmg Eltlﬂ)slsfl%{en a\?ﬁ@rl %@%%@gﬁﬁg&%nﬁlns cells
exprewsrsu@rthe ehzlymet(E(éP fﬂondime:seem Axapipn Red is eswettéd to, thevfiibrescent

R T

detecting signals from LSI mcrofluidic structure in
[026Tk oTHa nclb an'dtshb&tnee ch éwdpd intosepatdto mpitchaheelCunthphe central

i B R s A0 A D A oo
illuStrAted ﬂﬁltﬂle/blq@ fhDSaHed fes Dl’ﬂﬁe @él[ autfodl (2: 190680 dHlucht culture)
has two | asers (532 that are optim zed for

creaysa Qﬁalanldmn@gmmf ﬂmlls/eglpemmvlél yerifipd by duosgscsnt
mid Cmallly functions by scanning the bottom surface of a
§?§ 48" coated with Cy3/ Cy5 | abel ed DNA probes sitting
on 3-calibrated sa phl re nounts. There are, however
[0268), e The bewiss betareen e wpbsiratarang cell abrepmpsmente fnened for a few

mujﬁ 5 9taﬁ8\9 s%’sttlia s g?%‘f d{i@gﬁ%@&lﬁﬂm@i&m@&oﬂtﬁ&ﬁg BELell mixture.

curren
The barrier is then closed to reduce the reaction volume and improve the signal/noise for

the reaction.

[0269] After a one hour incubation at room temperature, the chip is scanned
(\ex,=532nm, Aem =590 DS 40) with a modified DNA microarray scanner (Axon
Industries GenePix 4000B). The presence of one or more CCP expressing cells in an
individual chamber produces a strong amplified output signal as Amplex Red is converted
to the fluorescent compound resorufin, while the signal in the compartments with no cells

remains low.
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devi ces used in our experinments are bonded to a
25x25mm Nunber 1 coverslip (130 - 170umthick). Wile
woheosliaems focal plane can be adj usted throughPar/us2004/025946
software interface, it can only penetrate the cover
p v t he-: . .
R O
strgdviuk lin sedofdamice mithfthe prebamo irvsutencie thee@enepend 08 seanter n

b N et TR AR o
wagﬁﬁg‘rﬁu?&é’si%%ﬁg}sﬁﬁw& a &y dhPscaRsiig Oft Habl 6w ldsele ($52/65mm) that

posIti aces t chip closer to the |ens, .
arepipsiaiizagl for Oy AthiSrfluohescaft dyesmespechyedy. The Genepix normally functions

sof tware-control l.ed f.ocal plane ra s
by SASEEE BULTD Puireot e PRI ICyS Miheled RINA probes siting
on 3ldagtated @hphiROhEBts.I Bhart hEhdwWeveh&el@alfonBeAn® with this scanner

resulting 1n an artificial iIntensity gradient across

that readettit fess than opmabissermicsefividie chiprastasaer: ddrst surgfmiggpiluidic

anal ysis. Another - L DAl | St
R i IR b Bho R fe S8R s AR2AGRENAD L1 Aivekyp (130 -
1763 tHIEIOr Ofhilk thie Gasehifopsl pMiervah be ndasied doougcs sattware interface, it
several tubing lines. This effect can b?ﬁéﬁccefsfu

_ I
cancesHp epRaitAEhe 6P varisHB iRy dem bt leaying thiengine St%l_gliﬂi out of
fOCE.lQ. PrBlvebdCus I}Es{%iluti-meob%#&ﬂ% st?lF QﬁlﬁgieE@foP ﬁﬁ(){?@één%: heX&rements -
0 prevent "scattering of the [aser beans that may

withirethe ehamiel.f i ci al noi se during the scanning process.

[0272] The effect of the hardware focal setting was

ern i ' bito g hdmic3Oillic! dhfflofhié h

mzi?r[al ALRBH Byl ) %‘ﬁlﬁ?“ ik ET100mM i n t h?%ack
calibfratedhmoshisded kedtigrt nithdbagk g theislideheldes | Tlys gesition places the

.spacer. The chip.wa i ght ed down. and fl uoresc e
eGR40 Bt RS PP PR LB SR FROR roca
plaf@fafigBI ThO @RhdwMick BFhis IREMEH ROBatVBE Ehibakeiphtiviogendral

assess any effect bleaching or Iight activation of the

relativiedo (heet lesarbpathavesuliing, in Ra auificial jipfensityresadiepgacross the chip. This

f.l . t ' i n-
e L T
thelGatlefixYsch@RrSlk ifsilgHkroF hdmiasdwovweabilizahanidofllidar dgssenia they

i mage of the chip in conparator node. The_ |l eft half of

areconugnied to sgvalrl tubiag diges t Taneidrct expbesyseess iy gompepgstgd for

R L R U

to pretdnt Acapieging Bethe 1#ver bessns thatimat ereatb artifieiad nosa tlaring thg scanning
single cells. Chanbers without cells show | ow

procefor escence. The converted product (resorufin) is

clearly visible as green signal. Right half of colum
[02772] urThatefleytzddhodptiwarcRechl seitisg was deterfimnedby placing dhe chip of

_the output. signal is a function of ti.vity, .
Figs Dy icasipoh PR R 45 0R P Reantieh n0divat iabiseRabhe siide
holdbX\Ath ? Y. 15ov&Yib S 3Rp&RE! Ttk &l WAS weldhtdd doi AR brescence
green Tl uorescent
was measured consecutively in the same spot with varying focal settings. Readings were
taken twice to assess any effect bleaching or light activation of the substrate may have
had. Results indicate that fluorescence measurements are somewhat consistent in a range

of +15um from optimal focus and then decay rapidly.
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protein (eGFP). The anplified output signal was only
dependent on the nunber of CCPexpressing cells in an
wonadiswead9al chanmber. [0274] Figure 32C shows aPamid§3)04/025946
conparator and the effect of heterogeneous m xture of
P [ r j
055 o EFERE 325 SRoyE R R Akt oA oP IR A nfik & mode.
Thm:bﬁshmiécrfemlurﬁlh axed@R2asoluti@nofS0N eypressmgiadeliiin sterile PBS (137

maRCh E8pmO Koy 1B Neipro o T Bep B2t pef B s pyine
reabiG] ®RE MV\}ASI ﬁ lﬁgﬁ alAln‘gWand'i@ﬁé‘ b BX PR RInB Girfed Eells@Chambers

pr esent effect on the signal fromeG-P
w1thzamr®ﬂs st boet flsoreSdencey eFltel coavertedi psodust (repartfinkis Cleaﬂ}’ visible

s LSRR B o RS bR ¥ G5 R0 veriy

the%%@;ﬁl‘f Sfohalfib Q'ﬁﬂdﬂi%n ol O@Poa%ﬂv@? aaa e ipsiEnt¥as performed using a
sel’ecting a single chanber, and t hen urglng t he

hetcmgeraous nuxtuee offfebl expisssngeihiee 6CPoH cabarat sraeadiyorescent

oSBT 5o R B Rl SR o

exprERERCRIE aamiatividual L2}, To illustrate the efficacy
of the collection process, a dilute phosphate buf f er ed

[OZSIQ ol %\gg ?i)(‘ sﬁ%yﬁ gﬁﬂ's%fog??re & dhd %%Oéffeifsb g e¥dds mixture

r conpart nrent | za
of éPPP expresing cy)nﬁ‘vsbdie]ls andzl CClPaaxbassing n¢ls merdltp(utksgftaé r lemesoruﬁn

AR B P AT ST AN B 1y indizidugh pomparator
chaﬁﬁ ng:ﬁngﬁ bsti \é@ﬁseexh%ﬂﬁﬂg Eined WFPRr TGO PRIE S d #fong

el r respective chanbers were purged. [0277] The
1ncpaas@mds1gmaﬂ bslywerea CCP bmeasmgfqeﬁmnemeescm putlhshttls e gct on the

s1g§;§ ﬁﬁg:egg%lggeﬁgége EE %I'US%Ib xbquiS g%/fh tb\feeﬂuorescence umts (RFU);
errGT R Rp R3S Mhe %ﬁaﬁaldevmrﬁfrsmﬁe fi¥BTn REU.he
visual i zation of the collected liquid sanples under a

[02?3< g?ao‘beﬁy SI ot?lv gﬁn gzﬁrslil%lon&: tnﬁ)ef Sflé s%?ecc?ﬂg %\/\Hglé Samber, and

thehPotging thg%bﬁt@ﬁﬂs Tachiinbdr) a Dbﬂéoﬁsn Ioﬁ@ﬁaul Eﬁ(ﬁdco\lmhiﬂ irt the ch1p has
recoveredbacteria. Since it has been shown that s

a sersrase OtpYt oRabbng ackamber fym each el fRbe ¢rl eﬁteédmrh?ug Cross-

corﬁ&rﬁﬁfaﬁ&?” c mcrofluidic devices, it is possible that
ure appllcatlons |nd|V|duaI nol ecul es or
| ecul ar cluste

r el.ected or m pyl at ed i
(0278l 5 Togpstsie the ifswatfy ?ﬁ%‘eﬁ FHPRRFRCESSo P @Htea%@mham@fered
salff3 (PRSPl f?%%?‘l@ SO YATRRed B thelchic? After
compdrtreditalization agproxisatdly eveey andchassticagenteined ebasteaumt fiksing an

el il aogissis bR AR LA fltsird Bt g S8 ier
sety él@ eFp ool %r&ﬁ@ﬁfﬁed%ﬁ?@ﬁb@ébj @étfv@%hdftl?éi’f HeSFdction chambers

erances or design |limtations. The perfornmance of
werernwgarchted fluidic circuits suffers fromsimlar

[0277] The purged cells were collected from the outputs using polyetheretherketone
(PEEK) tubing, which has low cell adhesion properties. Isolations of single GFP-
expressing bacteria were confirmed by the visualization of the collected liquid samples
under a 40x oil immersion lens using the fluorescence filter set and by observations of

single colony growth on Luria - Bertani broth (LB) plates inoculated with the recovered
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i nperfections. 6. Fabrication Techniques [0279] The
storage array and conparator mcrofl uidic devices
wehesmeoa3 Fi gures 29A and 30A respectively, WePET/US2004/025946
fabricated with multilayer soft |ithography techniques
I :
bagiSif Opihoh PR ShokAUE! Sl MiploGR JITIA USL ofNBL
mdnﬁ)uifdtédh&tedmttcmmrtocmlowﬂmﬂne debicesnit is pgssible thiat thfutwe bpplivstions

t he netmork of channel beln con rolJed. A valve is .
inciig GBP RSO SUGTHT STUSEHBHTEbo SIS Tarpyfjed  tls foshion

channel . The resulting thin merrbr ane in the f:uncti on )
(02781 vvél&n pbtfermame ofiamplebgomapompardief sawt édpaby %ﬁiﬂmlﬁi’ there is a

oo B AR S SR QP e APPSR B s
cul[r%§9dthé\/ﬁ@h@,r afdod®rtho lSofd&Q)f'ﬁﬂe@é ffdity irebiutt fﬁhﬂﬁtﬁﬁhﬁc ‘pﬁfp&rtles of
made by spin-coating positive photoresjst (Shl l ey SIR

thesmatediale nsad for therlevicsrvihile oliays gepend pRicHbert h@manptl rﬁolerances or
|
R S R S e R

im Gondr 20 mnutes to create a geonetry that all ows
ull valve closure. [0281] The devices were fabricated
by bondi ng together two | ayers of two-part cure
si | icconep raligqueyl gard 184) cast fromthe
photoreS| st m)gg lﬁﬁ% bottom | ayer of the device,

[0279t dihelsmgagdmrdWalnd\mbmpmammﬂusl;oﬂlugh@ pevicesshowd vatgmres 29A

o S50 L BB B ARSI I P e

tw@HistiR& 154RY4. Cﬁle '%eﬁm" g viiéh h:8B6Ys allchaileveghiSed foSactuate the
cast as a thick | ayer 5 cmthick) using 5:'1 part

valbe® iyitugted ondep n@tha "Sewhtayer whithicontzies thasetvenrk |0£ chgnaels being
N d 30 t
coBlo Y SR P o IR0

reshﬁﬁlgttfﬁh%dl&}iﬁd in(thejierfiadbétiesn theewoehahnelsadahdie d&ﬂec:thd by
it i's sealed, channel side down, on the thin

hydlraykie ormicmietig acWetion spEdiqlogicaliassme pnd BhifgpRaipulations are
pexg %d%tﬁgtwnla&é}e assenbl ed | ayers is acconplished

curing t I'ces for an additional 45-60 m nutes
at 800C. The resultinp |ti er devices are.cut to
(030h e Mg G smiee s sHR oy ey 1 YL B positive
P A S 1T gl g S A SR e Rt

resamtlmn mﬁ%sipl)ftcdnhpammbyhyasknc mhachannelabnalm@ﬂmmsmﬁ mblds were
ddre S|n

rousged BTG A TR TR S Brelry e PR il v closure

fabricating cont rol channel s of var%q wi dth while
[028d]3p|’li‘hg devigesiwenerfabrinatagbyttemdingdogathraivwe [layer kel wormohenre

s1hcone (D%ch&%ghé}%gﬁrd 1%2?02{%{] foml ms&le photoresist molds. The bottom layer of
the device, containing the "flow" channels, is spin-coated with 20:1 part A:B Sylgard at

2500 rpm for 1 minute. The resulting silicone layer is ~30um thick. The top layer of the
device, containing the "control" channels, is cast as a thick layer (~0.5 cm thick) using 5:1
part A:B Sylgard using a separate mold. The two layers are initially cured for 30 minutes
at 80°C.

[0282] Control channel interconnect holes are then punched through the thick layer

(released from the mold), after which it is sealed, channel side down, on the thin layer,
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pressure in the control channels required to close the

fl ow channels scales with the width of the control
woheosred3osmaki ng it sinple to actuate | OO x BOD/USEO04/025946

val ves at relatively Iom1pressures (- 4CkPa)wi t hout

.cl-0sij f SO PSSR '
ah%rgl\%ihggﬁsl% ﬁle‘{rehg%t uat |tgvn thres (ﬁF [ %%gsflé %Igdr?frﬁ{bgeddu |rgnIib
acoofnplikhdddbyi alirmgttlh’ﬂewcnbs \fomsaddmcmab@ﬁ?ﬁ@ mml@ds atfi08Gg A he

resgting GRBIA ST IEES fhe bl e 0F L BR G F 1. 25 mm
squasd a&%fo%ﬂsﬁﬂr;ss oMbiith c@v&h]%b SpaLet Wil sl1ysut A8 S@ead at 5000

I's soft and fornms a tig seal around the input plns
rpm eadicurgd ac&Bptiond0 pn@ggsu rf@lbavmd ypnewbatomRER) W Qvesright.
| eakage. Conputer-controll ed external sol enoid val ves

[0285] Owuﬁﬁ&éiﬁbu@m@éss mglﬁmlﬁme h8n-coftigious Aotvudhanadld BW
conpl ex addressing o | arge number of m ¢raqval ves.

accpopBshedryufabiieation Cewirelschanals ofatasving Fasthsis Keeping tas
dmgez)]s{c:)grg@%e t%v? Fl‘Mnthf ftda @b%ﬂﬂ'vﬁd@ Q+&’ %ﬂ‘ﬁ i r%l) | Fhe pneumatic

i cular oW 0 ar so
preddur€ it tBel corfitul $:har8fel$&equedkte chdd ttesed channblsescalssewqrh the width

RELARNRRLE EE HE N Ty
10%3%%%%%@%?%%%&% Dl\%oﬁ*tﬁé‘%mﬁ? 2990 g@n Hosse8MeG s, which

surface Cross
haveartiigihdrnatuaton threshbkedlr of | ui di ¢ CIrCUItS i s anal ogous to
| eakage currents in an electronic circuit, and is a

[OZ\%QFD @YX REEAPSEMAR inth ERE H@h@esﬂ@”ﬁéﬂﬂ)fmﬂﬂcsh&pﬂhhﬁiﬁl%%el Pihs

occur due to diffusion of small nol ecul es through
inseresl 1etodsﬂcsrmmchctdstbrofugh11m siliedrfee dinliks rrn@ltomhmﬁ@ deyipgsfnade out

of l\ﬁli{i he o\ﬁ)gl'll eS and (? ! Il?se Elehtcgrll’i1 is sngnégﬁ rﬁ% a%?\%lq seal

aroRBd fHRIARAGehs! &@t&ﬂli &ﬂi@ﬁﬂin% ﬁreé@Yesbﬂ@@ﬂ@ 300kRat witighut [ARBE
Cross-contam nation is SO a deS|%n i ssue whose
Compiiserenteaiedigstcrmal sejaneid vplyes pléovgaepipnott I&W?plexors which in

tunrlJ aﬁ(t,\}, %glln?fex GlhEE rﬁsoikv]:iva lée&%leex}ur%gt%uc £ 1%8\9%\12(% ator chip,

ensa Ion sc i ch each of
our. colums has a separaé OFH in orier L
(0256 B cge BN BTGk A corBeipls ith 3l organic
5019691% al{n rp%&lcuﬁ? fidw 'oﬁb ﬁoﬁé({l&lgoiveﬁ% B LiryitOer ’?ﬁ§ $3ue can be

esign rules w evolve I1h order to obtain
addiresgéﬂ petieaserandendes i reaistahieclastomerat Sorfacecfffectsalue to non-

ular terial d f abr I on echnolo
sobiecpdiel e Eolt ShrBRL ARIREY DO TN peapgsive or
che?ﬁgﬁ%ﬁ(ﬁﬁﬁéatl%ﬂé R5thé ?D‘MS kivgstef rom the ability to
|ntegrate and contr ol nany fluidic elements on a

E th Lt
10285 o o SeBieritiat BRuPAY B S K AkRPr SR A pyrrents in
an SEERSRNc Stcuith ARPRALSHpI& EHERABMSnon! DA Serpfh BirlogntSs!! o‘éﬁiahﬂﬂatlon
nanlpulatlon or recovery of individual sanples,

will agrar desto diﬁqsuom efmmll metechleg threwghoilig slestomss Fté@fn I;lgs effect is

not A 1mpe(511men Wlth %he orgamc dyes and other small molecules used in the examples

in this work, but at some level and performance requirement it may become limiting.

[0287] Cross-contamination is also a design issue whose effects can be mitigated by the
design of any particular circuit. In the 256 well comparator chip, compensation scheme
was introduced by which each of the four columns has a separate output in order to

prevent cross contamination during the recovery operation. As fluidic circuit complexity
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applications. It may al so be a useful tool for

chem cal applications involving conbinatorial
wepmisheeiss, where the nunber of products al SO BCOMWS2004/025946

exponentially. 7. Segnentation Applications [0289]
.__Anot her .ex | e . at.i k Lld dednit
ine{e§sog it ST bR oSETROh B BREL KDRER igh ffirdihcd debpite the
limiBfiagesthepatibdanmbtedal andifaiticaton kehmlagybedg used.

i ndependently as shown in the conparator chip. For

i ; And"bshrhid} Eihibs AeeH8d fr

0285E TR coftoLBliGRPERECol b GRS Ind, bﬁeqrgt | PhiDs & esived from
theiabiit@teintpsite and carpd neny finidiacleeceisegerragls chipx tor example,

In a first step, the hetero eo I I
the PRl PRI I GHIOT A b ah S RRE A e 0 cehatein L g ppmber of
ind%%@d@ﬁtﬁﬁﬁg%?% ﬂ'grPﬁ;tk‘ kQeivt hdmifidtion dtirkddves, dfAndividual

, ure the presence of no nore than one soluble entity
saniygésper impéntant esquircmienicforhighttmenghiiut sere¢rang gizd other erighnent

f] d_then be halted Ela sereng oo ks
soRlisFRART ek Fea e RaRC YLy TSP DR PG Ry ipvgtvine
corhBiRhiBLiErk R R8N Berk thel ifntie bPHRAUEE afsb @roved@poaéntially.

Where interrogation/inspection of the various segnents
i ndicates the presence of a desired entity within a

part icul t . segnent coul d be purged and

t he gUt pggg@%ﬁfﬁgdg]t%%é&?%o%he enbodi ment | ust
[0269F C Andettr ekdmpls off opaputatidnal powetie thetwdilityrid yegnment hlcomplex or

channel is utilized, with the qther . .renaining enpty or
hetroBPRAQUFARPIBEM1P GRTPEFAalG WP CHTIFE UYL PoB ey UL gggndently

It OG5 CPO TR b WUtge EQIRlegrated microfluidi

as%%%@fgg%ﬁeo éwn$x§§¥es Q%g?gptiblgeto.asggﬁ?%gnumn e
deviikte duick iam iy shawgen Figare30Aceyd bt atilintdtoasdlate degired component of a

structures in accordance w.th enbodi nents of e
hetgog&RiAHs FHdff: ?I_Bﬁ‘ofrb‘ﬁtr?t@’e et G P% figweggorn
onE X RO rh&ftineAdW ElnSIawiaPihe heferdlehesRASRAAE Suffficichtly @fluted to

conprises particles or nolecules. A listing of such
enspeerthe presenderndingdecre an dns splyble eniity aiween he grEICgbt i ¢

corgasreniie BT Folfecate iy RERASRRENRRY, wlie bedla P

coriptetinéntdliz4tion €alofs fblatddab @Eecatikolatdaygments & the serpentine flow
het er ogeneous m xture of bacteria, each harborin

a
chaphels W Bere dterap gAtion/ taspspiian gfithe YpQUS segretBIndialss glilff@regﬂnce of

ene, S t

o o858 ol P el S5 ns SRR Al BRI Bt o
colert Al iREnitudidas ijise dedoNbed djis @npertarft to nex drp balymne flow

i denti f.?(i ng bacteria harboring thelﬁglgge &lrl?ci\%ll ng ? .
chagml.tlp atilizgd, gﬁgﬁheeotéﬁr ISPGHERG PP O M ef Fféi.ll ow collection
oftﬂgﬁ%srilee(a e#ﬁi@ z{b%ent[c%%%lmt%}%féﬂi%h exanpl e of a particle

nmxture for assaying by L mcrofiuidic structures in
[02%&}0 g &%geg%%@\gg&q%%ﬁp gtgcggpq{blé t%va%g]atyluggnutﬁ%%gr llarsgeesscgle integrated

microfluidic structures in accordance with embodiments of the present invention can

generally be subdivided into two categories. A first category of heterogeneous mixtures
comprises particles or molecules. A listing of such particles includes but is not limited to
prokaryotic cells, eukaryotic cells, phages/viruses, and beads or other non-biological

particles.
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eukaryotic cells. The assay perforned on such a

m xture could select a hybridoma cell that expresses a
wepesioci®3 ant i body. [0293] Still anot her exanpPeTal2@4/025946

particle m xture for assaying by LSI mcrofiuidic

ructures in accordance wi.th_: At j
(028 Pt 8ub R of SRR G Y B RS LR B
mixt@e QIBhdtaid, cREIPh/DOY IR plaghid utdidnga sgdvefi@BdaRYy sequence
~ performed on such a mxture could select for the thge
incluHing aBenp) RSESMEREOiH SEi oF SHCHP K SOHEDrT elinferegte Lhe assay

294 e : ' ' 1
cout TG £ T PRGELonBATRE, @52 PRA S K ehimb ey
identi fiyhgtHaetepit Gagboting theegent encoiimgps patsular éneymesy praeinghat results
. mxture of beads, each coated with a single nolecule
in thg gesigd #itys a particular protein, nucleic acid,

peptide, or organic nol ecule. The assay perfornmed on
[0292]c h Amottiex txaneple ofid gartieleguixturd fortaesainghat L kmicoeflwdic

with the | ecule with the wanted traijft.
stragt PP dH T PPl By S0t oep e A Bure of
eukhylobic BIRO dn{%&a?/ Srfoed BA SS@N miiverbldselena jizitone cell
utilized to perform assays on heterogenous m xtures of
thataipecsstsesspeORiA antibeily. i t sel f to such an approach, due
to its inherent capability for anplification utilizing
[020%1e Bal¥ABhasE el 6f 4 patitle atixuROR) atsagingibyUeS] nilordluidic
anplified, downstream net hods may be applied to the .
strupiuses iggeprrdandervidh the prespafriaveriign comprisesAdiciRrPEeays pikture of
anpk fii :
oGyl il o BBt BRAGE Sh g el ERCuSE PRt on such »
midielebodanskotor theqhage thaf displagathe proteinrvith toe desingl teatitss
containing either different genes or clones of the

[02?1?1me Y%?%th&%}%@ﬁie% aIRidId mGatleqDr @s@%ﬂh? by LSI ghicrofluidic

ranscri pti o nsl ation, the assay could select for
stricheed inrmpta@tienashuisiethp poserttin{qntion epmprissets tsterpgrgeous mixture of
esired trait(s). [0297] Anather, exanpl.e .0of . o
beaﬁﬂeéelm%te(ﬁﬁvgg{s alsglgieolpolggglgwgsug@ aq_gp@r}hc%lgrp?r?)ltjeﬂ%ingclelc acid,
pepBilE, WrlovgBc mBlRGIRO Th8 ARy WeifbrmiditorPdueh @ thixtidy eaild eélect the
conpri ses a heterogeneous m xture ofl|inear or circular

beatl dhalimeasedovitls thepheleque withdhe wanfedh&es. The assay coul d
sel ect for the tenplate whose anplified product (DNA)

[0295hi Uaf%% sthle istegiate thitrofiuldic §0RABEs Metccadatdeewitiemabpdiments
of a nol ecul ar m xture f.or assaying by LSI .
of the preseritinAnEos canelse beutilized de PEHRMhEEaYM GHRsTREFIouS B tures of

| nvent ' I-
oo N D, EAPTA T e it Byl
ampli ficdkiop uditlziap tHenpcijratmipeptn tedtidna®CRY) ¢eciarjuee Pnce amplified,

traits. [0299] Anot he I f I I i xt .
dowasireas g hods g PSRERIEE PO cou6h 08t VB s iptotfanslation
. t - t - -

oﬁ%&%}@ﬁ@@%%ﬂ%\ﬁy{#ﬁgg esent invention conprises a

[0296] One example of such a mixture of molecules for assaying is a heterogeneous

mixture of linear or circular templates containing either different genes or clones of the
same gene. Following amplification and in vitro transcription/translation, the assay could

select for the template whose product (protein) exhibiting desired trait(s).

[0297] Another example of a molecular mixture for assaying by LSI microfluidic

structures in accordance with the present invention comprises a heterogeneous mixture of
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assay coul d sel ect the nRNA tenpl ate whose product
(DNA or protein) exhibits the desired trait. [0300]
wénaishesssexanpl e of a nol ecul ar mi xture for aseayiusgoby25946
LSI microfluidic structures in accordance with the
ind, Ll ' i QFcEs. DIV asdhiecd$ gelect for the
L e i S
tenfipiste Gédwise eiplifiad prodicté DNjawbibits thendsisirebraisf a certain
size and/or sequence. [0301] Large scale integrated
[oﬁfsf r Qfdt UhSthEr Stafdptd & a%oleeula%gfta@rfsﬁasaa;tiﬁ% Bybsdimi@oflsidic
0

the present 1nvention could also be utilized to

strpwkpimacassiages with te pewhbinventionpoawrisenglPNSi iy espesould be

t han nucl ei ci,ds r. exanpl e ]
prgpggee S R R et SR PR EEhED Bl
(prORkPE3PAS) MRLhe dydieli &radts.Si gnal anplification due to
turnover of a substrate. The assay could sel ect for

f
| ecul e w t | r [\ &ﬁﬂﬁ; icrofluidi

[02? EEC ir}%‘oci ?rf' .gaTB%BDf]aqﬁ%lg&ﬁ%rIﬁ%\%g %gdr;ﬁg%:%l q eggIrr%lilcr%eul 10
strﬁiﬁﬂe@}tﬁz&dcbﬂiadéﬁ ﬁﬁlh tid@regeat niverteonaonprisecanixtoe ofgnRNA. The

separated out utilizing a LSl mcrofl|ujdic structur.
assay cod seleatthe mMBNA templaienpsaRIdug °5PE=93@H} Sénthifs the

I; i on. Beads, Prokaryotic, and Eukaryotic cells
deérlr{a%éq%get' detected by either |ight m croscopy .or

fl uorescence. Very. smpll _sa es .such as . .y
(03900 ST GeampIa A B S B R O i by L ghpgicrofuidic
str?&ﬁtﬁg fesccBRMnEewHR RS BRheinVEAtidnZdoffpristd/QeRai€ DORA. The assay

ec

ni ques. Moreover, the use of micro-electro ,
could chlacti the per(oEaMS) chrenbsointgubat erhipits theydesiredrait, i.e. shows an
uorescence of even single nol ecules to be detected.

fl.
ame%B‘T ACH LY PV ASER L%y be utilized to detect a

specific trait of an entity being separated utili zi ng,
(03] L Slargd ssalsfintsgeited miyotudip siractlss dnproardanenwithembodiments
resent, . nventi r ] Nalel
o F5RRh i PHFOh s BRI bIAR Gl b
coxgkllgsin@ boHeeitas nuakkit et IFdesxdnple meleatlai mixpuret ef proteins such as

-protei n, DNA-DNA, proteinpeptide etc.). Ex I es
en@ﬁn%&ﬁuld@ an8ay5() <35i these p%fé@%!&ﬁﬂ%l%d eid s ?lﬁ%%l@&lpi%atwn due to
turioverof a EgiFsTrate"?‘ nﬂqeaalégay c%mdos%[e@f)fby thd Igéfdééﬁle Vatn tﬁlb’ desired activity

unction assays nm e utilized to detect chem cal
and/bpsigeificity. a target. Exanpl es of such changes
det ect abl e by functional assays include but are not

ot . .
[Ojsd&g's t’l?%tﬁ)ﬁowfhg tEAAYJRE hifay b %H@Y(%fgd% d@etQhe pArtEle®s GRMcule

e to fluorescent one, "2) enzymatic turnover
beinfs sepanated ohtrwitkiyerd ESkumivsefiuidie stroctiredhragentdaisievitna

emgr@ ﬂ]‘;:t; eg{mp g@% g%%klgtﬁp{/%%%gggé%{sg ]r’g%(gfygﬁ ,gagltdkz,cuktayfoﬁg Y&l may be
defRbic@ b9 AU RE 1AM Yricroscopy or fluorescence. Very small samples such as

phages/viruses, non-ampliﬁed DNA, protein, and peptides may be detectable utilizing

fluorescence techniques. Moreover, the use of micro-electro mechanical (MEMS)

techniques may enable the fluorescence of even single molecules to be detected.

[0303] A number of assays may be utilized to detect a specific trait of an entity being
separated utilizing an LSI microfluidic device in accordance with the present invention.
For example, various binding assays may be utilized to detect all combinations between

DNA, proteins, and peptides (i.e. protein-protein, DNA-protein, DNA-DNA, protein-
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[ 0305] Honobgeneous sol utions of various substances nmay
be screened agai nst one anot her through diffusive
wai2nisrgo39R nunber of applications are suscepti BC®US2004/025946
these types of assays. One exanple of such an
pe;gm%l GRS SYIRARE Q&ag%uhé BAIrY 6 BARS iof@ﬁxsﬁamT
een separated for the presence of a specif
andaujordmergphye. gene) or function. Another exanple of
such an application is screening of chemcal |ibraries

[030af | Udiridgls BitctiBRA] akdalk hRY bbtiReRE todRtdct &{eﬁﬁbﬁ%hanges in a target.
organic nolecule libraries, oligoner l|ibraries, and

Exgmapler ofichehpegss dgichtabls !nsfathnct@@mss%ﬁsnclwﬁebté laesiad dimited to, 1)
I|br ene [ C s _such,.
enzggnat < tt%rr%ﬁer o4 geno\?m-t?l}g)?%ﬁe q %l%rtr fentg%rfgdaog?scgﬂ]t naf@ (5 at1c

turBPRE bf & aoldichrbnitgenis Rebstiatetto lal chebimagenizlinke] é1y/frdr og@ U§1@r to
crystallization of proteins (small nolecule/ salt

anafbdry 3} eInatia BN Yoy SerFTaig A glﬂémgiﬂ%‘t fighab, and#306]
ﬁ&i ﬁ)gnentatlon applications call for subdividing a
norm eous sanple into aliquotSthat can be anal yzed

t | ith d dent | t hod .
0305 hmtuiodknrutsgeloay o Vous b Bl herichs reined geajng ane
ano?h’é}nhl%ﬁglh 81@&%%}(&1&': y.e Hﬁﬁb%fﬁﬁﬂh&u@ﬁs MbishdcBEbIE B these types

screen these indivi entities of a honbgenous
of assagtsu mekwcamzotmfwudl aroamwcm i fercemng cBAY hrary clomesghat have

h .be f
bonsbBiaRa S (BF Bresar Bt ot i AL reatoiedi £ fashp U ifinction.
Anbﬂh@ﬁeﬁmﬂl@bf &&h ad ﬁﬁpﬁd&ﬁoﬁ{ ﬁsfshfe‘éﬂing%@ Bﬂ@fhfcﬁﬁmraxhésaﬁélh@ﬁig but
val ves actuated to create reaction chanber segnents

notjlinpitest te pepiidmiilaadss, @tga@nc mlesule libragigs, obiggmer likyhaes, sd small
mof‘e%&@s h 'sfs];ﬁ rs&lﬂgi)lléfr gr'ﬂlc ?lﬁr%%%snlﬁaggggérgé/n for spemﬁc

concen Ion cou respec

funémw suhlawmlterfe@erﬁca«)&ithaafn dnlzﬁnsﬁigfeamcﬁa,, daﬁq)tfhg epeo“ﬂiwﬂdmg,
deactuation of an intervening barrier valve.

spe@é*@mdaﬁg,@hﬂgy tocque eyt Higaliomeiguotemsypraalhmelssrle/ sadtul d
t he honbgeneous entit
SOI‘Etgogjgg]abLl@y {U%Nel %g‘nsglgﬁggtsegnent at |gon applicati )c;n it
ssible tqg erfo .ma |* C screen one
103hro Gae e ST icionn o1l BEGUGLHgMie hotipgencons sample into
alighbts4Bdt¢hk b@%nzﬁ&ﬂ%&rs% {hrely IR indeb iRl SN QN nehd?8. For

assayed is | oaded 256 ti'nes separate tines into the
exagwig ladarige seale intiegrated thaofhidmbdeveceaneh evimshowmenk lgh:eZBébbould

th d y 08] Now it
be 1518 1 P d v T OERIE BAOPHBERDY cxposufe t
ma&;h@ima%s réakbtahRe 18 Bt rse;e%) Sthe %bﬁ%géﬂd% shfpREolild®e flowed through
l'tiplexers. In order to avoid blems with cross

an @i@mmd] fhew cleannalsd Tha dlgivngowd dlanrhwﬁgltc@mnd ihevedriieal, t he

h barri GIeLe e decou two s
9 hgﬁtéor{/ Y/eé a&@-‘ﬁ%& O GISAECIF ?]OH § f,;)? spgpen 6 1soiitted from
cach Uit rlﬁféﬁ 8 QafED bf Bleemiad] Gpéri&ai foing/ fbviach other in identity or
conpartnentaI|Z|n t he sanpl e segpentlne [ 0309] By
conggriesting cogdtpe itteugiag rqsm%wp opothoanel e archl qf;ﬂ@e segments,

anthﬁérpm )!éﬁ b%’%gét[lgﬁo% oafrllq intervening barrier valve. Observation of a resulting

change in the mixture could reveal information about the homogeneous entity.

o=t

au

[0307] In a homogeneous segmentation application, it is possible to perform a 1*m

screen, 1.e. screen one homogeneous solution against 256 others in the structure of Figure
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sanpl e serpentines, a different solution may be
i ntroduced into each of the 256 rows using the
woubdsioeéexer for fluidic routing. For this purposasS200me25946
sanpl e collection ports may be advantageously used
30%'0 ?Lirgtéﬂf%tsB l&ﬁttb BE‘ aé:sﬁ dE8Wha@Ebd bHGtiREE Spatdidiines [fiS#H]sample
ach o oms contains a separate
inpho N eenibe sh&nbeu‘s ammorrmattrrten@hb%ﬁ' using the sandsgclaharriehe
m xi ng barrier may be closed. This loading is followed
[03*6&*&]r PR G FASIBE! tolde8d ehtPRhd aldefaeitpehitionéntorthsampitrs of the
serpentine wth the solution to be assayed. Decqupling
sutistratesefpentinpusingthe multipleegss- bip (Hflq’fdwaﬁ‘@}dtpﬁ%bl%‘% gHthress

tine, to remai,n _coQ
conpIPgRoR At ot hedsS FREAETRIDE G Salitn Bulfthid e
dedoifled 2o 2RD agRRite FHREH NS vitve bompmﬁmerttaimmgg oelgulke substrate
fluid. By opening the mXxin barri1 56 exlg)erlrrents
serpeiingeanges Feo PR YRLYES CMpF SR ZHSL ﬁ@amlf B SAPPLIANP
enbodi nent of a mcrofluidic device in accordance with
[0300F Byedediiig bothiaandvainh bamiersite esmaanmwahzéwcuh thef Jubsgirate and

channel forne nafirst |ayer nd .a
sampple SPPPRITNES . @6‘%{%?01%%@( bg Bﬁtﬁ?@lﬂcﬁddmé’ e?&‘it% 8ﬁ@e|23§7 é?WS using
thquﬁlﬁ?f‘efﬂér %}P ﬂhﬂF‘c Ifo'uﬁﬁé Fétls pubpRe fthe SdmpTk esWddtish Gofis may be

cont annel separated fromthe mcrofluidic flow
adwneagaalslpysed fluid strodedticadnstbddeofitherpuran&pu second

m crofluidic control channel is adjacent to the first

[ozm)f I @dcHiediCoGROD 5O tove nhels @d&ﬁaﬁ%ﬂﬁfn&ig@doﬁsfs@ﬂﬂtidﬁ?aﬂ the
first mcrofluidic control channel by a seco

bantief V&vescanddhermiing h@mef 0BY i_»rs clased nbaiading léif(’lh)"\‘?éithi’dﬁlrgmg |
eltla%ﬁ]i? %t?%g (s:?erp%m%ne or ggm @P{mﬂ Eﬂe%ghftﬁﬁ to be assayed.

ructu

De68\ink $€Sschi bt Ads pep b ull@wing tHe aubstrato serpbtineab rehaia
first control channel network separated fro

compirimenelize ovbilsenn@d By beriniraduont i desamblisrraappe, flling
o5 T35 DS A4 B b

256 b:q{mmlentsahmbé(perﬁ)rmed@stdnféum@ mppig.ed to a cont r ol
channel of a second control channel network separated
[Ojlrlﬂb A Embddiend Af%%ﬁzp@ﬂﬂi&il: dBAENRI dechdafceSRRR Bifé present
rane, such that the second nenbrane is defl ected
mvtenﬁ«m comprises b stitre floitic flow chirmehfirmed in n&rst layst, 208 atfite

o RS B ke 0L R A BB 45 o Fl  e ve
ml&fo SR EniBl Eﬁh%néll §e?£ra£éﬁ HonPthe GHiBATRIEIIO 8bWhknhe by a first
eased such that the first menbrane remains
deﬂimtdbé@menhbrameo A momd wigrefeidisetontrplodizanel Anadipasatitoran first
mlgr];ogglélm gqnﬁr\gz [ a1 361 ﬁ%}})z{rg éé Aot t'hn £t %9{:1%‘?]?1?&0 %ﬁtﬂ)ltcﬁﬁmel bya

an array 0]

sedoggabﬂma%wlﬁlfemﬁ,eﬁwby a first plurality of par aI | el
| ow channel's orthogonal to a second plurality of

[03@2} alc%rh m{;cz)c? {nﬁﬁpﬁrlﬂgletﬁod fﬂoc a{n‘ﬁgﬁ& Witn g%ﬁr%sght fnlv B fon for

e storage ons to
coitedliRe ek lig a vistrodmidiostrichak adontpgises, applying pressure to a control

channel of a first control channel network separated from an adjacent flow channel by a

first membrane, such that the first membrane is deflected into the flow channel. While
pressure is maintained in the first control channel network, a pressure is applied to a
control channel of a second control channel network separated from the first flow channel

network by a second membrane, such that the second membrane is deflected into and seals
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the storage |ocations. A first nultiplexor structure
is configured to govern flow through the first

wohowsaeivy of parallel flow channels. A secondPCT/US2004/025946
mul ti pl exor structure confi gured to govern flow

t hrough th chrIit a .
the@ﬁgﬁﬁeqhg e([fﬁg%f] lrﬁn(j%@ﬁﬁgﬁ}aﬁéﬂ fé M}gr or%lgr ITing pressure the
corfe cHB¥e VX tHEsdcBn@66MF el @H&rﬁlell\héthrotm Pra9suEs ¢ ﬁnﬁlelﬂryt&mhtro]rbhannel

conprises a first elastomer |ayer CO[‘([%I‘I si ng

netwerl isaelease sughoiel e fiss anemtyang repymsidHectedh fhta thegfiayp ghannel.
el astoner |ayer conprising a flexible nenbrane. The

[031BEXiAYH @ntrawiihetod ahﬁﬁrcﬁ‘ﬁbndatedg;tmbtumd ageatdance with the present
noni ntegral end, the noniptegral ont

InVEROTQURDISET ¥ FFAYAMCPIBET logaiary ng EMRERTC T ﬁ% garglel
e v [ tiA

oSN W SoBaR AR bR R

corith lipeeis adjacdt vceﬁteusmragazlonq:trqns ésdefine deflostafele @alves fcgtlsolatmg

fl ow chanpel , a channel er | t
b eabore A7 Bl B b G e3P Ay o
the%&%ﬁﬁ:%ﬁ?y' of i RABINBIYE Bhfitéld UK SecoR hiultisletbrtsGudiatd @ﬁlﬁgured to

ngated first flow channel to define first
gowm flswchrodgh dyrseners! piftahiey of pagallel flow chasirhel . A second
flow channel is in fluid communication with the first
(08P e H em@d&ﬂm@nttdflaﬁﬂlcfdt@tdﬁ&ltbﬂrtﬁllelwaWaﬂ‘i'dmdccordance with the
cohmuni cation with the second segnent.. [ 0316]
preems duiention conprseetgdlasiorag deye SHERIHNE A VFWéalelé gefifon and a
vent i o fy
sea B0l oL Bilafo Bl SR o AIAL ARRIZANS Tho flexivl
mehﬁirﬁfe(}&?, Bf @itserel @deints lﬁmmnegalfdndsﬁhe @bnintpata @nd in contact with
m crofluidic flow channel irst val ve ove rlying the
theeROr A AG ROBHEVIER I BRSFHRErec o tebh PR A Reor
first and second segnents, such that the first segnent
(0316t Almateandtive smbetlmmen bf @mi¢rhBuidist @rvmgem emdamnmwb the

and .t he second segne eco | enent
IS IR GOREIS SRASRENS] B P AR ol Hannel
OV&E%B DiloRbaté f13sE 6% dhbstict tdj&‘éﬁn%% firBt ROEROAARACE, thé Vdive
sent I nvention, conprises,

stmcehteccbnﬁgiryd wdthflestsiatl the stopeaige firs élaw chanard to defipe first and

hin el as r terial,, Afirs ro in
secar Sev<is i AresommAneeady rrerp bk S ERIR M | o,
coh%uﬁ%gﬁo@w‘i/tﬁ itveefirsfscpafean dnd h‘ﬂ’ﬂfrcpﬂéw I&Bimﬂes inl filuid ebe@tuni@tion
uid communi cation with the storage | ocation thr ough
w1anth@s;@nudmnmt [0318] An embodi nent of a nethod in
accordance with the present invention for selectively
[03X6PT i APerabstimeatmfermetod im@icerdante with thepreseaf invérdion for

devi ce, conprises, providing a chan‘oﬁr defi ned Wit hin,
1soéa’qmg|elmeytmf hefsregengpus SAlT’ﬁh‘-‘t epmpyises sfloyging spipgle comprising
e t
e B BRI RSB R0 L v

ovédlyaue theffirerel drizated Hiovbelianh birio agthated Kedafine firstl and secmnd segments,

second f | ow channel .
such that the first segment contains a first element of the heterogeneous sample and the

second segment contains a second element of the heterogeneous sample.

[0317] An alternative embodiment of a microfluidic device in accordance with the
present invention, comprises, a selectively-addressable storage location defined within

elastomer material. A first flow channel is in selective fluid communication with thc
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8. Upwardly-Deflecting Val ve Architecture [0319] As

nmenti oned above in connection with Figures 23-25,
wentsdicvmat s of mcrofluidic architectures in PCT/US2004/025946

accordance with the present invention may feature
stoYaeMEStidh iBESH £5a190NA! QLGRS cKRhEISS in seMMaRE gt O an

overlying channel in response to an applied pressure.
coiBuuinicationpithrtial stordge lasetiomthroughasepend waéveof

consi derable value in creating | arge scale integrated

[037i8¢ " O ethBbdimSht S HEBSd il 4b38RIanddndlili eeqreicAtink Bi&ion for
physics of solid state devices such _as, diodes and.

seleqtiiohi Semnesaniascey cEng dimdterial dbe PHerofluidicaievige, eomaprises,

i nt.egr i N0 n .
e R e
flogRg ime eicchambei ihkstRhCefint wibey iniafirst flove chedinel) afd eednaterial is

power consupption, size, gain, noise, breakdown
SeleRTrEls RO h S ehadtber Biroeedis P VALY Uik SEoRRél s shannel.

are now poised to use simlar technology and ideas to

| aunch a simlar revolution in biology and the life

sci erdces UppasilyDdlectingh¥slveidactatgctred mi crof | ui dic

LWcuits, the.fundapental .co nts Y be val ves
10338 it R PEGGR Soptins TG LB et SR merts of
miM6fidRCaroMtecti€s i6ABAR AR RviREhWBRRet ity RASHh MaRfheSvalves

of the valves and their c{)erf ormance will be a key step

stryqtureheordiguedddp defiect ypward inkooanovstlyingehpenel prapspanse t gt applied
t heses.ngw t n HES: f th . .

prep o R DA ABElineRlTR oty 4 DAL HR¥ Sy insregine

lardOdcdI¥Enteghagsdnaicrefiuidio sirodtasesact uat i on pressure, and
scalability. [0322] The inportance of the performance

[032Pjet Qfﬂd%ﬁ%ﬁﬁ Sﬁe @&sﬁ&l%f 30 étgli@.tdieﬁees duh as igéigs elmsd tgansistors

ctrophoret separ at-ion applications, t
was$ acgeidbewhpliof fidtdrerfahaiinéegsdtedwingritrovelefi@c t Semkicomstuictor physics

allsl o DRI A RRArE A TN ogiAseatl REFIOEB PR REDberics, including
speE@PRNRE colNEDROARIND B5in i fise) BlealERE] AlrdARERVBRakd¥ N, voltage.

are highly dependent’_ on the particul ar properties of
Mic¢rh8uider davimgs fiteuiotv poisedaioarse bialilae teghmyjogyoardnigbasrte haunch a

. en there.are. conpl.ex unmbi ng requirenents. A nore
sin{3r B IVEP T i bR g 25 B E8NGR1 on 1 s to- use a

mechani cal val ve, and there are many exanpl es of ]
[0321 L r Spatbescdategtrtedmirapileidic oitgpijs the imenta) comipepénts will be

" El Ui r .Se [ eSystens” . Ton, [y 194 163
valy<goBlfi3s o 3E SRk B i ion il Bhned
betweeH hebagk physids@take villds dnd 93 perR@inBn@f willeCd kel step in the

i ncorporated by reference herein for all purposes.

develppumnt ohp theeraifi"detie Whsicet B thesanew toghnelegicandomapptie
g4t SRk bl RPN, o B E8AE Bl e
dinfeusipos astuatidigsessate, ahd sdadabilitghown how to fabricate

I ntegrated nechani cal valves in nonolithic

[0322] The importance of the performance criteria depends on the application. For

electrophoretic separation applications, there is a large body of literature showing how
electrokinetic fluid manipulation can be used to meter and inject small amounts of fluid
into separation columns. However, these methods are not general because they are highly
dependent on the particular properties of the working fluid and are challenging to

implement when there are complex plumbing requirements. A more general fluid
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el astoneric chips. In "Mcrofluidic Large Scal e

I ntegration", Science 298: 580-584 (2002), also
wonewroeeavat ed herein by reference for all purpB6EAIS2004/025946

Thorsen et al. have shown that these val ves can be

ma%laafj atign é@g?lh 15 tﬁ Ok mg%z}%ré%a?,ﬁ e@v% hig ?hetr%1 e nzi‘a[n%r ARG %r

err co electronic

m1dr8fa8ﬁ5ﬁ&&ﬂle§hdh€dal ValvésalBek cag. eShoyil tHiuida fgaesoakgstems”, Top.
integration. In "A Robust and Scal(%bl e Mcrofluidic

CunveChemnPAB6hOo§98hand Kov a4t Micspiapehiesdy eng ue&ra@ewcskpok"
ST OSRA 12 e zlgf ol s
(0333] v B "WBro b Mises AV ¢ Bt D Qe Sives
Litl%ciéﬁ%gp L &ljer ??83" d1><l3 g@@ﬁ eiﬁgﬁ‘%ra@éd BynerdpéRP Bkt for @fl purposes,

King These el astoneric val ves
Unferee ap h@mhom Hosv wathlnmalteemtqgraembmsdmmcahgalvmn Imdnedjthic

bacterial c iochem st
clastpeh paps ol DSRRPITEL Atee THB I GRyDeT sttt 1 Bho s34
(2008), Ialso nrﬂc afe € ASRir Wfér&ﬁ:e&’@ﬁ MBHirPHseB) r'ﬂﬁ)‘i&ﬂh&ﬁ ak Gaveshown
poorly he channel” di nensi ons var%‘ and achi evi ng
8s

thapthasrt vad@ds cae beasdddn make highl v integsetad hips thehargdpeghly equivalent in
t t 1; .10
thels BorpiEfgeR elebrogit Inebred st Fip bR AR 4 6R N ERRon. In

"A R3b1§ 260 30AEbIS MidfbRidlE 8adteingdylehiot Chat M@@fslﬂﬁotbhﬁ(lrystal
avai | abl e di nensi ons. These criteria are gart

GrawibdistExee Itesface Ruffagien'y et Not hicasenst P 1ehi e &%ﬁ
: |
AL N S B 0B B

valtesan @lsorbeassed Inuoblist maakpotatishtsbhemxdsribatmheter amdlmlx independent of
actuation pressures and favorabl e scaling properties.
the\wgoRerzgsad s Workeng fhad performance of the valves by

nmeasuri ng both the actuation pressure and fl ow
[0324i Thasecetastaericavahiead élavapa@eemto lzbessaullgiblqdaraapmaélpgs involving

baciggia G AR ARG Bas FRS s PRI PR o pelves

do 65?651@%6‘?1”& thb Bt Vigh tRaichRboh PRs§iré8HcaleipdBily @8 thR channel

esign tool for future mcrofluidic device
dinshesiogn vy 3aid] acMssingrpeasttianli astilation pressusesremaisesi lay gispest ratio

a defl ectabl e nenbrane that closes off a
geoF’i‘%Wo(SjH%nel or chanber. In order to have high
density devices, it isS desirable to minimze the, si
[0335] a Feemennapplicalions affmtprestst rapiddectssisabje t havepity @SPect ratio

chagﬂeels (ﬁ §%ea9ert] SR ltl%x?g?QB t aagliﬂ?lﬂé Mﬁnetngi%ﬁgei‘ﬁé‘se Qh@fﬁ are

|nt erial properties

par@Eulbite ifBoTRme /e theldslgn@Tdigh dpbionetips wundnipdate eukaryotic cells in
pol y d| nmet hﬁl si | oxane (PDVS) have Young's noduli that

smal} @mmm,téOB QEASOIUPeREAEANE ude smal | er than hard
materials such as silicon and silicon nitride, thus
[0326] oWeng Weodescritaecs et {ypn opmesrsfinidic vainerwiin extmnniyi law actuation

pressures and favorable scaling properties. We characterized the performance of the
valves by measuring both the actuation pressure and flow resistance over a wide range of
design parameters, including unity aspect ratio channels. We found close agreement
between the measured data and finite element simulations, thus validating the simulations

as a design tool for future microfluidic device design.
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MEMS type valves. Furthernore, it is desirable to use

a deformable material such as PDVS as a gasket to
wensgusroeodsgak- pr oof operation, just as nacr 0SCOPCT/US2004/025946

val ves use rubber washers as val ve seats. [.0328]

(0327 mg u fMést LnEhishwve 'sEﬁ%!tﬂJs i SR ICiRE UB ba &E&Gfaﬁléﬁn&ﬁbrane that

val ve geonetries. Figure 37A shows inplif
closmsheffmtﬂﬂmi Qhaagfrl anclymizer! i[tuaﬂdedtmmve hmh\ﬂ@ngso@mqey, 1B¢Gb81rable
ed our evi o hi t.ect.
o iyt S Brg B £ s FRTanE ol oyl L g ppruaton

prfRFS bRARLRAIVeE ERoimREy ptAH AR bBvibEs RS sdavL ﬂh@ nim&ﬁ‘lal
off the | ower channe?, which contains the fluid

Prqmtt@ﬁ o€ the merabreng. ciifieans adastqrhss mhtﬁsméfdnaﬁﬁh&sﬂpwm(PDMS)
hav. hf%%r@%em(g% lft tlﬂgt 3%% gg@ 8+de}s ofI ﬁn@ﬂ.@%#lﬁ%le‘?‘ﬂﬁi lIaM; ﬂal:eﬁals such as

rane vari al ness

silided hetdiRebr wtridepthas afidwiap loneectugtiogplesdtirel tharc @ rfold in
3704 when pressure is applied to the overlying

MENS 09 v esh AHHBEMDPR 8t is ﬂ?ﬁl&ab%eya dspf dglograile atgipl such as
P £Bpel @Y SRERGL AU PAABA IR Hilosti 3955 Bhter

wafH3248 val¥vd satspush- down" geonetry shown in Figure 37A
has proven useful in a nunber of applications and has

[039919 & RO B sl s‘irﬁghﬁ&i"&heﬁlhﬁ’d 8ashAREwE 2Ly Geometries.

seal e ag ai nst any su strate of I nt erest, neanlng t hat
Figita3 Th shajmxa goplifiethsdhematie diagenm efrm\mlbh—éown ralvhgeesetry 3700

I d subst r.at nd that dewvices. gan b "
sl n DSy Rl anE R vl G 37838 bhted st
dow#BRhudei tBY ﬁ@n{ﬁﬁe%@@v&n&mﬁcﬂaﬁi@elmpﬂl@hémw RSl 6If the lower
geonetry that we refer to as "push up", because the

chaimﬁlbwarvé c@ateinsdhe fluigwd iniaresto Tél@éhwl@ierss phide gspelrang varkps from

ann y i <.

thefe at or é’le gisl%nnEL tggﬁ]ln;g(%l%’ss%ecs ucggf’arﬁl?\lg aarP%/Iﬁ%%ﬁg?Z%Sf Vaiable

thidkne€p deBectddne @ldst 68 anyundedeing @l dcttanhe ITodiwirngrature is
t he enbodi nents of _valve architectures jn accordanc

apphiet fio therysiles eetugtion ¢hanpgl 34@et This freaf grometay may uti lize a low
aspg&qgﬁ@ﬂfeag@g%{}hﬂ emth; %mwﬁ Iﬁ{:}%&lgﬁﬁs ep{he\fﬂﬁac@%mdwm.

nmore t pre oes not vary by

(0328} & Pl Buil-deangome Svgﬁ ﬁﬁﬁr oAb i o ppe mumber

of a'l;ﬁh@é"tﬁﬁl'é danass b Béi’vaﬁfhgg 'ﬁth@ i BRE ﬂ’Lfl1dtcﬁ§mfé[ @cﬁ% sealed against
vention, 1n which a nmenbrane 3752 of substantially

anycwbstraa vl mltnrcsmawmgthdteﬂiulémtdedlcmbw used a¢ swvable print

r.ound d fludic c 3754 ressure.i s a
hea1§ 6F i b hEte ATE Rk ferioes 34 B° T BB ML PO 4 Bk and
chﬁﬁhqgngnggn flexibility because the thickness of the
menbrane i s decoupled fromthe di nensions of the

[033% ﬁié:ulreg?flg ﬁlgolv%sf tixg foS %actua{hon st%l\fr% gggﬁgtrﬂ ﬁba\{ k&%urgfer to as "push-

up", because the membrane deflects upwards to seal off the upper fluid channel. In this

geometry, the deflectable membrane is featureless and exhibits a substantially constant
thickness. Speéiﬁcally, the deflectable membrane of the embodiments of valve
architectures in accordance with embodiments of the present invention feature membranes
having a thickness which does not vary by more than 25%, and preferably which does not

vary by more than 5%.
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devi ces, where a featurel ess PDMS nenbrane is

sandwi ched between two patterned, hard substrates.
weeas/obeav3 exanpl e, Vieider et al., "A Pneumati eariug2004/025946

Actuated Mcrovalve with a Silicone Rubber Menbrane

[OSElf’]r FiMueos A hl%ﬂ»vé"d 51 thhé’dl sbhbiagé diagraby 6f £Mmish-upeehive geometry

gest” of the 8th on Solid State Sensors
3759rid agesrdancomgth ancﬂmbozhmgp of ﬁ@zprz@et nYgYp, nyghigh @gmembrane

iy
3752{& sg\les[tftfg/{%gfsgo%%%gw Gi g%’f gégg@gﬁj{ﬁﬁg%ig@lél}ﬁg% ar aé@ﬂﬁldlc
chanM1Bak i inhief phRBlaE angpliad uethe actdatibraghianag r317§6m‘ﬂ)‘ h1sf@ometry
practical large scale int engF i on B\ l.ass .

alloviscrp I dgsian Elegibility becausasha dFlncsh bgpue igdgepupled from
theﬁg%en%?on@%? ﬂu@?%ﬁaﬁfe whi ch is incorporated by

erence pur poses herein. However, these
Vi ces have tended to_ be | ar

1038Fire HBi518) hiRd BraiAs SSRGS Sl EeoHgirippehvbrid
devE&QVWhé}Q W £E QudefRE PEMSem%Hl%fhn\é?i’é B awWIMHEN bdiRReMtwo patterned, hard

nmensi ons i nto nonolithic PDVS chips and have made
subktnaged. i Sest forekampley Vicideaetalt, 8AiPrguinaticadly Acfiated Microvalve with a

erf The - up.. geo '
SR U Rt B AT L Fan B ERE e Dt o
the TR TRML.aNG (L S SKIRESSteNiRdrb Eﬁ@ﬁcﬁﬁ@rﬁ&ﬂﬁ@?mlﬂ@%d (r1995) Yang
actuafion pressure on the depth of the fluid chann

et al., IEB/BBI}/ISH eroropesumgicmpmbreat salye'y ermsgpoetd ,flcquztgrsA 64 101

1sgbets BePbF o i R AR e AL s

prab@dal &Eg&%aletlnﬁgraﬁbﬁl ndapthsphadroflnitivaiypsly Sekoeseand Actuators B
devel o t he photoresi st was_heat ed above_ its

89,13 éﬂ§|(€@% ?@h‘ﬁé Wﬁl!qmlém(opgpﬁf‘ﬁﬁl by referencegiorall giers ges erein.
Hog'ﬁ{?egi %e etvmé% PQ\H tgf{\?]e'a% 'B?Mr%é"{rﬁ@lnﬁétef GignnEeh9raa! 'r§th§r slow.

al n channe rounded cross

103380 ot Wb ehaygheny UFe8tisge S5 Bisngvi HLCRLh SyEhes into
moﬁ}%ﬁhf%r@mtch%a&hh ARV EmbdOM: Hr & reﬁféhﬁ% bﬁ&aot@ﬁzaﬁ@%@ﬂalve

i s photoresist does not reflow at the
perfeenpaceat Tiequish-eqgeomery tradyinsagaons hg:am iilh anidprityornsh |

ine A Bt 3P B S S S S 5 B LB ctcon
premk%@m% de d’f'tﬁéﬂﬁlhléhﬁhﬁl appl i cations”, Applied
Physics Letters 80:3614- 16 (2002), |ncorporated by

[03@%{ ez‘g H&) f%lgla{]%g il gh %%pecptlﬁ{lg Prfdic fhelﬁﬁel‘g'%vg §1¥i’ﬁ§cia.ted a thick

or one m nu

posidfedihototbdisti(AZCI00SSE PDP) bie 3SkHiBor wyfer aﬂﬂipattemndaabjl ytandard
50mm [0336] Both nolds were then exposed to a va

phqisqshthqagrﬁphsh mﬂ dsvelersch e H@ForiS%Wthéa‘Fﬁ aBRVEdSS §lass Transition
f aci |
ol BB B} P ETREE B el ATRRIAEL e photresi

in eréﬂtﬁlobtaﬁh&mnﬁéls withch rotndedp@ss seatiopet ri - di sh, and spun
on the

[0335] Molds for the actuation channels were made out of MicroChem SU 8-50, an

epoxy based negative photoresist available from MicroChem Inc. of Newton, MA. This
photoresist does not reflow at the temperatures required for the curing of the elastomer,
and SU-8 lines keep their rectangular cross section. V. Studer et al., "Nanoembossing of

thermoplastic polymers for microfluidic applications", Applied Physics Letters 80:3614-

16 (2002), incorporated by reference herein for all purposes. The SU-8 was spincoated at
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actuation channel nold. The fiuidic channel |ayer has

an excess in curing agent (CGE RTV 615 B) whereas the
waebwsakis channel | ayer has an excess in the BCHAIS2004/025946

conmponent (GE RTV 615 A), as described previously by
20008 f07 onéninut BHS 3lsl1R0h K&y Thb eiclaRRsb NAe BR1-BRBRr was

t two cured layers. The thickness of the actuation
typidallmi3@ml. ayer is controlled by the spin coating speed.

This parameter is highly relevant since it also

[033@Nt IS o’ Wtk eeRQKBoRt té B @afetof wémethnloh Rinesilafé éor 1 minute
fluid channel layer is a fewmllinmeters thick to

in endeoie facilitatgoneldaelentse tThen dhafmorrompongd syjsoae glagtegier §GE RTV
uch as_t.ubi [ o : -y
615 ipe il (3 SR SHph ARG in @B BRHNURUES Sl i the
acthitigndibened awie! Thafleidid chaped l@r bdsfanf axoesstih euring aigent (GE RTV
Access holes to the fluid channels ar.e punched usin (%}E

61% B whereaw thegetyption shanap! layes has F1Gx0aess 10 thealher companait

bdsi Hy@h o8 Bl b QUE Wi Wrther bondi
R@p?ﬁg’laémdé#flg%&;g&? Louts e act%\%g%tir%ﬁtcﬁannell aye?r. onding
betRead itrgwb eursddaydri eThavhidkayssrof thesachwbipe ¢hahnsy layeikiis ggntrolled

by gtgeq%%c%artlggﬁgqf;go g@fﬁ%&g‘g‘%g%‘ﬁ gpﬁ%@farseiﬁey%tl Siﬁcc?clg'glg% igéntrols the
thi%}ge?aso fitRe bdire %érhlﬁ‘:éﬁé? NI RRA Shand! By&us & Few millhigetbrs Mgtk to

vice Is then sedled to a precl eaned gl ass m croscope
allew rdimblpyconiengions withirhacsescopic eleniegissyeh anwbrB\ANd4yEIAgES.
et hanol, drying with nitrogen and baking for 3 hours

[033Y] 8HHh IaPéishreti@adinsat §Ra €6 4 PhBHEae 30U TherdfBe Mlaidic
can be applied to the actuation channels w thout

chqnsaldaygs is perdayff framothe arold.oAngess hieles torfhe Huid giapasls aregiunched

usi&g S gi%gl\év rl]t{sgtr g{ugfaldgétg{;f h\ié”‘leag/lgr ig %Qﬁmngejdf El%ér?égtav?fglf %ﬂgﬁﬁcﬁ, dried

ructed. e devi'ce conprised

 wifhinitir6lien 26 @pAEI Alight 1i thé othatiom dhenricd 1:66f Bonding beiseeh the

by 12 actuation channels with the same wi dth range.
twotAyeRg is pebaeyod byibakiag ah80°S: 1987 #8WShe vari ati ons of the

actuation pressure (pressure at which the fiuidic
[0338RN Mk abserbbedndbiy &l peelet dmauthbyactuptio chaneyl moldrand laecess holes

idth of the fluid the wi,dth of .th
to P apiaton dHBacls P TABIER i dT3bISAGE MEn SO i Spirclspmed
gla %)?(dlc\é&!c\ﬂ e Hﬁferﬂy;hr%m ot RE268d (basBBAhd RAVOR¥ith étﬁariﬁ)clz,hdrying with

array of “fiuidic and actuation channel s _
nitfogemaad beakting for dfhotsht BaT@.e Withrdens suefatrsapresdiresaipsiodRPst can

vary .according to the di.pensjons of the channels. The
be ae&léﬂtt? aé’h‘éﬂﬂ’% Flangels V‘flﬁ%fléiﬁgﬁg? h a dye
solution.[0341] W also made different devices wth

[0339] f dn erder tpinpasyputhe nerfeipeange obihe mrw mictafhudis yalyg dgsien

o et BB Pt TR e e SR ELMERES sl Bancls
withlvAgHOf&s 50%0 B0 MRAblesddbyd@sactietioh bhinnels weitiptheisage width

pressure on the actuatjon channel one can create a
ranfge oWsine these deyiees, testushied the vaiations ah e actuation pressure (pressure at

which the fluidic channel is completely closed by the valve) with the width of the fluid

channels and the width of the control lines.

[0340] Figure 38 shows a photograph of the valve matrix chip. The valve matrix chip is
a 12x12 array of fluidic and actuation channels which form a matrix of 144 valves whose
membrane dimensions vary according to the dimensions of the channels. The actuation

channels are filled with a dye solution.
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into the surrounding el astonmer. Since this process can
create air bubbles in the fluid channels, the
wactusakima channels are filled with a col ored BOTWS2®A025946
of orange G in deionized water to mnimze the vol une
[Oﬂflg Aiylre LG InaR8 i Eterlt e PO H Qi PR ER sBR0a RS s 5B8s bfthe
pushed 1 nto the actuation channel, squeezing a snall
actuaticanshamdel ddyer muarderftotcharactesinnthe dep@@ande ofdheiatiigtipn pressure

ressuyes re measured with the fluid channel ,enpty.
on Shecmpabate MDe  niifgeaans prebiitg Bt 57 UG 47 ABbiVing
presdRE6n RS cRIaB6H ERarRE] difeecad 3taste Ak @f it grome i RARition channel

~ comes into contact with the top of the fluid channel.
intyWhersutrhending elastpapar- dSinee thireptppess garcerasia éir, bubhles in the fluid
actuatio fFes ' | fit : of . . .
e A0Sk S e Pl 8BRS BERANE® conived
walB esShlirgfhizeahé PSIuMRICF afrithatPagyeg tHrbwzhahit uinibeane MY ®less pushed
_and the nmenbrane thicknesses were neasured by using an
inte thejagtiation ehagnelo pruegring asmed yelusny @l i of gieschanngl/ 3)
In "Mcrofluidic Menory and Control Devices" Science
[0332D, AAhmtioR POIJyres werrmersated dvithythe €fugt dmorcleariy nThotarge
. all purposes, G.jsnman et al. describe ot her device
indi shEpRe G IrsHSghEoT et bigwea e Qrop PH ey ias
me}{‘%lréﬁ% Bihefirftd! BSthQRyifH the G B RS BiHidEcHaRndl N eVIRGl HEk!i#Nquid in
channel, using a method of conpensated in situ
therfhad chiaamelnthe athiationpresiee fsabiftedbysheapack rirbssit @f the liquid. Once
chanpel . One side is connected to a.reservaoir..filled
the e RORPISTLESS i Psrs U RS viorg Sy ALorRee avtyatiorpchabtiels, and
thelfMrbrand MR KALREY Wél*e%edsﬁreﬁ%gri@ﬁfg%_ dpfical hiREREMR With a 100x
filled with a solution of 100 nm di aneter fl uorescent
objpeitigdersbuke Scientific Corp. R QO)in deioni zed water
and has no valve. [0344] The position of the interface

[0338} WeeMidiefliivie Memoiy MdsComud] DlevictEcagak B8O, A55€2003),
di fference of hydrostatic pressure between _the t

incepparateitly wsferense berain &r@llgnapnses. Orolsenn ehpl; dessgbe \ngther device
el R O S RSB g

in thahetestionfchhires] prsapsimethod of bempaisatad insincheasnedment\e This device
then used the prevjous caljbration plot to.ipterpolate .

hasiang shaped dlugic PlP?émE]Ior ‘éfs%g‘?ﬂéicﬁﬁnerc&éli t_@ BAFRCE qlhgﬁ%‘ggﬂ‘:h@ewmmd

waﬂepsnafﬁds\a%h[eqqg%ﬁo th® hﬁﬁ?&fe o 4 s %&2@% id Dt Qe filled with

experinmental data, we have el ope
a sdliti@ee Ui O9ems diameter fluordstet Hedds(Pake BSeiemtitieCoxpt R400) in
.si.ng] e m crqval ve. By way of wvalidation, we present a
deiQnje W@Frﬂ@#@lsin(?é’lalvteests whi ch denpnstrates the

fidelity of the nodel asregards sensitive predictions

. [0344] nilbe posiiareofisbp interface bstvcdendke tvrresoliinnn aies potistl aghipst the

.cact uat .0 ressure o he onet f t val.ye. . The
P aat DarRuE st e BE e Piintssof Ty Bitigpatits. Then,
with @b '[p%%_éﬂre dERdraite Vetdcd Ih PRV BHaAEHRS,8hEH 68RO MBS interface was

i ncluding gain, bi-stability, )
measured for different values of the pressure on the actuation channel. We then used the

previous calibration plot to interpolate the value of the corresponding resistance induced

by the valve.

[0345] In order to gain insight into the experimental data, we have developed a full
three-dimensional, finite-deformation model of a single microvalve. By way of validation,

we present a suite of numerical tests which demonstrates the fidelity of the model as
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and ot her advanced features. [0346] The el astomer is
nmodel ed as a near-inconpressi bl e Neo- Hookean material,
wea 20039 ut i ve model which describes the beharComsefod4/025946
gubber-llke mat eri al s undergoi ng | arge deformati ons.
e en, " El ' I ' (#1
g e AL R P TR s v

acta168 pR\&AE 6 tiyygeoaicaydfcie: Vutvei The alidated npdebprogisles Fhewerful
neo- Hookean npdel_ has sone basis in.theor

) ¢ et s, o
basiglSoriba stliopg! desienal hisl el UTREBF AR EA Y oBE e i bisgtability:
and?oﬁkfle?ra cg&]feag{regreel y jointed nol ecular chains. From

iS anal'ysis one obtains the relation (2) m =NkT,

where: m = ground- te sh dul us; = .
[0348p Lh Plarieiter s SO Ao BRORR Y Dis e SR feriy. o
con?tﬂﬂﬁ@ém%ﬁﬂ WHER daeHbEBRhe bOBATdr of BEbbeBLRE haterhihaMdetoing large

en Is characterized by two paranmeters: the shear
defomthiions SeeaDgieRoTRisstie Refomnatipny op RubbraliksSelidsy rig dechanics of

conf i ' n_cal cul ati o . 1 -
oo 45353 Dl a3 RehBe Hagisof o pHghER, THE neo-
Hod i34 &lod¥ends @Rk badiir theoryt Ri i @beliesdtta swtishioal-mectaniel

to represent the threedi mensional geonmetry_of the )
treagnfmtmfalnw@;fomowog%m}mCthéd @ﬁl‘:%i“?aé (Faaigy Erom &kf pbysps one

ef grmat .on and cl osure. The el enents enployed in the
Obt?ﬁf ﬁﬁ%h%?]s are ten-node quadratic tetrahedral wth

our uss points. A uniformpressure is applied over
(@t he #aNEEeVigFet he actuation channel . [0349]

E;i ghi=o ot st fé%hé’;ﬁtm(%cﬁﬂ ;forccre]d between al | surfaces
NOTAS t algorit See K t al.,
T=a ggglg%tnp%g%gﬁg’ ~alg m See Kane et a

"Finjte sis of nonsnooth contact",
Con‘pkit_ f\%i‘ar%;& N cfi ed Mechani cs and Engi neeri ng,
180( N2 pupbert chygype tdvog%fﬁﬁm fi et al.,

"Ti me-di scret| eg,v riational f.or:ﬁll ati on of

[034h- Thesrferiel beavion rends ARaesterized RYdrAPTERArolle S5
mo UWIE Ph&adn'dVahE 993 thd urfdR e PR E blgur i) n t8R1aEi8AOwe use 1
f) ), bot

. of wnich are incorporated by reference
= OléelPhnand or= &#5; botr peved] acceBedin thpditaratyid t i ng
equi li brium configuration of the mcrovalve is

[03@%73 W ErLsbY 1FHHBFmiE elehlenk At in SRRr Wndpresandhetiral . |
nam c rel axation", 1 n Computational Met hodsfor .

dinfEnsionalezepmBiry afithe minenvplyies andsiel spluscthg squatigns-gRjfrewng their
eds.., pp., 245-265,  FElseyjer ' j r

cotiriior i or i) e st Gl g SRR SRRV IR tepode

quadratic tetrahedral with four Gauss points. A uniform pressure is applied over the

surface of the actuation channel.

[0349] Frictionless contact is enforced between all surfaces by a nonsmooth contact
algorithm. See Kane et al., "Finite element analysis of nonsmooth contact", Computer
Methods in Applied Mechanics and Engineering, 180(1-2):1-26 (1999); and Pandolfi et
al., "Time-discretized variational formulation of non-smooth frictional contact",
International Journal for Numerical Methods in Engineering, 53(8):1801-1 829 (2002),

both of which are incorporated by reference herein for all purposes.

[0350] The resulting equilibrium configuration of the microvalve is computed by

dynamic relaxation. See Underwood et al., "Dynamic relaxation", in Computational
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dynam c rel axation algorithmfor non-I|inear
hyperel astic structures”, ConputerMethods in Applied
woORkel360®3 and Engi neering, 126:67-89 (1995), borsefo4/025946
whi ch are al so i ncorporated by reference herein for
M&A(st ?Mﬁ%%nt zb)%%} ARMAHG ﬁ&?mga&otamﬁ@hgs SYLTES. DY 5065,
l'em tHe conputation nodel is restricted to
Elsmmr 8¢1en¢ee1’u’nllchm,a$meterdam «19&3/)|;mmt Oyklbys and Knight, “Adaptlve

dyq%%‘gg Iaé}[g)?agiéngt );.0 ana\é élXﬁt% ] t?néeggg mpuz‘er Methods
in APPIRHMREBigthicY andl Eﬂzézlz@eﬂnfgc N268Mnisy (2995 rlﬁ)tﬁ&@@’hidﬁ%é ko
actuation pressure, and the | ar gest pressure not
incpmpotated biyraferenes her@né@wbpmfpoaehe m croval ve is
recorded as the actuation pressure. [0352] A first

[03|sar aipRting Co tHeudy-folisaimert ffahe bfodidm,ahe conutatishal model is
hi ckness on the actuatjon pressure. The actuation

reswmﬁirfeﬂ /& etibe gricioyalvecy ihgamaetry heundagy eanditions 3ppliegan all
B A Y e PR A B SPppca
at /10 hietegindnts d'ﬁthe expeeimiEnal ecti i akpressaes andltlteﬁargest pressure not

xperi taI are consi der ed.

resiiB it il arushal e ridiondye iR B e SeEpEat pistoure

channel wi dth on actuation pressure. In this case, the
[0352) udt fisshparhmairisl stelyctonesns élereéf@cfanfgmrabranqunemuﬁw

in.width and.,55 .hei t.ne fl ui
actLONPLESIUS- g%’ﬁﬁ‘& &d “ER/C‘%H ?lrSS{}f"é‘rls 5‘?"&3“@5@* rﬁ‘h °Jt3|90 pm and
a hélgkt S5 6, dhdhied gbidic cHagndl @bcﬁiélnélé bORRledb§ aGRCHlaLcBOD pm in

for four actuation channel w dths, 200, 300, 450 and

widtlsandy#) ringhieeghi x bbick membanne thislacsspORsRg cARerimepisb eange, 5, 10,
and! fbemﬁ%g g{n%sg@ero@ eg%%ot%ﬁg)f ra%?egrrug yntgl?% ?@w}é s‘{ﬁe St 6t WMnel

widehaii a@ttlﬁidrzlﬁeishﬁa rantis amne, theWbKﬂlhﬁl@n bhamgélfseainh is rectangular, 100-
t hi ¢k %ﬁ expect ed, t he results are synmetric as a

600k KR R ey &rﬂdéﬁ émpeight, andihe fuidinehapnel gepton igbgunded by a
circ laq%fbsié%gﬁnXh Rlidth8d STR i hdRsHR S GHE @eﬁ u1§9 'afré ?zﬁlrlleé' opt for
Igure 3 I e

ots actuation pressures of rom t
founattmaitionc:lhhmel Whdtha 0023000 A5 P peb S0 @is, mrthe sxlpﬂnmtanltal range.
with channel widths and significantly smaller than the

[0393]93W€1%§p§e%‘114é EQGatiod ;ﬁ‘é‘s‘sﬁ'&toﬁf thePMEA-GOMVe sYx%l:M?éaé’\A Ffction of
conpar abl'e di mensions. [0354] As the width of th

the actmmramntemw@ﬁmaragmm raembiane elvatithv engh anldéhlclmess As

be
expp S b S BT RR el s o Wn Bt shO R R it WA targer
dlmleﬁzﬂgﬁd'brlelﬁi neal EDEBRNSS . ts?)@élﬁaamu ngure <] Idﬁﬁadﬂ@dtﬁnfp‘i&%res of

ure 39 shows the scaling of actuation pressure with
Val\rﬁé the rdatﬁré #hiPo ﬁbe acuaion uessaies @f@eﬁmén@ngfwﬁhaqham widths

di nens An$.595 VEeS over i dic chan
and R B Sl B o B oo 1 fofaet RER Sl Py witn
coﬂpagabsémmnmbni 0355] For small actuation channel wi dt h,
the actuation pressure increases dramatically.

[0354] As the width of the actuation channel becomes small relative to the fluidic

channel width, the actuation pressure begins to scale roughly as the inverse power of width
or length. Figure 40A shows that a subset of the data from Figure 39 shows the scaling of
actuation pressure with membrane dimensions as actuation channels of various dimensions
close valves over a fluidic channel that is roughly 228 pm in width and 54 pm in height.

The line has slope -1.
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As the actuation channel becones w der than an optinmm
val ue, the actuation stays steady. It is therefore

wQQewsile0™3t 0 have actuati on channel s crossi ng PCwiUS2@®4/025946
channel by reducing their width at the crossing

[O3€ﬂ fé?, nf:ﬁl g oh%ﬁgrrng cﬂﬁ’ rtﬁ@ﬁht&‘a{tm%'pressﬁfe' 1ﬁcr@£§e§\i@amatlcally

I'on 0 desi gns ‘and nul tipl exers
As @ a6fudeén ﬂmnﬁelrﬁdcoﬂnesrwider pﬂaa an@ptiesimayale, drcachetioatsiayh
channel . [0356] The actuati on pgessrre al so. s

al
steadgu §iHp {herefaeA1asyibly tp hay hactyaliop £ ‘if%*i?H@s%‘“gEi 3%’9%“‘1 by
red%ﬁ?@ﬁ%ﬁ% fatd &8s geéaﬁHt%eA%%eﬁzrfb@m 6 ThBrseh cIBINMKi@ARows the

ness or a va th a 300 nm actuati on channe
creiod 6§@6mplexfdhip dhs(gns had neiltiplGtessiadrdsrip 6pairelappliplsyelves with
neasure val ves; open synbols represent val ues
one2guatipn ¢ finite element simulation. The fluidic
channel is 56 nm deep, and the cross section is clo ﬁ
[0356] afhaactuatintprossyre alsvescrles taushlydisarly Math the élembrane thickness.

act yati.o essure a t
Figid B aHERRg Bieraiees { futfoh SGheRBan; HIBRIY fobfa vllve with a
300t i tactubfort ERHANEILHALI00 MR ﬂdﬁlﬁlﬁcﬂﬂﬁmﬂe Gltssemsymbols represent

conpl i cat ed. 0357] In both case th ree W, t h1
measheedsiahigsHearsymbe Séﬁleréﬁqném uess ?ﬁ@hg Etent Similation.
Thepﬁlgg 3Rk SF{]sdTgl%s o6 aésfsléh n‘%@ oftb %@aﬁ %2, Although the

ures. ues cl osely match
resisRB6WITRAR actadtion pwssuie agppears theigcrgade lmsarly amhdhq: membrane

of the nodel Fi.g co es.th |cted and
thidkmess. (e BoREieA ok s ot 06 B ngtinnal daadrch R
Agai n, the predictions of the nodel are
(m%mﬁgﬁitent mnth observation, with the actuation

res ure sligh under ct ed (over.predi,ct.eqd) f
03 o hlhiriss e heRErgR Rk R RGP LREYEY P 8B shows a
corhpi-RAE st mERIR PARISCAVR1MET LudBb ptRsigee allee predieted valiss closely
crons. For very thin menbranes, surface tension

mateh ftlectpedmentabdathevhibb pevidss stiirstaglidation ofithe W@d%fFé% 40A also

corb e B By AR P bR AR ofchanne it
AgInH' tﬁls B%ﬂ&tféﬁs bhehelrayde a&fcoﬁélﬁsﬁtomﬁt olmed/atlbna, wm theraetiation
phot oresi st features, ggéglns to v rg Wi th h
premq séng.hﬂm enderprediced @ vermpdisied) dor igpgedspall) acftion chgel
{Hﬁat surfaces make the bondi ng between t he | ayers of
Wit device difficult to achi eve because of reS|dua

ai r bubbl es betgﬁen the two Ia ers. %6$5 k dﬁ
(03851 o dbo dimsal FSBTPTIES PeY SEANE KRS 7S B oK o For very
thif) Hl%ﬁlbpat%h s}iﬁlaé/eet%né%ﬁ Qﬁé&@&le‘ tSQllle | TSR §i510RSturcs dnRRY Wafer create

actuation channel 00 microns w de,

an Wivvee siurfeef Mhsl thdﬂmenbkarwalslclﬁmss mitgeloissheylifferenad baigreen the
thlckn(e:srsoor%sthedﬁger oafne?astomer and the thickness of the photoresist features, begins to
vary with the pattern density, size and shape. Moreover, these non flat surfaces make the
bonding between the layers of the device difficult to achieve because of residual air

bubbles between the two layers.

[0359] We made a direct comparison of the performance of push-up and push down
valves with identical dimensions. In both cases the actuation channel was 300 microns
wide, while the fluid channel was 200 microns wide and 46 microns deep and the

membrane was 10 pm thick. The pressure on the input of the fluid channel was 490 mm
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menbrane was 10 mmthick. The pressure on the input of

the fluid channel was 490 mmCOf H2O, (0.68 psi), while
woOheosmae39sit was at the atnospheric pressure. APOTAIIS20#/025946

the normalized resistance (pressure drop induced by

[ t..Rr [ a '

A R A
noin®3584 rd8istame (prassareirbp @identd oy thewmabrefiepe pressfire) bfthe valves as

extra resistance provided in a channel ?y t he val ve,
a fipetipg of Bisichiaion shanpipl FGesuFe s SRAWREr F18411 esi st ance of

the valves as a function of applied pressure. Thus it
[0369] c|Byamakihgt di fifiretitipd aieasptmest] of ¢heaettwatBstamte @ovided in a

pressur e out . an order of ni tude | ower thap. the
chdRpRY WA ovihi S Ip 596 Py TR GTST Y8 GREnse S aves & a

1 h i t ' ure

R o T o A PRI 0 s at o press
abaitt anneler offmegmiysiedower thabtied pidy dafn”tvialvepush down

valve is vary small. Hysteretic behavior can be
[03%_@{3 PIRRS o 115 g @@ di1 NG o6 @fes Al thepusherpl valietixiliRaiyBetetic

wi th woul d al so correspondingly el evate the pressure i
behagipridue ¢p the mangyang stisking) to dhe qrpesing chamgl. t Hee ypéaretigpehavior

n ush- \; L0 .

of {RE BTG T 12kt imfHEC B Rl B RE b€ Wi Ehs 0By acdine

preéfiz@ncthe floileviemnel, héthovoul@ slsaterrespbadinglyelevate the pressure
significant anount, and the pressure at which the
reqyirehtdose thavalec.cl oses is more than 20 psi, while the
cl osing pressure for the push-up valve closes is only
[03821 [Beith thie pubiB6R hnd hush-diviri ealessdmve findhe slapdd cunfes for
. magnhitude is due to the shape difference of the active
incFRRNBEAABSS 915 BERSHITA dhihe Ao GRangel. % ﬁgf‘p%'aves are offset
by H%{EﬂLf?d%ﬁt- athdurk SinkithdpreBsub N8 vISEH Bl pudi dWh valMIcIdER more
thicker at the edges (46 mm and therefore harder to
thabh @Agbsi, While et gloding prebsuge foy tlee mfshwipl wabye dlorss & ordy 3 psi.
opti mum val ue of the nmenbrane thickness. If the

[0368 YD rTaRedi fiereh 8ot dHerbrddriof dRichRédeSis @ié 16 thd shdjR difftrefde of the
and the val ve never closes on the edges. If the

activemiyralyrens. sTheqpishidiorta e has pygortexfshapedaembraggs {tdthin in the

[ [ 0 / r i ' '
e LIRS ARG R T FRYMES pene.
fact, Fordiz Ay oI, tHerd RanpheEs@nt valie/efithe fiembriie: thitkhesaN&f the
is uniformy thin. For the push up valve, there is

megRFneds toec,th%; g dptleqtaonlydn Bis cepier #iel the valva Reveriplesenea e edges.
If the ?ﬁ'ﬁxtb?ante B QR8hicIEHP Sfﬁrg/%ti?fl i@@%ﬁtugﬁ%r? refsul omes impractically
actuat| on pressure. refore, push up valves are

highuhd &lel devicerfaits. gh aspect ratio (depth:w dth) channels.
It is typically possible to close channels with aspect

[03"653# | @l ABG meRR™ YalRe Qﬁ:ﬁﬁ@&ﬁl‘% i koA ARith ¥ prBsntindention,
with a pressure Iower than 5 psi.

the membrane is uniformly thin. For the push up valve, there is only a technical limitation
to the membrane thickness, since a thinner membrane always gives a lower actuation
pressure. Therefore, push up valves are suitable for high aspect ratio (depth:width)
channels. It is typically possible to close channels with aspect ratio higher than 1:5

(depth:width) and as high as 1:1 with a pressure lower than 5 psi.

[0365] For decreasing values of the pressure, Figure 41 indicates that the push up valve

exhibits an interesting hysteresis. Figure 42 shows a plot of the normalized resistance
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[ 0365] For decreasing values of the pressure, Figure

41 indicates that the push up val ve exhibits an
wOonv@reees ng hysteresis. Figure 42 shows a pl oPCofustdee/025946

normal i zed resi:st.ance(pressure drop induced by the
B B el RO D he
actaatizini chemnal peesgne for the gmmm@alwmmcmc onlye Fa;gum #lshows that

resi stance increases act uat
thesF Rl S ro? FeF @aomootduan e soneion Bpt Bt i Rerepsed. However,
as tﬂ@ ERBFE % ddchsé® m&%ﬁ%ﬁca&ﬁﬁm@m@i afen tilken dideRin@us jump
di sconti nuous junp downwar ds. 0366f W used an
dowpwardal i croscope with a Iong wor ki ng di stance
objective to image the valve end on, and were able to

[0366?t WeudddnIPELE ndibtbsOsl Wil 10ie demg&ﬁmdimabjd@fwe to image
ferent values of the pressure in_the actuation

thegabiiereal onpangui s ablsde papthihe fiape 28d E%W‘Hhoﬂihé wba@tﬁsfor
dlff%fen? (/thfés exf[ﬁé b&gﬁxrﬁ fn t‘ﬁF Qyﬁg?éi‘g?h\éﬁhéde E?ur%g 3 | | 9 aI P@se electron

ctrv gure

mldf‘b guples dﬁﬂossksemta o¥ a@Wshitlp palivatt ﬁtiint Hai 1t-6, naspeptmﬂy,un ¢he plot
in the control Iline. Figyres 43b-d sho V|e [
of Bigues 42. Spetificl FiSEs fp Plosssurew ahPeip Sttreg Pre?%e in the
[
corg PPl ’Elg@‘ﬁ’éaa???&ﬁ?e%eq%??aﬁ*ﬁ%”?% “?ﬁ*elﬁ%f‘f%%“%’éfe@@*‘{ﬁhe
conwodtiseir e and the valve in the closed position. Figure -
43f shows the view at point #6 of Figure 42, with

[03‘7E3F tuBe 43 dHOGs BRINiER at bbl'ﬂ@#S gt 42"%51‘11&1’1@ teBsure equivalent
avior of the valve is evidence he conti nued

to the olosieig presswre end theevapissh ﬂnq;clv@kl\p@smpn pBlgure 455, shejvs khe view at

po1eﬁgﬁnﬁm ggg‘jvﬁg?)gegélﬂg 19&@ clga%r %ne t %usc@% g%1%2¢ﬁet bléhghgr of the

valbe/ﬁteefd%ﬁcte%l Byasekéidued Bloacthaste of tHf pukhep Mavierag peint £6, with the
the top of the fluidic channel. Wen the force on t he

membFARe ATBAIEIE stuskitn thedpp of thedluidie Fhamgke bet ween t he
fluidic channel and the actuati on channel overcones
[0368 ERiPunesi4@rand 431 thas siovb tlaun éhethystehsmistroqul g ffrdni edHdsiondif the

channel , the | ve. suddenl a and the val ue of
mepREang F%Q@G%O% plu aalaa@ae%ﬁﬁﬁgﬁ\?gf% o Shemgmhpne gg to the
preé’s"i’&éjtﬁff@fe‘ﬁ@@bxf1 rEﬁle%?dlg BhHnBethd RE aétﬂ&fo%ac?ﬂaﬂlgel overcomes the

pressures ysteresi s'was not observed-for the
adhesinn eﬁtheanmhbrpmsﬂm -thetap ofdhe/Buidrcathiatead the galvp smd:@blyysnaps up

becaus er rest.or orces were able t
g il phRERESSF aatrareadd b YRR el s Sefuaipedo the
ne%ﬁ%ﬁécf%? i&r&ﬁmg%kéé@u@g CThik ﬁ?&té‘fe@ﬁ WS Bi6¢ é&@&ea Forf tRE
feature a pl anar nenbrane of "substantially constant

conyentidnakbpshidosm vadvechahitsetuat [peohaplychegaisattioe largesvestaririgrgrees
chann hi s ot red by the present
Werer?gﬁe’rf OSHW ﬂ‘?g}eﬁﬂﬁa%%%é?%&ggﬁﬂﬂ?% of mcrofluidic

val ve architectures in accordance with the present
[0369y e Mthilsrembedingents ¢f vakee architectures described so far feature a planar

membrane of substantially constant thickness that is deflectable upward into an overlying
flow channel, this is not required by the present invention. Alternative embodiments of
microfluidic valve architectures in accordance with the present invention could utilize
planar membranes having a substantially constant thickness which are deflectable into an

underlying flow channel. Figure 44 shows a simplified cross-sectional view of one
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pl anar nmenbranes having a substantially constant
t hi ckness which are deflectable into an underlying
wobhas/ostmnnel . Figure 44 shows a sinplified PCT/US2004/025946
cross-sectional view of oneexanple of such an
alferpat iy | | )48 A QL RES H focl ith th
B PEih 48 FORRM T boRincft T MR ALANEE B cbance with the
preédt @rveatibive val ve structure 4400 shown in Figure 44
conprises a concave fluidic channel 4402 defined in an
e el & Bofh [iStiguieiancohd¢REs 460Qaed fluidic
[OSE%BA&%%VERQ%%%r ‘rlrléégﬂg)g g op of 1glljbst rate 44%)4. A
chanaelofd? defihekiaran wderlyidd 6@bstrhteP30b. Aufitst it layee AQeaf PDMS
thin |ayer. 4406, wi.th recess 4408a i.,n the ho
maisgal 5 ¢8R QrapBiof RSBt aP R A o th it FABEd L pMS
ma ﬁ]fal SEer G Ohy & 1R08 8k i fbOss 44087 ikl thOBeticth sefadfoflifi@r 4408
valve of Figure 44 is simlar to that previously
contadiogitbindayeod40hto defioh copralshgmcbf4if. gure 37B.
Specifically, application of a positive pressure to
(0399t ertioadiee Vi lofaagse 34 ihsindlaf toethiti previoiislyrdedoriberbfor the
portion 4406a of thin PDMS | ayer 4406 into the
pushrieyalye elFiewigi3dBe Speeifisally. appicatipp ehy Besitisessyes to control
ortj) 4 [ : i@ 1 4406
o B ER AR T BB e Ghe B S SHA LIPS layer
int& hieaaderl ghafaidid clidnaeluldder Bgcage flenibdane héomédQ6alinplanar and
thi s manner, the_ downwardl flectable éﬂlve shown

) d [
of F5ubsiaatially esnsepkthirkngssot chbreadil cofomh e SORALF Shaps of the
N h | . . _
MR o 8 A LS Bl R
Figater 4scofificre nofyeif therseméadnantagse o ethe cenvedtional piishsdown valve

rovi ding a substrate vi.ng the concave fl ow recess.
arcﬁ‘ﬁ“&‘ff@ f@%‘b‘&ﬁ %@ﬁp?rﬁnﬁiogagt?ﬁ@gﬁg?@%y conpri se gl ass
or sone other rigid material having the concave, recess

[0382k hdde vhbye sirnctuterpf Figirn 44 maythsdpbrigeted: hyelitstprovidigea substrate

may,.,conprise, a pol r material hayi .
B S ZORE A O R el e RO s o
sorSS8e AEAtmatéike havibg tedolcamytecBsPchadbtharie | shother

havi ng the concave recess forned by mol ding over a

embeslimgnidthe snbsbigtermaay ereDTisg ROWYREYMSHY MR¥iBE tag pasgaye recess
h resist. [ 3] ' - Ol t

T

elagibiet hiatigs theeondtars adcesd fashedrey mobiihg ane alrayetedatised feature,
substantially constant thickness. A nenbrane | ayer

whishinasi eampyiserelloyead photpresittckness uniformity coul d be
formed by spin coating. [0374] Fabrication of the

[0373] v & abiicatioh wf theofalvei suctarelelf Figyreldd nomntpd enéidudsd by disposing

di sposi ng the upper el astonmer |ayer hearin control. .

over SRSl s TIBE S ONIG HISTTHEAS) AFE ! SYLOURGY Comstant thickness.
I | 80 ASbOMRMed by spi

A EEEEREE RSl RORSEY b oty ShasLomed by

coating.

[0374] Fabrication of the valve structure of Figure 44 may be completed by disposing
the upper elastomer layer bearing a control recess, into contact with the planar elastomer
membrane layer. The recess in the upper elastomer layer may be formed by molding the

layer over a raised feature such as photoresist present on a surface of a workpiece.
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| ayer over a raised feature such as photoresi st
present on a surface of a workpiece.[0375] In
woamslodeissn, we have shown that by using sinpl 8CT/US2004/025946
physi cal argunments it is possible to design, fabricate
[03‘5}'@ U8 SondRAQN, Wd hfe @h&ﬁﬁ”&ﬁ{t Yfasith Elﬁl}fl@ﬁl%‘s%ﬂl ﬁ‘rgﬁﬁ@hﬂs s
perties. These valves have an order of nmagnitude
podsthleto @@tgmafabunatp raad sagt wonolithic mikeovebiss withdyvaalde scaling

ar di ave excel |l ent
rapEiepng Dteryabiet ate st RO TeRRR L vef BTl Stsths dypn the
best BrevBiiR deSich YvidSR@dbr didlehQoval RS hatd éko@llérit@@ﬁn@ﬁi@p’ﬁrﬁes in
range i n dinensions. The fact that simulations agree

thessenseethit thext ¢ant hecused, rq/@al@wmwa%éa%wge&m a large dynamic
ranélggryglﬁt%é Ing S’glrn%) Fac l@ﬁlaﬁoﬁs()%reg scb(r: Wélg fzvgt;i(ﬁtéée’ 2&&%? Pclargosrfnance

meSRkbNGmu DA @laleb& Qsﬁ\ae b teaTdbl ﬁiturd valwe dekgiss, iroparisula when
tool to_elucidate the basic_physics o&avalve cl osi ng.
ma[cmgre}npi%ge@axﬁtre@ss%kw.t% é%allfi/tocfé%?nﬂ"ﬂ djmensigng eres 2 tool to

eluEﬁ% tﬁgﬂg"'eéhj Q?Q‘ggu"g gt s with nearly arbitrary

conpl éxi ricat&d using mcrofluidic LSI.

oRE HRekreR W out R AR e b RalR IR Gt

nea‘{'ﬁ' REitiaBf cTRA¥xiRPEIN tedhbriiated Jsﬁ@hi&ﬁ)ﬂtﬁ&mﬂ@l gthe I 1‘pld simple
roughp ut screening applications to the desig new

fabhpqmnq)rdc@breagomlauﬁhwltb the. p@@fuémlwc nylltmlexmg Cc'pr bzwsed to

SSIb .0 deS| st
oS TR ORRR auRe P e e i el biskfipe paptsgtons
to 18t A8 6f ndW Bl d¥hildyaedtBldgs € SeahbiliVeTthé procBRmMARE Rt

described herein with reference to particul ar .
possiblo i designgobusé ruerpiluidia devices wethsvenrbighey deasitighof functional
Valv(_g:;lrl ous, changes and substitutions are intended in the

F 8| ng disclosure, and it will be appreciated that
n sone i nstances sone features of the invention w]|l

(038] eﬁ‘ﬂlnbfy@ﬁ PiSEHJUYCIAOR Gt kesp dRehrivgd heteinoyith Feference to
parfiERALHSodtinb RS Wer PRIt oFRRM AR %Hﬁué’&}aﬁlg@s and

I'nvention as set nmodi ations
subg#iytibes e detehdedsd st fosegpmgtdm::ﬂdsare snd mamll e appreciated that in

material to the teachings aof the inve .\ t hout )
sorgrapaibgomedrtise o anenipn w2 pe SRl ed gy chprsponding

{
o RS A i S Py s oy

Thereford endmysboditidaions ntayrpp nzede do fdapt @ @mttycuhg situation lor material to

the B B e P8 b AR R R el 5 Sidspire ot e
pre§€cnt h}ﬂ)%nﬁ&@' s N ded BalhdidVeRibrohotlbeAiniitdd 16 fthd haHtiSular

device conprising: a first layer including a first
embetiment disclesetlias the begt madecontempiiad farraeryinggait ngiinventian, but

thap i Iir?v%ngorfl Wilt ncfud% Alle bogl%ea % an\Qf etqpli\;ape%tsf fafllsl'ltg within the scope of

the claims.
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surface to define a first mcrofluidic channel, a
menbrane portion of the second | ayer adjacent to the
woi2oasto6edosr of | ui di ¢ channel exhi biting a subst aariuakdoy025946
constant thickness; and a third layer in contact with
W}g%?ﬁgiq\]ﬁ)g@s%%f the el astoneric second |ayer to
[ a second mcrofluidic channel, the nmenbrane
portion deflectable into one of the first and second

m crof l uidic Al‘ratmﬁhédiicldewespmnwimgi pressure within

t he ot her _of the first apd second rof UI dic
channel s@ figst lapigp inciuding 3 ¥Sa¥eee§§é’i’zﬁﬁé§ i m 1

wher ei n xE §t§ﬁ1‘3§9 s&BoRll g‘eyhévn?g £hansidk it &rﬁﬁft Agdhe first
n

bet ween t third layer d a second recess in a
surfiee endefisiedefinf midreflsidicmhanrelypenembiaanpettian of Hie second layer

ad]g?egg{o glFsgirn‘tplﬁliogll EF %ﬁga\ﬁlﬁéllch%wqef l e&l%?tgl‘l ali}péo%sttanﬁluckness and

ponse 10 “pre

appl i ed § ghitdBysas ebstadtvifiPd bdebad §1dé2 bﬁfhﬂ@lasto'.ﬁnerfﬂ‘second layer to
mcrofluidic deV| ce of claim?2 wherein the seco

nd
defiriecy sstond microBwidisrrbrnnekhgmembeane ertigiglpfigptable Into one of the
ﬁr%léff %qcﬁr?(f %léc%ggggihc gL r%ﬂé)ﬂkéjfo I‘QS%M#B%IHQ t &hg’ of the first

m CI'O annel 1S I ne

andRLYRERIdrbRuigRAtndIayer and a second recess in the
third |l ayer, such that the nenbrane portion IS

d dly def| ectabl th F1 ui di
Cﬁ\gﬂ\,’]\g{ 21)4 r :g’hg%g%oﬂgld%ﬁ%gr%pg %ﬂ)“ﬁql ]aerpfng\rt f':.'%e%lpp(a g)llcroﬂuldlc
chat glrlg ﬁ!}lﬁﬁﬁg HerbOANRe hlrd5laye-ﬂ3ﬁd Q"s&,roﬁfi |réHe§‘é 1 LRUbEEsI8 of the

erein the second m crof di ¢ channel
secendn lalybxt, such thatrthe themrhyas-®etodn i mlpWBrdl}T Heflastabieinta thgifigst
yi ce claim5 wherein the h|rdla conpr
migtp g e nel o BSDoee i Brers Srrtigt i e RbHd RSO AR clponel.
wherein the substrate conprises glass. 8. The

m crof | ugdi ¢ ge¥infierofhidid @vive b obane Whdrbia theseoad microfluidic
recess conprises an etched recess.W9. The

chamnelr exhibits @i rectaegulaeress-se¢tiiim 1wherein the third |ayer
conpri ses a polyner. 10. The m cr of [ ui di ¢ devi ce of

claim9 ther eg‘ﬂc SronfridPd v yo% cla Whectgﬁ tt ﬁg@on&ﬁm?mﬂmdlc

The m crof | ui evice o wher el n
chdfin6lrie Qb fihedi keth tamhe baoné layev(:hldbi Sesowd mepﬂs fin Wiedhind layer, such

aspect ratio of between bou 1:1.
that th% membrane portion 1s downwar y dehectabﬁe mto the second microfluidic channel

in response to pressure applied to the first microfluidic channel.

5. The microfluidic device of claim 4 wherein the second microfluidic

channel exhibits a curved cross-section.

6. The microfluidic device of claim 5 wherein the third layer

comprises a rigid substrate.

7. The microfluidic device of claim 6 wherein the substrate comprises

glass.

8. The microfluidic device of claim 7 wherein the second recess

comprises an etched recess.
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12. The microfluidic device of claim1l wherein the
mcrofluidic fl ow channel exhibits a width of 100 mm
wonrols®se39313. The m crofl ui di c device of clai mMPa&T/US2004/025946

wherein a wwdth of the mcrofluidic control channel is
greater than a width of the mcrofluidic flow channel.
14. The microfluidic device of claim1 further
corrprl si 8g an Themiedoiflofdid devick ocidiinn \R/H&eiﬁ‘tﬁé ulduih

trol channel. 15. A method of controlling n a

COIHPI&S?BBPIPB ¥ structure, the nethod conpri sing:
providing a mcrofluidic cont roI channel separated

from an agj acgnt i ehRfldS Jrl t@{\glﬁ}gm ég%ssetcgm layer

el ast omer menbrane having a subs

compiisek RB&S. and appl yi ng pressure to t he control
channel such that the el astomsr menbrane i s defl ected
16. The net hod of

into the;mcrefl Ul U'F])cg'%@élallrco evice QE glia}néél Whergip ghe microfluidic flow

claim 15 Wwher e n
chanml reahibith didepthanitiidspdd aRRRSf Hetv deRGp¥hit 125 Wl £ 17.
The nmethod of claim .PLS wherein application o he

pressure deflects the nmenbrane upward into the
over | yi ntf-mi cHetnigrefiuidic dgvice pelniot | wiBreil the mietdfhddioflow

chaﬂ&bﬂﬁﬂ tion of the pressure deflects
ln‘grgﬁgﬁt 8&%@%?@? ?3 the underlying mcrofluidic
fI ow channel .. 19. A nethod of fabricating a

ni crof | uiddi ¢ 'Htermmfdﬂu&xhc bEceBt d18ith £ URBFiS) W%Jﬂggglteﬂge

mic C[B zi\ material over a first raise
‘é’{%‘f ?f‘?ffﬂf ?IBIG i§ eatsr dhan aswidth efithe onidwefluiée Hotichwanel.
recess in a first side of the first el astoner

mat eri aljy. m'ﬂbﬁﬁcﬁfﬁﬁﬁ@ﬁgn@é @tsctlaq{rrlelr g&lgeéchﬁé?s?ﬁ/gean actuation

second raised feature exhibrting a
fluidwishis themi¢rofiuidic apafrohehaanadont rol r ecess ina first

side of the second el astoner material; ' pl aC| ng t he
first side o thethgg gn teI&l ast oner materl aI inst a
pl anar $obst Farshod Sfconolinie g ¢ picrpflgid ti?eg tur¢yhe method

compriging: el ast onmer material against a second side of the
second el astoner nmaterial such that the flow recess is

separ at B@Vidinge meofuidia esintrohehanad! shyaratad &loasiroadicent
I ckness.

micrfBHRIcA Sy BB P HPSARNhL AL L Yb S0 ﬁgvefrrl]é a b stantially constant
thickness; and
applying pressure to the control channel such that the elastomer membrane

is deflected into the microfluidic flow channel.

16.  The method of claim 15 wherein pressure is applied to the

microfluidic control channel filled with water.

17.  The method of claim 15 wherein application of the pressure deflects

the membrane upward into the overlying microfluidic flow channel.

18. The method of claim 15 wherein application of the pressure deflects

the membrane downward into the underlying microfluidic flow channel..

19. A method of fabricating a microfluidic structure, the method

comprising:
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20. The nethod of claim 19 further conprising form ng

the first raised feature by patterning photoresist
woveers/oaodsr st wor kpi ece. 21. The met hod of cl aPaT/282004/025946

further conprising heating the first workpiece to

refl ow theldlpct isedasiéméOnhtefiahdvbea AR RAQM feature exhibiting a

cross-sectional profile. 22. A pmethod of fabricating a
rounded CESP§Reiian tg @Pg@q yflow reqess et fisbisidopiibe dirsiglastomer material;

rovidi : t ' . SS. n

pper s ur SR bR o B RREAY fecb i Gy Bl
exhibltapt onwetan il yecrodsasettigh ®uleihantombdlyreenst Afifst side of the second

t hi ckness .into contact with the upper surface to
elastpgter ANl cr of | ui di ¢ f1 ow channel ; mol ding a second

el ast.o [ LA Sit i re:

et no. &St 5 R SRR Skt B A ERA e fink s plangr
substlatestwhrer mat erial; and placing the first side of the

d t teriagl i nst d side of the
7T ot oPYCTTSHEE g o BBt SHBram e e st dgreROnde of

the 2Bt 6thstGRBRMAeA SuERMat 1he PEFBEds i SpGrafNtdiR lthe control
channel by an el astoner nenbrane of substantially

changghlay ainelasthingkmembrang daving eubeianbielly ofnstAnathickd@ssaher ei n
provi ding the substrate conprises providing a glass
substra hawi V, ss_etched. therein .
24, - The 2Bt nade ot ARS8 G EE S g NG Tl he vt raised

featugel by paadrainghptarssts opéraviigi werkpideel ymer substrate
enbossed to formthe concave recess. 25. The nethod of
claim 22 _wherein providing the substrate .
conpri s éé’: no ITE‘F H&t}&dﬂﬂcffaé‘néoa@ftwnWﬁ'ﬁ’é‘gihﬁﬁtlftﬁ_/@P figst

worllpRdcR 84 rdRA} tHeHnBtRisi td R%mand AUAGGHEELRRa5EE bldHle, and
renmoving the third elastonmer materital fromt ralsed
feature. 26. The nethod of claim25 further conprising
f or mi ng22he A method af Bbdcdtimgtamisrdfjuigiatstractnienthe method
- 1{gs(?l[lo,resi st over a first workpiece. 27. The nethod of
co ‘g Aith 26 further conprising heating the first
wor kpi eg@viding € bhitatehavinB alcohsie ek Pinf @ PpbhSirface;

rounded cross-sectional profile. . _
placing a first side of a first elastomer layer having substantially constant

thickness into contact with the upper surface to define a microfluidic flow channel;
molding a second elastomer material over a first raised feature to define a
control recess in a first side of the second elastomer material; and
placing the first side of the second elastomer material against a second side
of the first elastomer layer to define a microfluidic control channel separated from the
microfluidic control channel by an elastomer membrane of substantially constant

thickness.

23.  The method of claim 22 wherein providing the substrate comprises

providing a glass substrate having the concave recess etched therein.

24.  The method of claim 22 wherein providing the substrate comprises

providing a polymer substrate embossed to form the concave recess.

25.  The method of claim 22 wherein providing the substrate comprises:
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molding a third elastomer material over a raised feature exhibiting a

rounded cross-section; and

removing the third elastomer material from the raised feature.

26.  The method of claim 25 further comprising forming the first raised

feature by patterning photoresist over a first workpiece.

27.  The method of claim 26 further comprising heating the first

workpiece to reflow the photoresist to form the rounded cross-sectional profile.
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