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W (54) Title: MICROFABRICATED ELASTOMERIC VALVE AND PUMP SYSTEMS
o

< (57) Abstract: A method of fabricating an elastomeric structure, comprising : forming a first elastomeric layer on top of a frst
micromachined mold, the first micromachined mold having a first raised protrusion which forms a first recess extending along a
=~ bottom surface of the first elastomeric layer; forming a second elastomeric layer on top of a second micromachined mold, the second
micromachined mold having a second raised protrusion which forms a second recess extending along a bottom surface of the second
elastomeric layer; bonding the bottom surface of the second elastomeric layer onto a top surface of the first elastomeric layer such
that a control channel forms in the second recess between the first and second elastomeric layers; and positioning the first elastomeric
3 layer on top of a planar substrate such that a flow channel forms in the first recess between the first elastomeric tayer and the planar
substrate.
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5-VALVE AND PUMP SYSTEMS CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
nonprovi sional patent application clainms the benefit of bheetahbawions
previouslyfiled provisional patent applications: U S. provisional patent
appl i cat iad ofro2d-0 60/ 141,503 filed June 28, 1999, U S. pheirEo@ifloe Pat ent
application no. 60/147, 199 filed August 3, 1999, and U. S. provisional
patent application no. 60/186,856 filed March 3, 2000. The text of these
prior provisional patent applications is hereby incorporated by reference.
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sequent i ajdprerided and patterned to make three-di mensional structures). A

limtation of the first approach of silicon-based mcro-machining is that

the stiffness of the sem conductor materials used necessitates high
actuation forces, which 5 in turn result in |large and conplex designs. In

fact, §ot h bul kS'f‘R %i S%ﬁiﬁ%ﬂw‘?’% mtlmﬂ{ by the
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The U.S. Government has a paid-up license in this invention and the right
in limited circumstances to require the patent owner to license others on reasonable terms
as provided for by the terms of Grant No. HG-01642-02. awarded by the National

20 Imstitute of Health,

TECHNICAL FIELD
The present invention relates to microfabricated structures and methods for
producing microfabricated structures, and to microfabricated systems for regulating fluid-
25 flow. '
BACKGROUND OF THE INVENTION
Various approaches to designing micro-fluidic pumps and valves have
been attempted. Unfortunately, each of these approaches suffers from its own limitations.
The two most common methods of producing microelectromechanical
30 (MEMS) structures such as pumps and valves are silicon-based bulk micro-machining
(which is a subtractive fabrication method whereby single crystal silicon is
lithographically patterned and then etched to form three-dimensional structures), and

surface micro-machining (which is an additive method where layers of semiconductor-




adhesi on between various |ayers of the fabricated device is also a problem
For exanple, in bulk mcro-nachining, wafer bonding techgitgsydrushs be
enployed to create multilayer structures. On the other hand, en surface
m cr o- macWOARLP25t her mal stresses 10 between the various | pgeasemfrzdohe
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structures. Advabnt ages of fabricating the present structures by binding
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el ast oner #d ¢azgfik guafisr ¢ontrobave cévpuined) s and control |ines through the
resulting nonolithic, integral elastonmeric structure. In various aspects
of the invention, these flow channels and control |ines which are fornmed in

the elastoneric structureSTMMARYORGEEE INOENPEGNCN @s mcro punps and
m cr (ljéval ves, as WwJll be explained.. 2 26 Decenber 2003 WD 01/ 01025

PCT/ US00/ 17740 In fmqmgenbﬁgygm setssforh systerhs finefabrivatinigi aad optiatingonol ithic
7l ow chanmsr b ooy i) R bl Yl oS B tPasffascusl mites stimstieat e and
the recesuwof viricsh layetseofelaatonteg bohded oétha ThE biaes: Suchiies BlGELRSRS | C
str l_JCt U &re ideally suited for controlling and channeling fluid movement, but are not so limited.
In a preferred aspedt, the present invention uses a multilayer soft
20  lithography process to build integrated (i.e.: monotithic) microfabricated elastomeric
structures,
Advantages of fabricating the present structures by binding together layers
of soft elastomeric materials include the fact that the resulting devices are reduced by
more than two orders of magnitude in size as compared to silicon-based devices. Further
25  advantages of rapid prototyping, ease of fabrication, and biocompatability are also
achieved.
In preferred aspects of the invention, separate elastomeric layers are
fabricated on top of micromachined molds such that recesses are formed in each of the
various elastomeric layers. By bonding these various elastomeric layers together, the
30  recesses extending along the various elastomeric layers fﬁnn flow channels and control
lines through the resulting monolithic, integral elastomeric structure. In various aspects
of the invention, these flow channels and control lines which are formed in the
elastomeric structure can be actuated to function as micro-pumps and micro-valves, as
will be explained. '




5.1 n one preferred aspect, the present nonolithic elastoneric structures
are constructed by bonding together two separate |ayersy@he&indset 008y W th
each layer first being separately cast froma m cromachi ned nol d.
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In a second preferred aspect, a first photoresist layer is deposited on top of
a first elastomeric layer. The first photoresist layer is then patterned to leave a line or
pattern of lines of photoresist on the top surface of the first elastomeric layer. Another
layer of elastomer is then added and cured, encapsulating the line or pattern of lines of
25 photoresist. A second photoresist layer is added and patterned, and another layer of
elastomer added and cured, leaving line and patterns of lines of photoresist encapsulated
in a monolithic elastomer structure. This process may be repeated to add more
encapsulated patterns and elastomer layers. Thereafier, the photoresist is removed
leaving flow channel(s) and control line(s) in the spaces which had been occupied by the
30 photoresist. This process may be repeated to create elastomer structures having a
multitude of layers.
An advantage of patterning moderate sized features (>/= 10 microns) us'ing
a photoresist method is that a high resolution transparency film can be used as a contact




A further advant age of either above enbodi-nent of the present invention |s
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Furthernore, el ectro-osnotic flow al ways occurs in conpetition w
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to stop flow halt Mdiblithioelastometio vaveoa@punipsedslivoidtnidF6fARE fRcticdd A
further advantage.of the present nonolithic elastomeric valve and punp

st r uct ur SFORFBSEfigEURE, How SYystems based on eertrgrosinotiy flowy nhvieallyseleqten- exanpl e,
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LR LR RCI MR
about 0. @Ohstaved fillHiBRing integrated devices. The magnitude of flow and even its direction
typically depends in a complex fashion on ionic strength and type, the presence of
surfactants and the charge on the walls of the flow channel, Moreover, since electrolysis
is taking place continuously, the eventual capacity of buffer to resist pH changes may also
25  bereached. Furthermore, electro-osmotic flow always occurs in competition with

electrophoresis. As different molecules may have different electrophoretic mobilities,
unwanted electrophoretic separation may occur in the electro-osmotic flow. Finalty,
clectro-osmotic flow can not easily be used to stop flow, halt diffusion, or to balance
pressure differences.

30 A further advantage of the present monolithic elastomeric vaive and pump
structures are that they can be actuated at very high speeds. For example, the present
inventors have achieved a response time for a valve with aqueous solution therein on the
order of one millisecond, such that the valve opens and closes at speeds approaching or
exceeding 100 Hz. In particular, a non-exclusive list of ranges of cycling speeds for the
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ms, between about 0.01 and 1000 ns, between about 0.1 and 100 ns, and
between about 1 and 10 ns. The cycling speeds depend upmDihgHePIWNESi tion
and structure of a valve used for a particular application and the nethod
of actuation, and thus cycling speeds outside of the |isted ranges woul d
fall within the scope of the present invention. Further advantages of the
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Decenber 2beBactivated in sequence such that peristaltic pumping is achieved. More complex
systems including networked or multiplexed control systems, selectably addressable
valves disposed in a grid of valves, networked or multiplexed reaction chamber
systems and biopolymer sysnthesis systems are also described.

.

One embodiment of a microfabricated elastomeric structure in accordance
with the present invention comprises an elastomeric block formed with at least first
and second microfabricated recesses therein, said first and second microfabricated
recesses being separated by a membrane portion of the elastomeric block deflectable

into one of the first and the second microfabricated recess when said membrane is
actuated.

One embodiment of a method of microfabricating an elastomeric structure
comprises the steps of microfabricating a first elastomeric layer, microfabricating a
second elastomeric layer; positioning the second elastomeric layer on top of the first

clastomeric laycr, and bonding a boltom surface of the second clastomeric layer onto
a top surface of the first ¢lastomeric layer.



A first alternative enbodi nent of a method of m crofabricating an

el astoneric structure conprises the steps of formng a Ebb%tcerﬁh&%ggﬁ“ C
| ayer on top of a first mcromachined nold, the first m ¢cfromachi ned nol d

having at | east one first raised protrusion which forns at |east one first
channel in the bottom surface of the fi rst eI astoneric Iayer A second

el astomeric |ayeg 4 s 5 pep(%%%e %,leo&’[%}enI of 0N, r LGS %mcapn «=:lrfps)t|pnnli’3SI on

second m cr omachi ne havin one sSecon pro
whi ch f or nmestatctireasmpares the sbepd cdhﬁ)nnmlg a rﬁr$th@asibmhermﬂeezar badep@lf a ﬁESt

second e asﬁ&g&gh&n & filold, -[ltfee ﬁ?s?trﬁigmnfaldfli%lg&ﬁnoﬁé thtagl‘l?lg:at‘%gé’s[é? ofib "i‘ﬁét%ﬁ

| ayer is ace 0 I'C l"ayer
t hat the atpiotasion oﬁech §Q!‘m§r¢tl leashone Ifirstschened] o dhie bettowesurfapie of |tht¢s ﬁrsand

second el asyioehL | 1@9@ A fcSff UMlidhdR! Mkt UE ﬁ%@@'&?r{% :ﬂf g OELpgd of

m crofabricating an astorrerl c structure”in accordance he present
i nvent i on coiseadinadhmold, dpe sedondfmicrmashineti meld lving ehi;qastcomeamonén t op

of a substrai®q Pd’cfdsﬂﬂx Wileh Fdrhdta %f‘e‘a&%@@@ dn@ ch'cu"i'dé?fn th@'i‘;@tt&%%?f’a{:é S¥ne L‘ rst

sacrificial layer on the top surface first elastoneric ayer.
portion of $agend |e}a§t0rrse&@r1awrcuﬂ1@ Pefinan Silﬁa‘FeeﬁB\ﬂe%l seepid elpstomeri¢ laver ipattern

of sacrifigdled BEh B sufHE BE t}fknﬂﬁsh%ld‘sfbﬁme%'érlfa?é‘restﬁﬁ thitethbidk Sbast one
el astoneric | ayer. A second égl astorHerlc ayer is_ formed over the first

el ast omer i cSecaRdshappel i pielesse Spvireat erﬁgsttq@ése?qnﬂﬁasmqrerﬁy%% sacrificial

materi al bet weenAt Recohllr glterAdtfles eﬁeeaimehesafoaem&lddamrﬁucriﬂaencamgoaﬂ
el astoneric layer .is cured and then S&b@l ficial, mterial is rglm)ved t.her eby

formng at FBNAPeRnaryqiyrein agcordancy ificlbr Present inyetion empEe e sigpe of of
el ast orer . fblﬂmﬁfgo@dirﬁfeélhst@ﬁer&b l@tehed t6p oficl sibkiritg, antirgy thet BREelastosieritct ur e

ol astonr | olagr, tad denabfinR B bR ke W BT SR ibe BaP e fometics oo

therein, t h}ayén As poaiod cfethorfitst sacdficihbbiyercat mdldved:eﬁe}eﬁlabel fingt petrmi aifed by
a nmenbrane ast onerl C o) t he
first or serononbmaob{RnRRepiR oS ruteck o s ShOrBrt el ety g
an act uat i oclastomemnc tayet fsefonecdaomreh@ﬁrﬂlemstosrmc layeattherbley emorbswdateng ther ti on

| s deflecteg E%tperﬁ) Qﬁsa%p&'&?mfaiehﬁltI%F?»Ugenstﬁg %?%i’ %88%%38%1%&891&%2%5?%%0“3'

preferred asp t 0 make
| ayers of t$ﬁe0@d &@s@n@ncriamelslcmr@r amd genrsacafitipl owtatiatis mgpoveduthercbpabl i ng

the creati 0fbr191¥ gtazih'leagi AR BIEE &Y ﬁ&WeQﬁﬁﬁQﬁEtiﬁgggéﬁg‘&%e ﬁe@z}%’cﬂﬁ&ance wth a

first aspect o nventi on, ere 1's provi controlllng
fluid or gas flofwt Finbedimeah o asm@ﬂ@ﬂu o sachupéingr an cdapveringirupioeyiidi ng an

el ast omeri c;hhRGKee W ﬁleaﬁfe@&ﬁr1n9e1moﬁcgorﬂﬁ¥ée§‘%rohﬁﬁltg ard %@&%&ﬁdbfd&kr d

m crof abricated recesses, he el astoneri c havi n first
ni cr of abri ciragd sHghfest ap Ss§cq1vg1 microfabricated recesses thereln the rst and second

microfabricated recesses being separated by a membrane portion of the elastomeric
block deflectable into one of the first or second recesses in response o an actuation
force; and

applying an actuation force to the membrane portion such that the membrane
portion is deflected into one of the first and second recesses.

In other optional preferred aspects, magnetic or conductive materials can be
added to make layers of the elastomer magnetic or electrically conducting, thus
enabling the creation of all elastomer electromagnetic devices.

In accordance with a first aspect of the invention, there is provided a method of
controlling fluid or gas flow through an elastomeric structure comprising: providing an
elastomeric block, the elastomeric block having first, second and third microfabricated
recesses, and the elastomeric block having a first microfabricated channel passing
therethrough, the first, second and third microfabricated recesses separated from the
first channel by respective first, second and third membranes deflectable into the first

6




t her et hrough, the first, second and third.m crofabricated recesses
separated fromthe first channel by respective first, sgcgod. gadddyird
menbr anes defl ectable into the first 6 26 Decenber 2003 channg{%;g an
deflecting the first, second and third nmenbranes into the first channel in
a repeating sequence to peristaltically punp a flow of fluid through the

first channgl. ILin r danc ith a o . aspect of .the invention, there

s ot ovi dod enndl wRGRREANGR: M oo RO PRER kR i Fre ¥R in &

tC(r)]rrpri si ntg:rlepeabi;nigdiaql_gnae foi presistaltivally péirap miflost eftfhed debeghethe dirg charsielir e havi ng
erein at |eas [ eGEeSS; [ . n G iC

el astoneric str uI(?taa S{:%rﬁ%rgz\?ivﬁgn f%eg(r)lgﬂ[ %S\bgﬁlﬁg%%nvgrﬁgoglcglﬁ lggg{{a‘@(}g‘{d algl%\%g%ondi ng

a surface off tiirdfabricating| ast ehastanzerist racictwre oomprisingurfravidingf 4 hérsecond

el astoneric - ' : j - i t i tion,
Chare te pr RS HEHUES cidoBROLHRRER MEE decil of SalP AL rcledt BRMAMER" | P |
ina mcr of%md:an@ﬂfabﬁa&wrbﬁl_asipmﬂé Sﬁu@tmeohpéfntr_lg:thgtmm_@t least a sqgond cenesfance
with a fourjdy @&ﬂ%@taeﬁﬁ%geeomﬂéfﬁ%!emmxﬁé}ﬁr rdcfir® b A8 RS FURE s@ond PONded

el astoneric |ayers to make an el astoneric device contalining a
ni cr of abr i cRBeMerfefIUsSBYabl e portion. In accordance with a fifth aspect of

the invention, thekorisnderam mﬁdtaeﬁecv,@Pthefinveﬁaoﬁltﬁértewbﬁe@&{eqfskakat 0
make a m crof abricated fluid val ve having substantially no dead volune or

sub I
a mi cr of abrf<discled penpwpgtej congahplow of fRid rinah dpicrgiabicated; shapnelsplean of
t he i nventi @istoth&ed rictr®r ovi ded a mcrofabricated el astomeric structure,

conprising: an eJastoneric Qlogck fornmed with m.crofabricated recesses
having a width | sagcqrﬁearwefag‘ba ?%“f‘ﬁ?é‘ﬁ%‘?%?w the dayaofign, %?reemo‘f@eé&edaﬁsp?c

bl ock is dethdnded alabtemietit tayesetoahakicha diftReaRSIeMIRtohtathiROE ibMdfibsicaet uat ed.
I n accordan V\fé€1 a_seventh aspect of the invention, there is provided a
m crof abri c‘ge?](gaa CROMEWeri ¢ structure conprising: an el astomeric bl ock; a

first channel achcaordemenditlc hdifihedspsepditiad mdelijon tieepirmbided frrise@f of
t he el ast ongr ilg iSLE u(g’:}nugge.; and a m'icrgogf %%rti gﬁ]tue(ﬂ rhe/cEss in.t het. | ast omeric
bl ock adj acEhtleYemPREmEtstial i PR pEpeTetipricatsd Al uilve Aavine SURsIantiAllY Bor ti on
may be act udiaddolumedefa rectofeimicatadhperistalitcafualyr. i cated recess. BRI EF
DESCRIPTIO\ICFTEW Bart 1. Flgs. t 0. i1 rate _suyccessive
steps of a fi rstllﬁ'(r% ho g%%lgkgﬁ ga{}} r?gsyls eOfl B"r" e;snéﬁk‘ﬁ(llnmt/%%rtei %)Sn?m&é&eﬁo | ows:
Fig.1l is ammidrdfalricated elastohenc birucureotemprinmeg:ian ¢lastemeriobloekl fammadowithf a

microfabricated recesses having a width less than 1000 m therein, a portion of the

elastomeric block is deflectable into one of the recesses when the portion is actuated.

In accordance with a seventh aspect of the invention, there is provided a

microfabricated elastomeric structure comprising: an elastomeric block; a first channel

and a second channel separated by a separating portion of the elastomeric structure;

and a microfabricated recess in the elastomeric block adjacent to the separating portion

such that the separating portion may be actuated to deflect into the microfabricated

recess.
BRIEF DESCRIPTION OF THE DRAWINGS

Part 1 - Figs. 1 to 7A illustrate successive steps of a first method of fabricating the
present invention, as follows:

Fig.1 is an illustration of a first elastomeric layer formed on top of a
micromachined mold.
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m.cromachi ned nol d. 6a 26 Decenber 2003 WO 01/01025 PCT/ US00/ 17740 Fig. 2
Is an illustration of a second elastoneric |ayer forned 9?]5398119& 03
m cromachined nmold. Fig. 3 is an illustration of the elastoneric |ayer .of

Fig. 2 reeyadedsr omthe mcromachined nold and positi onegcgxssooifig t op of
the elastoneric layer of Fig. 1 5 Fig. 4 is an illustration correspondi ng

to Fig. 3, but show : K | LR | Lt top of
the first el ast one\rl\?%gggj%rl. ﬁ%ﬁgng?iags an |{l+53%+%‘ﬂag%o%gé¢(g§§goﬁgﬁﬁg to
Fig. 4, bhiicrelhaghingi mbR.first and second el astoneric | ayers bonded

together. Fig. 6 is_an_illustratjon correspondi to.Fig, 5, but. show ng
the first 10 m croﬁ’&cﬁi‘snaél‘Hﬁ‘ﬁmérﬁfmelﬂﬂﬁmﬁn‘bPagﬁ‘é?fg@b%f‘?‘ﬁ?‘@ﬁm&'Foned
inits pl | Aol ' Wﬁ&%&gﬂ FofFigh, but

show ng tﬁgﬁoe a]g’fl%drrlé‘rﬂld?ng ?ﬁlgbﬁégﬁggﬁgﬁto the pl anaa??subslgr ate. Figs.
7B is & front sect i Biga#f isdindusteationspmestiomdirtgto Figy.3, Pt shoivang tiy segendopen
flow channel,. 15 Figs. 7C-7¢G are illustrati ons show ng steps of a nethod

f or formﬂﬁﬂgwen%ﬁagﬁw Q?F@c?%ﬁgﬁﬁfiaﬁg’ T ane formed froma
separat e el ast oneri pjgl §¥&dn ilib@fdtioh lcorreSpdidingto Fig\ut, bhieskovang i@ Mkt aadf i r st

fl ow channel by pressurizing a second flow channel, as follows: 20 Fig. 7H
cor r espongpsondelastgmeriplaypngbondesliogethen.r st f1 ow channel cl osed by

pressurization in sggo | L1 ' . 8
illustrate successi @% g%e%sl g?&g%ggg%ﬁﬂ%%edﬁ%é Plloé SrEBf%tg’g??ﬁb&e%e pr esent
i nvent0 onmicsmbeHiheomsld remgvedaridsa plandr substtatepositiomdd ia ifsiplate. el ast oneri c

| ayer deposited on g planar substrate. Fig.. 9 is_.an il ltgl]?t ration show ng a

first photoresist |EigefAdeapdlusmponrorgsponding odfig; §,but shoydngthe i ¢ | ayer of
Fig. 8. Fi "s:un?:'i\:r' R b LbGratd1e systemof Fig. 9, but with a
portion o‘%lgs%%lg?%e Hg%éap o‘%lgéesi s}fé&g\a%er F%rmvegl, | eaving only a first

| i ne of photoresi stFigki7R isla fiorit secional viewtcomespmdaiginilig. 2A,sbowing an

el astoneric |‘5‘ er agtﬁgllsied on top of the first elastoneric |ayer over the
first |in®PGf ‘%H‘)tl ist of Fig. 10, thereby encasing

15 Figs. 7C-7G are illustrations showing steps of a method for forming an

elastomeric structure having a membrane formed from a separate elastomeric layer.

Part II - Fig. 7H show the closing of a first flow channel by pressurizing a second
flow channel, as follows:
20 Fig. 7H corresponds to Fig. 7A, but shows a first flow channel closed by

pressurization in second flow channel.

Part I - Figs. 8 to 18 illustrate successive steps of a second method of fabricating
the present invention, as follows: '
25 Fig. 8 is an illustration of a first elastomeric layer deposited on a planar
substrate.
Fig. 9 is an illustration showing a first photoresist layer deposited on top of
the first elastomeric layer of Fig. 8.
Fig. 10 is an illustration showing the system of Fig. 9, but with a portion of
30 the first photoresist layer removed, leaving only a first line of photoresist.
Fig. 11 is an iflustration showing a second elasfomeric layer applied on top
of the first elastomeric layer over the first line of photoresist of Fig. 10, thereby encasing

the photoresist between the first and second elastomeric layers.



t he photoresist between the first and second el astoneric layers. 7 26
Decenber 2003 WO 01/ 01025 PCT/ US00/ 17740 Fig. 12 correspgscchideFb@y3 11,
but shows_the integrated nonolithic structure produced after the first and
second el YQYMS| ayers have been bonded together. Fig. 13PCEHUSENITI40
illustration showi ng_a second photoresist |ayer deposited on top of the
integral el astomeri cFix 13 cemesponds @i Kjg. 112butshewg thelidtegmtaimondtiisicr at i on

showi ng th | 3 t.with orti.on f the second

phot or esi st | ay%ﬁmrdétr:r%d\}e%r ﬂ#e%’\??ﬁ‘éd Seepyd %"@%ﬁf&&y 5 ﬁ%veol}eegﬁg{l%ﬁéggeglgqr -Fi g.
15 is an illustrati oFigsh®iy daagillastdtionkhewite!aeBind phsRiresiR Ay ep depdRittPoh Of

t he second elrogsto.meri cﬁlb’ig%er and over the second |ine of photoresist of

Fig. 14, ti{oBoLHRF nfegral mersgtupareeldiad i ne of photoresist between the
el astonmeric struct urgo | o i Elgtﬁa' . hird &l.as ic, layer. Fig. °
16 corresponds to Fi ggog%ﬁ ul%l S #%&”ﬁ%%@“&%ﬁeﬁ@%ﬁ%?%ﬁw& SO

as to be hefithesccond pheforesistlayehiemoved,ledvingomdy apanad liaé of Peotpfegidi. ous| y .

bonded first and seg;e%nij el astoner, | ayers. Fig., 17 corresponds_to Fig. 16,
but shows the first gl SEEGHHRITatoR sBewing athitd elagtomet layerapplied entoaolt o

provi de t Wae BRIORE BHEGHICAE 14)62 h@BRérife sdbhd Ii‘i’éofﬁhbﬁ{rés‘?@itogiiﬂgl 14! talghghannel s

passing through the integrated el astomeric structure. s an
i |1 ust r at | ARsHIANE dhe speond kinecof pifotatiesjst beRveeh the elastomeriestpicaranf Figubst r at e

t her eypder ﬁﬁﬁ rt, 1V- Figs. 19 and 20 show further details of
di ffelrignt ar?g\%ﬁgg anﬁéﬂ%oﬁ%scs}?‘y?emions, as follows: Fig. 19 shows a

rectangul ar cross- sdiji Wcodfesporidsts Fid. [19Vhut BRiwothe thifd dastéBeORYer dldg f | ow
channel cross sectiog havi ng a_curved upper surface. 25 Part V = Figs. 21

to 24 shofPdxfRebs to thegnenalithi siractute deynppsadiafithepreviomsly bionded frsbf t he

present magk QbRk bRl YR} Fig. 21 illustrates valve opening vs.
applied pressure for various flow channels. 30 Fig. 22 illustrates tine

response of a 100mx Fignhviomesfionds o Figd 16, bueshows the first and second lines of
15 photoresist removed so as to provide two perpendicular overlapping, but not intersecting,
flow channels passing through the integrated elastomeric structure.

Fig. 18 is an illustration showing the system of Fig. 17, but with the planar
substrate thereunder removed.

20 PartIV - Figs. 19 and 20 show further details of different flow channel cross-
sections, as follows: |
Fig. 19 shows a rectangular cross-section of a first flow channel.

Fig. 20 shows the flow channel cross section having a curved upper

surface.

25
Part V - Figs. 21 to 24 show experimental results achieved by preferred
embodiments of the present microfabricated valve:

Fig. 21 iltustrates valve opening vs. applied pressure for various flow

channels.

30 Fig. 22 illustrates time response of a 100umx100pmx10pm RTV
microvalve.



8.26 Decenber 2003 WD 01/01025 PCT/US00/ 17740 Part VI - Figs. 23A to 33
show vari ous mcrofabricated structures, networked togeﬁ@ﬁéce%%pw@jﬁg to
aspects of the present invention: Fig. 23Ais a top schematic View of
on/of f wabyeolokt 9. 23B is a sectional elevation view al oregT/iSoen23e- 238 in
Fig. 23A 5 Fig. 24 is a top schematic view of a peristaltic punping

-system Eﬂaggv?‘l%.gé zéfjxh% 3 QW wﬁ%ﬁiﬁ%ic%aﬁﬁﬂ‘te&'sﬁ‘&tdrwﬁeﬁﬂﬁk@&B in Fig.

24A Fig Is a~gra oW ng experi nent y achi eved punping rates vs.
frequencyogemhemcerdmgltanmeoﬁoittlheppaenlshlarbnﬁm punpi ng systemof Fig. 24.

Fig. 26Ais a top iC V|e of .one co troI ne actuating multiple 10
flow lines simul ta%é%%ls 3Hop sc tﬂcs?“aé”g 40 o1y ?ﬁ aE’F’evat i on view al ong
line 26B-26B in Fi Gig 20k jski @ctichhl biRvaichGAeBloh§ link YBL23BlH Big. 0BAA

nul tipl exed system a %Iapt ed to permt flow through various channels. Fig.

28A i$ a plan vi ewkig. 24 islagop s@;mwugme&mmr@@étm‘énn%wt% chamber 15

structure. Fig. 28 Qt torn yer of an
addressabl e react %égs‘zﬁa%? secu ﬂ%ﬂeo%% ﬁg@%ﬂ%?@%rﬁg"@%ﬁ% 251@‘
perspective view Oﬁlgfﬁﬂd@qﬂﬁﬁi@b@n mﬁm@ﬂtallyhdﬂbmdpnmpmgmtesvﬁor med by

bondi ng the control channel er of Fi,g 28B to the t %p 3f 20 the flow
| ayer of mqgenzs;ﬂormaan@@epgo §BE¥$@H&P“@P@8§F¢B‘§ ofitig2tor r espondi ng to

Fig 28C taken  opdd % @ECEAR:Vid of oomtof ik acklhEnugabere i o of

a system adapted t ective Irect ft ow Into any of an array of
r eacl® onfloel lires sithulkingouslP. 1 s a schematic of a system adapt ed for

selectable lateral f{l bet ween rall el o} Ails a
bottom pl an vi ew Offg%w@ﬁgpor(ar vationyie WF%EE‘H&%E%SMP g‘?% 5%

el astonmer of a swi @Q@:@asbﬁéﬁaﬁéﬂﬁmﬁbﬁoﬁ%ﬁlﬁﬂ Etteﬁrﬁkiﬁ;bta@tdll ew of a
control channel layer of a switchable 30 flow array 1g. 31 C shows the

al i gnnmenpemiit flow thiough varges chehnels.ast oner of Fi g. 31A
Fig. 28A is a plan view of a flow layer of an addressable reaction chamber

15  structure.
Fig. 28B is a bottom plan view of a control channel layer of an addressable
reaction chamber structure.
Fig. 28C is an exploded perspective view of the addressable reaction
chamber structure formed by bonding the control channel layer of Fig 28B to the top of
20  the flow layer of Fig 28A.
' Fig. 28D is a sectional elevation view corresponding to Fig. 28C, taken
along line 28D-28D in Fig. 28C.
Fig. 29 is a schematic of a system adapted to selectively direct fluid flow
into any of an array of reaction wells.
25 Fig. 30 is a schematic of a system adapted for selectable lateral flow
between paraliel flow channels.
Fig. 31A is a bottom plan view of first layer (i.e.: the flow channel layer)
of elastomer of a switchable flow array.
Fig. 31B is a bottom plan view of a control channel layer of a switchable
30 flow array.
Fig. 31C shows the alignment of the first layer of elastomer of Fig. 31A.
with one set of control channels in the second layer of elastomer of Fig. 31B.
Fig. 31D also shows the alignment of the first layer of elastomer of Fig.
31A with the other set of control channels in the second layer of elastomer of Fig. 31B.
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wi th one set of control channels in the second | ayer of elastomer of Fig.
31B. Fig. 31D also shows the alignnment of the first lay r of’
Fig. 31A with thée other set of control .channels in the%%@%cﬁgﬁ%ggéeﬁrgeof :
el ast omeWePRI/BR0Es 31B. 9 26 Decermber 2003 WO 01/ 01025 synPEEAISE0/17740

PCT/ US00/ 17740 Fig. 32 is a schematic of an integrated system for

bi opol ymer synt hesi Fig. 3Fisg schématic &f andhiegetédesysfenefol bidpobmernyathess.ed
system for biopolyner Eig. 34 is.an optjical mcrograph . of, k a section of a
test structure havi ’@'%%@WF%&&{%&W@P?&%W@%%%EPWPG Fer. Figs.
35A- 35D shawhdsite steps of one enbodi nent of a nethod for fabricating an

el astoner layer having a vertical via forned therein. Fig. 36 shows one
embodi nent of a sorFigng4 Emnapdicalsnicrogeaphofdaactionwfiatestishreciprekamg

i nvent4 on Q. di rent of an apparatus for flow ng
procesgs g%%v;eglﬁggeorf%gasgég%\é\@%ﬁd&g%%&%fer I n accordance with the present
invention. Fig. 38 Eige/gsAaBSRXdw trRdteps fiohd ePbedifithos Amethodifo M cro
mrror aéﬁ)ay structiure in accordance with the present invention. Fig. 39

shows a pEAPHEAME2p&iasIameT dtyephaving? vatisegnatmmegtheseinef racti ve 15 device
I n accordance wth ghe i i1 | s . l.Me View
of a second enbodi rrllfiel ’tB%rﬁgg;bg?regl‘étgllﬁvh{ee%%\';isglém%%pg%gﬁgd%%%%%ﬁ%ﬁle
present ithepnsentrinveiiign. 41 shows a perspective view of a third enbodi nent

of a refractive de%iiSC@i n_accor aai%? Wi éh t he rePeE]t(9 i.nvention. 20 Figs.
42A- 423 show vi ews OF SntHo%FE8 it oham RIS LOF (HlORARE DICG 23885 uct ur e
i N accor dane g s¥hicBndudorMiAA&SH acsdhIERE Wath thEpiSentdivealigs @ pl an view of one

enbodi ment of a device for performng separations in accordance with the
present invention. HFEGES shows.an4rplotedwipwad one embodinkans of atriierg-rojreorat i on of

one errboo!gl.%,rg| Of ggll structure i.n accordance with the present
I nvention. Fi gs?t%%g%-aﬁ%é Smg%qgﬁpgﬁ%mé?%egb?g'ect lonal views illustrating
operation of one eFig®Y sMes afferspedtivlelvieRgLa Hirdt eaibdRndd 008 B&FAGREE W th
t he present .inventi on. | gs. 46A-46B show cross-sectional views

F
i |1 uslPr at94viFedpareardagre with dhepresent invention.

Fig. 40 shows a perspective view of a second embodiment of a refractive

device in accordance with the present invention.
Fig. 41 shows a perspective view of a third embodiment of a refractive
device in accordance with the present invention.
20 Figs. 42A-42] show views of one embodiment of a normally-closed valve
structure in accordance with the present invention.
Figs. 43 shows a plan view of one embodiment of a device for performing
separations in accordance with the present invention.
Figs. 44A-44D show plan views illustrating operation of one embodiment
25  ofacell pen structure in accordance with the present invention,
Figs. 45A-45B show plan and cross-sectional views illustrating operation
of one embodiment of a cell cage structure in accordance with the present invention.
Figs. 46A-46B show cross-sectional views illustrating operation of one
embodiment of a cell grinder structure in accordance with the present invention.
30 Fig. 47 shows a plan view of one embodiment of a pressure oscillator
structure in accordance with the present invention.
Figs. 48A and 48B show plan views illustrating operation of one

embodiment of a side-actuated valve structure in accordance with the present invention.

10



embodi ment of a cell grinder structure in.accordance with the present
invention. 30 Fig. 47 shows a plan view of one enbodi menjg 9f canHR ure
osci |l | at or structure i n accordance with the present invention. Figs. 48A
and 48B sphg views illustrating operation of one enpegisabird 2

si de- act uat ec{ val ve structure in accordance with the present I nvention. 10
26 Decenber 2003 WO PCT/,USO 7740 5 F| l.ot s dul us
versus per centage dFfEAPBIPYORE FoRodus Verdpsnerapik il Bhbr (R

sili cone felgg@e,mmggmgﬁb&gmg: THE PRESENT | NVENTI ON The present

I nvention conprises a variety of mcrofabricated elastoneric structures
which may be used as punps or valves. Methods of fabricating the preferred

el astoneric stru gﬁﬁ ﬁpsﬁ H?W N ng the .
Pr esent Inventroflﬁﬁ? \Ag%egée(?rp aryoﬁg?ﬁo S O abricating t e present

i nventfon are provr e prebert éivention coraprises b variatyerfshiordatirivatedt diastgmesent
|nvent|on|s not 1ted to fabrication, by ot.her, of these

met hods. REPFHRES W iR st FEPHERSIIEIGE- Mahodiat g‘alqaﬂeg s € :

m cr ostrugjagﬂbgﬁnclsﬂ,ﬁétﬁqgma[ga%{%mg the present nethods, are also
contenplated. Figs. | to /B illustrate sequential steps of a first
preferred method of 15 fabricating the present mcrostructure, (which may

be used as a punp or 1 |IItrate sequenti al steps of
a second preferred f VST

esent m crostructure,

(whi chhpal so may be m¢xa§1:anmet&oe§ oﬂﬁbﬂ@ung%e Phdséntitveniiph atewdvided e
preferred nethod of Figs to 7B invol ves using pre cured el ast oner
| ayers whhewmarlélsagbemeéﬂoedn@awbﬂa&;ent@rmepw90 limitedodplricatie anO met hod

of Figs. é8 &lﬁopﬁg t:t&%annet}d},gre il O%Jt%le%&ﬁ&cﬁr@rfabrlﬁ% In the

foll ow ng aescri arecéssinth ONer i ¢
st ruct ur epidaént ththructmﬁ, dnotuding hodifpingftheprtsant ngeibods? areldlso Eomtemplatednpl ary

Met hod: Referring tg, Fig, a first mcro-machined nold 10 i.s provided
M cro- nachi ned nol glgfolgﬁ’a@ Blustratp prauspried] SWSQQH&%W%F‘%BTM? nal
silicegn p T&?ﬁ% LA Bl Srosthithbrd ¢ clpﬁ'ﬁay BRlustd 48 4 Ssinp Br PAICER IFigshges aphy,
fon-mllin Igctron beam |ithography.

18 111ustrate sequential steps of a second preferred method of fabricating the present

microstructure, (which also may be used as a pump or valve).

As will be explained, the preferred method of Figs. 1 to 7B involves using
pre-cured elastomer layers which are assembled and bonded. Conversely, the preferred
20  method of Figs. 8 to 18 involves curing each layer of elastomer “in place”. In the
folHowing description “channel” refers to a recess in the elastomeric structure which can

contain a flow of fluid or gas.

The First Exemplary Method:

25 Referring to Fig. 1, a first micro-machined mold 10 is provided. Micro-
machined mold 10 may be fabricated by a number of conventional silicon processing
methods, including but not limited to photolithography, ion-milling, and electron beam
lithography.

As can be seen, micro-machined mold 10 has a raised line or protrusion 11

30 extending therealong. A first elastomeric layer 20 is cast on top of mold 10 such that a
first recess 21 will be formed in the bottom surface of elastomeric layer 20, (recess 21
corresponding in dimension to protrusion 11), as shown.

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

11



As can be seen, mcro-nmachined nold 10 has a raised line or protrusion 11
30 extending therealong. A first elastoneric |layer 20 | 96dd&dember 2a3 of
nold 10 such that a first recess 21 will be fornmed in the bottom surface of
el ast oner VO UYNBS 20, (recess 21 corresponding in di mensi BETAUSOTEAN usi on
11), as shown. As can be seen in Fig. 2, a second m cro-nmachined nold 12
having a ¥&rsen top of meld bh as Shewm,ench thyt 2 evesslIowi]l besfoahsbindtschotidad. A

second el ' ‘ 11,.26 Decenber, 2003, WO 01/ 01025 PCT/ US00/ 17740
i s cast onsiﬁ oﬁggéﬁeﬁhﬁ%‘%ﬁ%?g@?]ﬂé‘ﬁm‘?‘“ PO B3 ocess 23 will be forned
inits bottom surfasecapbé seAtid@qhchtialstept IMMAPIAIS M. B2l YUscORy 13- As
can be seen in the sequential steps illustrated in Figs. 3 and 4, second

el ast omer i Laylepec layer 22 isgkan temeyod fom waldiy) andipiaced ongopotiirsbelastapené

the” bott ot Brepy Bs cp tRXE, $hecst 9 ERBNAGS BEERMISRER ot o LY, 2000
32. Ref er relastprogricHayer 22 wilhormepfiswatharfnel 32. and second el astoneric | ayers
monl ) £ S onoRb BB RES oAbt e b el Al 0

sequent i al22gFaP pérleghmémﬁiea!wgeﬁfor 18 kil %‘E&%g‘fage% fif&%éﬁoﬁgﬁé)rég%é&ﬁﬁﬁ ns

renoved from nol d and positioned on top o anar su

can be sedHuptHreRd4dy. 7A and 7B, when el astoneric structure 24 has been
seal edgat its botto surﬂ‘ace t 0. pl.anar s@g{éatﬁ.m r‘ﬁ ss 21 wi.ll forma
fl ow channel 30. Thé*HrESEnt SEELHBREUen {0 Figs- ¢ ¢lasemetiq) o
hermetic smattui 241s thdn vty HRMYMSIIPIY MhdbRRRned YRISY G £pladi sablvant pge to
formng a seal this way is that the elastoneric structures may be peel ed

up, washedsanbes i8- 1 apd dBewhenclastometis strugtive24rhas bbert seated alits i
glass. A HUiéid Pdg&v ' ' t glass is anspar ent,
al | owi ng opt%cg | nttg rl%%gfs%r?uo ﬂgf%se?%%emﬁogﬁhaeﬁ%wg%m%i rvoirs.
Al ternatively, the Thegstsenteelastomtric siyteresfomnberdvenilishanietic aedl haih
el ast r_layer by the sanme nethod,as 20 descrjbed above, forming a
ber noant nEAY 49y Hncol B Rsularwe. ARSI PRI AR hiserugs e fiehi gher
back presglalBerit Stridstffbs nfly BopkRA he, Bh@re-dhad 'aﬁg.éc annel s 30
and 32 are preferably .dinsﬁ%(osed at %%‘éﬁ%@’%ﬁ%%%?‘%“%‘m gsbsmall
mermbr ane PRngrsubsimte d dieglass. S fanteradyantageco flusngfiask livthacglasigtradPatengm t he
bot t f h |, 32 25 | f d ts, pl te 14 i
gf’asg_m Xnalgéﬁg’%t%gggaﬂgweﬁgg%n SRS s B eServ B Rhernatively, e 14 1S

elastqmeric structure may be bonded onto a flat elastomer layer by the same method as

20 described above, forming a permanent and high-strength bond. This may prove

advantageous when higher back pressures are used.

As can be seen in Fig. 7A and 7B, flow channels 30 and 32 are preferably
disposed at an angle to one another with a small membrane 25 of substrate 24 separating
the top of flow channel 30 from the bottom of flow channel 32.

25 In preferred aspects, planar substrate 14 is glass. An advantage of using
glass is that the present elastomeric structures may be peeled up, washed and reused. A
further advantage of uéing glass is that optical sensing may be employed. Altematively,
planar substrate 14 may be an elastomer itself, which may prove advantageous when
higher back pressures are used.

30 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.
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glass is that the present elastoneric structures nmay be peel ed up, washed
and reused. A further advantage of using glass is that RpbleplhesSits NG MY
be enpl oyed. Alternatively, planar substrate 14 may be an el astoner

itself, ‘»@hﬂgmg?y prove advant ageous when hi gher back prpegaisoesr7ag € used.
30 The method ot fabrication just described may be varied to forma

structure having nmbr ane..cqQnpo of an el.a Iy akedi f ferent
than that form ng %g%%Pil%%ﬁfiﬁ%%ﬁoé%%%lﬁgﬁ&g\%g@. |H| is\/h\gll(;(l)ri ant

fabri cat ipachifRidRsldi 19 N hyskédligsod profridon 11 dfentiing théredlonRebeRigeTD 2003 WO
01/ 01025 PCT/ US00/ 17740 Referring to Fi 7C, a_first i ned nol d

Fig. I Cr 0= NAC
10 i s pr dustrdestornede lyerditisicagoniep 6f ﬁ@gm@%ﬂ%ﬂwaﬂi& Hgslﬁﬁh% & Q8 on 11

extendin e N4 .Fl fo {hja?‘irgﬁgd @f?&ug&' t on
top of fﬁ‘)féﬁeﬁﬁ%@%%&%glgh?},@gg%%f@tfg‘@ﬁﬁeﬁ at the %l%%é'_o. the_%‘lﬁrgtﬁg

This 5 g be Aecorpliehed hy o a?‘:f‘;??“g ““;;“‘T?“;gi;%m’?@g or o
el ast onerdngo waidH0 Elatysin thejmaynaight oo raisad e - PBtemalively BR dpslietn,  of
rai sed Iisﬂﬁm‘éﬁtégﬁwqﬁ%ﬁ&mom_red shape coul d be for rre;sby

I njection I'n Fig: , second m cro-nachi ned nold 12 havij ng a
rai sed protrusion 1 FigxiEsetang micsy-mathined meoldal 2hksvings saised progasignd 3

el astoneric l.ayer 22 is.cgst on.iqp.of 1.0,secon | d, 3 , such
that rec Qﬁéitg‘erfeﬁlr”ﬂ%és proyt _t?ﬁﬂ"@f??%&éﬂ%ég?g%ﬁ%%ﬁs%n;@ \(q?t he

di mengi oRgcdHd MbRt 12U sBbwh Ssuch fhdtirébess’?3 isFo@€Iddn s dottanBuifacel ayer 22 is
renoved fromnold 12 and placed on top of third elastoneric |ayer 222.

Second elcasesponding todhedinensions phpretysien 13+ hird el astomeric | ayer 20 to
formintegral elast L ' ' riobgd in detail
bel ow. At this poi n]?‘riﬁ%‘ ?ﬁ%@%ﬁ%ﬁéﬂ@g@&%?g@%ﬁbﬁ@ Fémg‘cﬁglgpi ed by raised
line 13 wlidedoarap bf tiivdeiatsiatri?Byer 222FiSgcondGlastdmericdaysri22 ibbaskd 824 i s

pl aced on, top of first m.cro-nachi ne nold 10.and first elastoneric |ayer
20. El asttbiéelestopesislayss 40 to form igf &%WWM% usipg ge ©bonded

togetger {0 {yhh APratl MeRRH. 2A LS poifit in tHORBLEsk Yebdss 88 Frhfoceupiddbict ure 24

20 having a menbrane conposed of a separate el astomeric |ayer 222." Waen
el ast onemrasedlinetd wik form fiow chemrel 83al ed at its bottomsurface to a planar

substrate in the r scri bed. above,i n._.conn LN B it ndchE he
recess fornerly %geﬂi@aﬁkg{l%%ﬁp%%ﬂﬁp CF‘?S#‘I(SO n?fmr%)w gho?r?%élﬁn :
mold 10 and first elastomeric layer 20. Elastomeric block and first elastomeric layer 20

are then bonded together to form an integrated (i.e.: monolithic) elastomeric structure 24

20 having a membrane composed of a separate elastomeric layer 222,

‘When elastomeric structure 24 has been sealed at its bottom surface to a
planar substrate in the manner described above in connection with FIG. 7A, the recess
formerly occupied by raised line 11 will form flow channel 30.

The variant fabrication method illustrated above in conjunction with FIGS.

25  7C-7G offers the advantage of permitting the membrane portion to be composed of a
separate material than the elastomeric material of the remainder of the structure. This is
important because the thickness and elastic properties of the membrane play a key role in
operation of the device. Moreover, this method allows the separate elastomer layer to
readily be subjected to conditioning prior to incorporation into the elastomer structure.

30 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 inte the membrane in order to alter its

elasticity.
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The variant fabrication nethod illustrated above in conjunction with FIGS.
25 7C-7G offers the advantage of permtting the nenbranedpidhda: be3oe
conposed Qf 31[1 papParate material than the el astoneric mat g&e{_ﬁb of the
remai nder "o YHestructure. This is inportant because th WAHS ang

el astic properties of.the nmenbrane play a key role in operation of the
devi ce. Moreover, thit"glt‘lﬂ"\etpﬁﬁ@"&lm%b&&%W%%MW%W@W&W@@JS

readily be ' - Wb QW ' 4 I ' ' e
st oner - Srabed Shs@ineg 1RRMLIH I pBEAddh mdlging SRIAPSE hiliplotpbd
pot ent i al | Wadddhe pigsent inyention is mof linpitetie thiséechiigue o Oder tevhnificsreqiébec or

lectricall ' i i t ] f 1 nb ,
Sha or ¢ he SRS ol SRaR iR 1SR 56 Shane FlaHBmanE maberial Bk SRt o its
el asti c§ t ybordded\6pcilick OFOr&xarpld)a eRiRa ua%Qfeﬁelaﬁ&Eéﬁ!,SﬁaQ{eﬁZFé&l&’\hé gc?rn{eﬁ%)?bove

nmethod is |[llustrated in connection wt orm ng various shape

el iazt orrﬁr | GSPLEPEING qrapselipnagolding Wd&ltliﬂ.éﬁhoﬂﬂ)llltiﬁm% thcfﬁ etohing aﬂd&;onachi ned -
Fochni quos el paHERs: SilcuSed Bion i bbteditin ik SEedy el ol o

el ast omer i methmderi al that are to be 5 bonded together. For exanple, a
shaped | ayer of elastoneric material could be fornmed by Ilaser cutting or
i njection nolding, or by methods utilizing chem cal etching and/or

sacri ficci al materi al ghageddnd a Whdg? conjunction with the second
exenpl ary nethod. 10 The Secon e arydMat hod: A second exenpl ary net hod
of fabricating an el Astwndeckemplanunethoé ofifibribatingean diestamett stauceurp whictor

napect  of TRLOP R abR AR o SRR AL o B S Sepe i indrion T8 o1

patterning photor esiktthigBsgeboftHé e, BW Ma2oh@bEhhAndléNR defigkd B her
substrate, _ 15 whi.ch may include glass) |eaving a raised |1 ne phototesi st

where a chigfiheattepingipgtorssist onNbg surfage o€ gw alastompde layer i athey substiate, added
Lot eqser Piih hud A0S A0S ROABE 3iubes AR IRIGET Mrd DESREPRGLRNET O

el astoner | eaving a rai I ne”phot oresi ired. A
third | aye¥exfa scast yerofichstbamrpis 4dddd tHepsoreraid a ot photorehist Ripattemedi st

“is renpved dissolving. it out of the el astomer with_an appropriate
~sol vent, vﬂ“t"ﬁgf?fé?nég'iyﬂgﬁ%!?s%?%?%%g 3 wissd dme photorpsispbersyasehagneldaconi ng

1 OS5 AUy o YU A ol kil © 70
’ - removed by dissolving it out of the elastomer with an appropriate solvent, with the voids
20 formed by removal of the photoresist becoming the flow channels passing through the
substrate.
| Referring first to Fig. 8, a planar substrate 40 is provided. A first
elastomeric layer 42 is then deposited and cured on top of planar substrate 40. Referring
to Fig. 9, a first photoresist layer 44A is then deposited over the top of elastomeric layer
25  42. Referring to Fig. 10, a portion of photoresist layer 44A is removed such that only a
first line of photoresist 44B remains as shown. Referring to Fig. 11, a second elastomeric
layer 46 is then deposited over the top of first elastomeric layer 42 and over the fitst line
of photoresist 44B as shown, thereby encasing first line of photoresist 44B between first
elastomeric layer 42 and second elastomeric layer 46. Referring to Fig. 12, elastomeric
30  layers 46 is then cured on layer 42 to bond the layers together to form a monolithic
elastomeric substrate 45.
Refenﬁlg to Fig. 13, a second photoresist layer 48A is then deposited over
elastomeric structure 45. Referring to Fig. 14, a portion of second photoresist layer 48A is
removed, leaving only a second photoresist line 48B on top of elastomeric structure 45 as
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el astoneric layer 42 is then deposited and cured on top of planar substrate

40. Referring to Fig. 9, a first photoresist |ayer 44A 3spihsihcfemnsited
over the top of elastomeric layer 25 42. Referring to Fig. 10, a portion of
phot or esingd ol@ay@r 44A is renoved such that only a first PCHESaNi7740

phot oresi st 44B remains as shown. Referring to Fig. 11, a second

ot : > . : :
€l aSt OITer Ly %&éni%g tt? I?lrgts s, @A g%g?‘lz%fer 50% %Zefxﬁédeﬁosﬁﬁd 8%:%%&)&)(8%3“ ¢

| ayer 42 and over t t1ine o oresi st as shown, there
encasi ng Elastometi¢ stnotiire gh Geamprised of setBnd elastomari¢ layer 42 andirsdhine PE | ayer 42

and secon | ast o ic,layer 46, Referr] tq Fig I ri 0

| ayers 46P °%eﬂ§tn%lﬂlﬂﬁs nflgi}gﬁoreixf{ ﬁge %ﬁﬁs ﬁ%ﬁ’g’nl’ QV%‘%?’ @8%2@%%? SF ((930 orm a
nonol i t hi fine 6f phividRedisti4SBYeRSédnBtotRoricREuetifd ADaridthird@lasiolnerit 1apa @0
photoresi st |layer 48A is then deposited over elastoneric structure 45.

Referring to Fig. 1Befegringdpifign bothitdecdastmasiedasr o8jand elagipaenegiucture

T oot ur otS bR AR AR U8 1913 s8lonllsiSrofiicifds A8 sipd 8l Ao OTeT T ©
Ref er r i ngtdgethed) g thah bordctibgether Iforsiingre minolitijeeladmiesic strestumbelidsivired over
o anq 1 L PRGIOTeRRISE 445 a3t BEE prene Be PR AR R SO The 458 oy
shown, t hoy abycigneRS kA 414?%‘%?&%0%@ oPéxaB{b@%, Vo splveAB PG NB A First

el astoneric structure 45 an elastonmeriCc l'ayer 50. 5 Referring to
Fig. 16, flowrcharmeh6d amba secohdiflew channeh 62 atcggodded icthsirplase passing 5

(conpri si first elastoneric,dayer 42.a second .elast.qneric. | 46

bonded t@g‘é‘{é}& ASIOmETiC mﬂl%%%e?fy%} tr"ré‘Fnt%f’ 5&% 9 Pﬁ%r@l’ P{aﬁ?rcsug%g%t?oneri c
st r uct ur e4d éar W \eMBvePRSh A& BbtEim bf e middited Morblithip aghétac. t her et hrough as
shown. Referring to Fig. 17, hot oresi st |ines 44B, 48B are then renoved

(for exanple, by anTMQ@ﬁﬂﬂe@gibhd imBigs.8-18 fabricatepa patirnedelastemerso and a
d fl nel. ' ' ' -1 | h
o) ast oner §ucEPE AR deichrRb bt Hforeled bblsu O Gi M dier DT

substrat eHo#evet ahe heethodsin setofdance itk theopresent nfventien aretneylimited toronol i t hi ¢

- structure. .The nmethod described.in Figs. 8-18 fabricates a t.er ned
el ast omr“ﬂlﬁﬂﬁkﬂ%ﬁr@ﬂt ﬂth%rﬂgefa@%wﬂ%@mtﬂaFmﬂﬁéiS@rSéﬁeﬁ S@%@ul at ed

‘Wi thin el ast-a0R%, BB4eRidvel seledifretl MR\ Touh iRy BRSBAMS nidleri CoadBO AR hYA! h t he

..present invention are not limted to utilizing photoresist. Qher materials

such as nwbaldsemnain vdthan the ssepevef the preaent iinveotion. Fomexenipdd, ¢s desdsibed 8hoved

selective,t di ng. t t eri al d.th t hod: I d
i n i deihboy L bormeinn Witk KR, UKo sPh st Bapt BEafTidetye L D
in  det ai RTHEA 19 Widstbnte? RARShE WHe HipkdprigtdshemiShniRfire.gol d metal may be et ched

selective to 20 RTV 615 el astoner utilizing the appropriate chem cal
m xt ure.

Preferred Layer and Channel Dimensions:
Microfabricated refers to the size of features of an elastomeric structure

fabricated in accordance with an embodiment of the present invention. In general,

25  variation in at least one dimension of microfabricated structures is controlled to the
micron level, with at least one dimension being microscopic (i.e. below 1000 pm).
Microfabrication typically involves semiconductor or MEMS fabrication techniques such
as photolithography and spincoating that are designed for to produce feature dimensions
on the microscopic level, with at least some of the dimension of the microfabricated

30  structure requiring a microscope to reasonably resolve/image the structure.

In preferred aspects, flow channels 30, 32, 60 and 62 preferably have
width-to-depth ratios of about 10:1. A non-exclusive list of other ranges of width-to-
depth ratios in accordance with embodiments of the present invention is 0.1:1 to 100:1,
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Preferred Layer and Channel D nensions: M.crofabricated refers to the size
of features of an elastoneric structure fabricated in agggemzm?h an’
enbodi ment of the present invention. In general, 25 variation in at |east
one di mer¥OOKIERS mi cr of abricated structures is controll ed rax/t$vert7m@dcr on
| evel, with at | east one dinension being mcroscopic (i.e. below 1000 pm.

M cr of abr i médeipaefetapBi L:altd $0i1DHky/HeferabTy 20Ut Drand md¥EMerday Baabi9n
t echni ques. such as photoli t ho raphy and spincoating that are” designed for
to producdnfasxemplagy aspact Hpw cg@ﬂﬂdﬂ@,@ﬂcﬁ sabh? baveawidths ofjaboutdtto 160t sone

of the di [.QN | 0 r.uct requi i ng a i croscope
2o 1 oasondiey Ao AR RF bhe! filest of igH o GiHh AL BEsBordfitsl P
channel s 3@ith &fbodifieasdf G presshein@bhiorig\0e01 (0 1000 niibrols,Rhdte padftablyd.ombout

10: 1. non- | usive list of other ranges of wdth-to- depth ratios in
accor danc °\)m8{)<‘ﬁmé‘f¥8%%ﬁ9?%gﬁb]ﬂ’lpez o AW enicrons, Byore Brefqrably [ 1o 25@ microws, 1, 15

26 Decenb LAR0 r I Y 0 1,
nmore pref g@g%ﬁ%@#@%ﬁ%@@ogn nos'?é %@W@v@%@%%ﬂ% éi'gn’
exenpl ary Z2spes fun, 110 e, 20ene3 @040 3, 56(ing 58 |62, TavA, 30 Gihoo g, about 1 to
1000 mcrons. A non-exclusive list of other ranges of w dt hs of flow

channel s iHiddO¢mdal20dimfi30m ddimehiGpmf 16hempl 8¢ pmt 18 wen i $dpm| 200. 01

ézztlg gggg@ﬁifﬁwmﬁ%oﬁﬁ : B cr ;ﬁéfg‘san&m st pr ot 25% y
1 : 1 i

T e 3 e e b e 2

20, and 6788 orta pRbln: SeiendeR 5 B FoeBhicTonsymtt SERERRL PO ot of

ot her ranges miérofspiidts pedferablive.z kDS mscrblls, 66 Bicd@pReErbly N to 200 adigRrt s Of
the present inv ntiogﬂis 0.01 to 1000 microns, nore preferably 0.05 to 500

microns, MFePiERdy e #0anisrans, andamest prefablyhitp %m@rﬂ%fféqglgmla}yl to 100
! , _ . 0
M orons, £HRRE dbBiGhaRYineld M GoT LB O B0 0TI, R TR R, o by g1,

0.05 gm Qni 2giw, Pud, §¥m, S fmINE pm, IPm21 BMuns 18 Pm, 4 7 md20Mn, 323 gm 10
gm 12.5 gm 15 pm 17.‘!15nprrl'1§n20 gljlm 29].'% pgrn11 35 grnr?]l 30 gm 4gh§]m 50 pm

75 gm 1067yaP pubG0gim, 400mghf emds B0 1HMuITHESOf ioy200hen reid25anen.n ot

. vary i n i dh | 0% AaE CBeBtds pEdet RRBterag Mest Seregie CBRton BOEPAE r od 1
may vary in w | r LTTE re (6]
def | ect t beunipledsiteiabbve oy 04ty 3h wiGihah Brdd@kOWrEd tiicohsiGiit 8Pfopkd h Fi 0.

20  required to deflect the membrane as discussed at length below in conjunction with Fig.

27. For example, extremely narrow flow channels having a width on the order of 0.01
pm may be useful in optical and other applications, as discussed in detail below.
Elastomeric structures which include portions having channels of even greater width than
described above are also contemplated by the present invention, and examples of

25  applications of utilizing such wider flow channels include fluid reservoir and mixing
channel structures.

Elastomeric layer 22 may be cast thick for mechanical stability. In an
exemplary embodiment, layer 22 is 50 microns to several centimeters thick, and more
preferably approximately 4 mm thick. A non-exciusive list of ranges of thickness of the

30  elastomer layer in accordance with other embodiments of the present invention is
between about 0.1 micron to 10 ¢m, 1 micron to 5 cm, 10 microns to 2 cm, 100 microns

to 10 mm.
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27. For exanple, extremely narrow flow channels having a width on the order
of 0.01 mnmay be useful in optical and other applicati D 1l & sed in
detail below Elastoneric structures which include por1?2(5?3n%&eﬁﬂav|f n%dgs

channel syof M43 Oreater width than described above are ptprise@i7ep! at ed
by the present 1 nvention, and exanples of 25 applications of utilizing such

wi der flow channel s .incl.ude fl ui,d r [ ML T 1,Xi lynSLLUGE Ur es.
El ast oneric | ayer 25‘“&%&9’”@5’8%3&"@%%"%% ﬁg%’gﬁdég{}ﬂ)s“{ g@ﬁ??? ,O rcllt%n
exenpl ar yhﬁﬁ)?@icmaﬂﬁclmbﬁﬂrbe&?ech gb&f 0n0 IcaIN00anis e Mbregraferabdy 0108 to hi ck,

and nore 8re_erab| y approximtely 4 nmmthi gqlf‘a A non-gqu usive list of
ranges of SPhmians ose praferably 0 t950nmere prparably 1de d80 BUCrOBS RS ot her
enbodi men [ ' | WRERiRRRUtACn ' 10 cm
1 micron E’%fﬁ%lk]&qub%ﬁ%%’s&pgmfkg%f&%lg%ﬁgocr ons to 10 érr?*ﬁrﬂl;‘EL’gﬁgkflﬁegDsecerrber
2003 VD O&f élisameRCihyeiSIDis hbdutd 0Atinmesdha tiigknesserfivlatomeis loyerdly. 7B

abouit 0, OExeMBIAmOBGmEE hiskueniss abier L b Bgigisns §0F K UMSGHBnE ] Hir o
ef er abl : f | i bly 2
P A T S e T A e g A e B e
5 of el asjy)R0 inen, 12258Em 225 juf, Q@ﬁ.ﬂﬁ 4096, t50NBA, 79em! DT KRS $50 pi, 20aghgner i c
|

| ayer 20. Exenpl ary nmenbrane thicknesses include 0.01 gm 0.02 m 0.03 m
0.05 gm 25Qpm, 30Qum, A0 png 509 par, B5¢pm, andt0@0wn 3 m 5 m 7.5 m 10 pm

12.5 15m 17.5 O.pin, 22.5 30 p . m 100
gm 1 pm 200'm Sgg%aréfnﬁ%ﬁ{gstﬁ{n%ga@ﬁ{ %gggayr}}awgg}r?#egg{ggn%gsn%bnq 0

Si ni | arlyeqdal foSthad fRtdstifivdriclaye? 20/or 42; SR¥nd aMStofhefit ¢yef 46 chalylHavkaess about
equal to that of elastoneric 1ayer 20 or 22; second el astoneric |ayer 46

may ha\ée arequrasl}‘tbickws ghout leaual $0 thsbof elasiorerie layendd; apd ﬂartbglﬂ%tﬁmerle #}fyer
D0; . . _ .
cquar to DhaRy Bafh BEHGd kfdes aBdy TRVa NG b BabloficiE e o) 0ChS ADOU!

Construction Techni ques and Materials: Soft Lithographic Bonding:
Preferably, elastongeric |a ers. 42, 46 and
50) at® bonded togeMidtlayerSoftLifhographs e ey and.Matenialsisic to
- the polyners 20 conprising the patterned el astoner |ayers. Mst preferably,
t he bondi ng conprises two conponent "addition cure" bonding.

Soft Lithographic Bonding: :

b=

Py

TGO CLOTIROLIC S d

Preferably, elastomeric layers 20 and 22 (or elastomeric layers 42, 46 and
50) are bonded together chemically, using chemistry that is intrinsic to the polymers
20  comprising the patterned elastomer layers. Most preferably, the bonding comprises two
component “addition cure” bonding.
In a preferred aspect, the various layers of elastomer are bound together in
a heterogenoﬁs bonding in which the layers have a different chemistry. Alternatively, a
homogenous bonding may be used in which all layers would be of the same chemistry.
25  Thirdly, the respective elastomer layers may optionally be glued together by an adhesive
instead. In a fourth aspect, the elastomeric layers may bé thermoset elastomers bonded
together by heating.
In one aspect of homogeneous bonding, the elastomeric layers are
composed of the same elastomer material, with the same chemical entity in one layer
30 reacting with the same chemical entity in the other layer to bond the layers together. In
one embodiment, bonding between polymer chains of like elastomer layers may result
from activation of a crosslinking agent due to light, heat, or chemical reaction with a

separate chemical species.
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In a preferred aspect, the various |ayers.of elastoner are bound together
in a heterogenous bonding in which the layers have a di4$§pe&iihesh6Hd Stry-
Al ternatively, a honogenous bonding may be used in which all layers would
be of theVQWM®eni stry. 25 Thirdly, the respective el ast pearoseeyease nay
optionally be glued together by an adhesive instead. In a fourth aspect,

the el astoneric | ayerdtermyively ih hdlerpogineshaahadtribe choRfRAC Raskber by
heating. In Oneﬂ@iﬁﬁﬁﬁm onogeneous bondi ng, the el astoneric layers are

conmposed of °FRE e sogaaterals, Witk B firstehemical atityrivene layeri ty in

one | ayer redtifiewithaREcol ﬁ,l;@,lgg%g- ' Nt l.the other |ayer to
bond the | ayers toget_h_edrﬂ.dtclhﬁ one e %Pﬁn%%%ah%%n&#%ewﬁ%ﬁgfm? hai ns
of like el 8neehthe Hoadingroneys nseduo bind respactios eMstoimeric Biyer t6§aB& thaki g

peci e 1599 bondBETargll GTNGH 0650 esHliotme: KIY.0 ekamedt bey i n a

het er ogeneparsadiditiesturesilizofd ABLETEPArE Al ONEAT ARG orGRHERAT & st°g;51ttf15?rent.
el astoneric materjals, with a first chemcal en |%ry I n one l"ayer "Treacting
with a secttREhEheenhydsde (St groupst Fbe conyeationd] matinfor BI3MG1 His\ 0A: 1B.

het er ogeno C | e . d to bind respective
ol st oner | L0y beARRE bne Pt HHAMES AIE AR S T o dlnel BERDD ol o ether of
RTV 615 si Wwith3AclB {EVekckSs Si-Higeows) Baéh layer isRafdd sesttbly0 "'WhEH fetivbi cone

rubber.. Part A cclgt ai,ns vinyl groups and -catalyst; part "B contains silicon
hydr i Ry ( SPYES g huopaht inip cortaeh Andiheated)at elevated teamparatutesthsy bond reveBibly For

bondi ng, ommln%ﬁ%oﬂamgglagmd@ﬁggﬁl 1B (i.e. excess vinyl groups) and

the other with 3A 1B (i.e. excess groups). Each layer is cured
separatel y. Wien thdntanex@plany aspecaofthb peasghttinveiitoncdakantriegthchned ad at

el evated t - t:he ng,jrr rsiply . formng.a nonolithic

el ast oner | %@%ﬁ%@%&%ﬁ%&%&&%ﬁ gg@ o cyrethane dipceylates spghasi{biion,

el ast oner imt fitited ko) Eisechil 270 bPHFRA5 Wonh UTEGhenlgprd 182, 184 or 186, or

al i phigi c urethane diacrylates such as (but not limted to) Ebecryl 270 or

lrr 248 from UCB ChdRioBgFmbodimant imaccondande mithithe presant envetatios, twitlayerhe

bur o acr ysean B st e sy AR S daled 1 enite o S K3 ot
8000 rpm fhottothayee vas dpinaoatbdAC8000 Sprh Gor BT Wb R TV0ICRY EiStopah& bbitbhi al | Y
cured und«ir ultraviaolet light for 10 mnutes under nitrogen utilizing a
Model ELC'®E H%R?i‘%‘gaﬁ&ﬁ‘éfﬁ‘gb‘?ﬁ?féﬁ%voht bightfor iL0 enimetepender nisrogem htlizing anbl ed

e e et 0 i St ety 0t
. yzed by a 0.5% vol/vol
mixture of Irgacure 500 manufactured by Ciba-Geigy Chemicals. The resulting
elastomeric material exhibited moderate elasticity and adhesion to glass.
In another embodiment in accordance with the present inventior, two-layer
elastomeric structures were fabricated from a combination of 25% Ebe 270 / 50% Irr245
25 /25% isopropyl alcohol for a thin bottom layer, and pure acrylated Urethane Ebe 270 as a
top layer. The thin bottom layer was initially cured for 5 min, and the top layer initially
cured for 10 minutes, under ultraviolet light under nitrogen utilizing a Model ELC 500
device manufactured by Electrolite corporation. The assembled layers were then cured for
an additional 30 minutes. Reaction was catalyzed by a 0.5% vol/vol mixture of Irgacure
30 500 manufactured by Ciba-Geigy Chemicals. The resulting elastomeric material
exhibited moderate elasticity and adhered to glass.
Alternatively, other bonding methods may be used, inctuding activating
the elastomer surface, for example by plasma exposure, so that the elastomer

layers/substrate will bond when placed in contact. For example, one possible approach to
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m xture of Irgacure 500 manufactured by Ci. ba-Ceigy Chem cals. The resulting
el astomeric nmaterial exhibited noderate elasticity and aghgsieget 08! ass.

I n anot her enbodi nent in accordance with the present invention, two-I|ayer

el ast omEWOIOI028ct ures were fabricated from a conbi nati onPGHUS®ATEBe 270 /
50% 1rr245 25 / 25% i sopropyl al cohol for a thin bottomlayer, and pur.e

acryl at edbéifcﬁié"@?éthﬁbﬁaﬁ&ﬁeﬁl&y&s lcompbeadast theldamelrhateridl Gt feo mrﬂﬁmemu
initially cured for 5 nmn, and the top layer initially cure 10

m nut es,  dndapid, Protatypmecaf Micgofuidic fystemsiin Belyr{quﬂwlﬁlmn%) ice c 500
devi ce ?Zgﬂ%ﬁ}ﬁrﬁ (F %W@h@?&@%ﬁﬁc&ﬁ&&% L by mae@&sqm@ dakses Vel €

then cu di ti onal tes eact I on was cat by a 0.5%
vol /vol nihat expesinf pblygamethgisHOx H(PDAMS lapdrsitoarkygyn filabma msgyoﬂlﬂm’nh@ﬁl S.

The resul el ast oneric npterial exhibited noder at. sticity and
adner cb- 1 regrEfece, SHBTBPYET P Ftapdig ST e T DIz o7 o
i ncl udi ngipaeddniaki Nng the el astomer surface, for exanple by plasma

exposure, so that the elastoner |ayers/substrate will bond when placed in
contact. For exanpl ¥et anothep @Bmmbtmmhg@tberﬁgcwlmbﬁﬁﬁ ef elagiomerie

sane et o P IR ARGH BRMRROF RAGkpFbafioRBh MRGANE S RRESEC © 1N
M cr of | ui ghcaredydistitier siclPas R’I(\ﬂﬁtﬁishﬁbﬁebd @mp oF a firtated el:gtomeriodayiest r y
(1998), 70, 4974-4984, .incorporated herein refer ence Thi s pai‘?’@én

di sc Uk esNextnasecond sured glastomyariclayen)is Elap@%m P ebthgsncueed clastometig

pl asma Caps | Rapdi ng
occurring vﬁi %hﬂﬁﬂ/\g oxﬁgé egeﬁl%%{rl%qgghgwcfﬁdt6bﬁl}ﬁﬁ%%h§18§?act Yet.
anot her aqslammaem: stn.xcbnadmmamgelyhancme&dwmmahwpmpphﬂftoehMEemf is to
utilize t eadh sjve pr ert| of uncure elasgorrer eC|f| all%mpathln

| ayer of F\?}H? glagipmer agtqaer ﬂnfo&? i rst

cured el agkQBhdtEmbAMSEr. cihﬁn:lgeas& mmmmﬁsﬁﬁ&%ﬁka@ﬁ@@ﬁwm@wﬂms
placed on top of the Uncured el astoneric layer. "The thin mddle |ayer of

uncurléd edfzsmomidithicslastemer stagture produce a monol it hi c el ast oneric
structure. Alternat ne red ast. ] bot t om of
a first cured el as%ﬁﬁey °§€Fé’? ﬁa(frﬁ “ ye?s & T ?agk&g?té ayer placed
on top Ofelﬁt@ﬁ&cﬁﬁficnﬁélﬁﬁdhsehﬁédmémﬁig%rs IQBdnﬁﬂlgtdf%umeﬁBiir@elﬁﬂmmexﬁi ast onmer
| ayer again results in formation 15 of a _nonolithic elastonmeric, structure.

Wer e endapgamayibsacesmplished by ponring apaped plastemer oXeEa Preyigushi swed e t he
el ast ome rel&&&rﬂ@ﬁﬂa?e?ﬁd%ﬁ%ﬁé@ﬁﬁaﬁﬂ%ﬁal’ pattEinds thePaupSn. BAREhEBeWeesuccessi ve

el ast oneri
20 elastomer layers occurs due to interpenetration and reaction of the polymer chains of an

uncured elastomer layer with the polymer chains of a cured elastomer layer. Subsequent
curing of the elastomeric layer will create a bond between the elastomeric layers and
create a monolithic elastomeric structure.
Referring to the first method of Figs. 1 to 7B, first elastomeric layer 20
25 may be created by spin-coating an RTV mixture on microfabricated mold 12 at 2000
rpm’'s for 30 seconds yielding a thickness of approximately 40 microns. Second
elastomeric layer 22 may be created by spin-coating an RTV mixture on microfabricated
mold 11. Both layers 20 and 22 may be separately baked or cured at about 80°C for 1.5
hours. The second elastomeric layer 22 may be bonded onto first elastomeric layer 20 at
30 about 80°C for about 1.5 hours.
Micromachined molds 10 and 12 may be patterned photoresist on silicon
wafers. In an exemplary aspect, a Shipley SIR 5740 photoresist was spun at 2000 rpm
patterned with a high resolution transparency film as a mask and then developed yielding
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| ayers may be acconplished by pouring uncured el astomer over a previously
cured elastoneric |ayer and any sacrificial materi al pa}éﬁ% o} Bggzeupon.
Bondi ng between 20 el astonmer | ayers occurs due to interpenetration and
reacti onWRO¥HB2S ol yner chains of an uncured el ast omer PEYASUIITHP ¢ he
pol ymer chains of a cured el astoner |ayer. Subsequent curing of the

el ast onmer an iffvasse chavrle] oftappraxamatelyblddichensvie beighh eWhkn bakedeat iappioxinztslyand

i go. 1 "t Q00 oy Aot DSBS piere oiow e BBttt b coat i ng
an RTV M ydihaed. O grefehed %@;@ﬁgﬂ%ﬂa 0&- @bateDQfh tiREihg1dhfirodfme econds

yi el ding a thickness of a m crons. Second elastoneric |ayer
22 may be(TEMES) sapdrforsabiont cmimitebefare ¢ath/use intonder to prayentaghasion ofsibdongnl d
11. Boih | s 20 and 22 may be separately baked or cured at about 80C for
1.5 our & e second el astoneric |ayer 22 may be bonded onto first

el astoneric |ayer 20sig thedthrihg eiulBiRerisoft litsprdphd . consthustion tédhdiquenaid ned
nol.ds 10 and 12 may be patterned photoresist on silicon wafers. In_an

exenpl ar ymatgsialsset forthhersin thegmesent myepiors kive sxpgrimgnially,siccesded 3 oreafing
pat t er ned .y | ' | . n
fovel opedciraf albdchfbiied ot 4810 SRR RARERE May e BB TRRK, 909 02

i nver se clw:anﬁingﬁboa?m pmlghitkeltis fb@esaéabi&whathdaﬁdee 't:(j):lt:lprisi)zlgczntor]l?italie’aad;eaenEJI ]
approxi mat e 00C fqr_ about 30, m nutes,. the otoresist reflows and the
nver i CheRARS éa%s%@mlwaﬂ’ﬁai@.tosﬁﬁﬁrcefl@rbee%eg@%@t s, the nolds may be
treated with trinmethylchlorosilane (TMCS) vapor for about a m nute before

each use in order to prevent adhesion of silicone 5 rubber. Using the
various nultil ayer Suitable EdassomexicMateriglst ucti on techni ques and nmaterials

set forth herein, t Lese I_nvent or ave experinmaially succeeded in
creating channel n Wzaggﬁﬂ T OWM@ é%leécrzhe stoneric
layers t hélaftometstif c@ihl as paly@ierbetistthgadt @uémpérature bétweln their glassitansisgeabl e

that devices conprising nore than seven 10 separate_el astoneric |ayers
bondekf t otgEmsEature aud iqerfaiondespearaturess Elastpmenicmaterindsexhdbif glagtic BIORETUES | cock
et al, ] ) L he I n
genor al _aEoSaT 2 bviret YiHle SRR idelto ORforal moll6R B pARL o ABlFRE

t ransi st i backbdre dhaingdn adsporseamd foricewaflathieibacktonaphains receiling ta sisswmey the

materials exhibit, el astic properties because the po r chains readily
Under go ¢ AR in b RRSAGepLIBs fAree. JAESAAER 5lagReRLsiotn whed fofce s
applied, but then retumn to their original shape when the force is removed. The elasticity
20  exhibited by elastomeric materials may be characterized by a Young’s modulus.

Elastomeric materials having a2 Young’s modulus of between about 1 Pa— 1 TPa, more
preferably between about 10 Pa - 100 GPa, more preferably between about 20 Pa— 1
GPa, more preferably between about 50 Pa — 10 MPa, and more preferably between about
100 Pa— 1 MPa are useful in accordance with the present invention, although elastomeric
25 materials having a Young’s modulus outside of these ranges could also be utilized
depending upon the needs of a particular application.
The systems of the present invention may be fabricated from a wide
variety of elastomers. In an exemplary aspect, elastomeric layers 20, 22, 42, 46 and 50
may preferably be fabricated from silicone rubber. However, other suitable elastomers
30 may also be used.
In an exemplary aspect of the present invention, the present systems are
fabricated from an elastomeric polymer such as GE RTV 615 (formulation), a vinyl-

silane crosslinked (type) silicone elastomer (family). However, the present systems are
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backbone chains in response to a force, with the backbone chains recoiling
to assume the prior shape in the absence of the force. JdpgeRBeAboo3
el astonmers deform when force is applied, but then return to ?ﬁ)?r ori gi nal

shape wheyp bfifigdsorce is removed. The elasticity 20 exhi bigefusoonghqst oneric
materials may be characterized by a Young s nodulus. Elastoneric materials

a5 2, N A S 0 s oo 2

GPa, nore ehsmhmnabbtymeimﬁﬂalabmtmﬁ&t& reqllﬁ‘eMEﬁt, fontiet prefeered nedtissdadf y
bet ween a 100ﬁ£’a -1 MPa are useful  [.n accordance fYx@th tg esent

|nvent|on ci“l‘ﬂﬂfbf ©Present ructpRalyes htheapility Lo bopd myltipl
outsi de of, ? BOBES of aﬂﬁ@ﬁﬁﬁmg%ab?%zl%gﬁﬁaﬁgﬁl@ﬂaﬁﬁ%dt he needs of

a particular ap |cat|on e systens e present 1 nvention may be
f abri cat edepfaratﬂyandvthsba bondﬁdt togegharf Thas schemeseguires hat cureddaysrapossesspect ,

~elastoneric. ayers 20 ybefabrl ated from
silicone F‘E@B’g\ﬁ EE%%?%%‘I E?th?uﬁi{‘]tglﬁlf'g‘ e?yfétlg?% go?@:@sm% 38n &%sed.

| n an exepia8leyofdoRERE tdhenbSlve] &Stﬁe} maf'be lartve@dlffehan £did 5y SiRibke ar e

fabricated froman el astoneric pol grrer such as GE RTV 615 (formulation), a

vinyl - si phbendinade saehather. (Qtherapssibilifievinelude the usedn adhesive Befwesmlageisr | t he

present s [i)ﬁg r 2003 WD 01/01025 PMJSOON7740 not |imited
to this oﬁ%&@or nu{;ﬁpfglg'nc’%gttypoor ‘even this famly of polyner; rather,

nearl yoany el astonetveaﬂwﬁmafdouemsasﬂﬁbfpotyﬁmchmsmatpwmmerrent for
the preferred method of fabrication of the present m crovalves t he

ability tmmmﬁMSpt jomcepditighs, and,Retsniial addifiyes thae are ‘tgﬁél & of -
il L1 Y ebs sbibld diiRA A Yms Y Sutd B uSddds hPR mdHoffl ERGomcAgPar At el y and

t hen bonde t oget ene requires that cure ayers possess
suf fi ci enmicrewdvdés\antd }oumps bb’adaticmg at ﬂlﬁ matéridisnased twill thesp dikelybm\drivendfy t he

same type and, are _capab bon to t ves, t hey. may be of two
di ff er ent B8 ? ’2\1%5 %EQLW’@PB f’s é‘?fegls 85‘%1‘8 her

possi iy | If)érﬁﬁ;ablﬂ@l upl@ ﬁuu-ggtagmt}adhem ve bet ween |ayers and the use of

t hernoset el astoners. 10 G ven the trenendous diversity of poly

chem stries, pr ecur'ghﬁfsafemm mym@oﬁdwommemmahbnﬁpra%

. potenti al |
systens t%ﬁﬂg(k}%;& e usg% ?éFdn%k@mn%%#eghee? s"ﬁgisn@F%tg%edﬁgé es and
"~ punps. Vathagévenmath xﬂlahhelyn‘utaﬁdardﬂ polyiaed, wahy passsﬁi:hﬁeslfef pordénglestisten by the

need for particular materi al i)ert ies, i.e. sal vent res{ si ance,
sti f f nesst-oggen elastomeric polymers mc nde polylsoprenc polybutadiene, polychioroprene,

20  polyisobutylene, poly(styrene-butadiene-styrene), the polyurethanes, and silicones.

Polyisoprene, polybutadiene, polychloroprene:
Polyisoprene, polybutadiene, and polychloroprene are all polymerized from diene
monomers, and therefore have one double bond per monomer when polymerized.
25 This double bond allows the polymers to be converted to elastomers by
vulcanization (essentially, sulfur is used to form crosslinks between the double
bonds by heating). This would easily allow homogeneous multilayer soft
lithography by incomplete vulcanization of the layers to be bonded; photoresist
encapsulation would be possible by a similar mechanism.
30
Polyisobutylene:
Pure polyisobutylene has no double bonds, but is crosslinked to use as an

elastomer by including a small amount (~1%) of isoprene in the polymerization.
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15 pernmeability, or tenperature stability. There are nmany, nmany types of .
el astonmeric polynmers. A brief description of the nost cPRRMBLASERS of

el ast omergqi sented here, with the intent of show ng with
rel ati velé’q'oz’togdr%gar d" polymers, many possibilities for bondi s@bﬁiﬁp
Common el ast onefj ¢, pol yners i ncl yde pal yi soprene, pol ybutadi ene,

pol ychl or opr eneﬂ?@gﬁﬁg??lgﬁﬁ‘ﬂ??l%me%@%‘gﬁw g theqobyigebyiylenene) | t he
pol yur et hanes, giibdel (hRRGHay Figh ¥ VARAARE aPRlagRU! adi ene, pol yehl or oprene:
Pol yi soprene, pol ybutadi ene, “and pol ychl oroprene are all polynerized from
di ene nononers, and therefore have one doubl e bond per nononmer when

pol yneri z Thi oubl e band allows the polyners to be converted to
el ast onergp%li’/’(ség e?ﬁﬂ%ﬂ%%ﬂ%sent ially, sulfur is used to form crosslinks

bet weers t he doubdig(stypa@rdsutitiedteaiiens)is FT&H@e&VBy \idinaBidnic s M¥HIMBRIENeoUS
mul tilayer soft |ithography by 1nconplete vulcanization of the |ayers to
be bonded: phot&abis there is ponssiralehaintomminaging step d thelyeastipy), so ive™l ar

mechani sm 30 Rohyi o | sobutyl ene _has n oubl.e bands,
but is crossli rﬁéﬁhﬁ%é‘iﬂg@ag@ %“ﬁ‘sr?‘ghélﬁ’ﬁ‘%{/ Tl F%ﬁa ﬁa“éﬁﬁtﬁ%?f
(-19% of i sopr ehepiesert pRotprdsistenidapaiilaton syblen? fwkaze tEbewilPbpientar01/ 01025
- PGTNS00117740 The |€e§prene npnonmer s . gi ve pendant doubl e bonds on the

pol yi sobut yI end™ SR FReRomer R the hﬂ?glaﬂ%?%e@% toprafikeicured layeve.

Pol y( sipyr ene- buhadhRBR cating Wld alicy Eeﬁ;xga{e}shg@%;ugwe?géﬁ ﬂﬂfog%ﬁ gg)to IS

produced by |iving ‘anionic” polynerizatio erel atural
chai n-t er m nat ihegdisgk plhachehdstriealse familjtates makinguait layeo wyithrsxtrabatadisns exi st

in the cured pglk r.. Thi.s makes it _a natural cgndi.date faqr e. present
phot or esi st eﬁga%nsfﬂngtcf’meg P@hﬁfﬁ@fe&(ﬁm I'ifﬂt%‘ﬁ?%e‘i#mﬁfﬂ‘eact ed
Monomer in the Hetepogeteidtiittitger Skt BhogfdhYS. $BSiCHRG A% dstontd”,

I'nconplete curing would all ow honogeneous nultilayer soft |ithography (A to
A bondi ng). THeCEmEhaabgves certdindenparatuessit melts and bersmea plastioi(astoppsateda

but adijene (" A n n ther. |aver .( B ith a
but adi'ene def é‘% %‘%‘fﬁ*&?%%ﬂé?%&%% %f&?ﬂ?raﬁf‘?ﬁ ?8@5@ a$’1‘§'h§5‘?‘5ay“}¥§53.°3%55 i s
a "thernoset elbabbndatégetheremridagnghat above a certain tenperature it nelts

and becones plastic (as opposed 15 to elastic); reducing the tenperature
yi el ds the el astoner again. Thus, layers can

Polyurethanes:

Polyurethanes are produced from di-isocyanates (A-A) and di-alcohols or di-

20 amines (B-B); since there are a large variety of di-isocyanates and di-
alcohols/amines, the number of different types of polyurethanes is huge. The A
vs. B nature of the polymers, however, would make them usefial for heterogeneous
multilayer soft lithography just as RTV 615 is: by using excess A-A in one layer
and excess B-B in the other layer.

25

Silicones:
Silicone polymers probably have the greatest structural variety, and aimost
certainly have the greatest number of commercially available formulations. The
vinyl-to-(Si-H) crosslinking of RTV 615 (which allows both heterogeneous

30 multilayer soft lithography and photoresist encapsulation) has already been
discussed, but this is only one of several crosslinking methods used in silicone
polymer chemistry.
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be bonded together by heating. Pol yurethanes: Polyurethanes are produced
fromdi-isocyanates (A-A) and di-al cohols or di 20 am negg OB.dber Shif €
there are a large variety of di-isocyanates and di- al cohol s/am nes, the
nunber ofodidkfozs ent types of pol yurethanes is huge. The ARCRESUBIMAt ure of
t he polyners, however, would make them useful for heterogeneous nmultilayer
soft lit gpj;mn'g s RTV 615 is: by using excess A-A in one |layer and
excess B@tggi n theq%%eﬁgf | ayer. 25 Silicones: _Silicone polyners probably
have the greatest dnadditions theast of the simplesipaess polysrars disensgedabore:t he

great est nu . of ¢ ' | e A |.at i gﬂﬁ.i %%9

vi nyl -t o-cfﬁsnﬁl%m%?%?%ﬁ%gh%%' %%%hsvgﬁﬁ %H}éarﬁ Ig:'ws l()) ﬁg?%dﬁggeneous 30
mul ti | ay eloublefbonéid foh @@lcamiaytic) drephiiableddt sllowingdpmopeaicoon]A tes) al ready been
di scussed, bhut this is only one of several _crosslinking nethods used in

si | i c&ne mylayeresofidifhagraphy or photorgsisiancapsalationpts sigh en B5#M9500/ 17740
Cross Linki ; it u i b i e[dHee” polynmers
di scussegl %’ggﬁlé%&tg?%%%ﬁtﬁg%gél%g;b&l‘%}slw% %gmgﬁ@%%ogn%hﬁégnt s (like the
nmononer s thamtren heqrimpapdndanioddubée tamdgsnd another| bearing apénsiaint Sirkd geoup) aBl e f or
al l owi ng hg neous (A to mul 11| ayer ft lith aphy_or. phot or esi st
encapsul &4 ﬁ?ﬁqrﬁe?mé?ﬂaﬂ“ﬁwg%m%%aﬂﬁ%&ﬁ#ﬁ g@@]ﬁ%ﬁﬁoﬁ;}ét ed into
both el a H%ﬁngn@@% tEHEUIBERTY AfidceaORWES. (1 . €. one nononer bearing a
pendant ?gu e bond,é?alnnd anot her béari ngs}a pendant Si-H group) are
suitdbl e for heterogeneous (A to B) multilayer soft lithography. In this
approach £ | e tary agents are added to adjacent |ayers. 10 O her

Othit Magsigts

Mat eri al 1on, polynmers incorporating materials such as

chlorosilanes or  Rebfition, Silkrs inciporating yiatdrialewnsh ancidorosilanes or
pol ydi net hy| si | oxane )

PDVS) such as Dow Chem cal ﬁ%&g{ S%/I gard 182, 184 or
186, or anithriatctylyred Rbenyldlenes gndpelydipethylsiorps S) stchasqved to)
Ebeor ! Fifbuita tokn 34eshd 993 U8R E168] Gliphiic BcHnD iskihfls sl ad @l o ng 1 5

a non-exclusive li1st el ast oneri s which ma
15  not limited to) Ebecryl 270 or Irr 245 from UCB Chemical may also be used.

The following is a non-exclusive list of elastomeric materials which may

be utilized in connection with the present invention: polyisoprene, polybutadiene,
polychloroprene, polyisobutylene, poly(styrene-butadiene-styrene), the polyurethanes,
and silicone polymers; or poly(bis(flucroalkoxy)phosphazene) (PNF, Eypel-F),

20  poly(carborane-siloxanes) (Dexsil), poly(acrylonitrile-butadiene) (nitrile rubber), poly(1-
butene), poly(chlorotrifluoroethylene-vinylidene fluoride) copolymers (Kel-F), poly(ethyl
vinyl ether), poly(vinylidene ﬂubride), poly(vinylidene fluoride — hexaflnoropropylene)
copolymer (Viton), elastomeric compositions of polyvinylchloride (PVC), polysulfone,
polycarbonate, polymethylmethacrylate (PMMA), and polytertrafluoroethylene (Teflon).

25
Doping and Dilution:

Elastomers may also be “doped” with uncrosslinkable polymer chains of
" the same class. For instance RTV 615 may be diluted with GE SF96-50 Silicone Fluid.
This serves to reduce the viscosity of the uncured elastomer and reduces the Young’s

30 modulus of the cured elastomer. Essentially, the crosslink-capable polymer chains are
spread further apart by the addition of “inert” polymer chains, so this is called “dilution™.
RTV 615 cures at up to 90% dilution, with a dramatic reduction in Young’s modulus.

Fig. 49 plots Young’s modulus versus percentage dilution with GE SF96-
50 diluent of GE RTV 615 elastomer having a ratio of 30:1 A:B. FIG. 49 shows that the
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be utilized in connection with the present invention: polyisoprene,

pol ybut adi ene, pol ychl oroprene, polyisobutyl ene, 6 December 2003
pol y(styrene- but adi ene-styrene), the pol yurethanes, and'Z Si ?I cone pol yners;

or pol y( bWVOOOE¥50al koxy) phosphazene) (PNF, Eypel -F), 20 PCTUSI0/17740

pol y(car borane-sil oxanes) (Dexsil), poly(acrylonitrile-butadiene) (nitrile
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e
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reduction s|5"lr}1IE Youﬁgl'tesﬁrl;g:)éggl us. H"I}:%d@%%f%'ls gﬁéé%u%éigbrfm Sfﬁlﬂ%é gﬁa?ps%gé

per cent ag@atgidlesmay bepadded rrepienthe Slstoimen evloredfor GEaqREYo Bicident religionr havi ng

a ratihg of30:1 A B. .F 9 shaws. t hat .t 26 cenpber 2003 WO 01101025
PCT/ UégQ/ T ;'51%5‘4’6&'4‘r F8§?%Yq£&]§/eﬁﬁeflegﬂ\é\ﬁglaﬁﬂg?£sf "%’é{eéfalbgqe Sys hence the

responsi veness of t'1311?1?5},‘159dﬁﬁﬁ?ﬁl&r@ast&rﬁ@r&ﬂit@g&iﬂ%%h@ﬁidéﬂéﬁéé&sjmé&?1 can be
controll ed during fabrication of the device. her exanpl es of dopi ng of

el ast oner SRBRGSheamCcHSpesipTmaybe presentsdat thaielestomer syrfags, Sausrsesdng ¢s conduct i ng

or nmagnet i,g.15pe f%ﬁrtm%% RRad, Rl vREL 5 in conjunction with
al ternativecmet ods 0 g%%%l ng {he rre%@r%ne o@x{'he device. Should it be
desired, doping with fine particles of material having an index of

refra#io de,ff rent tha t&e el astonmeric material (i.e. silica, dianond,
sapphtte) “1% & ewg;ﬁﬁgﬁ B a systemfor altering the refractive
index of the materi @nce%éélﬂﬁ&%eﬁ@ﬁﬁfcﬁhﬁ&s‘%e@% or Bithkd fi§ g™y De added

to render the el astoner col ored or opaque to incident radiation. 10 This
may conceRRRIBPNatsshaps, #fmay kd necessany to pré-tredtithe mdigriekinabder te fasilitate Fi nal | vy,

by dopi ng . stoner,. W th specific chem cal species, these doped
* cheni cal 8%%%?‘2‘&3%%‘{?%5%“%%‘@5%5 °§F?@E‘cﬁtﬂf$tomr surface, thus serving as
~anchors or starting Hegeriniple,Unelpakdible apsiRafivs &r adeldsiinidrcadevitie in

20  accordance with the present invention is to sort biological entities such as cells or DNA.

In such an application, the hydrophobic nature of the biological entity may cause it to
adhere to the hydrophobic elastomer of the walls of the channel. Therefore, it may be
useful to pre-treat the elastomeric structure order to impart a hydrophilic character to the
channel walls. In an embodiment of the present invention utilizing the General Electric

25  RTV 615 elastomer, this can be accomplished by boiling the shaped elastomer in acid
(e.g. 0.01% HCl in water, pH 2.7, at 60°C for 40 min).

Other types of pre-treatment of elastomer material are also contemplated
by the present application. For example, certain portions of elastomer may be pre-treated |
to create anchors for surface chemistry reactions (for example in the formation of peptide

30  chains), or binding sites for antibodies, as would be advantageous in a given application.
Other examples of pre-treatment of elastomer material may include the introduction of
reflective material on the elastomer surface, as described in detail below in conjunction

with the micro-mirror array application.
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15 Pre-Treatment and Surface Coating Once.the elastoneric material has been
nol ded or etched into the appropriate shape, it may be pepRsSRSY 2063
pre-treat the material in order to facilitate operation in connection with
a parti cwWaeL/dmsl i cati on. For exanpl e, one possible appl i RGUISHIHTHAO an

el astoneric device in 20 accordance with the present invention is to sort

bi ol ogi cal entiti esMsasg@eﬂahﬁgmbPMtlnwnmch an appl i cation, the

hydr ophobi ¢ nature of the ol ogi entity ere to the
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el ast orrercmh@lr:;zal are al so contenplated by the present application. For
exanple, certain portions of elastomer may be pre-treated to create

anchors for surfaceRGfﬂ@mgstDrElgr%éiﬁt&@SV‘(hﬂ@ﬁlﬂéﬁ@#élsﬁcopﬁ flovechapnplels ¥f of
tide 3
Db ant agottedvt Mebradl 2 iRtalid e A0 chaline Bl 8 opr Rt Baomel,

elhast Fnersmmba?nammﬂsmgadhﬁmb ; dlBE.gAﬂcz&ll h‘lirl;seeﬂ, flove thamtl 3@istpen’. al hon

the el astonmer surface, as described in detai| be in conj.unctiqn wit

the M&ro-mrror ar AaFampmicerat Fign7H QW"WMQ% 9@20(n %Tgﬁ‘ag

PCT/ US00/ &%ﬂ@vﬂ Eﬂﬂcﬂﬁgéi fBlre Eﬁlﬁ éﬁgmﬁfaﬁ 35? B&fect H%\ﬁﬂ&/hﬂr)thel;étgﬁpméﬁx and 7H
Show t oW

toget her e closing O I rst anne pressuri zi ng a second
f 1 ow chanoffiflowF phsskigghrongh ﬂawrohamtcl 36,cAccnrdjngw, bwvawmg thg pressurgdgnh | ow

e 1 Gagnhels b ERBACRenbla eyt st e Sy 2 R e S AR
of the segopsknbl eYclobdWiahoviag nideiRie P3hstdesirdd - (FZBmuEﬁrmdn furpuees banpel 30

and second f1ow channel "32 are shown. I\/Errbrane 25 separates _the flaqw
channél s, chagndmgntﬁm lﬁaq@smwnm@iﬁnestwl@qﬁd n@smorseathmhﬁm Bﬂm%ﬂ%e@
-second flow chﬁnnel As can be seen, flow channel 30 is "open". 10 As
can be seB TAYFi g. 7H pressuri zation of flow channel 32 (either by gas

~or liquid i ntroduceﬁxghﬂdﬂnﬂbm%ualmiemmrm@@ﬁévmmomﬁmmmmmrd
t hereby pinching off flowF pa55| ng throggh fl ow channel 30. Accordingly,
by varyi netheds gancbesaphieved withiflow, df®arly actuabl e val ving system

i's provi dggh.sHeh VAR afd A8 Rbvi® t#edBof of the channels themselves (i.e.:

20  moving membrane 25) valves and pumps produced by this technique have a truly zero
dead volume, and switching valves made by this techniqué have a dead volume
approximately equal to the active volume of the valve, for example about 100 x 100 x 10
pum = 100pL. Such dead volumes and areas consumed by the moving membrane are
approximately two orders of magnitude smaller than known conventional microvalves.

25  Smualler and larger valves and switching valves are contemplated in the present invention,
and a non-exclusive list of ranges of dead volume includes 1 al to 1 uL, 100 aL to 100
nL, 1 fL to 10 L, 100 fL to 1 nL, and 1 pL to 100 pL

The extremely small volumes capable of being delivered by pumps and

valves in accordance with the present invention represent a substantial advantage.

30  Specifically, the smallest known volumes of fluid capable of being manually metered is
around 0.1 pl. The smallest known volumes capable of being metered by automated
systems is about ten-times larger (1 ). Utilizing pumps and valves in accordance with

the present invention, volumes of liquid of 10 nl or smaller can routinely be metered and
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be opened or closed by noving nenbrane 25 _as desired. (For illustration |
pur poses only, 15 channel 30 in Fig. 7Gis shown in a ° .
posi tion, @61'7(ﬁ525t han a "fully closed" position). It i %%E%eﬁfgggﬁst ood
that exactly the sanme val ve opening and closing nethods cdFIFE9 Tty ed

with flow éslann%lts 0 and 62. Since such valves are actuated by noving the
roof of th&PHE el 8¢ $qERiNGeEng of gxtremely sl vglumesoffiuid zeybledbythe and
punps pr odpeehtivehfibdw | StHEm! , and

swi t chi ng ?/bal ves made b?ﬂ?%se&t ecgﬁfﬁa&%%%y%;%‘gﬁn@%%g%&@g% oxi mately
equal to t Repligetionseingludingatiagnostictestland asdags. exanpl e about 100 x 100 x 10
gm =1 OOpL. Such dead vol ymes and ate consunmed by the poving nenbrane
are approximately t&ﬂuaﬁpagrrgpﬁfe‘fﬁﬁhﬁ%ﬁﬁ@mé’m&a srasfigehmpdelSnvent i onal
mi crovas vedefl@fioSoPd teetangile, iAsACE1a¥H, dtrop e 15t8idr it B YRk MESs BY
contenplated jn the present invention, and a non-exclusive l[1st” of ranges
of dead voP PHefWges 1 aL to 1 ul, 100 aL to 100 nL,1 fL to 10 nL, 100 -
ILto |l nL, and 1 pL to 100 pL The extrenely small vol umes capabl e of being
delivered by punps and valves in accordance with the present invention
represent @)substantwad (mﬁ)é(mlé)gwheﬁé) Specifically, the smallest known

vol umes of fluid capabl f bei gg manual ly netered is around 0.1 |. The
smal | e][si known vol ungs BreobPlafiii ng netered by autonated systens is
about t®n-tjmes_| ar gér shapq goeffigienti(depepdeatupon dengthy u6.weidth andasnpportiafice wi t h
the presentdgenobaeln, vol unes of liquid of 10 nl or smaller can routinely
be nmetered and 25 WH oapplic@iaseeredecenber 2003 PCTI USOQ 17740 di spensed.
The accurate neteri rfg=platewidtienel y smal | vol unes of fluid enabled by the
present invention wlEFXduag@thsdulad;undal uable in a [ arge nunber of

bi ol odiscal  appl i cath 9nsate Ki€ldédé. N9 di agnostic tests and assays. Equation 1
represents a highly sinplified mathemati cal nodel of 5 deflection of a
rectangul ar, linear, elastic, isotropic plate of uniformthickness by an

appl i ed pPregsets: ol = Ph4.) wher e = deflection, of plate; 10
22 shape T py gk ol il el Sotcolin of fn shibtoctisgrerymns
edges of phatsppnseio z pegspire edll be afanctiin of: the length, width, and thickness of the
membrane, the flexibility of the membrane (Young’s modulus), and the applied actuation
20  force. Because each of these parameters will vary widely depending upon the actnal

dimensions and physical composition of a particular elastomeric device in accordance
with the present invention, a wide range of membrane thicknesses and elasticities,
channel widths, and actuation forces are contemplated by the present invention.
It should be understood that the formula just presented is only an

25  approximation, since in general the membrane does not have wmiform thickness, the
membrane thickness is not necessarily small compared to the length and width, and the
deflection is not necessarily small compared to length, width, or thickness of the
membrane. Nevertheless, the equation serves as a useful guide for adjusting variable
parameters to achieve a desired response of deflection versus applied force.

30 Figs. 21a and 21b illustrate valve opening vs. applied pressure for a 100
pum wide first flow channel 30 and a 50 pm wide second flow channel 32. The membrane
of this device was formed by a layer of General Electric Silicones RTV 615 having a
thickness of approximately 30um and a Young’s modulus of approximately 750 kPa.
Figs. 21a and 21b show the extent of opening of the valve to be substantially linear over
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b.= plate width E = Young's nodul us; and .15 h = plate thickness. Thus even

in this extrenely sinplified expression, deflection of a)%bﬁé HRPBEdC
menbrane in response to a pressure will be a function of: the length,

w dth, amddiwiedsness of the nmenbrane, the flexibility of plhfisemiRi@ane
(Young's nodul us), and the applied actuation 20 force. Because each of
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force. 30 Figs. 2la and 21b illustrate valve opening vs. applied pressure

for a 100PTessHreWafcapplied to the hypedramintubie fom 2 WEHRA suinigtie f | ow
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Youngl® nodul us of Gupreotionmaf ednyemivhakdcrofliid@isdevidas t@ agl exteinial StidWlolshe

extent of oggani ng, of the valve to, be substantially |.inear_ over 26 26
B 9 9

Decenber BRSE lesesAYgidesd by thesxirsaal corfigirationigedaserigdp Qued
br essur eSyuolfiobfent RANPHASEHRY of BUR RbLARHEACHiM the EQBHE! Srvillhhond | NEAI

actuation behavi or, enb_o nts o e 1 nvention <insert here>.
pressur e Spesifisgly, iconventionaltmixrefluifie dewichs ameoniposttbofimvd, defléxible ugerls 10 cm

| ong pi ec f Rl | ¢ tubing havi an,.out er dianeter of 0.025" connected
toa o5 Guchas BIREN o e oy wiln@RuRYisg ropnichiant efisradl eiman Saor

di anetser wfjoied2Bhe APty Y\ @nventisTl Riatedial Srepths signifidafit fHyBicAbmeaSatP! aced
into contact with the _control channel by insertion into the elastoneric

bl ock i n ROIs pleontach withsaall and delisate external tubing, yendering conygntionalr e was

applied t&-&d}@i ' R4 5!8 fr I maiature sol enoid
val ve manutac udr%ggﬂgéﬂeen%o. &oaﬁg‘é%gfgér(\;@pg%ocr?\bg? ‘onal microfluidic
devi ces to an ext eBwtoritast, thef dlastomerasfake presetitiigventibn Ry Hblisleandvai sied by

the external configuration just described, One A
easdy penetl‘atg&l for external connecfion by a tube composed a hard material. For

20 example, in an elastomer structure fabricated utilizing the method shown in Figs. 1-7B, a
hole extending from the exterior surface of the structure into the control channel can be
made by penetrating the elastomer with metal hypodermic tubing after the upper
elastomer piece has been removed from the mold (as shown in Fig. 3) and before this
piece has been bonded to the lower elastomer piece (as shown in Fig. 4).' Between these

25  steps, the roof of the control channel is exposed to the user’s view and is accessible to
insertion and proper positioning of the hole. Following completion of fabrication of the
deﬁ'ce, the metal hypodermic tubing is inserted into the hole to complete the fluid
connection. ‘

Moreover, the elastomer of the present invention will flex in response to

30 physical strain at the point of contact with an extemal connection, rendering the external
physical connection more robust, This flexibility substantially reduces the chance of
leakage or fracture of the present device.

Another disadvantage of conventional microfiuidic devices is the difficulty
in establishing an effective seal between the device and its external links. Because of the
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such problemis the fragility of their connections with the external )

environment. Specifically, conventional mcrofluidic deydgesaefr6nPosed
of hard, w&“&&éﬂ e materials (such as silicon), to whic C{}I es or tubing
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m crof | ui i ' s hr ese.contact points.
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been bonded to the | |,ast rq Pl ece (as. sho in Fi.g. 4). .Between
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pr esent devd"fe.al so_ai ds in overcom ng | eakage relating to pressure. In
par ti cul af24 4ayleesopfiguration, and botthgasepus angliquidmediagracontamplated byther ound
inserted {nybiggh. i n order to forma pressure resistant seal. Wile control
of the fl-ow of material through the device has so far been described

utilizing applied gSilerexternaleppl¢dymesdulreiadideseibiddhbbee hasdsten bEplicdBD| €,

air ig
20 . pump/tank system through 4 pressure regulator and external miniature valve, other

methods of applying external pressure are also contemplated in the present invention,
including gas tanks, compressors, piston systems, and columns of liquid. Also
contemplated is the use of naturaliy occurring pressﬁre sources such as may be found
inside living organisms, such as blood pressure, gastric pressure, the pressure present in
25  the cerebro-spinal fluid, pressure present in the.intra~ocular space, and the pressure
exerted by muscles during normal flexure. Other methods of regulating external pressure
are also contemplated, such as miniature valves, pumps, macroscopic peristaltic pumps,
pinch valves, and other types of fluid regulating equipment sich as is known in the art.
As can be seen, the response of valves in accordance with embodiments of
30  the present invention have been experimentally shown to be almost perfectly linear over a
large portion of its range of travel, with minimal hysteresis. Accordingly, the present
valves are ideally suited for microfluidic metering and fluid control. The linearity of the
valve response demonstrates that the individual valves are well modeled as Hooke’s Law
springs. Furthermore, high pressures in the flow channel (i.e.: back pressure) can be
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contenpl ated in the present invention, including gas tanks, COmpr essors,
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in 25 t hebeiagphrtiallypictuated td & kaowip degraeio el psves Eiliear Halvb ectuMidrPmakesiir space,
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I

teFpae the FuQuy of actuation forse Feairedin elpsathe yalve to g dﬁﬂrﬁdat ure
vaI ves, pH@@e ofR6ERE C ARbthePfinkbaf &F 1irear zﬁiﬁmﬁﬁn is @htntﬁg f&@é fﬁeﬁue&?& ‘%g ~an be

types of fluid regul at1 ng equi pnment such as 1s known
seen, t heatvm&pmmey bé easdywlemmmediﬁom tliapmsume inthe mudwhmnéls IbictuBidbniibe

present ventlon ve been x | | hown to nogt rfectly
| i near ov P@%%ﬁ"‘tsﬁedﬂ q“(g 56$ wﬁ%ﬁw%

hystereSIpresw@ ﬁhd};f&ﬁmt%ﬁ)@&ﬁéﬁdi&atedfﬁérﬁ@ﬁoﬂh@vh%al ly suited for
mcrofluidic nmetering and fluid control. The linearity of the valve

respohse denonstrat é@qanﬁftoftan@lwempmcbm fhvmemmﬁbmmhneﬂmésf
-,,Hooke S r h ures .in th W channel
(i.e.: Q%?ha;ﬁbg‘sdﬁg E%%&%ﬁ{rg%@%h em%ﬁﬁl%bw © PCT/ US00/ 17740

s rcount er edclmrzqnénstibyn avaive dspends bh cherapplidtioan memurlﬁ;th Ex@ely aRiol 1y, the

pr esent h%?]&t?grs have achi eved val ve. closure at back pressures of 70 kPa,

but hi ghe hagble valves grecontemnlate inthe presepianyention, andghe pragsure
10 P e O] sl g o A hyar e QAP 08 Sfhufihe RISIRL GREHImIRY ot ! o
kPa- 280 kPa, and 15Figra2 ilhs0stek fme refpohse (i.al viesuraind valveps a fimatioh of ¢itne r e
|1 near acI uat Io%.rv,]e 1t:ooa &Pa%Ee &na%pﬁeé) gl%ésure) of a 100pmx100pmx10pm RTV microvalve
with 10-cm-long air tubing connected from the chip to a pneumatic valve as described
above.
Two periods of digital control signal, actual air pressure at the end of the
25  tubing and valve opening are shown in Fig. 22. The pressure applied on the control line
is 100 kPa, which is substantially higher than the ~40 kPa required to close the valve.
Thus, when closing, the valve is pushed closed with a pressure 60 kPa greater than
required. When opening, however, the valve is driven back to its rest position only by its
own spring force (< 40 kPa). Thus, Tciese is expected to be smaller than Tope;. There is
30  also a lag between the control signal and control pressure response, due to the limitations
of the miniature valve used to control the pressure. Calling such lags t and the 1/e time

constants <, the values are: typen = 3.63 mS, Topen = 1.88 ms, tyose = 2.15 ms, Tejose = 0.51
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the phressbrudwiddy \Thsgresspre wag gronitored witha Wheatstonecbridge pressHIesSelsor; he val ues
are: tom (g = = = WO
01/ 01095 SERSYRSCTSAp presuRddBmlidooRelf wiih 1B solt SR drolel ety 'O
openi ng aidgnti¢abpnewgnaticlvenneations. r uns confortably at 75 Hz when filled with
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that the spring conplodnthdnad CrosdSeciidhstst ed by changi ng the nmenbrane
t hi ckness; this allows optim zation for either fast

20 The flow channels of the present invention may optionally be designed

with different cross sectional sizes and shapes, offering different advantages, depending

upon their desired application. For example, the cross sectional shape of the lower flow

channel may have a curved upper surface, either along its entire length or in the region

disposed under an upper cross channel). Such a curved upper surface facilitates vaive
25  sealing, as follows.

Referring to Fig. 19, a cross sectional view {similar to that of Fig. 7B)
through flow channels 30 and 32 is shown. As can be seen, flow channel 30 is rectangular
in cross sectional shape. In an altemnate preferred aspect of the invention, as shown in
Fig. 20, the cross-section of a flow channel 30 instead has an upper curved surface.

30 Referring first to Fig. 19, when flow channel 32 is pressurized, the
membrane portion 25 of elastomeric block 24 separating flow channels 30 and 32 will
move downwardly to the successive positions shown by the dotted lines 25A, 25B, 25C,
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opening or fast closing. The spring constant could al so be adjusted by
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through flewehanielSandiGheBekatR of oW @Mhnel A if ¥ h®, seen, flow channel 30

i's rectangular - in cross sectional shape. In an 't érnate preferred aspect
of the invention, ad\uothsradyantageiaf hapihg a dveveiupper Sout shannelfsufadelaow channel

30 instea : d.surface. 30 Referring first to Fig. 19, when
f1 ow chan(r%%l §§ i ss.%gik%:té%ﬁ#{ ﬁl%g{brﬂ?ecanrpé%rr Mo ut°2tg° hapspad Yelweei ¢
bl ock 24 séfiwfidvw dguhéldwresponstabachitiandss: iﬁ\‘i;a{llgr wmﬁew%a&dﬂawto the
succiigl ve, pos Iloni shown by the dotted Iines 25A  25B, 25C, 30 26

r SBECVHeBPIYEEAEe pritrepstrreior(2n flosrhannel pight, plus therflovechspnsd,

.- Nnconpl et isBRiuSde B ' EHH a of .fl channel. 30
adj acent pl angr subst%egtﬁgﬁ??.mg%&? e aﬁl't gPﬁ%ﬁ?ﬁﬁ%ﬁé’ﬁ%@%@’ﬁ%ﬁ%f Fig.
20, flow ykeshaemaligperioetean of materiad (oylp die sundilcidir aWhed polioy) afbertel 32 is
pressuri zed an oftion. 25 will, 5 ve downwardly to the successive
posi ti ons?osrﬁ%ﬁﬁgg@e %‘1{%‘8{1 li“ﬁﬂ’éé"%@,th‘?mg%%,&&qms less change In perimeter
for actuation and is therefore more responsive to an applied actuation force to block the
20 flow channel |

In an alternate aspect, (not illustrated), the bottom of flow channel 30 is
rounded such that its curved surface mates with the curved upper wall 25A as seen in Fig.
20 described above.
In summary, the actual conformational change experienced by the
25  membrane upon actuation will depend upon the configuration of the particular
elastomeric structure. Specifically, the conformational change will depend upon the
length, width, and thickness profiie of the membrane, its attachment to the remainder of
the structure, and the height, width, and shape of the flow and control channels and the
material properties of the elastomer used. The conformational change may also depend
30  upon the method of actuation, as actuation of the membrane in response to an applied
pressure will vary somewhat from actuation in response to a magnetic or electrostatic
force.
Moreover, the desired conformational change in the membrane will also
vary depending upon the particular application for the elastomeric structure. In the
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wi dth, and thickness profile of the nenbrane, its attachnent to
r emai nder igfmedigtelyabove oriare smhodimenthivisigytoncavitiel in thefiolv shamel, afe disve | ow

and contr ch d the .material properties of the el astonmer used.
The conf o?ér%] nﬁghﬁiﬂe rcﬁ%“&‘fe? 0IEJ‘epend 30 upon the nethod of actuation,

as actuation of the menbrane in response to an applied pressure will vary
sorrem/agt fromactuation in response to a nagnetic or electrostatic force.
Moreover, the desir o@liematecYalye Askugfion faglmiqaues; t he nenbrane will also vary

N
dependi ng upon the rtal | | ryc S re. In
the 31 26 Decenber 2 H&ﬁ%‘%%%%%% ?L%%ﬁﬂs?%p estabgv %é&%l'}e@&lnts
descri bed eldrtrostati¢ hed magueticayuationisgsteine aeiso htepdpdsted] as féliows, metering to
control the degree gé closure of the valve. In other_ enpodi ments however,

it may be desirabl legrogtatis actyation can be gecomplished by foraing oppesitelyrbiarged y
channel i »i®ktd8aés (which will tend to attract one another when a voltage differential is applied to

20  them) directly into the monolithic elastomeric structure. For example, referring to Fig.

7B, an optional first electrode 70 (shown in phantom) can be positioned on (or in)
membrane 25 and an optional second electrode 72 (also shown in phantom) can be
positioned on (or in) planar substrate 14. When electrodes 70 and 72 are charged with
opposite polarities, an attractive force between the two electrodes will cause membrane
25 25 to deflect downwardly, thereby closing the “valve” (i.e.: closing flow channel 30).

For the membrane electrode to be sufficiently conductive to support
electrostatic actuation, but not so mechanically stiff so as to impede the valve’s motion, a
sufficiently flexible electrode must be provided in or over membrane 25. Such an
electrode may be provided by a thin metallization layer, doping the polymer with

30  conductive material, or making the surface layer out of a conductive material.

In an exemplary aspect, the electrode present at the deflecting membrane
can be provided by a thin metallization layer which can be provided, for example, by
sputtering a thin layer of metal such as 20 nm of gold. In addition to the formation of a
metallized membrane by sputtering, other metallization approaches such as chemical
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phantom) can be Dpositioned on (or in) planar substrate 14. "When el ectrodes

70 anii0 72elastemendoppddvith edanductiyeonitesabdeasarboreblack or finely dividedanstal ce

bet the t d i ]| 28, 25 flect. d dly,
Cher by cPRSPRG. LY@ o aleripively e BIsERRIE RS Re dniieddh ooy o™ Y
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actuation, ‘but not so nechanically stiff sqg as to jnpede the valve's
noti on, atheqresenidnuentess, sanduptivity wassshomate ingreasegdtipeasyonilack n or over

Tayor okt Rn i R A0 TS SR F 1B CHLARE, Yol RelRiaE ) fich”

surfaee | a\Rk reduire@io Mo6E) d ﬂ&eﬂﬁb@ﬂririgﬁhnt dicctivdc oy degetibédatnspasta, t he
-el ectrode present at the deflecting nenprane can be provided by a thin

" net al | i zasenyentionabelepodersuch as evapgrased geld, 2 metal platensr @ doped seayendieiong a

~==thin layeg, -'-dget al such as 20 nmof gold. In addition to the fornmati on of

.a netallrzead rmenbrane by sputtering, other netallization approaches such
" as chemical 32 26 Dadtemativel2agnafic @tuafioR of BETdSehninelk@ae be achigved by

a0 A g et i kepaing A bl itk Il oA
20 material such as iron, or a permanently magnetized material such as polarized NdFeB. In
experiments conducted by the present inventors, magnetic silicone was created by the
addition of iron powder (about 1 um particle size), up to 20% iron by weight.
Where the membrane is fabricated with a magnetically polarizable
material, the membrane can be actuated by attraction in response to an applied magnetic
25 field Where the membrane is fabricated with a material capable of maintaining
permanent magnetization, the material can first be magnetized by exposure to a
sufficiently high magnetic field, and then actuated either by attraction or repulsion in
response to the polarity of an applied inhomogenous magnetic field.
The magnetic field causing actuation of the membrane can be generated in
30 avariety of ways. In one embodiment, the magnetic field is generated by an extremely
small inductive coil formed in or proximate to the elastomer membrane. The actuation
effect of such a magnetic coil would be localized, allowing actuation of individual pump

and/or valve structures. Alternatively, the magnetic field could be generated by a larger,
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transfer of a metal layer to the surface of the elastoner is also
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magnek kzat,j £ 1. ak n.fast .be netjzed exposur 0 a
suffiglsenHy Ry R?nafg r‘llei?(liwgnﬁﬁglcal,l %nc&a%egﬁ&hﬂchﬂgﬁgé@ﬂ% egﬁi?%ﬁh?sr action or
repul si on present 2 Spposite ends bihe pohted]i chiinift wbilddpply Lotk AFERaNeacrRgnet i ¢
field. The r’r?e%nefic field causing actuation of the nenbrane can be

gener at ed 31ee8plyLe presend iy thgcopgolchannel; Migetpe of eharged speeiesingfiet i ¢ fi el d
I S genera | ;L\ ' L0.of proximate
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woul d be | ocalized, Eihdliwitigalae possibleto aftuitethededicaby pausing afldiddiow &l ve
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expansion or by production of gas from liquid. Similarly, chemical reactions generating

gaseous products may produce an increase in pressure sufficient for membrane actuation.

Networked Systems:
25 Figs. 23A and 23B show a views of a single on/off valve, identical to the
systems set forth above, (for example in Fig. 7A). Figs. 24A and 24B shows a peristaltic
pumping system comprised of a plurality of the single addressable on/off valves as seen

in Fig. 23, but networked together. Fig. 25 is a graph showing experimentally achieved
pumping rates vs. frequency for the peristaltic pumping system of Fig. 24. Figs. 26A and
30  26B show a schematic view of a plurality of flow channels which are controllable by a
single control line. This system is also comprised of a plurality of the single addressable
on/off valves of Fig. 23, multiplexed together, but in a different arrangement than that of
Fig. 23, Fig. 27 is a schematic illustration of a multiplexing system adapted to permit
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expansi on or by _produgidiahPkig0fbn LhPTNE! st B FLiRNLY pubBElD i 2
reactions generating gaseous products nay "produceé an I ncrease€ in pressure
suf fi ci enprovidedpasipdloms. Adlomathiaonel 3Bdiaswa phealitPps peresallyparilicl Slowidhanaelsl 23B

h i f i ff .. identi to the . systeng,.set forth
Shover (1 B antr Bhdi A P lng 3 Nsking ort Batsrel aaing COREOGIN 1|
puUNMi 18 SIZA LAdW PRI AN B03S shut off urddBemeinBEing 23 At BSmkirctm Of f

val ves as seen _in Fig. 23, but networked together. Fig. 25 is a graph

" showi ng_ estRantikfinaBRé aad Howabanne) 3pSinglarly: Gut nos showa); by presswising he

<% peristalt | S [ Fi o Biags, .2 nd_30_26B
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followed by 32A, followed by 32A and 32B together, followed by 32B, followed by 32B
and C together, etc. This corresponds to a successive “101, 100, 110, 010, 011, 001”
pattem, where “0” indicates “valve open” and “1” indicates “valve closed.” This

d

peristaltic pattern is also known as a 120° pattern (referring to the phase angle of

25  actuation between three valves). Other peristaltic patterns are equally possible, including
60° and 90° patterns.

In experiments performed by the inventors, a pumping rate of 2.35 nL/s

was measured by measuring the distance traveled by a column of water in thin (0.5 mm
i.d.) tubing; with 100x100x10 pm valves under an actuation pressure of 40 kPa. The

30  pumping rate increased with actuation frequency until approximately 75 Hz, and then was
nearly constant until above 200 Hz. The valves and pumps are also quite durable and the
elastomer membrane, control channels, or bond have never been observed to fail. In

experiments performed by the inventors, none of the valves in the peristaltic pump
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WO 01/ 01025 PCT/ US00/ 17740 fluid fl ow through sel ected channel s, conprised
of a plurality of the single on/off valves of Fig. 23, 1@%&{2@%’[V\Drked

t oget her.‘y@qﬁ ddzgng first to Figs. 23A and 23B, a schematic_of flow :
channel s 32 is shown. Fiow channel 30 pref er ably hBST/HS$YIT748 (or

gas) flow SS t her et hr Qqugh 5 Fl ow channel (which crosses over
f1 ow chan ‘gqsg%ﬁ% g“‘?\/gl?"é?”rye%&}og‘ﬁ(ﬁqréﬁr detigus after more thenﬁrredhm acteationsichu t hat

menbrane 2fidagRinab Mdid GritiBy gé,ﬁl t he path of
fl ow channel 30, shutting of?ﬁylhe passage "%“?‘F“ her e?‘h‘%%’g
been explcéﬁamaﬂms@d@rwaﬁlhwhowmaém%ﬁﬁ‘mralrta&i so be referred to as a
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t oget hér |&equmdydbﬁmaweﬁmaﬁa@a@,ﬂgosy§{egpym pyrrps capabl e of peristaltic
punpi ng, and other fluidic I ogr c applicati ons Referring to Fig. 24A and

2;}18 aI Séstem for pdiigsedfend @%@ﬂ@tﬁssmo‘qhmwaﬂeﬁassambhnghqﬂmhwdﬁ‘m
channel 3Q4hRssa8i ar ne

control |ines) g Mﬁgff‘iﬁdﬂgz%%ﬂ SR @Fﬂ@ﬁ@?f&m@ﬂ% &E‘HP‘?%%?&I@-:@%HOI
line 15 SZAdBGCm:EovidemtfgdswfchmwtimrbehtrSMe?32ﬁiatsse9frﬁerw%?5cr6§‘dﬁm@”e 25A
at the inters thO 3 cQ | i ne 32A and fl ow channel 30. Simlarly,
(but not ﬁ?ﬂﬂ’?f %y Bﬁ %@é%ﬁ?jsu%ﬁ%@fcw%]@Q@Z sjelfareousiy stugsioff] ow
channeb 3@lowe FIh redd of control
'ine 328 and froljvi%?rﬂaﬁg’ng?q 30, e%@’%&z’%‘g@?’acontr ?elég%% q%%e and 32C
i s separ aﬂ@ﬁ@@%@me%mbhnmm@whmemmmwm be actuated by the

pattern of actuating.,3 and.32C.t ther fol | owed by 32A, followed by
32A and 32B toget he?lg ?@h%%ﬁéﬁmﬁ'g} ?f&/@&lwe’@%”% Ht%fbf@t her,

etc. This selaitivelsrﬁﬁﬂﬁit flued @ ﬁdﬁﬁﬂﬁ@ghV&lec%éﬁlohaﬁﬂﬁs, auﬂ%ov%%e%

pattern, \{i\h re 0 I ndi cates "val ve open’ | cates "val ve cI osed.
This per ficiiesfon of Eﬁmb@nﬁﬂe@aﬁiﬁ%th@rmmcageﬂomapam ﬁ'omécmt&rmnag to the

h t h t al
oL Okl ot S BRI e oS A KLk
exper i mendepepdy sftmngbmlilm thdmambma'fdﬁhsﬂsxéhsp U’{B%bftﬂngl?tl%/ @ir?'&: e e Gz.ltdtﬁs {t)

urm of wa in

(0.5 T 1y Bkl ool s 52 Bies CorenbaEL it s sossiblado have acentealion
pressure gss 6%&5%%&%@&&&89%90%& %a§8&1%23@ss§}a%ﬁrfffo&gﬁ4m§82é}eq“ency

until approximately 75 , and r] y C 200
Hz. The v%]#@éuﬁmmmhwﬁsuahaaqugmwbj e and the el astomner

menbrgne, control c r ve n n_observed to farl In
ex perrﬂﬁrren_t s perfor r@@’ﬂﬂght?'ﬁgp?ﬁﬁ%ﬁw h%ﬁ‘é%@b%ﬁe:"gﬁi 32, 30F and30F
peri stal tdre ppsitighedunder a plurality of parallei control Lines 324, 32B, 32C, 32D, 32E and

32F. Control channels 324, 32B, 32C, 32D, 32E and 32F are adapted to shut off fluid

flows F1, F2, F3, F4, F5 and F6 passing through parailel flow channels 30A, 30B, 30C,

30D, 30E and 30F using any of the valving systems described above, with the following
25 modification. '

Each of control lines 324, 32B, 32C, 32D, 32E and 32F have both wide
and narrow portions. For example, control line 32A is wide in locations disposed over
flow channels 30A, 30C and 30E. Similarly, control line 32B is wide in locations
disposed over flow channels 30B, 30D and 30F, and control line 32C is wide in locations

30  disposed over flow channels 30A, 30B, 30E and 30F.

At the locations where the respective control line is wide, its pressurization
will cause the membrane (25) separating the flow channel and the control line to depress
significantly into the flow channel, thereby blocking the flow passage therethrough.

Conversely, in the locations where the respective control line is narrow, membrane (25)
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and. 30F. RSP atsyeh Bitersif e flae pOBHIS g fiFbon A B APBLaiR ARG over

(

“ flow chanmi®y, sha3BBls v ordy 9(168h) cottfbl iggd.r ol [ine 32Cis wide in locations
- 30 di sposed over flow chann s 30A, 30B, 30E and 30F. At the locations

where the respect i vEhegoventess havescreeded de fabricsting aueroflnidie staistureg With cause
t he menbr

dopr oss RGP A ERPEF bl Erca G efRERe FREANE LPCC™ng the 110w
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__)

Selectively Addressable Reaction bers Along Flow Lines:

In a further embodiment of the invention, illustrated in Figs. 28A, 28B,
28C and 28D, a system for selectively directing fluid flow into one more of a plurality of
reaction chambers disposed along a flow line is provided.

25 Fig. 28A shows a top view of a flow channel 30 having a plurality of
reaction chambers 80A and 80B disposed therealong. Preferably flow channel 30 and
reaction chambers 80A and 80B are formed together as recesses into the bottom surface
of a first layer 100 of elastomer.

Fig. 28B shows a bottom plan view of another elastomeric layer 110 with

30  two control lines 32A and 32B each being generally narrow, but having wide extending
portions 33A and 33B formed as recesses therein.

As seen in the exploded view of Fig. 28C, and assembled view of Fig.
28D, elastomeric layer 110 is placed over elastomeric layer 100. Layers 100 and 110 are
then bonded together, and the integrated system operates to selectively direct fluid flow F
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Conversely, in the |ocations where the respectlve control line is narrow,
menbrane (25) 36 26 Decenber 2003 WO 01/01025 PCTI USOQ bhibemivkt 26350 be
narrow. Accordingly, the same degree of pressurization will not result in

menbr ane WRHi/h@som ng depressed into the fl ow channel (30pcT/iSRneTdr €,
fluid passage- thereunder will not be bl ocked. For exanple, when control
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channel s 30A 0C and 30E en con
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various s ved.
Mor eover exte %ggesen sys M%ﬁ%ﬁgﬁf °>?n§§‘r h’J flow
channel s (Bﬂyuchnpkemnﬂahmr con@ol liped A Iwelﬂ n6iq8§ulOin cohti6idine 32, seali@b Hyw
varying ”r]cg?r‘ag'&eﬁﬁbl oning of the wi de and narrow 15 regi ons of the control

lines, ve ex fluid flow control systens may be fabricated. A

property of such SysAﬁﬂﬁllbér%pF@éiatE& éﬁ Pf fhg}oflﬁﬁéarsgtﬂﬁﬁ%égg%ﬁl

channel out of n flow chan cont
i nventOr s agtiatedsal ooes beri bothabmtmidtuemmmm azm atedpressativedctbethar, mmﬂsle

densities f 30 dev ces but reat r densit evable
Sel ecti vel yowAHh?%‘g % "se %‘B‘r@@ﬁﬁﬁ%@%@? tn a furt her
enbodi ment of the IHMdn@ tdfkél@éthﬁ@fc%ﬁmlﬂngﬂqﬁim&@dﬁcﬁﬁ%tov&%sand 28D, a

system for selectlvely dlrectl lurd flowinto one nore of a plurality of
reaction nfgsmlsf«'d mngaﬂe\wi lmep(Ftsm an becompine@8A shows

O ! é“*ﬁ‘ <FRE E’Sd%ﬁ%oﬁ%%efﬂ%?ﬁsﬁﬁﬁ bl el S8 A o
chambds s mmhﬂoﬁoﬁea(mgfmmmu@geymﬁ iR LICR GRS Sary T Or m@ple@éame

sur f ace ﬁ first |aye éoo of el astorrer Fig. 28B s bott om pl an
vi ew of aﬁﬁ? Eﬁe%lt%ﬂlbﬁ%f:‘? ar regehiom chamy qumw&r@sﬁemﬁhamh%s\rew and

328 ggg h_ CRiREIeABAGPL ot HUvidal in PR 60n Wiih SRR EbAtb! RlinklsRn, 33A
32B and 32C with extending portions 34 (all shown in phantom) selectively direct fluid
fiows F1 and F2 into any of the array of reaction wells 80A, 80B, 80C or 80D as

20  explained above; while pressurization of control lines 32C and 32D selectively shuts off
flows F2 and F1, respectively.

In yet another novel embodiment, fluid passage between parallel flow
channels is possible. Referring to Fig. 30, either or both of control lines 32A or 32D can
be depressurized such that fluid flow through lateral passageways 35 (between parallel

25  flow channels 30A and 30B) is permitted. In this aspect of the invention, pressurization of
control lines 32C and 32D would shut flow channel 30A between 35A and 35B, and
would also shut lateral passageways 35B. As such, flow entering as flow F1 would

sequentially travel through 30A, 35A and leave 30B as flow F4.

30 Switchable Flow Arrays
In yet another novel embodiment, fluid passage can be selectively directed

to flow in either of two perpendicular directions. An example of such a “switchable flow
array” system is provided in Figs. 31A to 31D. Fig. 31A shows a bottom view of a first
layer of elastomer 90, (or any other suitable substrate), having a bottom surface with a
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As seen in the exploded view of Fig. 28C, .and assenbled view of Fig. 28D,
el astomeric layer 110 is placed over elastoneric |ayer 180p.laMRlsodPL0 and
110 are then bonded together, and the integrated system operates to

sel ectivewWoaiyaleast fluid flow F 37 26 Decenber 2003 WO 01/¥308$00/17740
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chanbers 8fifitermaf fQBsse forminy 4 AYS chieBSd Al 89 aﬁfanﬁfafédﬂd PosB®2324p | |
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concept -of;. ontragl.ling fluid introduction into varjQus
addr essabl%&glgﬁc%%?gﬁ%cmg@% eV Sy WW?PWSggé’th"‘ZS) can be
conbi ned alfetrutiag W8P hndharfRY pEitidRS, s S 0l 11 ng fluid flow through one or

nore of a plurality of 15 parallel flow lines (Fig. 27) to yield a system
in whillh a fluid saniBlastomerisassr 85 isnonitioned oven tagcofsiastomeyicdayerP@rsucizul ar

ti . L . f ti hamber.s. | e of h
Cyetem | s BaCuEHionP ARBL £ B'arl SR SO HRRE SR as oo OB AT o “a2e
and 32C wi‘hbrigoitalfi donigolfines 9 are otitlonkd with @ir widepdaiime Bitwieh pekts ve) a

direct fluid f.ij.vszﬁl and F2 into any of the array of reaction wells 80A,
80B, 80C SPOWBH 44820 Rxpl ai ned above: while pressurization of control

lines 32C and 32D Seﬁﬁﬂ%eﬁnﬁ‘ﬁi&?sfﬁfwh&ﬂ“‘@%@fﬁiz c@ﬁigol'%ﬁ gﬁ ectively. In

yet anot her novel enbodi ment, ui-d” pdssage ween par | ow channel s
i s pod8i bipsesswigeds themgembrafi¢ gf the Gntegmtel structuretfotrhedby the eiasonericiager 32A or

32D can depressurized sucgh that fluid flow through. |ater assageways
35 ( bot ved ARy BFpHeaAr S oy B nad S reuibtin bl B geferflomanain, <
aspect of ovbetht axeybf A0w dbhRse13ick Mdt ABwSh onfRIME R paki AGTow diredidd 132D Woul d
shut flow channel 30A between 35A and 35B, and would also shut [ateral

passage\/\/a%e-%%‘ém%&b’)m;’wm ow entering as flow FI would sequentially
travel through 30A, &Sén%%eéfﬁxvﬁiggggb? \%hr];nl QﬁVOI'lFZA(‘r)hta}OCODtI‘Ol lines 94 are

20  pressurized, the membrane of the integrated structure formed by the elastomeric layer
initially positioned between layers 90 and 95 in regions 99 will be deflected downwardly
over the array of flow channels, (but only in the regions where they are widest), such that
flow in only able to pass in flow direction F1 (i..: horizontally), as shown.

The design illustrated in Figs. 31 allows a switchable flow array to be

25  constructed from only two elastomeric layers, with no vertical vias passing between

control lines in different elastomeric layers required. If all vertical flow control lines 94

are connected, they may be pressurized from one input. The same is true for all horizontal

flow control lines 96.
30 Biopojymer Synthesis

The present elastomeric valving structures can also be used in biopolymer
synthesis, for example, in synthesizing oligonucleotides, proteins, peptides, DNA, etc. In
a preferred aspect, such biopolymer synthesis systems may comprise an integrated system

comprising an array of reservoirs, fluidic logic (according to the present invention) for
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Sw tchable Fl ow Arrays In yet another novel enbodinent, fluid passage can.
be selectively directed to flowin either of two perpengf pu{;e@[beelgo@:t i ons.

An exanplwoeiofmesh a "switchable flow array" systemis prﬂl‘f{l%ﬁnjiﬂnFi gs.
31A to 31D. -Fig. 31A shows a bottomview of a first |ayer of elastomer 90,

(or any ot - S} tr.ate having a hojtom surface . wi.th a 38 26
Decenber %%gﬂ%ﬂ%q%’%gggﬁéﬂ%g%ﬁQWﬂc%gt#gﬁwﬁs qrdesereus I gvhichg a f1 ow
channel  grsynithei$ ispeefohyed) and fisidie 165icYaksb GcddRSihg t& the (Rt indaricdy £l ow
channel s r@s& ng therearound. In preferred aspects, an additional |ayer of
el ast omer ES“E‘H’E%W%WS-WS chgpelsg yelecécdoragay Sowg0An exsmpleaf sachu systdnow can
be sel ect 'mﬁlié/ilﬂs!iﬁ&iﬁf*ﬁi?%ﬂ?%ﬁ%lﬁ%&.her in 5 direction F1, or perpendicul ar
direction F2. . Fig. 31 Ts a bo

tomview of the bottom surface of the
second3l ayer of el afouonmser9airsiod, n§OBLISICas TI0DBSVe bastd &, G/ RRed Of

“Ver 1 cal TEHEN SBhosr BEtsS aa ot £ ous foviabamicks SUACIOmb AQC WG0BLEE

"ot | 20Nt abiingees fschiots 504, 1502150 WY DAID Ttk B eI B AR 0N

as shown. 10 El astoneric layer 95 is positioned over top o oneric
|l ayer 90 3uéAZD(shewminephantom) arcdisposed thereassoss Gvitr eonprobliné 32 penmigtingdost s

92 as sho ' | "harizaontal.! control |] ar I tioned
with thei ?ﬁ\% Jéﬂj {6’%?‘%%% onosv?g%%%@@%@& 5‘6@25@ °‘§4P6\Rj-?rﬁ%§, gﬁﬁaﬂgfﬁfﬁm can be
seen 1& Fingien 8dntfo] link DA iy prebdugiatd. Se@ilhnglcohirdBIm O Bp&miR Ressly’ | zed, the
menbr ane Qf ‘téE'Hf integra{ed structure fornmed by the elastoneric |ayer
initiall y%ﬁﬁ floyk ehengel IR whengressyriges. Ascsughs, the selecfiveressarization dfe

def | ect edeglpun : , h,t fl in

onl y- abl e PN IBEFAA, AECRal AR PI15 by PR SR A, o ana B ' ne
can be sefnm nddsirgd re3é&ipindtien, 1508, il 50021 50D OTh¢ fhid theepases thfctigh 2w

I zed, t nmb f I nt ted st t f d by th
Gl aat oner FEoPeh) 20 TR A R Gp eyed amn ST DRSS 28 RSt TerKabmIedoy egi ons
09 wil3 beystbad ietons if PYa6.41103119)A0hich Pk Fet® fipld A GRBRAE S kb ON! Y

in the regions where they are w déeést), suc t ow I n only pass
in flow df Pluslinpaf synthesischannelsrar ebambérs | 22 Aak228,G2AC, T22D ded22fhin whicht r at ed

in Figs. - A able.flow array to be 25 constructed fromonly
two el ast %’#Sﬁ%%@?ggﬂﬁﬁﬁ %69@ ‘ical vias passing between control
lines in different PBigas3 sowsiafultheteixbensRAGIHIES sydibmnl witieh hipGathtifyl W
control |ines _94R ] )
reservoirs R1 to R13 (which may contain bases A, T, C and G, or any other reactants,
20 such as would be used in combinatorial chemistry), are connected to systems 200 as set
forth in Figs. 32. Systems 200 are connected to a multiplexed channel flow controller
125, (including, for example, any system as shown in Figs. 26A to 31D) which is in turn
connected to a switchable flow array (for example as shown in Figs. 31). An advantage of
this system is that both of multiplexed channel flow controllers 125 and fluid selection
25  systems 200 can be controlled by the same pressure inputs 170 and 172 , provided a
“close horizontal” and a “close vertical” control lines (160 and 162, in phantom) are also

provided.

In further alternate aspects of the invention, a plurality of mulﬁple#cd
channel flow controllers (such as 125) may be used, with each flow controller initially
30 positioned stacked above one another on a different elastomeric layer, with vertical vias
or interconnects between the elastomer layers (which may be created by lithographically
patterning an etch resistant layer on top of a elastomer layer, then etching the elastomer
and finally removing the etch resist before adding the last layer of elastomer).
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are connected, they may be pressurized fromone input. The sane is true for
all horizontal flow control lines 96. 30 Biopol yner SymMdBsiesmbi€oddr esent
el astoneric valving structures can al so be used in biopolyner synthesis,

for exanw(?m,dlpzssynt hesi zi ng ol i gonucl eotides, proteins, peRhisi®trmadNA

etc. In a prererred aspect, such biopolynmer synthesis systens may conprise
an integrated syste [of0) I si_ng. ap_.arra f reservoirs, fluidic logic -
(according to the p?hggﬁgﬁiﬁ9éﬁﬁ¥’ Yw+%PX§§“ﬂEF6%¢EEBQ§“§ e%ﬁ%h%ﬁ%ﬁﬂéoos
PCTI  JSOO; héiAfdwirdR6 b irdised ine\8nd 1A {bréin SitifddHbR an EBGHARY the ndkk laydravctpl
channel s or reservoirs in which sgnthe5|s Is perforned, and fluidic logic

(al so accthaynebanngl passespvertbat hole kthisqspeat of thednyention myliplasythesis c h
h | : , . f. : tem 200 i
I st r at SAE PR hAREERY (B oo SRTRIEI s BB, Y SLOE *150C and

150D hfive bases A, The bomdiiag 6F sucespive ldyesd of rbldpd shastohiee tefomn aaukihown.
Four flow channels 30A, 30B._. 30C and 30D are . connected_to reservoirs 150A,

150B, 150leysrairucEEpIs shown i Big: A4 which isamenticabmigrograph ofa sectiopof a fistn i n
hant ' t ' t ' : ] ' fl
Pnry. oy oE st SHABBLA HREEAThRR o itu i Ty sonlc'tr SERISA R Ad0BG, | OV

30D), 10 when cont r GnengiodIdAfabsicpingssislastader Byen Haridgythe venticalodia | | ne 32B
permts fl ow onl, t hrough .f | ow channel, 30B, res i . such, the
sel ect | vefmggﬁﬁmdpia layeg siggctye 1§ sh @%&5@35‘% i’ﬁg- %@%ﬁhws

sequepgi a ' tﬁﬁr&‘n hisfatn k4igd @ser voir
150A, %50@%@@%8%%%%@%%?? ?é?%t en ?)%sses ?ﬁr%%ogh%‘?lll%\ﬁvé channel 120
into a nuB%02al exed channel flow controller 125, (including, for exanple,

15 t h ' | gS.. 26A t0 .31 i,Gh .i. | ts fluid
low i nt o one or mof BB shol frapated S5 fREpefe RE B4F% R amper
122, 1228lastb b layd2SR00IGHE DY hoihietning 6F pibiHeSBEmENNS S05Sover 8K _be

carried out. Fi g@@SS shows a further extension of this systemaon which a
pl ur al i t yblopking dayer 3834 to cryerimasked ragignsAF08wnd deswe srpossd yemagkedyegionyng G,

or anye ot rfec p,ﬂﬁ | ' '
chem’g ry ;ﬁoare é%%gtggg%sd&? gﬁ@@s&eﬁﬁoﬁ% as ]slg?ﬁﬁ %és'%&?ﬁﬂﬁiﬁgg?ﬂfg#sogystem
200 are cinmuamedsked fegioms 3510.i pl exed channel flow controller 125,
(including, for exanple, any systemas _shown in Figs. 26A to D) which is
in turn connected %-é%hpwa@%vqﬂlp W%Weamg%ﬁﬁpégmé@géﬁom in
Fi gs. 31) sub bt abhiag 6f Mderlying elastomer 3500 in unmasked regions 3510 to form

vertical via 3512. Subsequent exposure to solvent removes remaining etch blocking layer

20 3504 in masked regions 3508 selective to the surrounding elastomer 3500 and mold 3502.
This elastomer layer may then be incorporated into an elastomer structure by multilayer

soft lithography.

This series of steps can be repeated as necessary to form a multi-layered
structure having the desired number and orientation of vertical vias between channels of

25  successive elastomer layers.

The inventors of the present invention have succeeded in etching vias
through GE RTV 615 layers using a solution of Tetrabutylammonium fluoride in organic
solvent. Gold serves as the etch blocking material, with gold removed selective to GE
RTV 615 utilizing a KI/I,/H,O mixture.

30 Alternatively, vertical vias between channels in successive elastomer
layers could be formed utilizing a negative mask technique. In this approach, a negative
mask of 2 metal foil is patterned, and subsequent formation of an etch blocking layer is

 inhibited where the metal foil is present. Once the etch blocking material is pattered, the
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this systemis that both of multiplexed channel flow controllers 125 and
fluid sel ection 25 systens 200 can be controlled by the saRE.Heso8tE€

i nputs 170 and 172, provided a "close horizontal" and a "close vertical™
control IVRMO®E0 and 162, in phanton) are also provi dedPCTHSIHTT4Rer
alternate aspects of the invention, a plurality of multiplexed channel

f'1 ow cont refgaByemetal &l maskiis sgmeved, permiting, selsctive eling bf b elastomenlas er
initially gQ e?fatbio%ed st acked above one another on a different

el astoneric [ayer, wth vertical vias or interconnects between the

el astomer |ayers (whincyet amothéreapptsuaheebriioal biak bogld dp Foreddd i an RRistoRfepi N an

etch resistant |a on top of a elastomer |ayer, then etching the

el ast omer la¥gTsmenblation of glagtomer paterial dhropghsaplicgiomnfsadigtionGomiea | ast
layer &f e AREOMREIbeaft) 26 December 2003 WO 01/01025 PCl YOS00117740 For
exanple, a vertical via in an el astoner |ayer can be created by etching a
hol e down onto a rai Waile theaboya appvich isrdesdribad th covindeticanwlitbthiediynihesibief next

| ayer such. that a ghanne|. passes. aver that hple. Ipn this aspect of the

| vent i on PiskeR e HER iR B TRl (p s BPICpacR THATIFBRCRTER AN 1 ow
cont rol | erasolf@hctich RASHIR veriety oFBrdARENHIT cmisMGyRASEY Sppradcgks of nol ded

el astonmer to forma nulti- layer structure is shom in Filg. 34, which is an
optical mcrograph of a section of a test structure conposed of seven

| ayer ggof el aStO”er'Ot-ﬁQFAﬁgﬂaﬁoﬁ;-r of Fig. 34 is 200 m One nethod for
fabricating an el ast ) iving the vertical via feature utilized in
a nmulti-layer structAdentagesisapplicatidnos 6BtheIrésedbliaondilthic nsiedfathaed 10

formati on of el astoner I"i\yer 3500 over m cromachi ned nol d 3502 including
rai sed | i GeStogaggsvalyes and pumps Ar ISP t Awerdinglysthe presenfinvansionisnpt | ayer

3504 over j; : ' or esi st
sk 3506 e oaay baitUES eppaidion O h@GHeDY 1h pierbibd BoBMERE LIRNINEL 3

| eave expusescandrapplidativns fyithapredént Ibvdehitiof hie. coffefipddtedys t he exposure to
solvegé whi ch renoves etch bl ocking | ayer. 3504 in unmasked regions 3510.

FI G D shows renoval of the patterned photoresist, followed by

subsequent etchi ng qf COPPNA/SHsE ast onmer 3500 in unmasked regi ons 3510 to
form vertical via 3512. Subsequent exposure to solvent renoves renaining
etch bl ocki ng | ayer The pesseat misrefigidiscpunensiapd yalyss sarsal$celos wsed in flowhe

di d.3502, _.Thi I | ayer . then b
hcor por aEgEieRTs BRIt 30 A Gistny cSopyte oPeds bReE bmof S8 ifhour aphy.
extremely useful in many technical fields.

20 - For example, many assays in biology require determination of the size of
molecular-sized entities. Of particular importance is the measurement of iength
distribution of DNA molecules in a heterogeneous solution. This is commonly done
using gel electrophoresis, in which the molecules are separated by their differing mobility
in a gel matrix in an applied electric field, and their positions detected by absorption or

25  emission of radiation. The lengths of the DNA molecules are then inferred from their
mobility.

While powerful, electrophoretic methods pose disadvantages. For medium
to large DNA molecules, resolution, i.e. the minimum length difference at which different
molecular lengths may be distinguished, is limited to approximately 10% of the total

30  length. For extremely large DNA molecules, the conventional sorting procedure is not
workable. Moreover, gel electrophoresis is a relatively lengthy procedure, and may
require on the order of hours or days to perform. |

The sorting of cellular-sized entities is also an important task.
Conventional flow cell sorters are designed to have a flow chamber with a nozzle and are
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This series of steps can be repeated as necessary to forma multi-|ayered
structure having the desired nunber and orientation of vgybHhiealbeVb@R

bet ween channel s of 25 successive el astonmer |ayers. The inventors of the
present WoME#1026n have succeeded in etching vias throughPCHUSN765 | ayers
using a solution of Tetrabutyl anmonium fluoride in organic solvent. CGold
Serves asbish@ oft tied priicislé bﬁﬂgﬂﬂﬁ?ﬁdtﬁh fodtistnp wi SheAtB TR VRIS BEdnriBnd10 CE
RTV 615 utilizing a KI'/12/HO mxture. 30 Alternatively, vertical vias

bet ween cefdhaostess qombing thedeshnolegynfpisroclecirioydsen gensmtipnradielschesiatict i | i zi ng

2 1SR gl AR o el R R horshe RROE, By B shbrlo™ .
i nhi bi t edofiiére semé apomein didadvinthges pORs dRhdvaorige id thet thk ebmplerity ishg, it er i al

I s patterned, tt}e 41 26 Decenber ;2003 . WD 01/.01025- PCT/ USO0/ 17740 negati ve
met al ¥ o FXPRRSOL the SrhBe davic srqwizes fakit berevsahle in erdeniohs costi-afisetieg. ast onrer

as descry mﬁ,p . rﬁﬁﬁ%‘ LAS: C be forned
in an el a%%‘gsgné’éﬁpﬁ?/%;%ireaﬁg‘?% a aﬁ%ﬁ&gﬁ%ﬁgtg{%ﬁng% na %6rﬂ| ai tnﬁdrﬂo%gh

appl i cat i sampdds anddurbuleph fiidbflown 5 applied | aser beam Wile the above
approach is descri L p_copnection with t synt hesi s of . biopol rs, the
i nvention is not | ibﬁﬁ?rgjr?r?’gg?rﬁi%agﬁeﬂIFE%ﬁq‘gﬁ’F?fﬁ’ép T@gwlwﬁ%ﬁ??%gfecoul d
al so fu n%bﬂéhtédh@ﬁﬂ%d@vid@ﬁhﬁhyreﬁés WiRAZhd RbMHahith] CRHRBY 6£41uid YIRWafes

approaches. 10 15 Ot her Applications: Advantageous applications of the
presdft ribaorpanglectrical interastionnbetweenihg paticierdnd thesalsts. and punps are

numer ous. Accordin sent.ipvention is not . limted to any
particul ar appli ca?ﬂi?ﬁ(% 3%%?18%%?%3?“38&@6#1“%% ergg%n%eslf)l g?oggaqcﬁgn otp? oW ng
g els/ and ;gmht maéﬂtirz]m Sorting devipe BS@th | i f%rmearﬁdn@a sﬁ'itghiﬁg :vhmrair@étadl.créhteg .
II/DNA Sortjng The present mcroflujdic punps_and valves can .al so be use
in flow W&h@g@ls@ t ean elagipmerig blogk Bresifically nlow sanneh3pWris dhj ect s
based UPQRaSidZ FithStert %{TS# ' id &oalfRbtd For
exanpl e, many assayes ?ﬁé | 0 %%ﬁ%%%g}%@zgg%&m nat P%%E%éﬂﬁt@%@g of
nol ed@l arreservain3G4t ¢ontaiging Gbriphletentitids:A606 o diffesent ¢ypes detsedipashapenent  of
length (square, circle, triangle, etc.). Left branch 3602b of flow channel 3602 is in fluid

comrunication with waste reservoir 3608. Right branch 3602¢ of flow channel 3602 is

in communication with collection reservoir 3610.
Control channels 3612a, 3612b, and 3612¢ overlie and are separated from

20 stem 3602a of flow channel 3602 by elastomeric membrane portions 3614a, 3614b, and
3614c respectively. Together, stem 3602a of flow channel 3602 and control channels
3612a, 3612b, and 3612c form first peristaltic pump structure 3616 similar to that
described at length above in connection with FIG. 24a.

Control channel 3612d overlies and is separated from right branch 3602¢

25  of flow channel 3602 by elastomeric membrane portion 3614d. Together, right branch
3602c¢ of flow channel 3602 and control channels 3612d forms first valve structure 3618a.
Contro] channel 3612¢ overlies and is separated from left branch 3602¢ of flow channel
3602 by elastomeric membrane portion 3614e. Together, left branch 3602¢ of flow
channel 3602 and control channel 3612e forms second valve structure 3618b.

30 As shown in FIG. 36, stem 3602a of flow channel 3602 narrows
considerably as it approaches detection widow 3620 adjacent to the junction of stem
3602a, right branch 3602b, and left branch 3602c. Detection window 3620 is of
sufficient width to allow for uniform illumination of this region. In one embodiment, the
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di stribution of DNA nolecules in a heterogeneous solution. This is conmon]y

done wusing gel electrophoresis, in which the nol ecul es PeSHRR: by
their difnﬁr)in@ npbility in a gel matrix in an applied %fegtrlc ?lbe d, a
their posi 8HU%Rt ect ed by absorption or 25 em ssion of rBEI/ESMATI40The

| engths of the DNA nol ecules are then inferred fromtheir nmobility. Wile

power ful , atiddtofdhhsiemmarowe frbmdO0pas® Sljsrd iendaation witdowEThe WidhQf ar ge
DNA nol ecules,. resolution, i,e. the mnipmum|length difference, at which
di f f erent ‘Ef‘b?t%‘B GTS@F%F@HB%‘@%V g beprecisply franedusing theispft fighpgraphy or
appr oxi mat @hytords ttHri : I i i
pp phitorddi &ic Qﬂatfo{ﬁ fifricalod é&%{%egﬂcrﬁféh eﬁ@%\%&%é%feé %lég\?er ’

nol ecul es, the conventional sorting pro ure 1s no
gel el ect r Sgprdawps theature endgizesafl tire tmtitgtdibe sortededure, and may require on .

the order of hours o (S 1 erform .The sorting_ of cellular-sized
entiti gg is also an Pﬁ%‘% ?%&Wm%m‘?%awﬁm%omwwm are
desi gned t presenténenfibpiv sgficiideer W th a nozzle and are 42 26 Decenber 2003

WO 01/ 01025 PCT/ US00/ 17740 based on the i)ri nci pl e of hydrodynam ¢ focusi ng
with sheath flow Modhe sampleisdilytedito adesiel suchrthatronlcosinglesottisle eatitynol ogy of

' - el ' ' I ost.at i defl ect] hi
(i opl ot gonous RiABeAEne oA R b UREoR St A5 e Ry 1 o1 <

some inporsat&isacmm)mgﬁagaﬂnmmfcﬁzgﬂwﬁmgﬁahﬁeﬁmtzaic_%dg@éﬁﬂeaxi Lly _
It e reusanlie I n

si ze, d 5 .expense of the sorting device requires that

or dor {00 bEERAE L hoxe: 120 Sesoub IV stristwo 364t isslgnedby dlesving finid

resi dual k& HpShRP t g | I tu lent fluid
flow. Theref‘gfrgg?b?trh(selre I's 36%&%@}{1}% fe)&atir?% p‘f'%?mé a?ﬁ?r‘%ﬁﬂ?%%@ﬁ%@%?ve, and

easily faMlibeaddee Hoekingartive of seond valie 5618te Sluithfiows fremRaditesatvoizont r ol
of fluid f O than u electrical interactions between the
particle aéﬁ ttﬁ%hg%?ﬂégonwoﬁgg&%wﬁﬁ%r@%@&-ﬁQﬁt Bepauge 96the ng devi ce
i N accor dantowiig & stha 3604, 86R4Hle bﬁﬁﬂé@?te@éht i§9£&%%%éé?ﬁ6iﬁ%o%@99 céﬁigagﬁmd

fromag _sw.tching val ve structure created fromchannels present |
el ast drier i RisgegHa fluid Hop; oneatpfime, fyonglndatension3@ndow 8620.shaped, with stem

3602a of flow chann ma ' i Q Lcation w.th |l e .15 reservoir
3604 contai ni ng sortable é%ﬁ?%@%ﬁ%&%ﬂmma%#W?é%%ng% Yy shape
(square, G626 Thistis pmsgﬂedueabch@mbmwsivbwme@&oﬁabﬂm?&me' 3602 is
in fluid gommunication.w th waste reservoir 3608. Right branch 3602c of

SOy of

f1 ow chan gmussion of padigtion 3640 Ry wpxtable entity 3606 is thew deteesed bg610.
Control chiprerssffl2a, 3612b, and 3612c overlie and are separated from

20 If sortable entity 3606a within detection window 3620 is intended to be
segregated and collected by sorting device 3600, first valve 3618a is activated and second
valve 3618b is deactivated. This has the effect of drawing sortable entity 3606a into
collection reservoir 3610, and at the same time transferring second sortable entity 3606b
into detection window 3620. If second sortable entity 3602b is also identified for

25  collection, peristaltic pump 3616 continues to flow fluid through right branch 3602¢ of
flow channel 3602 into collection reservoir 3610. HoWever, if second entity 3606b is not
to be collected, first valve 3618a opens and second valve 3618b closes, and first
peristaltiq pump 3616 resumes pumping liquid through left branch 3602b of fiow channel
3602 into waste reservoir 3608.

30 While one specific embodiment of a sorting device and a method for
operation thereof is described in connection with FIG. 36, the present invention is not
limited to this embodiment. For example, fluid need not be flowed through the flow
channels using the peristaltic pump structure, but could instead be flowed under pressure
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3614b, and 3614c respectively. Together, stem 3602a of 44 g iz 3602
and control channels 3612a, 3612b, and 3612c formfirst peristaltic punp

struct ur uod@ikloezsi mlar to that described at |ength abovepcrrosssmreqt i on
with FIG 24a. Control channel 3612d overlies and is separated fromright

branch 3 : I - f‘ﬁ&prﬁ{"ﬁt LON
3614d. Tg‘gﬁﬁléfe?“ﬁ% °%%W%Mgﬁ%oﬁwé%@aﬁnngf°3602‘ ot 300
channel s @ficiiméniy apiufalitysof sonfinpestuictupest could 6ds8eamble@im series iwbalentd 3612e

overlies angd is separated from]eft branch 3602c of flLpow.channel 3602 by
el ast oner® %%?‘&%%VWE)?PWPE%.W&&&WF%W?HBF a Ci?’cﬁﬁ'ﬁ'ﬁs’ of flow

channel . rnms second val ve structure 3618b.
g;\‘%ﬁl%cl 2 %he Q&hoéftﬁ@ﬁémg%rggé éﬁ-ﬁ?tf.\%.

30 As sh |G 36, stem3 w channel 3602 narrows
consi derably as it Mpreoverhbighderoughpu mefhadonf seBing cowjdbeemployed.he j uncti on

of stem 3602a, right branc 602b nd left bran [oNn W ndow
3620 is ot ergafafciogﬁlé “\ﬂ?’a&%f“&gﬁwﬁmﬁﬁﬁ?ﬂ?’kﬁ?’f‘ﬁ% Rl o&rﬁﬁg#dcfhi S
region. |ljin@R iRIBRREvaRO toseiviR idBadtailal@it ah eBOGIntei@edfor GdDethion is

PCT/ USOON7740 wi dth of the stemnarrows from 100 pmtQq é pmat the .

det ect i ordefgcirddntherwindowd Upopidetectien of 2nsntify torke eplleated; tha diwpehaneidld pe

precisely, | e . %Hﬁ%ﬁ psul ati on
fabri cati%%ﬁpﬁﬁﬂﬁ@?ﬁ‘%@@%gﬁg?ﬁﬁ%&g a vvlﬁl}eld e depend
gpo_n 1ohe partidle Bz(tj&rtﬁroa'g];ﬂn}?qﬁndﬂﬁﬁ r'Tngbtéhé oblleoﬁ?ﬂeﬁawbkdlnﬁﬁﬁn_anmnﬂl_esoﬁjngort i ng
evice in, accordance Wi one enbodi nent .the present invention.is as
fol | ows.  deiegamguize bishex wme,m&aa%guxrpwﬁmﬁwﬁamd&wtab| e
entity be {f@nia t SortiRg t&khnRfulicoMdetfiedwiien 2Ny
tine. Pe\rquggtl"g?ﬁ?ifc%% 361%“’?§g§f:‘ﬁ3§§§%§%“y’9?|‘om ng a fluid through

control chasmiy to B6ddlkcted ismre est thetnedd tbasitrasksinfkgnyentbove. | n additi on,
second val ve structyre 3618b i.s clased by fl ow ng. fl ui h control
channel 3612e. As o@ﬂn[acgqrdﬂ%vﬁﬁ}%‘wéesg&l% %%‘ﬁ?%%@??#% punp 3616
and tifze %%Kﬂlﬂ%eﬁ@fb&ﬁngﬁﬁﬁﬂﬁg)%%_ﬁﬁm RBKinttic flow] suehas bubbesanpl e
reservoir 3604 through detection w ndow 3620 intqg waste reseryoir 3608.

" Because dbrmaiion, msirongdependsnceeffiovg smgnituds andidlircctinn ppithascompesEinn 9fy sanpl e

“ througn dbe S A HRL Sl odie s LRl pdtiy ool hicn || ™

= i nt r oduc egetiss, andidéceedsed viabiliogloftivig éfanikhisdn ilee mobile mediudue to the

transm ssive property of the elastonmeric material. Absorption or enission
of radiation 3640 by sortable entity 3606 is then detected by
20 2. Semiconductor Processing

Systems for semiconductor gas flow control, (particularly for epitaxial
applications in which small quantities of gases are accurately metered), are also
contemplated by the present invention. For example, during fabrication of semiconductor
devices solid material is deposited on top of a semiconductor substrate utilizing chemical

25  vapor deposition (CVD). This is accomplished by exposing the substrate to a mixture of
gas precursor materials, such that these gases react and the resulting product crystallizes
on top of the substrate.

| During such CVD processes, conditions must be carefully controlled to
ensure uniform deposition of material free of defects that could degrade the operation of

30 the electrical device. One possible source of nonuniformity is variation in the flow rate of
reactant gases to the region over the substrate. Poor control of the gas flow rate can also
lead to variations in the layer thicknesses from run to run, which is another source of
error. Unfortunately, there has been a significant problem in controlling the amount of
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detector 3644. 20 If sortable entity 3606a within detection w ndow 3620 is
intended to be segregated and collected by sorting deviggep3Q hgast
val ve 36Hd@nossiomct i vated and second valve 3618b is deactl n bS has
the effect of drawing sortable entity 3606a into collection reservoir

3610, and S ent |t 3606b .into
det ect i ong%frl]%‘ggvs &f‘% tpH sec%%r’[ ﬁF?%@%%‘X micgin ’?V&Eﬁ?[fafll ed
for 25 cophsddiiveny,syptemisst al tic purrp 3616 contl nues.to flow fluid through

right branch 3602c f flogég% 3602 into collection reservoir 3610.
However, if second B‘PWSPBG% edimentaidhe presom inveatione 3618a

.(r)ggﬂrsregngunpl ngﬂlctle{%%atihrou&gl ?éuablﬁgﬁgﬁé%%%ﬁ%ééég%%‘%annwgz into

vvazt e ¥ esepemicendEHy. W@?‘ dbmntgei 15)5( ) mpeea;f iSpeaifitaily, mnbomxfucmrmﬁm{igo ﬁFkIE\C/il ce
a ne i_on in gonnection w

36 t he pgcgsg%é]nt%ug&gﬁ{a?egﬁu?%orﬂﬁ(ﬁolp 11(‘-’:"3&‘% ?}ﬁﬂ% ]@l‘i’ﬁ{?& fomegs: exanpl e,

fI Ui d neestnivaire BBO4 bontislinichy 1Rt huier bF event dﬁ&ﬁ&ﬂﬁ'teildfﬁc@ﬂﬁd@sggéiﬁéﬁea”ic

punp structure, hut could instead be flowed under pressure 44 Decenber
2003 WO OstRtgzsteEwHacnefivatrnd7d.t h the el astomeric val ves nerely

controlling the dir er a
plurality of sorti nlg(\‘;sa'klr8 f&&ée(%egéggeg% %ﬁﬁﬁ%gdr élgpﬂbgg %Elg‘?xﬁer to
per f lO]ﬁn SugsTwsiss 3/7@83@1;:& sﬁqsmm?aglh aow, chahﬁéls inhélasternéric BIBEIEB T, bnd®butff G 36
sinply replac t he s the_next sorting structure. 5 Mreover, a
hi gh thro‘ﬂ'g‘#ﬁﬁs%é 5‘?1% g}hﬁpﬁﬁ’liﬁ'&w teplled flomogknrocessaases pbove walen | nuous

{1 ow of _f4700dsdliabttHifl 37 0hfink &Lk iy iR el junction
into the waste reservoir is ma ntal ne L}{’l 11 an e%%%ﬂ%%eéged f or
collection is det eitreeide metaring ofirembtamt ghbﬂowdaﬁeeuuhmng edlveand/ot punyp t 0 be

coll ecte |rect|on of f t he structure is
t enpor ar |dﬁtm {r&ge\?ce!)r e prerens fnysp ?%lstﬂoéﬂggolﬁgifs?"l‘?@lg%agg% irsh) 235655@BPE back
t hr ough tﬂtﬁw}dlﬁﬁhgb ﬁralvak that Fep&®d ALl fAsBRA (Y Ahlapplicd dcRiafiol D Pﬁﬁ.{m dhe

sorting device could_ utilize a higher flowrate, W|th the ability to
backt r acHs difessed 2hove in gonnection withFigs 2d & and 218\ cAltemativelpomiataddigion tg h

o rare, Tnetie (s OV RL R e MR Ao b PP Mt iance wi i

the pres mbordmcemﬂmhewbdt iaventibn{daa belledlicHEViasly atkter pRbceSpds M.
utilizing conventi ﬁ?-afl el ectrokinetic flow, such as bubble formatl on, a

strong dependence flEbign i, the ghgmnical yaper depesifion Prosesspedeseripukaboren of
the 90! Uthdpredifitceiihighe & ANPHCALItS oBhFETaS Aol ftblifiiial bith JRhiblat Of

di fferent chem cal
beam epitaxy and reactive ion etching.

3. Micro Mirror Arrays
While the embodlments of the present invention described thus far relate
25 to operauon of a structure composed entirely of elastomeric material, the present
invention is not limited to this type of structure. Specifically, it is within the scope of the
present invention to combine an elastomeric structure with a conventional, silicon-based
semiconductor structure.
| For example, further contemplated uses of the present microfabricated
30  pumps and valves are in optical displays in which the membrane in an elastomeric
structure reflects light either as a flat planar or as a curved surface depending upon
whether the membrane is activated. As such, the membrane acts as a switchable pixel.
An array of such switchable pixels, with appropriate control circuitry, could be employed
as a digital or analog micro mirror array. | |
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speci es, and decreased viability of living organisns in the nobile nedi um
20 2. Sem conductor Processing Systems for sem conductoryggs.flRmgsntrol,
(particularly for epitaxial applications in which small quantities of

gases ar tely netered), are also contenplated by “ﬁﬁ'@ﬁ?
i nventi oﬁ’.(?@g#&%xarrpl e, during fabrication of sem conduct o?f evi c‘{ebts solid
material is deposited on.top em conductor _substrate utilizing
cheni cal 25 vapor déﬁﬁg’iﬁﬂég%ﬁ(ié/%ghoﬁ?ﬁ@?’?%@g%?ﬁ‘h@%ﬁwog%eosi ng the
substr at e efBodnBnkb i Mid@b miftds aliPIliceordantRivith e preseuiCiivédinh. t hese gases
react and the resulting product %rﬁéstal lizes on top of the substrate.

t

During such CVD pr odtiseasirreygmay 3860 includes first elagionten laygr 3802 ovstlying and

ensure unifor SJ L . teria gﬁ 9{ rade

t he oper af@&ﬁaq%‘#jﬁg%@n?ﬁglﬂg?%%g??%l né]“ec\i/ﬂ{r e. egﬁpogm%éﬁs%%?%ﬂé&éw
nonuni § or BROG, SwefacaBBodd efisetnicdndactbt siractiat 6804 beazaa phupilitg af electrmics he r egi on
over the substrate. Pqor contro|l. of the gas flow rate can al so cad to

T a1 o 38T hiRismact 3810 Froondivtanally pdfebatbln tigbat ondpng, amcand poRite:

source of g I Ye¥nbWadk 8hy of biEkEy B8 iPaRur@ Si gni ficant probl emin
control l'i HSESE Should be Kol %"Decenf’ér 26'83 WO 01/ 01025 PCT/ 1JS00117740

gas flowed into theFpstodastamneric lajfend382 inchndes mgpilaratityofiigtessectiigchahuels r at es

i n convenij.onal as delivery systens. Agcardingl Fl G 37A shows one
enbod non b 44 iR 0okl bR £e e Rl Hemp e BOieR

preci fel ysgopal Falst ARdOmEHO HyEAE R is AliSEATVer SecBR® cl¥Bmetib Sayer8808cadof S a
sem conductor wafer during a CVD process. Specifically, sem conductor wafer

3700 i s puederlyingesgmignnduciar devieudir such thap peigtsafdatergeetionofchayslcifdiber .

El ast omer | S LR el JAL 04 containing a | arge nunber of evenly distributed
orifices 3%%3%15 po‘isélsgﬁg(;ed j ust above the surface of wafer 3700. A

vari ety of process ppsmseniticlimedverth methediotfabtitationdn atadriade wathahe f r om 10
reservoirs 3708a and 3708b, throul/ggg! flog chabrégfsl SFFLQ el.astgnerj c bl qck
3704, andPissint gpvention, dirgtelastomeric Iayer 3822 spyibedormed by, spipcaating elasifmede | eg
flow p ‘é&'ﬂ%{n than'i i ' e 8Y¥ih theaN

: extregel yﬁgﬁ:ﬁ?%?%aéﬁ(ﬂg?%re | epegglﬁge : I%irs’em S ‘ﬁ%?%%tf’néﬂg rea%t ant gas
f1 ow r at eshaped ¢lastomgr frainvibe arodd,and poinpiuciigrelestrinatly cofidudiing dopant irtto i nvent i on

i bl e f | Fi be 15 flowed through
val Ves t HHEEFELSGIA O e shaReH SARtomEC ANPTIRR VY o8 ARTOFERC B SQIRPTR s e
as is_di pRyomeaGabevs firk dARRAGS YcHSson ki forkdd a0t @ilaydis ber nat i vel y

. or in addition to nmetering of gas flow using valves, the predictable

behavi or @astpmenbysinserting elagtomeric material into 2 mold containing intersecting channels
20  such that the elastomeric material is flush with the height of the channel walls, and then

bonding a separate doped elastomer layer to the existing elastomeric material to form a
membrane on the top surface.

Alternatively, the first elastomeric layer 3802 may be produced from
electrically conductive elastomer, where the electrical conductivity is due either to doping

25  or to the intrinsic properties of the elastomer material.

During operation of reflecting structure 3800, electrical signals are
communicated along a selected row line and column line to electrode 3810a. Application
of voltage to electrode 3810a generates an attractive force between electrode 3810a and
overlying membrane 3802a. This attractive force actuates a portion of membrane 3802a,

30 causing this membrane portion to flex downward into the cavity resulting from
intersection of the channels 3822. As a result of distortion of membrane 38022 from
planar to concave, light is reflected differently at this point in the surface of elastomer
structure 3802 than from the surrounding planar membrane surface. A pixel image is
thereby created.
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accordance wth the present invention can-be used to precisely neter ,
process gas flow. In addition to the chem cal vapor depost pbQimids9665SeSs
descri bed above, 20 the present technique is also useful to control gas
flow in WQRHMEA%®Es such as nol ecul ar beam epitaxy and r eRCATUSSOATHO
etching. 3. Mcro Mrror Arrays Wile the enbodi nents of the present

i nvention descri bed Titppéindef &li€pixebindge dPedriible) Bndmag be cotislibdehy
conposed entirely of elastoneric material, the present 1nventign is not

limted tlieAns agnitude of Veliege applied 4@ fhie elegtmode. Arhigheryoltageanplied totse of
A ! . . ! "
Eoeent | oot RAfl iteds Our AMRICAe RReOr B Wb ShoOD Lol Mbeer

conventional, silic ase sem con
cont enpl atdistomiimasn $f shdpe. Arlewentoltage apyfliddrtd dat electragie willdesreasedthwal ves are

[ tical displ i n whi th nb ' .el ast ' t t
ot | bcbs e Ve Rt A mbrap srdbiine Bstonbndt i oG Hhun HkcntSeiy B g
upon whelgfgiesé BRarFRE Vil €ect ThetiphbatAicRGf tHiSreSiifile pixBPiridpREbr ane acts as a

swi tchabl e pixel. "An array of Such switchable prxels, wth appropriate

control circuitry, cb¥rudabbe ndenolmiyredarray stauaingias descoibed pould emsed m ari rr or
.01

array. 46 200 % 01025 PCI/ US00117740 Acgordingly, FIG 38
shows an g)%g?ﬁggﬁgﬁ ‘%’aavt\l/ %1’%& %@8#’58 ayoo%ma%%é%qoﬁ%tapgﬁcago&%% mrror
array in &arabldaticio nirid? airiiestRichEe i adcBrdaRte With ableftbodithdrit OF thf présenB800

i ncludes first elastomer |ayer 3802 overlying and, separated from and

under Fi ndreesppR Bioulstbsogs adughyeaparily Swteh 10y adibenprfics cammyipiationy systers, 3806,
Sur f 3 ] - . '
ol ectr odediteh PRRILAANE WP L BEaBla e fatcbcl ot (Rt o aRolibBhidrbeds

conduct i ngnaident tipght signalrm | i nes, as woul d be known to one of ordinary
skill in the art. First elastoneric |ayer 3802 includes a plurality of

i ntersecting channels 3822 underlying an electrically conducting,
reflecting el ast oners, qReéfebng SeriidesOn 10 3802a. First elastomeric |ayer
3802 is aligned over second el astoneric |ayer 3806 and underlying

seni cbhduct or devi cdhggaigrosnisteriarray spadtaregustfdesiribed conirels seflestionbfinnel s

3822 ovetll oGt T 810. | pn. one.enmod]nent ;of a t hod ,0f,.

Pabricat meidenP Bt HRSeD o ooy finBRIGIR A0} Hplkd R coheBRiHgBinion, et .
| ayer 382anathyr duebddimemtdbfkhe predencdebntive: @labks Gidetciseldt predisy dodlroDB¥ @ a
nmol d featur) nﬁe‘ilg%_ersect ILng.channel s, curing_the elastoner, renoving the

shaped el ¥dras PGHWH@Q%@@%GWW@&M Aljerstawiireseal |y conducti ng

dopant into FIG. 39 shows one embodiment of a refractive structure in accordance

20  with the present invention. Refractive structure 3900 includes first elastomeric layer

3902 and second elastomeric layer 3904 composed of elastomeric material capable of
transmitting incident light 3906.
First elastomeric layer 3902 has convex portion 3902a which may be
- created by curing elastomeric material formed over a micromachined mold having a
25 concave portion. Second elastomeric layer 3904 has a flow channel 3905 and may be
created from a micromachined mold having a raised line as discussed extensively above.
First elastomer layer 3902 is bonded to second elastomer layer 3904 such
that convex portion 3902a is positioned above flow channel 3905. This structure can
serve a variety of purposes.
30 For example, light incident to elastomeric structure 3900 would be focused
into the underlying fiow channel, allowing the possible conduction of light through the
flow channel. Alternatively, in one embodiment of an elastomeric device in accordance

with the present invention, fluorescent or phosphorescent liquid could be flowed through
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surface region of the shaped el astoner. Alternatively as described in
connection with Figs. 7C7G above, first elastomeric |ayep 3832, 98y; be
formed fromtwo | ayers of elastonmer by inserting elastonmeric material into

a nold coppadoinag i ntersecti ng channel s 20 such that the gcaaiimtué
material is flush with the height of the channel walls, and then bonding a

separate Folg o | SLi ' ' o form
e an Aow el Tk ety helf foh) Skl SranPBT i Cp R Shiee 67 01
3802 nmay Hernpadisptayd from el ectrically conductive el astoner, where the

el ectrical conducti vi IS, due either tq dopipg .25 or to the intrinsic
properties of the e?%&g6%#@3%%%@@9&@%80’5@@3@#%@%3@&%%6 .

st uct ur eyl pls8iilinbitlon RARALFvNt o OIS & Rhitlafl: 9Bt ol RELEC T OW

line and colum line to elect e 3810a. Application ”of "voltage to
el ect r pde upeu e&resapldens desigm Specifically, wefrictive stripturad@00 islcomposafiofFBW0a and

overl yi ng_nenh!- 802 Thi t cilye f ct.uat es.a rtion of
menbr ane M{‘@%@gﬁgf%&%r@@,@%%@ﬁ ﬂ@?{eﬁghﬁqﬂg f"&%ﬂ‘&% ¥ nto the
cavity resudfides@f bachrof firkt] S¢ceae,! dndnthied clutbmetiapeis 460243 3064, ahd 4606 Bl t  Of

di stortion of nmenbrane 3802a from planar to concave, light is reflected

di f f er ent Nyifa¥m s¢ragions #A10 reguiarly spaseidyea @W&éﬂ@hi@rmuﬁﬁmeﬁmﬂ@soz t han

fromthe [ . S, | xela | ' t.hqr eby
creat ed. %Qé%@%%%g%og%%g@%@%@ﬁ%%ﬂf é’a@gnce of
thi s pi xemayrbegferrhad thasughhise of a mticroiachided mold & desstiteyd exehiieely abovdie

magni t ude_pf vol tage applied to the el ectrode. A higher, voltage applied to
the el ecFRskiEsRRe 0 ird slestomes Jayers 4008; 4004 ind 4006 function a5 isensidont (i on,

causi ng f 4g {BAId betirdieRESJdT duB of bRTiSHPRE iftleer Vol tage applied to the

el ectrode wll decrease the 5 attractfve force on the nmenbrane, reducing
distortion in its s/kepshelstomedrie layea4808 béars weformakrretimsd0ih hageg awi | |
affect the earance of the resulti i xel i e. A.variable mcr i rror
oy st r GREE PG G B Iepaires irde e SRpnto i Serpen A0 Dne.

i ncl uth ngadehfsodipaédeapatiby IBRIER smAHdIRAnce APihhf BHel seftatids off theldVetigidlge M cr o
mrror array structure in accordance with an enbodi nent of the present 10 .
i nvent i onckagtamerip daygss, withi Y ondhperder 9f thoywvavelength obinpidsat lighbtsnek that

conmmuni caly g\ﬁ@ . i56cn of affecting the reflection
and trans%lg%{g%feﬁgﬁ%%%g?\en Qg&%g%aol nchél?\l 'ht signal. 5. Refracting

Structures 15 The nFIGo4hillustrateasn enbsdifnent offagefracive deactitelin decanpddncel s

reflection_of ; . ] oy . . . . .
mtﬁ the present invention which utilizes difference in material refractive index to

20  primarily accomplish diffraction. Refractive structure 4100 includes lower elastomeric

=1

portion 4102 covered by upper elastomeric portion 4104. Both lower elastomeric portion
4102 and upper elastomeric portion 4104 are composed of material transmitting incident
light 4106. Lower elastomeric portion 4102 includes a plurality of serpentine flow
channels 4108 separated by elastomeric lands 4110. Flow channels 4108 include fluid

25 4112 having a different refractive index than the elastomeric material making up lands
4110. Fluid 4112 is pumped through serpentine flow channels 4108 by the operation of
pump structure 4114 made up of paralie] control channels 4116a and 4116b overlying and
separated from inlet portion 41082 of flow channe} 4108 by moveable membrane 4118.

Light 4106 incident to refractive structure 4100 encounters a series of

30  uniformly-spaced fluid-filled flow channels 4108 separated by elastomeric lands 4110.
As aresult of the differing optical properties of material present in these respective
fiuid/elastomer regions, portions of the incident light are not uniformly refracted and
interact to form an interference pattern. A stack of refractive structures of the manner just

described can accomplish even more complex and specialized refraction of incident light.
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“~ third el astoner |ayers 4002, 4004,

i ncident |ight. However, the present inventionis not |limted to .
controlling reflection. Yet another enbodi nent of the pre&EpessmbenyYery i on
enabl es t woen@EDNZS se of precise control over refraction opcrroseodse | 1 ght
in order to create lens and filter structures. FIG 39 shows one enbodi nment

of a refractive StruatidiubineRERbHRRCArcARe Uk B R VAR 89

Refractive structure 3900 i ncludes first astoneric layer
el ast orrer i Pupg§esr Fopexpmpiethselastoment statcture could et asra fiiter oa ppiiidad switch to

transmtti L NG | ;aht, 3906.. Fi .S llast omeri ¢ | ayer 3902, hag .convex
portikon 3 Qg g)gk\%ﬁ F%gﬁﬁvﬁ‘&elg"@%scq%oé’é?lgﬂ“ Ef’?ﬁtc 3\4?%"@ @’§t’ Gﬁlﬁ#'ivﬁ PHRpeEHes 8? theor ned
over a m cepusndicosid banblilyadjus@d AepetdinpQipoa VIR ML bPS parBeIaNshficaddPNer i C
| ayer 3904 has a flow channel 3905 and may be created ?

mol d having.a rai sedFpy sxample, thesomposition kandhencetofragtive iadex)rif flid Sowed oner

| ayer 39024 t Barife r, | - 4 su t hat, convex
portion 398%2“@?%%&% [ one%o%g%)@éeaﬁagg\;& ctﬂaa%igtlr d‘%’%ﬁ‘?‘?ﬁgfﬂég}’?}&%ﬂ% can
serve a vaW:étgcﬁoﬁvﬁthan@ngﬂi&Gd&(ﬂty&Mﬂﬁlh&iﬂéﬁr@h&hédi@ﬂaﬂ@rﬁeﬂélﬁ' astoneric
structure g%oo mul d, be g?cuied lnio t he underlying flow channel, allow ng
t he possi bfUBHOCK Chgmelsican bg Rrecisshysogholeddurmefabrsation of theAehrm vel v,

i n one enbglierR Hentthtedth dPlidRIEE ﬁcéiﬁa‘\fﬂ'eﬁfhd E%ﬁ?ﬂ a’fﬁ\é{ R:the present
i nvention, fl uo?ggcent o@ phosphoreescent |(¥%g?cou (t;cgl g&g%ésfhrough 48
26 Deckhber 2003 WD 01/01025 PCTI USOO 17740 the flow channel, with the
resulting light fromt fluid refracted by the curved surface to forma
display. FIG 40 shg&mﬁﬁm?%&l%&?ﬁiﬁ‘ﬁ?ﬂ@rﬁ refractive structure in
accordance with theFIgS:IBnd i76V0E Abpict3OFdACithiture & WHichihSeldiffelis 2
mul tilayer optical train based 5 upon’a Fresnel |ens design. Specifically,

refracti vemSHpriae i ovabls from adirgaslesedyiositionrto wgwdwm&depoamm; I ayﬁr sf
4002, 400 . . .
(et socuniot e aRpchiblis RRRGE QR 16, it jBAOn johY ABER IS " ©

uni f orlh separatilavalv@bafigwegtidmr | y spaced by a distance X that is nuch

| arger than the wavel the ingident light. Serratjons 4010 serve to
focus the incident ?ﬁ&@?ﬁgﬁggw‘w&ﬁyﬂ%@w Viewd of arergalyrslesgt valve

m cr omac hi @ nitindvifeh dﬁ%%{oﬁ’@&ic%&gﬁﬁﬁéi %g%o&gﬂl\éeﬁom Blgrst ; lgg%gﬁdlsfi{ioﬂ?‘“ d

> function as enses as
woul d be UMekirg v8eweshamel to# senoid matugted pbsition in whizhahe flowehanre] il qehpner i c
| ayer 4008u,‘g]anrgs I}é‘%'hf.orm ﬁg rations 4012 having a mnuch smaller size than
~the serrations *_'af Ve rﬁquéel'ast oneric layers. Serrations 4012

20 FIG. 42A shows a plan view, and FIG. 42B shows a cross sectional view
along line 42B-42B’, of normally-closed valve 4200 in an unactuated state. Flow channel
4202 and control channel 4204 are formed in elastomeric block 4206 overlying substrate
4205. Flow channel 4202 includes a first portion 4202a and a second portion 4202b
separated by separating portion 4208. Control channel 4204 overlies separating portion

25  4208. Asshown in FIG. 42B, in its relaxed, unactuated position, separating portion 4008
remains positioned between flow channel portions 4202a and 4202b, interrupting flow
channel 4202.

FIG. 42C shows a cross-sectional view of valve 4200 wherein separating

portion 4208 is in an actuated position. When the pressure within control channel 4204 is

)i

30  reduced to below the pressure in the flow channel (for example by vacuum purnp),
separating portion 4208 experiences an actuating force drawing it into control channel
4204, As a result of this actuation force membrane 4208 projects into control channel
4204, thereby removing the obstacle to a flow of material through flow channel 4202 and
creating a passageway 4203. Upoﬁ elevation of pressure within control channel 4204,
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15 are al so spaced apart by a much snaller distance Y than the serrations
of the overlying elastoneric layers, with Y on the orderyphetdieholVaygd engt h
of incident |ight such that elastoneric |ayer 4008 functéljfgns ase a
diffractiwoogoeesng. FIG 41 illustrates an enbodi nent of mcrmesoatidsove
structure in-accordance with the present invention which utilizes

di f f er enceseharafi®y fortivh 426 WALissite it ARNral fostford r%l%ﬁhh'b‘écl@ﬁﬁ&ﬁﬁ’&' sh

diffraction. Ref ract I ve structure 4100 i ncludes [ower elastoneric portion
4102 covertéﬁdﬁmﬂlupfbevclmnadt@ﬂ%rl c portion 4104. Both |ower elastoneric
ortion 4104 are co terial

portion 4102 and u er ast ric 0s of
transmtting inciden G ‘ﬂ?r%m ﬁ%?%@?%?ﬂaﬁwnﬁ?%ﬁrﬁﬁ@?ngﬁcl udes
. a plural i tehagdeddsRefihg e widteranasrRelyiglcbifobeianal efcdYdifgIFsSFIIE 42Dl ands
4110. Fl ow channel s 4108 include fluid 25 4112 having a different

ref racti vetthhew plamand eresssegionshyiews Oﬁm elﬁmauw fefipmormaliy0. Fluid
4112 is p WS‘% p n of
punp stru%?gv%[%?% e up éd&ég(r:ﬁ#ﬁ con taA}ﬁh W{g& a anghglmb
over | yi ng pertibn WaMsbdwﬁmmss%eeﬁomﬁemﬁ‘lngmloﬂgMMIOFE'IQB by
noveabl e ane 4118. Light, 4106 i.ncident.to refractive structure 4100
encounter'sﬁggmaﬁgﬁ’r @ﬁF@PWP?cmlsfrPﬁmeé to heggoyed A igannel s 4108
separ at ed ama%@%@g@g&nlﬁggﬁ S} ebg%fghé@ﬁ%gu&ﬁ the differing optical
| se

properties of material present spective tluid/elastomer
regi ol®, portions offIGRedIGhandiEshow aghissacetianal vismisfabong ner40G-40GEdf and

of the: madiAODLdR ColiBaiionsul B8 phRA e Sl horsienhn S0 O
speci al i Z@Gr 40 mwwmmﬁdaspﬁh@ﬁﬁeMﬁmM&?c@&@%aﬁﬁe@m@ﬁﬁﬁ wh@;01/ 01025

PCT/ USOQ' 17740 The refractive el astoneric structures just descrl bed can

fulfill aCeHE3REirguIBFtangss "ﬁi‘@s‘b unwaptedestiaep p épuumsuéﬂthsf@n@rﬂa% ure
coul @ At sy froh| LSOO UGBl SUEInlitiraBl O 38} £1 o0 vavel engths of

incident l'ig reover he Faff ac ro er I €s the structure could
be redfily adjust edmteqndmgly;g?lgjmrlshom ar;ﬂadfneuf aﬂdldalhbmsh-aecmm viewt i on.

-For exa he and hence refractive index).of fluid flowed
t hr oughn!toﬁ'g’“gﬁ‘ﬂﬁﬂgﬁ'gﬁﬁ&f 1% 67 l(afﬁéveﬁwgge 4230 a‘th‘éHV pplsmby
~Alternat i YelingQlonirB] LMo Wit LRinfinhlh mg;t Phdday d%:feﬂalgﬁnés' ui d

- flowed, the distance separating adjacent ro chan el's can be pr ely
‘controll edemmnagom42@§t iAsrshown ihEigs42)y everunden actumdlcon@ngm]ﬂmeat e an

opti cal erference pat Vi n i red, chara istic 10 6.

Nor rm | y- BREG CEBREoftn ofePptE el A2 SR esing ARtAREVEores o B ve

st r ucor e uhderlyiigCélasidifierah@eifMR06,Ghereby preventing this elastomer material from
being drawn away from substrate 4205 and creating an undesirable void.

‘While a normally-closed valve structure actuated in response -to pressure is
shown in Figs. 42A-42], a normally-closed valve in accordance with the present invention
_ is not limited to this configuration. For example, the separating portion obstructing the
25  flow channel could alternatively be manipulated by electric or magnetic fields, as
described extensively above.

7. Separation of Materials
In a further application of the present invention, an elastomeric structure
30  canbe utilized to perform separation of materials. Fig. 43 shows one embodiment of
such a device.
Separation device 4300 features an elastomeric block 4301 including fiuid
reservoir 4302 in communication with flow channel 4304. Fluid is pumped from fluid
reservoir 4306 through fiow channel 4308 by peristaltic pump structure 4310 formed by
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menbrane i s noveable froma first relaxed. position to a second actuated
position in which the flow channel is blocked. However,,dh& eS8t

i nventi onw'és }éﬁ%} limted to this 15 particular valve configuration. FIGS.
42A-423 sHOMBIGS, i ety of views of a normally-closed val vePCHUSIITI0e i n
whi ch the el astonmeric nenbrane is noveable froma first relaxed position
bl ocki ng acomtrehchanaels 4812 pyerlyingfowdhanmal 4804} asdws becnrprevionsly desctitg] 4t ow

channel is N A et il L e kve control, pr.essure. 20.FI.G 42A shows
o an vi RRENAtettaivEs Rl el Con oA eilin grcrutangs it the prasent
42B-42B' , inbentipnimbhsbletomodide shifieich? BAK presiirs] TREE Fovh AdeSirilifpositidiid
channel 4202 éi&gtega%ntrol channel 4204 are forned in elastoneric block 4206

over | yi ng itid lo1Beste Stcyre Ry B Prmped intp tke elastemerid device ytidizingam 4202a.
and a secqixgerRAub@) 4202b separated by separating portion 4208. Control
channel 4204 overlies separating portion 25 4208. As shown in FIG 42B, in
its rel axed, unact udflew ghasndl 4304 leadprr stparation eoluntiy342 @8 thelforibNs -
posi ti oned,bet ween f.| aw channel porti 202a and _4202b, interrupting flow
channel 453?11&!\‘—1%@%62 i&ﬁ%’m@gan Bﬁ&é’&‘-‘gg’?;bé?fil’@?%@‘tdﬁ 1§-apy is welbbnawnee n
separ at i nghe&@bfélﬁamé%' , 18 caf i e%ﬁ' i JWB e

W thin co%f Ozl(tp%h%ggmél (%;lsc 386523?‘32%t0 %%P%\E/]vmta e prlgrshgﬂér}{adgiﬁﬁ&g he

fl ow chanie§ it ro A s sepaated)andshe paritilagchvombtograpiy 08

exper ijgnce uB% "?ti)jeﬁg.[?lgrcget dr aw %ﬁ iﬁ i nto control l%Ir*{rannel .A4204. As a
resul tof e emiplosed: ThS elastomeric ssnara P SRR fltabledr Bss it channel
4204, t hevetigtyrof chrinigogrishio behaighes, istledihk But Bt 1HMteand 8kt dxBrusisgned]! ow

channel 4202 and .creating a passageway 4203. Upon el evation of pressure
wi t hi n coRFTBTRUCRIAR Exchenge, rewasophasedividpenhobioatermtion,/affining PCl YUSOO 17740

Thbo and A S Botcin R TR BroBRbHY HepBER g Mok SEURM, he ' &
e ponse Pat auuabrmmabomphy GAPLOR THODN qrodcey Sliiddot HPLOiy of the
cr oss¥§eg ‘“qulfﬁrglth%wg\ﬁgn %&L‘iﬂ?’ é’ﬂ"é‘?ﬂ jeneoRRtbsT Rlattomer “&“’f‘i’é‘%ﬁﬁﬁml?y cl osed

L e arrod 1 h i oh Saapldsate RlgRRRY idRte MRwUAMiE R Snaatth Bl B4

separating . portion 4208. As shown in cross-sectiona
al ong | i nBtilizipg lpag channet#3d19. lUoad chonnel 4339 aedeiveydluidipapel frarh ashpleer i ¢

materi al | | N act uat i.on he actuation force
necessar y}%ﬁglﬁggg ﬂ?régglf’ﬁurp”ﬁﬁﬁﬂlgg%% gﬁ“&g 0 ﬁﬁvﬁﬁ# on of puamp
Cr oss- sec#32ipaimpledsflowed Aonl lod® cHimel 8339 Rito flow channel 4304. The sample is

20 then flowed through separation column 4314 by the action of pump structure 4312. Asa

result of differential mobility of the various sample components in separation matrix
4316, these sample components become separated and are eluted from column 4314 at
different times.

Upon elution from separaﬁon column 4314, the various sample

25  components pass into detection region 4324. As is well known in the art of
chromatography, the identity of materials eluted into detection region 4324 can be
determined utilizing a variety of techniques, including but not limited to fluorescence,
UV/visible/IR spectroscopy, radioactive labeling, amperometric detection, mass
spectroscopy, and nuclear magnetic resonance (NMR).

30 A separation device in accordance with the present invention offers the
advantage of extremely small size, such that only small volumes of fluid and sample are
consumed during the separation. In addition, the device offers the advantage of increased
sensitivity. In conventional separation devices, the size of the sample loop will prolong

the injection of the sample onto the column, causing width of the eluted peaks to
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Fig. 40D. In conparison with the unactuated val ve configuration shown in

FIG 42G FIG 42H shows that reduced pressure within Vﬁ@ﬁéceﬁgﬁfﬁt?&
channel 4207 may under certain circunstances have the unwanted eftfect of

pul I i ng weddroneasng el ast oner 4206 away from substrate 4286T/USHUEITE4)y
creating undesirable void 4212. 15 Accordingly, Fig. 421 shows a plan view,
and 42J) apctémizlly deeflapowith oné svothel Mg dxiremelXmalisize 20id dapapity4d the lodd val ve
structure 422Q which avoids this prohlemby featuring control. |line 4204
with a mwhaﬁ%glﬁsmqﬁalmwfﬂﬁm@el@ 1onhsagvigy 2pmAsEomPs g ing

portion 4208, AS SMof\chlrafibd strdchre SHYGR i YEY3 AHHRRRGURPHRY dhiRREmErte

narr ower Ccross-sectl on control channel uces the attract ive force
on the 20ofisncea dyving aad athteo steuctunes ard aintetilated bi Gregirgsept mvemtidmadorhi s

el astqnmer _material. from being drawi_a from substrate.420 nd. greating
an" undesi PABPE VoYS S HPPARaR AGTHAP| biEk o deighs VA e pa aBPmod |
response defadfi@s &dlindnictiened A sinpld plae, tHid Ay ot dequired OF e prigsca dfvestional ve in
accordance with the present invention is not limted to this

conf i gur dPneer mexsofdbefividaeservair, sheysamnle rgeryeir; thefloypehannel; thedoaddaoms | ow
h | l.d altecnat] I i i g.fields,
o escri e SphaHIR bbbt elfa R GHBLA b e furiblnb Enlbp BARE fhe | P 1S

appl i cat ipglinédf thdelagtodefio inateiiat btiliging vidstalcaséowhose fombationtisidescriB&l atan be
utilized to performseparatiqon of materials. Fig. 43 shows one enbodi nent
of déch 1&“@8@%‘@”8@%&%%@& BAAZ00 features an el astoneric bl ock
4301 including fluid reservoir 4302 in communication with flow channel
4304. Fluid is punped fromfluid reservoir 4306 through fl ow channel 4308
by peristaltic pun®B.sCell PeniCeliCage/Cell Grinder 51 26 Decenber 2003 WO

01/ 01025 PCT/ USOan7740, cantrol channel s.,4312 overlying flow channel 4304,
as has been previ o@lﬁtﬂgggﬁ' I%POHIOEHJ&WS%'PEF%% %F]@S%Wﬁ'é?e. a

peri st al tguciBmBe itilized fo nAnPARAS SRRARmMYoE BHePBiolygacut Riaterial VEIgh. 48R S
unabl e to provide sufficient back pressure, fluid froma reservoir

posi tlisonekdD shewsplae views oflone embedinent of acell pen staietuse Ipasepedancgvih thee
elastonerjc device.utilizing an 5 external punp. Flow channel 4304 | eads
“to separ Wgﬁﬁ%ﬁ%ﬁ# 4314 in the formof a channel packed with separation

.matrix 4316 behi nd Qell peisartayi 4400 I Buredniasrayel brikogpnnily-oriedthd flawt  of
Che' nat urkaBrel 400 A ERl e RS TS RSt R ANEREC R ST
.chromat Og§ R Bannels. Valve 4406 is positioned at the entrance and exit of each pen structure
20  4404. Peristaltic pump structures 4408 are positioned on each horizontal flow channel
and on the vertical flow channels lacking a cell pen structure.
Cell pen array 4400 of Fig. 44 A has been loaded with cells A-H that have
been previously sorted, perhaps by a sorting structure as described above in conjunction
with Fig. 36. Figs. 44B-44C show the accessing and removal of individually stored cell C
25 by 1) opening valves 4406 on either side of adjacent pens 4404a and 4404b, 2) pumping
horizontal flow channe! 4402a to displace cells C and G, and then 3) pumping vertical
flow channel 4402b to remove cell C. Fig. 44D 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.
30 The cell pen array 4404 described above is capable of storing materials

within a selected, addressable position for ready access. However, living organisms such

as cells may require a continuous intake of foods and expulsion of wastes in order to

remain viable. Accordingly, Figs. 45A and 45B show plan and cross-sectional views
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10 techni que enpl oyed. The el astoneric separation structure is suitable for
use with a variety of chromatographic techniques, inclusfag.bler B3

limted t larppkCl USi on, gel permeation, ion exchange, 'r SoPas e
hydr ophobﬁc‘gﬁrfrtlggaction, affinity chromatography, fast pro ellbﬁ |qﬂilsd

chr omat ogr aph FP, all formats of ,high  pressure liquid . ’
chr omat ogrg%ﬁgé £ 5%‘.‘@&&%@%" r‘é’é%ﬁ&@&ﬂ?%‘?éa%@ﬁam RESM 5 require
the use of adebplahedwith epredenPmpbidnene or ot her el astomer conbinations.
Sanpl es are introduced into the flow of fluid into separation colum 4314

utilizing | oad chann€rll aaedt50) icformerhanan endzgel portion 48604 ofid Alowehpuntl f r om

sanple re Vo] 3 ol .Upon openi f1; val v, 322 and

operation %gﬁplgﬁa% eﬁi’%’%iewgg&r#%:kesa#lgﬂj Wﬁgﬂﬁéwﬁggﬁﬁﬁ%ﬁﬁa i ?aggéﬁgé?snt o flow .
channel5 43fisilaftoensadividual cl13en b desciibedsbve v Bigghdse@aDabiaept that e 4314
by the act of strycture 4312. As a result of differential nobility
of the var#%g @3%&@’ GRas11200;de nop pempletebhenelgseiinterignregion 43082 sanpl e -

coMponent SRRGGOGRISS09% B 15008 % Bk AoHuREkabh eI, QLTI AHdeRlratl pREEN

times. Upon elution from separati S sanp
conponent s43§2s Piliars 450kmey be part oLaynembrid2 4truciare of avdrmalpaivsed valvhe art of

chr omat ogr aph the identi of terjals eluted._ ipto det ion regi on 4324
can be ge&%‘ﬁ?ﬁ?ﬁﬁﬁ%%‘?b&gpﬁ’?C@Pn?cgﬁ’ﬂﬁ'f‘&hg'@?' ‘&Iﬁfﬁ%l ng butg'.J not
limtqe to fluorescesyRificali)/cohbiRintiddRaSREGIEREGINN s 45081 QAthite | abel ing,

anperonetric detection, mass. spectroscopy, and nuclear nmagnetic resonance
(N R). 30 pressufedn sontael channel 4504nis sednoed slastomeiricipitiare 4502 arerdrawn wpwaidon

offers th f e smal | .sj th nly small vol unes
of 1 ui d A KRSt AHGnd'ssBL HERR) Snik epedlib0 of e 5P R aEFBIEY e
devi ce of feelido tiner. ddpomélagion bf presie@FrcbntrdEElainheNAIM, pillars4502e8lak onal
separation, devi ces, .the size of the sanple | ocop w]l prolon the injection
of the sa “@“@Fﬁﬁgmse@%mméaﬁ@me%wﬂf@ﬁmmémswag%ﬁ aks to 52 26

Decertsr 2003 VO 019485 RCRLEI3H LEAR ARHRRLH Ao EAP Whkbefne

anot her. The extrenely small” size and capacity of the
gener al proeement ofd eelbadlof dagef4560 .ot bish andlnde gape 4502 exhichrajlosw thedliveof The

oA 2 o RS Guek et oD fuardd h SREARERR) PP B B R Dh o
i nvent i on.oppegitefen@4B0D¢ fre sithildry doRfig SR BERLAPRORY boftraonFirkk 49 foeat ures a

fl ow channel, |ead | oot% and Separation columm oriented in a single plane,

this i s neerpigoenivgobtherage mdgemavaliofithernellon desigde or nore of the fluid
reseryg r. the Sarrpll?mffé%&i@dun&s%cgsl,?t%gy Q&eeslifabltquglri% 'slrggtpdellsor

other biological materials in order to access component pieces.

—

Accordingly, Figs. 46A and 46B show plan and cross sectional views
(along line 46B-46B’) respectively; of one embodiment of cell grinder structure 4600 in
accordance with the present invention. Cell grinder 4600 includes a system of
25  interdigitated posts 4602 within flow channel 4604 which close together upon actuation
of integral membrane 4606 by overlying control channel 4608. By closing together, posts
4602 crush material present between them.
Posts 4602 may be spaced at intervals appropriate to disrupt entities (cells)
of a given size. For disruption of cellular material, spacing of posts 4602 at an interval of
30  about 2 um is appropriate. In alternative embodiments of a cell grinding structure in
accordance with the present invention, posts 4602 may be located entirely on the above-
lying membrane, or entirely on the floor of the control channel.
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. whose formation is described at 10 | ength above in conn

and the separation col um coul d be ori ented perpendicular to one another

and/or to the plane of the elastoneric material utili Z'i&?é@eﬁlb@f%%ﬁt ures
ection w

35A D. 8.wOallor®en/ Cel | Cage/Cell Ginder In yet a furtherpmwd:tinna‘tdoon of

the present invention, an elastomeric structure can be utilized to

mani pul at e or gani smy, Pre¥up€ Osbiliatopdi cal material . Figs. 44A- 15 44D show

pl an views of one enbodi ment of a cell pen structure in accordance with the

present invention. @thqa@nhmmomwfﬂmrmeQEmmMayemomem

as0a a0 ¢ miriesPRyE kel SORLRRESnroscably EnbnE R SF s OS¢

posi t i onedititd fequenty anpRyadth th fitld Of eREbNIBE Fig! 47 slidWa plan 41k of one
Peristaltic _punmp structures 4408 are positioned on each horizontal flow

channePp  &Abogdiment gt icha nressure|osillatensiatare) acki ng a cel | pen struct ure.
Cel | pen array 4400 tl’g«tassﬁ‘c%sﬁﬁélp‘rﬁ’ﬂﬁ) &%SLQ&P&?S‘%EHG bfck 3762 '?eﬁtﬂﬂ%ghave

been previously sor perhaps by a s I'ng structure as descri above
i n conj undiavochanue! 4704 fcgmeﬂﬁheréing Flovﬂd&nﬂﬁ@?@ﬂ drcltdes andoimbporgonddodenoval

ndi vi dua stored cel | 5 by, 1 en n al v 4406 on either side
OF ) aeoBroue Y RS Sopacb TG, g a & DO A DAD 44siAl R BYRSTNE ! 44020
to displ a%@m%@h’?(% Cinﬁﬁij Si'uoﬁ'&‘i'o«iaj'iﬁ'i}a @nta‘?:‘t'%ﬁﬂa!%é inCAdid cHnE&%nE&ﬁBﬁm 4402b

to renove cell C. H4D shows that second cell Gis noved back into its
pri or 1fosiwithogentral annnel;ﬂéhOMMdlaﬁomync blnské’lﬁgjabm tHe leyel ooflowf | quid

flow thrq zont flow ch 4402a. 30 The 404
descri bed SHRRSLTI” Al ppaiodinGe BRAT o presusy uk 4 iff el ¥ A0Bpre
addr essablcBarimeb471100Veflivs ah€ ad¥paeee Fom fONRYSine] U704 PP al eRisidhferie S uch as
cells may require a continuous intake of foods and expul sion of wastes in

order to meEHERF. (hesbydormipg yelyedgidas preyeustydascatbgd458 show pl an and
- [ | P 0
cross- sect onal V1 e85, 20 BeCe ey 20 YOOGS PERLLDYLLLEA

(along line 45B-45B") respe odi nent of
st ructfir e spurce dflﬂﬁmdmﬂeepmsmjhe iloeg flow chminel 4¥EIndocontrobthannelgdy 14930fbugh

~fornmed as a ed rtion 4500 ow ch e 4501 i n an
‘el ast omer V¥ ‘g%gc %"8@@3 ? fresgrpentine i%ﬂ?eh"&% % Prssfure IJg@eRiho i s 5
simlar t Qeddh d70db\k SbRhare8 Wittt Ssanleserobad vamvmnnmE?&%suMA- 44D,
except that _ends 4500b and 4500c of cell cage 4500 do no letely
encl ose | diffarénse betsicn semaige. flovrehanae] postiers 'Z(Bl(o@mdaw&rlm@:bnmol QiagaeMSOO
are for maq7 Pé(evcnﬁlaﬂgrr %lat'lstex memelgrrér?é: 3? t%ul.l\?e LY 1'2I t8 5)%0_]601: downward into serpentine
20  flow channel portion 4704b, closing valve 4712. Owing to the continued operation of
pressure source 4706 however, pressure begins to build up in serpentine flow channel
portion 4704b behind closed valve 4712. Eventually the pressure equalizes between

control channel 4710 and serpentine flow channel portion 4704b, and valve 4712 opens.

Given the continuos operation of the pressure source, the above-described
25  build up and reiease of pressure will continue indefinitely, resulting in a regular
oscillation of pressure. Such a pressure oscillation device may perform any number of
possible functions, including but not limited to timing.

9. Side-Actuated Valve
30 While the above description has focused upon microfabricated elastomeric
valve structures in which a control channel is positioned above and separated by an
intervening elastomeric membrane from an underlying flow channel, the present
invention is not limited to this configuration. Figs. 48A and 48B show plan views of one
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4502. Pillars:4502 may be part of a menbrane structure of a normally-closed
val ve structure as described extensively above in conne%jr-) &n’iﬂe}g @ gs.
42A- 42]. %&@Bﬁﬁgfically, control channel 4504 overlies pillars 4 8 . \When
the pressur control channel 4504 is reduced, el astomef$ fYE7TZ0s 4502
are drawn upward into_ control channel 4504, thereby_ opening end 4500b of
cel | cage “efsslimeny %éﬁﬁ%qcm&davalwwcme&@@prda@s@m@m@vgmg@@mt oftbesur e
in controly,eharnebndb04, pillars 4502 relax downward agai nst substrate
4505 and ppr_event a cell fromexiting cage 4500. 15 Elastomeric pillars 4502
are of a sufficient Kpgz48Aashbwssideacthated valve structored001ih anfinhmedd out of

4500, byt i nel 45Q8 ich all.owt f f | ent
o cage Heton; EfoveBact Bl ThRmed 1 feeamericd 490, GPBEP bl 4806
Pillars A5H3uRe flowBRmhbingends @M%%ia&iohﬁﬂd&&ﬂ%bﬂ%@ﬁhﬁ?%ﬁﬁﬁkb second

control channel 4506 to permt opening of the cage and renoval of the cell

as desi r edt890 isseparategddirom iflowoshavnelst892 by clastamerio mbmbriag ppdioh 803 A

Comonent Sarndtstiinc 1276 156 SRRpE Giiacd Rl Aoliolr RSt 1y APERE°
secti onal eviclossflokhang! 4802arlimk6Bhanbesss0g! | vel y, of one enbodi nent of

cell grinder structure 4600 in _accordance with the present invention. Cell

grinder 4600 i ncl uddte 88 showmsiste-gotugted walue sireaiws#8p06 i an aptuted pasHion.f | ow
chann 4 s@@ﬂ% I et he ' | {@@‘orane 4606
by ongI yiqﬁge ont ?8%@%%#%?%3‘@?%%?@%&%& %ogeé%%ér’?ﬁe%%{sﬁe 02 crush

- material pefseninthdonceanhdlel®02 Rsletking Go% chaundlel8Op0psh Rleassdfproshes

el | ul ar *mEER panttol innehdass HputianeBibg viewdadex burkafo somrobeiazgifb08 pm
S approprah@bgenﬂ@w@hgﬁ{epagdﬂe enbodi ments of a cell grinding structure in

accordance with the Erpsent I nvention, posts 4602 may be | ocated entirely

on the above- |ying a side-aciwated valvesttiyicome attuatied dorespdnse toepressute is|
channek. : r_2 WO.01/ 01025 PCTLUSOO 17740.9.. Pressure
Cmct | 15 oRBe R pERES R oL, SR acalfr i1 et rlf M e o
el ast onmer iigventibi isaiod lienied fo ks drfiguifibnt FotlefahfledthR R fmicRic@ihbrand O
structure anal qgous_to oscillator circuits frequently employed in the

field of ®PELIBFatedbetwpen the abuthpgdlow sdeonivod ghasmelsroukl aligpstivelsbe of such
a pressur o ]?a?'.-lr . | J4l [ nprises an
el ast omer ?% n%%‘%?ggg ga? %gﬁahfﬁ%%ﬁdgnﬁg:}edﬁ k)eils'fvglg%e%a‘g%her ein. Flow
channel 4704 includes an initial portion 4704a
20 . 10. Additional Applications
The following represent futher aspects of the present invention: present

L

valves and pumps can be used for drug delivery (for example, in an implantable drug
delivery device); and for sampling of biological fluids (for example, by storing samples
sequentially in a column with plugs of spacer fluid therebetween, wherein the samples
25  can be shunted into different storage reservoirs, or passed directly to appropriate
sensor(s). Such a fluid sampling device could aiso be implanted in the patient’s body.
The present systems can also be used for devices which relieve over-
pressure in vivo using a micro-valve or pump. For example, an implantable bio-
compatible micro-valve can be used to relieve over-pressures in the eye which result from
30 glaucoma. Other contemplated uses of the present switchable micro-valves include
implantation in the spermatic duct or fallopian tube allowing reversible long-term or
short-term birth control without the use of drugs.
Further uses of the present invention include DNA sequencing whereby

the DNA to be sequenced is provided with a polymerase and a primer, and is then
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pr.oxi mate to pressure source 4706, and a serpentine portion 4704b di st al
from pressure source 4706. Initial portion 4704a is in ' Vi a
4708 in fluid communication 10 with control channel 47%%??@3 :

el ast omreMW@ 0Bk 4702 above the | evel of flow channel 4%A/USRNE40 ocation
nore distal from pressure source 4706 than via 4708, control channel 4710
overlies @pdsédiovaptypicfONAGEEE (AVC.CI DR ) at 4 Gide R)ordd 16 kapidlo ABal for
menbrane, thereby form ng valve 4712 as previously described. Pressure

osci | | at obass incggromations rofich geystenss thebases mysde flaywedato the systeas gud excesss
47 ' ] : I
2710. ¢ hr SApP A S RRLEATY! Brals il briveR ol BROS by Uatthulhls AR LN

4704b, prasendarce with thegresent invetionwddid4e idallyaaiied wchllomt for habvvapid flove!
4710. At val ve .47%0(?5, t he pressure difference between serpentine flow
chann WHHNg ASAERBSAS: over | i ng control channel 4710 eventually causes
. the nmenbrane of val GhefddmerhplaRidQisesbr @ nlchd-9a15 6 bREHidBPusdp 1 ow

channel portion 4704b, closing valve 4712. Omng to the continued operation
of  pressiystemsanlude uspo withd W Aachipsp g snampleeg saraple cabbe flawedinitmaser pent i ne

o Chaiashoq Aghi 88 18R RSN RS S hsrBs s ok 5L R b i
channel pahhhde rdafflassed Bderk peotts b2 IR arkdyy Fuch AFeeied voRRr ation
of the pressure source, the above-described 25 build up and release of

pr essifr e sample thatwould aormally beweged sittingeNer thepan-campligertarny prebesthe ati on of

pressure. : SSIE ' ' i C f Qf. 1 of

bosei bl o TN B € UL BrofiiofEld. g TBYedifle SRR g BUTESY

Si de- Act uybtenh iViHav it wihild eedube tirehpeessaryssaripdd velamepandf theraby thorgaeassay

m crofabricated el astoneric valve structures in which a control channel is
positione’&n%m e and separated by an intervening el astoneric nenbrane from
an under|yi ng f'OWﬁﬁ&@PﬁLpﬁcﬁﬁénsoéﬁﬁﬁﬁghitﬁﬁghﬁlﬂ%deémﬂgﬁnW@ht ed to this
configuration. Figs. 48A and 48B show pltan vi éws of one 55 WO 01/01025 26
Decerider apphicatiopSpulibbatctit byohedispetisingof soialbvalintes efdiqid,ea by beadebased uct ur e
4 n accordance wth e _enhodi jrent. of t e t.invention. Fig. 48A shows
o1 dos act JR it MR GRG s teS o e RIaGREY Pt RO tsefr sersiebitgy, channe)
4802 is fornmed in eAmsthédhtetngla¥@ appiftafion $PME depostial vTRrad @ Qaridusabut t i ng

.. flow channel (4802 is also fornmed in elastoneric |ayer 4804. Control channel
- chemicals, especially oligonucleotides, which may or may not have been chemically

g

fabricated in a previous action of the device before deposition in a pattern or array on a
20  substrate via contact printing through fluid channel outlets in the elastomeric device in
close proximity to a desired substrate, or by a process analogous to ink-jet printing.

The present microfabricated elastomeric valves and pumps could also be
used to construct systems for reagent dispensing, mixing and reaction for synthesis of
oligonucleotides, peptides or other biopolymers. |

25 Further applications for the present invention include ink jet printer heads,
in which small apertures are used to generate a pressure pulse sufficient to expel a
droplet. An appropriately actuated micro-valve in accordance with the present invention
can create such a pressure pulse. The present micro-valves and pumps can also be used to
digitally dispense ink or pigment, in amounts not necessarily as small as single droplets.

30 The droplet would be broﬁght into contact with the medium being printed on rather than
be required to be fired through the air.

Yet other uses of the present systems are in fluidic logic circuits which
offer the advantages of being useable in radiation resistant applications. A further
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4806 is separated from flow channel 4802 by el astoneric nmenbrane portion .
4808. A second el astoneric |layer (not shown) is bonded oyBechMdro0n3

el ast oner i WONHIHR5 4804 to enclose flow channel 4802 and coptFgsgpfbagne!
4806. Fig. 48B shows side-actuated valve structure 4800 i.n an actuated

posi tion. afGattager efymoh Saidielogidiidutts ha! bhSasH i1 hi 1ol channel
4806, menbrane 4808 def orns Oi%:]to flow cha.nneg %8%&%%@&?%&9% hannel
4802. Upon SFEMEYIpaypo bedby elpatro magnetic serisorsh s offerBOH seonrtgHuast 4808

woul d rel ax back int I 4 and open .fl ow channel 4802.

Wil e a side-act uat ngva| ve&ﬁﬁ‘?{ﬂé‘?&é’%@?%@&ﬁ%ﬁ%@ aq3e,Pkthe rhadlyi s

15 shown i FempYsl and seattackindR BS the ssiudlerefb M IAAIY HE SURAESRE AR th (e
ation. For e%;]%pé th

presentg | Logn s npot limted tao this _configur , e -
el ast oner i @ﬁﬁrré%ﬁﬁ%ss SBEWWWEH@QF@HI pindiagor ofrsr aiterial. nThis kBowasaparaeat r ol
channel s coodstudlidreoNaphtiehed ' ri.c or nmagnetic

fields, as described egt ensi V%Pﬁ/ﬂ%’ﬁ%&é&k%%ﬁ%&}ﬁgﬁ%ﬁ %Hﬂ?%p?g fions The -
fol | owi ng ratechauld be pasterned ittt 5 DNA ieromures and an BMSBineOValvemeBHithp

val ves and for dr delivery (for exanple, in an

i npl ant abl grugS@@P@%ﬁggm’@&@ggﬂeﬁtﬁ%aml i ng of biological fluids

(for exanple, by storing sanples sequentially in a colum w th plugs of
spacerledl ui d therebetween, wherein the sanples 25 can be shunted into
di fferent storage reddrvoidditional Aspeets ofifhredmventiom appropriate sensor(s).

Such a fluid sampli ngpdeidéin be i npl ed in the patient's body.
The present systens can?[)zg]t SO %ﬁh%%@%“&éﬂ%%@n%wﬁﬂmw eniothsruse of
pressure i#dafleptablesinembraneite contud ifloe 61a MR 2 KEErLHATNEE chalhel JRLANt abl e
bi o- corrpaetlgstgmﬁ?m cro-val ye can_he used to relieve over-pressures in the

U

eye whi ch oSl 1% FRHRtumsothg uss ebslastomenilayers te malke amicrofabeisated elasemzries ent
swi t chabl alericecontetline s miBRf: ' Q. spermatj c duct or

fall oai an tube al | owi %g reversi 1'I e (g}r%gf:él[‘dgr mdérgnaéﬁedli’sgs’fﬁwpmccont r ol
wi t hod? t Aeaterdal te makeaguicrofabri¢ated vabesorgfunihe present i nvention incl ude DNA

sequenci ng wher eby t 0. he.sequenced is provided with a pol ynerase
and a priner, and isﬁﬁg%%ﬁgﬁ%@%cmmwww USO0F17740

exposed t cmbwodingriefdie fdknbisentidh co(ﬁipn;Ees M el@tol%teri@bfoicﬁ?xjﬁ&dggl er to
e bas

rapi dly assay .for _base incorporation.” In such a system S must be

fl owed i nfYTORPrICHadIRresses tsrsins 8 poRienef theelasomenichlockageMicyableWwRas the e
driven Tl petiondh Getubted® s TUTEES Sollpfile’s ¥R} ¥ES obbricated channel and a first
20  microfabricated recess, and the portion comprises an elastomeric membrane deflectable
into the first microfabricated channel when the membrane is actuated. The recesses have
a width in the range of 10 pm to 200 pm and the portion has a thickness of between about
2 um and 50 pm. The microfabricated elastomeric structure may be actuated at a speed

of 100 Hz or greater and contains substantially no dead volume when the portion is
25  actuated.

A method of actuating an elastomeric structure comprises providing an
elastomeric block formed with first and second microfabricated recesses therein, the first
and second microfa}_aﬁcated recesses separated by a membrane portion of the elastomeric

 block deflectable into one of the first and second recesses in response to an actuation
30  force, and applying an actuation force to the membrane portion such that the membrane
portion is deflected into one of the first and the second recesses.
A method of microfabricating an elastomeric structure in accordance with

one embodiment of the present invention comprises forming a first elastomeric layer on a
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accordance with the present invention would be ideally suited to allow for

such rapid flow 5 and washing of reagents. Qher conten%gteﬁ%% é)f t he
present mcro-valve and mcro-punp systens include uses Wt c?n ps.

For exanpy@oire12enpl e can be flowed into a | ooped channelrcartlsowmmd
around the loop with a peristaltic action such that the sanple can nake

h
ANy Passehgya 3/0 : %ﬁl&ft%e mg{% datterniiiCa fifkt SRYiIFCRI It Svediaye t he

10 sanpl e Si tt| ng over the non-conplinentary
probes t heﬁrst:élastomenc)ldyemdk s@oad elastpincnehwew qumdde)‘nenﬂleéast elastorpeticant age

of such a J| ooped Iow S ste I t, wou e t he sanpl e
vol ume, and¥&h 355"91’& eé'ﬁﬁqfaﬂ'bﬂ?“a atg ﬁ?%é?‘?gns ggi st
in high t%@étﬂi‘élhﬁtoﬁ@ﬁ@ﬁ%rﬂ,&hé?ecwﬁd alasta&eﬁ@mybﬁﬁtcbﬁa,smh dirkigarénbd by t he

di spensing of snmall vol unes of 1iquid, by "bead- based assays_  wherein
ul t r asénsisapriBcigblapenis rmnaned selectivgde ﬁwtﬁr@n slastomgzicorer45d she seeprd tj vi ty.

o et SR e RIS R b ud ROkt hlen i Ak s oA

chem cal s speci a ave een
chem cal | laydrabf ¢lastbeer.i n a previous action of the deV| ce bef ore deposition

n a pattern or a 20 bstrat t th h fluid
lzhanngl outlets i Lr? a@?fg%t!‘@r@;shmpgén}eﬁlﬁo%gé Mg ro‘"tfgm regI
subst rat ezpa?&émgé(ge?s%ﬁ& Satrific{af]a shibtrakbri Jb Z‘%ﬂg{gﬂ%tﬂ?ﬁsﬂ esent

m crof abri‘cate astoneric va ges and punps cou used to
const ridct elastdmenic fager, s&hglmﬂhwbesqmimﬁng;edmonﬁvgaléa}mimmmdldﬁmm synt hesi s

of ollgonucle tides tides ot,.other bi.opo ners 25 Furt her
appl i cat i JFEOY; fﬁ%ﬁ’ﬁ?@% 3% WGK tﬂcf?‘%ﬂ lpmofgfwﬁslaﬁqn&ah%tg)&of in
whi ch snalthcﬁgggiagfog&r@queysed to generate a pressure pulse sufficient to

expel a droplet. An appropriately actuated mcro-valve in accordance wth
the present inventi of micrpfebricatsd clastonierig siuciureun acgandanse Witheoonl§r esent

B S e N

dropl g5 Wadbshdshahiiél dgiratedibp a §€pakaing porti dmdﬂme éiﬁstombﬁ]nlugln[er iand ed on
rather than, be required to be fired thro h the air. Yet other uses of the

 present sysicerfabrgated rcess Ul P elasiomierc Slackariasenife &e SCRAIRERS PeEioy t ages
Sl B0 AR ke A O b SO B D
c ircuits {DBefldetibn obthersgpanatinggioeiidr apens a passegewdylhetiveen thg fiest and second
channels.

20 A method of controlling fluid or gas flow through an elastomeric structure
comprises providing an elastomeric block, the elastomeric block having first, second, and
third microfabricated recesses, and the elastomeric block having a first microfabricated
channel passing therethrough, the first, second and third microfabricated recesses
separated from the first channel] by respective first, second and third membranes

25  deflectable into the ﬁrst channel, and deflecting the first, second and third membranes
into the first channel in a repeating sequence to peristaltically pump a flow of fluid
through the first channel.

A method of microfabricating an elastomeric structure, comprising

microfabricating a first elastomeric layer, microfabricating a second elastomeric layer,

30 positioning the second elastomeric layer on top of the first elastomeric layer; and bonding
a bottom surface of the second elastomeric layer onto a top surface of the first elastomeric
layer.

While the present invention has been described herein with reference to

particular embodiments thereof, a latitude of modification, various changes and
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circuitry may not be probed by el ectro magnetic sensors, thus offering a
security benefit. Yet further uses of the present inventhgpWols e
advant agqygfp;bit8s r€ady renoval and reattachnment of the st é'eﬁﬁkﬂlfgls Q%m ah
under | yi ng substrate such as glass, 5 utilizing a glass substrate patterned

bt 1 o nod SR RRiascid el & e Bredoing disloatrer 31t f el Be bbrepidg bt ©'
substrat e gogd idsthiced 8bhe Falesbfithe mvehorwill BRIy RGhot @é&?é'sgaﬂ%ﬁng/a' ve

and punp structure sealed over the array in a subsequent step. 10 11 _
Addi t i onalusagfethes festuresieithawy denariéng from the s¢apgiof the iapentioaras spuforther aspect s

of the preﬁﬁg j [Wels¥ e abl.e r.ane t ont ol

flow of a u%faiélﬁ]%g&%%@%%ﬁ%gﬁ%@% g%méﬁag%!é"“?’gé P %lc W rqr%nag?l}ng ure;
the use oftheteashingess the investion withamidepating ol dibeksentislbcepOaidpinii of thelevi ce
containing a mcrofabricated mgvabl e portion; and the use of an el astoneric

15 mat er | Aresegt wyepion. H is iygended thatthepnygntion rat bg dimiteddo thepastionas cat ed

el ast Omer | dutidiiél WisRidst ACHORERRTHRICohbnfHified RIRALHIH Yot flis Ve RELHE!

i nvention conprises an elastoneric bloc ornmed Wt M crofabricare
recesses tthatrthe mventiqnowili inciudd alt embediasntsadiequivatenks filingaweitlih e sobpe t he
portion isf%ctqated. The recesses conprise a first mcrofabricated channel
and a fir # of abri cated recess, and.the portion conprises an

el astoneric nmenbrane deflectable into the first mcrofabricated channel
when the nenbrane is actuated. The recesses have a width in the range of
10 pmto 200 pm and the portion has a thickness of between about 2 }cm and
50 m The mcrofabricated el astoneric structure may be actuated at a speed
of 100 Hz or greater and contains substantially no dead vol unme when the
portion is 25 actuated. A nmethod of actuating an el astoneric structure
conprises providing an elastoneric block formed with first and second

m crof abri cated recesses therein, the fast and second m crofabricated
recesses separated by a nmenbrane portion of the elastoneric block

defl ectable into one of the first and second recesses in response to an
actuation 30 force, and applying an actuation force to the nenbrane portion
such that the nenbrane portion is deflected into one of the first and the
second recesses. A nethod of mcrofabricating an elastomeric structure in
accordance with one enbodi nent of the present invention conprises formng
a first elastoneric |layer on a 58 26 Decenber 2003 WO 01/01025

PCTI USCO 17740
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substrate, curing the first elastoneric layer, and patterning a first
sacrificial layer over the first elastoneric |ayer. A sSgqeaemBkasioaneric

| ayer is formed over the first elastoneric |ayer, thereby encapsul ating
the first patterned sacrificial |ayer between the first and second

el astoneric | ayers, the second el astoneric |layer is cured, and the first
patterned®B*d5crificial layer is renpved selective to the first el astoneric
| ayer and the second elastomeric |layer, thereby formng at |east one first
r ecess vbét ween tlhdomircstrucaned (24paonpdsing:ayers of el astoner. An alternative
enbodi nent of ricatjn urther c ri ses atterning a
second sacr i f?iﬁcii%}%hlnggté@éko%%%dtwﬁ@ ‘@'{sll(j%ts{'rflaatn SErioret Eﬁﬂﬁ?lﬁr"ﬁifsstcﬁ@‘fi rst 10
el ast onePPkihfraiperid fusi@rd seprad ntidtrelaeon de@ats being eghamed bi & neinBland ayer is
renoved dpkiohes - ' tter cri.fical layer to form at
| east ong_r ecg$)56§ﬁg%%k0§% Eg%@%ﬂés@%&%{eﬁ%o Perés}?geef?rgtsa%ﬂ’@ﬂaﬁ?nq ayer. A

ni cr of abPieafbéraker aees vdien widmemheangiseciuatediccor dance with one  enbodi ment  of
the present invention conprises an elastoneric block, a first channel and a
15 secong channel separated by a separating portion of the elastoneric
structuré; antPeSTOREDT it elainy b wdersinithe ndndrate astion®s) esfhack adj acent
to the sepsfaatdllUngelid Apsiahcndififtrde separating portion nay be actuated
to deflect into the m'crmpabricated recess. 66. Deflection of the
separating portion opens a passageway between the first and second

channel s3. 20 PrefRisho@riodne@RlF Qhitkd NYnbkyi d or gas flow through an

el astoneric structure ?nprises roviding an el astoneric block, the

el ast onerij c bﬁaisitc{ﬁ“ﬁ%‘\‘ﬁsrﬁé‘ Fripritses afastapigrofabrirated channel (3R) andfaidbeianat ed

r ecesses recesn 23) hemmlsasd De0RE iforbhRckiedshid8(33); biid st microf abricated channel
passi ng therethrough, the ]Icﬁ;aerSt, second and third mcrofabricated recesses

separ at ed fr ot PRE"FIGROMIOR &0 AERPHSEs anslaperstioraemyrangdeflectablyrinto amrebft hi r d

menbr anethe st dedebadtnatibfibridated chifeld Whe theGhadibiflk is ARddef | ecting the first,
second and third nmenbranes into the first channel in a repeating sequence
to peristaltically punp a flow of fluid through the first channel. A

met hod oft. ni cPhefelbtomendt stmgua bf ahidsl @AREHC Structure, conprising

m crof abri catj i el astoneric .layer, mcrofabricating a second

el astomeric |§§@g§f§‘%§s§%‘%ﬂw%ﬁ?%‘§'ﬁﬁa°fgé@m ghaneel&ibrand | ayer on top of
the first el bt wembrane dostipar25) astabrbandichgomeridimnitmeend-asR iRh weies second

el ast om;nﬁ&ofgﬂ%%dm%gzgéﬁgesurface ofg@%eﬁe first elastoneric layer. Wile

the present invention L RCRBEE S F88erein with reference to
particul ar enbodi nents thereof, a latitude of nodification, various changes
and 59 s The elastomeric structure of claim 4, wherein the membrane (25) is deflectable into the

first channel (30) when the second microfabricated recess (23) is pressurized.

6. The elastomeric structure of claim 4, wherein the second microfabricated recess (23)

comprises a second microfabricated channel (32).

7. The elastomeric structure of claim 4, further comprising:
third and fourth channels (32B, 32C) disposed parallel to the second channel (324),
wherein the second, third and fourth channels are separated from the first channel by first,

second and third membranes (25) respectively, deflectable into the first channel (3.
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26 Decenber 2003 WO 01/01025 PCr/US00117740 substitutions are intended in
the foregoing disclosure, and it will be appreciated tha% 003

i nstances sone features of the invention will be enpl oye W|t out
correspondi ng use of other features w thout departing fromthe scope of
the invention as set forth. Therefore, many nodifications my be nmade to
adapt a pgrtic:ﬁr1| 1 situation or material to the teachings of the invention
wit hout d&part i BgE TG REBESHHY AT WIS AastQpsTicistrugere £oaprisey £s ent

i nventi onmaltcmais:ldcmﬂﬁﬁﬁhed that the invention not be limted to the

particul ar o he best e cont | ated for carrying
out this i nven[J qgsom%mtpolly% a?c?eh%Oqﬁlf&?é"r?f‘i“&rPOWIﬁog“‘Vlﬁ?ﬁ H‘ﬁgP‘éT"I“c BHYRENt S
and equi vatyemt)s thegblyurethawds siicands hediphatio pRthand diidifated, aims. 60 26 Decenber

2003 CLAI [C a;lﬁ;utu n n elastoncric-
bl ock for %Ela/(blg(ﬂ (ﬁ)@alﬁ% E’hgﬂ?lzrense anclE Eghéglﬁ%’éfg%‘gg %\’g!?é]%?’é“ bsses (21,
23) t her eipaly(asailehittilerbtadine) (sigdondba), pmipmahnemnpem(chbmeb@leﬁg separ at ed
by a rrerrbr‘,ﬁ{},g f able into one
of the first an %“ﬁh@é%%“&r%‘ Iél m% i &hgj B&YWJI\A%I%}]H ‘?‘F@ﬁbr ane is
act uat ed. PQ1Y(V1nYhdeﬂeeﬂl@§€1WK¢fh10®plr09ﬁwﬂ eomfymbt @iton)] clastbreerebmpsditeonsefrbr ane.
portion ( ef I r Ie ation
force. 3. %éiyv n? g@??ﬁ@%%%ﬂ%? g LMCJ{EOQ‘ aldr%y e%m{e;er&gﬁ%ﬁ%m%@?@ﬁ%\’ro $t recess
(21) corrprPPB’éféfaQ“qr?‘?ﬂé}tlcﬂﬁ{W’@ﬂ)F abricated channel (30) and said second

recess (23) conprises a second mcrofabricated channel (32); and the
menbrane portion (25) conprises an el astoneric nenbrane defl ectable into

one of tHRe fi F8%-elgiomscsimistuse RAbelshinm & fmher coraprisiies Dimarsubsiratertéfbfoane i s

act uat ed. efamplbglasy, FErOINBLIA Flasdr bt Brfd 2 WhiBo ik ﬁré@’@%e@érﬂ miSRk nﬁdtédSt
recess (21 co rlses a first mcrofabricated channel (30 cf

menbr ane £ kS) conpri ses an el astoneri c nenbrane def I ect able into
the fi rst m crof abri cated channel when the nenbrane is actuated. 5. The

el astoneri.c struct claim4, wherein the nenbrane (25) is deflectable
into the lpl rsfﬁ‘rﬁ?{ﬁ?ﬁﬁoé'la"tt‘%’ﬁﬁa’&’/\ﬂéﬁm’i“l‘i‘ésg@é‘ﬁﬁ‘&%"éﬁn&f abricated recess (23) is

pressur i zed. 6pro%geina&ktomaﬁd lﬂocxtfdsruﬁa blrﬁt& fiek ared Mﬂﬂm&ﬁ&ﬁ@teﬂ réddgesecond
m cr of abr *gf\tzgf ce F%%g:{d econd m cr of abri cat ed channel
(32). Gepln F i TPoFSeS SERAFairg DY @Rt pgriion
(25) of the elastorneric block deﬂectable mto one of the first and second recesses in response to
an actuation force; and -
applying an actuation force to the membrane portion such that the membrane portion is

deflected into one of the first and the second recesses.

11.  The method of claim 10, wherein the step of applying an actuation force comprises

applying a pressure to the second microfabricated recess (23) to deflect the membrane portion

(25) into the first microfabricated recess (21).

12. A method of controlling fluid or gas flow through an elastomeric structure comprising:
providing an elastomeric block, the elastomeric block having first, second and third
microfabricated recesses (324, 32B, 32C), and the elastomeric block having a first

microfabricated channel (30} passing therethrough, the first, second and third microfabricated
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third and fourth channels (32B, 32C) disposed parallel to the second
channel (32A), wherein the second, third and fourth chayg ar at ed
fromthe first channel by first, second and third merrbraneE&F‘Mg?2(%%"IO
respectively, deflectable into the first channel (30). 26 Decenber 2003 8.
The el astoneric structure of claim1, wherein the eI astoneric structure
conprises a__materi alcdj.el e‘f Fd from pol yi soprene, ré%r/‘but adi ene,

pol ychl or opFERES SPIAALdEBULS 'EhdannsbbX feecsiiva fet iseoadiprsibird mepbrapsX25)t he

pol yur et handédlectshlt ingothe §rst @lkiehatd ¢ ur et hane di acryl at es,

pol y(bi s(fluoro hazene

pol y( car bor ane- gjli %)?é J'?m?"S?f)ecomr]1 %d i CEIIBWIE%@FW%%F@FSF ?@“‘Eﬁljt“aftﬂe%‘?‘i‘é‘)‘g (nitrile
rubber), potegfchce towpeastdlicallp phingf € Abw odfiwid fhrauph aetfiay kergel. Vi nyl i dene:
fluoride) copolynmers (Kel-F), poly(ethyl vinyl ether), poly(vinylidene
fluoride), 133ts)ol y(vinylidene fluoride - hexafl uoropropyl ene) copol yner
(Viton), el bstordeethedpioisiofsbdeting fin elpadmyeric aydotiné afxﬁpdtemgPVC) pol ysul f one,
pol ycar bonat e, rafl u roe I ene
(Teflon). 9. Th qj%e‘b{(ggé %Brgesﬁfggg%& égg%eﬁaes W gthtc ﬁg&% %mg}ﬂﬁfet“h%t Y sing
a planar sufbss®r €l (14), for exanple glass, wherein said planar substrate
forms a wal | of p‘f’@hcﬂnéi§e§$ndcﬂilcx%%ﬂ%drglag(oﬂtfeﬁpgt}u%te%) Havi SE a-teregn H1eagd) - 10
A method of actuating an el astonmeric structure conpri'sing Fdfithd an

el ast oneri cseﬁ?r@dﬁccﬁﬂa%&‘% th first and second m crof abrl cat ed recesses
(21, 23) therei mondifga firfasd ofankiSQERRGe r separ at ed
by a menbrar} cggertl o% (25) of the el as?%ﬁle@?tﬁl%}c’g%%(l gfoﬁeﬁ%t%%%ﬁ% into one
of the firsP4eFSSERHEer ecesses in response to an actuation force; and
appl ying an dactuation force to the nmenbrane portion such that the nmenbrane
portion is ?efl ct e%i n%\ﬁ one of the first and the second recesses. 11.
The nethod § aipeh 3nfurther cOPBRSIFE appl yi ng an actuation force

conprises appl ypoagorangnmes@u:tcaettswut&iesmﬁ@ﬂdz G606 ae ﬁ:%@ét&tim{eﬁe@é&t&%) to
def | ect thezﬁg %ging Qﬁ’& |on (Iﬁtﬂ intQ the flrst m crof abri cated recess
(21). 12. TR0 B2LP° BEHEPSE (AThF s rrdresrss 33 ae eyl by dgherdiane Pagioa ner i ¢
structure cpofitsé elgp:tomqmnmma@damdeﬁme”péxhsn {2l defidetablchiBio @les iR C
bl ock havi n%césl rs sec nd and third mcrofabricated recesses (32A, 32B,

€

32C), and t ‘1< having a first mcrofabricated channel
(30) passing thé:metilhg @hgtom auk(ecefufﬂfetsecoeeemﬁinai&dtrﬁdtﬁrédntma%ﬁuﬁbéeidfﬁ{eed 62

26 Decenber ge0Q3 . eric structure.

15.  The method of claim 14, wherein:

the first elastomeric structure (20) is fabricated on a first micromachined mold (10)
having at least one raised protrusion (11) which forms said at least first recess (21) in the bottom
of the first elastomeric structure; and

the second elastomeric structure (22) is fabricated on a second micromachined mold (12)

having at least one raised protrusion (13) which forms said at least second recess (23) in the

bottom of the first elastomeric structure.

16.  The use of a deflectable membrane (25) to control flow of fluid in a microfabricated

channel (30) of an elastomeric structure (24).



recesses separated fromthe first channel .by respective first, second and
third nmenbranes (25) deflectable into the first channel; i ng
the first, second and third nenbranes into the first chéﬁ%@ﬁﬁPﬁﬁgb@%%eating
sequence to peristaltically punp a flow of fluid through the first channel.
13. A nmethod of mcrofabricating an el astoneric structure conprising:
providing a first mcro fabricated elastoneric structure (20) having
therein at least a first recess (21); providing a second m cr of abri cat ed
el astoneri g,str i r

and bondlng7a sﬁ?#%%grg%%)Hpa¥%$gfgﬂfé§¢%ﬂ€§$%ﬁ% ?ﬁ% ﬂ?%PP%Fﬁmgqgm?¥;ce of
t he second cfiéflegenike ppriicalion g€ nactuatidforcT lpesaidandotddene 25 ai m 13, furt her
conpri sing: positioning the second el astomeric structure (22) on top of the
first elastoneric structure a& such that the first recess (21) and
second receds ( I8y uwod claiplt aherginggid misrelrbricaied clpgemerrugt@s)24pfs t he

el ast oneri ouh&doliigd Ur e and said nenbrane portion is deflectable into either
the first recess or the second recess; and bonding a bottom surface of the
second el astoneric structure onto a top surface of the first elastoneric

structure. 5. TineusRirbReh of, WwhkRinPodib! o FMIRH @ﬂamm& i*ﬂ%alﬁ 'rrhc%fa &&E Lic

structure(é&s‘afs %rlcated on a first mcraomachi ned 10) aving at
| east one r@YHEEstegy RESHRZRtPRPI YReey W‘&rPF?E“%aéqd&hﬁpell(é@ﬁ thejelagtpmerices s

(21) in thethehiepsn as®f ddflde shid k@mbahast oneri ¢ structure; and the second
el astoneric structure (22) is. fabricated on a second m cronmachi ned nol d
(12) having at |east one raised protrusion (13) which forns said at |east

second recexs (A3} usenfichin 1Qethken said elaﬂemfni[d’ &hct&‘e%foﬁﬂﬁﬁh&@iaﬁﬂ‘ﬁﬁ%ﬁi 16.
The use of a d

nenbr a co flowof fluid in. a
ni cr of abri cat et gm%rﬁgﬁﬂg‘\ rﬁﬁfse%&?aéﬁgﬂ)e B‘ﬁﬂl} wiqrofabrisated reogsyes feymingg
Decenber 208al rﬁinoféBlﬁeatetBtﬂlamfeC(Ba) and Whereitheii@iefleceBRini bk (£9) a@fes Said | Ui d i n
said mcrofabricated, cha i effecte applicatjon of
actuation f%rs{caélﬁts%wg%?l e cratgiéecfsﬁqg)a“&'f ef?%ﬁéleﬁrg‘ég‘g"fdg}e r?h"i@‘m&/ner ein
said mcr oflabmfdntcaddmbas_mmo'tuateﬂt ructure (24) is nonolithic. 19. The use
of claim 16, wherein control of flowof a fluid in said m crofabricated

channel (30) is effected by pressurization of a second m crofabricated
channel (3231.of Theesedfdendsdelastomeric layers (20, 22) to make an elastomeric device (24)

containing a microfabricated deflectable portion (25).

22.  The use of an elastomeric material to make a microfabricated fluid valve having

substantially no dead volume or a microfabricated peristaltic pump.

. 2__3- A microfabricated elastumeric structure, comprising:
an elastomeric block formed with microfabricated recesses having a width less than 1000 m

therein, a portion of the elastomeric block is deflectable into one of the recesses when the portion

1s actunied

24. A microfabricated elastomeric structure of ¢laim 23 wherein;

the recesses comprise a first microfabricated channel and a first microfabricated recess; and
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structure, so as to deflect said nenbrane. 20. The use of claim 16, wherein
said elastoneric structure is formed with at |east fir sty emberond

m crof abri cated recesses (21, 23) therein, one of said mcrofabricated 1_
recesses formng said mcrofabricated channel (30) and wherein said i
defl ectabl e nenbrane (25) separates said first and second m crofabricated
recesses and is deflectable into one of the first or second

m cr of abr Peape@n catrsss wrasoactiumtml ancait (lecTibe: iue ¢hedfrstndndédriet@ishomer i ¢

layers (2Queddd nl@uiBKe .a0a& astonmeric device (24) containing a

m crofabricated deflectable portion (25). 22. The use of an el astoneric
material to nake a mcrofabricated fluid valve having substantially no

dead vol ugs OrTiR iHRHEN SRR PSALSIA Lot PR e nATLGER, T abr | cat ed

el astoneric_structure, npri si ng: an el astomeric b with

ni cr of abr F@EP@EIGF%%%§’§% CIH’&WI rigerathofiest %lcrféﬁglcﬁtﬁhfﬁceﬁe@@rqswrlzttmer ein, a
portion of the elastoneric block is deflectable into one of the recesses
when t he rt| ctuated. 24. A mcrofabricated el astoneric structure
of Nai m 230uhele ‘ﬁ‘cf#%&%‘%‘cfé”é@g@ﬂ%ﬁﬂ*ﬁ@r@é%w #4 wheretn ghegreatrangdnt ed chai i nel
and a fi rseﬂwasremtamelfﬁﬁbmnawe@ﬁe n@meraﬁél-lszﬁct%ﬁﬁmnﬁ&otaﬁaﬁ the portion 3
conpri ses an el astoneric nenbrane deflectable into the first

m cr of ahri cat ed channel when the nenbrane is actuated. 25. .- The

m cr of abr 2zat ed nﬁbm&bmicmsfsmémmﬁtmteretbfcl@dnﬁim}?eéeuv\imﬁ&it midrbrenriveilr ane i s
defl ectable into the fi r}dtd}‘l ?nne he first mcrofabricated recess is

pressuri z€a  S8TPHITRE AT 1ORSHLF %IF‘S tomeric structure of claim24
wherein the nenbrane is deflectable into the first channel when the

menbr ane electr {. V., act.uat e ro fabricated el astoneric-
structur ebgf c cml%%’i%wﬁ%‘?deﬁl%mt“ﬁgcgmrpg‘fe OEF,CE}TB??H%IEIQ{I& Stl"‘@%%“é;%“dcorrprl ses a
second ni ernobfabri¢acdtchahnell both ehss ti2@igh Theelaonend alcieat ed el ast oneri ¢
structure of claim27 wherein the first and second m crofahricated
channel s both pass through the el astoneric structure. 29. The )

m cr of abr 28at ed el dBrconurfabrigted glastomericotrugimaiofiv]zivh Whettesdimtit beosdcond

m cr of abr & ShASL QRS 1S sSf ruct re and the
first m C'}t%%ﬁ%ir}?%g@ ggﬂmﬁanneﬁﬁr&g%glgg&é%&emSlam Z‘ff? adc’:&e1 o] E?lf"?mf "8 dneri c
struct ur eﬁh%melmsm@m@&b@ﬁs@hmmec structure of cl a| m 29,
further conprising: a planar substrate positioned adjacent the surface of
the elastoneric structure along which the first mcrofabricated channel
passes. 330 A Fhepisrafthriceted deptamesis storehys of obaim detfunther ofmpglsmigm 27 wher ei n;

a planar substrate positioned adjacent the surface of the elastomeric structure along which the

first microfabricated channel passes.

31. A microfabricated elastomeric structure of claim 27 wherein;

the first microfabricated channel is T-shaped and includes a stem in fluid communication
with a first branch and a second branch;

the elastomeric membrane overlies and is deflectable into the first branch; and

the elastomeric structure further comprises a second recess overlying the second branch
such that & second elastomeric membrane is deflectable into the second branch when the

merubrane is actuated, such that a flow of fluid into the stem may be directed into one of the first
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the first mcrofabricated channel is T-shaped and includes a stemin fluid
communication wth a first branch and a second branch; hgé;%ﬁgrlc
menbrane overlies and is deflectable into the first branch

el astoneric structure further conprises a second recess overlylng t he
second branch such that a second el astonmeric nenbrane is deflectable into
t he second branch mhen the nenbrane is actuated such that a flow of fluid

I nto t he st 'l[lwc 5CCO 19 bra%glt ed {lld [1 ll?CnSt cond C{ ﬂgﬂlzlkc l‘§&l @é C%ﬁd %q}%nber 2003

branch aRg PhESECSRIBIARCH 15y I°ast omeri ¢ nmenbr ane
and the ﬁ*m@nanMambmmEmﬂdeBWbrane respectlvely 32 The m crofabricated
el astoneric structure of claim27, further conprising: third and fourth
channel s di sposed parallel to the second channel, wherein the second, third
and fourigh cHhrmiskefataicetchdptomsticgnicremtchin 7. futhersompigineby first, second

and thirdy; z[mrfé’tﬂﬁl%harﬁl@ﬁ REEdsL Ehlicl R EShABlatndl RitRrch. fdobt ihamnel . 33.
The mcro a ricated el astomeric structure of claim23 wherein the

el ast onerfperthsehrnetsgresepassediion the figst phapest Pufirss sqcerd wd HHKIRRBEYr oup

consi sti ngg Qéuveg%aﬂbaaﬁéamhe felyhtadi ene, pol ychl or oprene,
pol yi sobutyl ene, pol y(styrene-butadi ene-styrene), the polyurethanes,

silicones, poly(bis(fluoroal koxy)phosphazene) (PNF, Eypel-F),

pol y( car bpy anes Q@RS emasﬁérdc)ssmmé ¥ At 2b QUhicieln theeel et eReurg i tri | e
rubber), poly(1-butene) chlorotrlfluo oet hyl ene-vinylidene fluoride)

copol yrrer@"(l’ﬂé‘!s Apjate b’r#ﬁ?ﬁ) Qﬁgﬁ‘i}‘lp CREFFER§ © pol y(vi nyl i dene fl uoride),
pol y(vi nyﬁdlﬁ%ﬁmﬂ;}é%uﬁaem Ihﬂy@ﬁfoi-dpfﬁha@b@'[lwbxﬁﬂe')e pf(sleaBbut{difink atyyenc),

el ast orer tions. of pol yvi or.i one,

poncarbdﬁSP W”d% FﬂVFﬁ@bﬁ%%ﬁ%F q@ C%ﬁwgpFﬁégkirafluoroethylene
( ITef lon).p o’iy(carﬁorﬁad;smei@bs) (matsle)dpcejr(a@ﬂemﬂe-mmdnu):(mmle nmmmmos;(hgnen;an

el ast oner | oc C geon n y a
separ at i ngf b&’lﬁogf'ﬂu(?foe HE%e 15@ 8%‘50896) §?p° d(gc{@ %1(‘3@16‘ @(ﬁ Etgg? ‘cat ed
recess i npdih@ingliGsit aomide); phll@ivylided} Soeiit mmaﬂheomemm) ¢apglyper fMiton), such

that the separatin ortion. may, bhe o the
nlcrofabrFég?ﬂan?@@ fons thﬁ%hnp%$%?9§§ %R@Q@&L@fgﬁgg%c structure of
claim 34 wﬁgmahﬂnmhmmyMEMHﬂhbﬂjaﬂpdﬁwﬁeﬁesgﬁm¢wP§ﬁﬁ®nbes a reduced pressure
whi ch causes the separating portion to deflect into the mcrofabricated

recess. 66 26 Decenber 2003 36. The microfabricated el astoneric structure
of cl ai m 34 whémetmfablietes ehstpmenianugune oproprising:

an elastomeric biock;

a first channel and a second channel separated by a separating portion of the elastomeric

structure; and
a microfabricated recess in the elastomeric block adjacent to the separating portion such

that the separating portion may be actuated to deflect into the microfabricated recess.
35. The microfabricated elastomeric structure of claim 34 wherein the microfatricated recess

experiences a reduced pressure which causes the separating portion to defiect into the

microfabricated recess.
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defl ectable into the mcrofabricated recess when the separating portion is
el ectrostatically actuated. 07 26 Decenber 2003

36.  The microfabricated clastomeric structure of claim 34 wherein the separating portion is
defleetable into the microfabricated recess when the separating portion is clectrostatically

acluated.



