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the following co-owned and co-pending U.S. Provisional Patent Applications:
60/558,316, filed March 30, 2004, by Unger, entitled Microfluidic Devices and
Systems and Methods for Using the Same;,
60/557,715, filed March 29, 2004, by Unger, entitled Microfluidic Devices and
10 Systems and Methods for Using the Same; and
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filed June April 5, 2002, which published as US 2003.9961687 Al; and US
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m crol luidics, |ab-on-a-chip, and 20Pol ynerase Chain Reactions ("PCR"),

bi ochem cal @B&bY S8 herpih O €dferefde)fSt alll futppadki on and screening for protein
crystallization conditions, mcrofabrication, |aboratory robotics, and

aut onat@d bi ghegi cathesiar@a RFuaRereanalty §iSSPataRAliRERE Nof 1@bZiS917,
filed April 19, 2004, by Nassef et. al, entitled Crystal Growth Devices and Systems, and
Methods for Using Same, which claims priority to U.S. Provisional Applications
60/509,098, filed October 5, 2003, by Nassef et. al, to 60/466,305, filed April 28, 2003,

by Nassef et. al, and to 60/463,778, filed April 17, 2003, by Nassef et. al, the complete

15 disclosures of which are incorporated herein by reference for all purposes.
FIELD OF THE INVENTION
[005] This invention relates to the fields of microfluidics, lab-on-a-chip, and
20 Polymerase Chain Reactions ("PCR"), biochemical analysis, protein crystallization and

screening for protein crystallization conditions, microfabrication, laboratory robotics, and

automated biological screening and analysis, among other fields.

BACKGROUND OF THE INVENTION
25
[006] Crystallization is an important technique to the biological and chemical arts.
Specifically, a high-quality crystal of a target compound can be analyzed by x-ray

diffraction techniques to produce an accurate three-dimensional structure of the target.



BACKGROUND OF THE I NVENTION 25 [6] Crystallization is an inportant technique
to the biological and chem cal arts. Specifically, a high-quality crystal of a
target conpound can be anal yzed by x-ray diffraction techniques to produce an
accurate three-dinmensional structure of the target. This three-dinensional
structure information can then be utilized to predict functionality and

behavi or of frhe titrerdjetensira0fukcturetihfdonagion tdngharbestidizéd e ptddon fiprooesy i s si npl e.
A target conpound in pure formis dissolved in solvent. The chem cal

envi ronment ofid ichevich S'slal twgek. t arget nmaterial is 5Sthen altered such that the
target is less soluble and reverts to the solid phase in crystalline form

Thi s change I[607¢ hemictakorgtie ¢rosnatination modeyqis cialpley Acecgnpdmshued idpuré nt r oduci ng a
crystallizing agent that nakes the target material |ess soluble, although
changes i n t érpds diswotved anshlyene s rlendi@heaisoménn bl the deeol sl terget rhdtgtiadfs t he
target material. [8] In practice however, formng a high quality crystal is
general by di fifehaltdred suanl thhOtho et IBss salgbdssid bdverts toefeisalid pgaseue bryttaliiad and error
and patience on the part of the researcher. Specifically, the highly conplex
structure of f@wemhsdipige ibtleinigl ealroGonpPie tpitsllyEanmplishat by hepdadg not anmenabl e
to formng a highly ordered crystalline structure. Therefore, a researcher

must be pati eRktaBinthg ARdnh Odi @altes the xRt maARNL1RY soMb1b, athbi@h@Raydsiper of
conditions for crystallization, altering paraneters such as sanple
temperature and pressure can also influence solubility of the target material.
[008] In practice however, forming a high quality crystal is generally difficult and
10 sometimes impossible, requiring much trial and error and patience on the part of the
researcher. Specifically, the highly complex structure of even simple biological
compounds means that they are not amenable to forming a highly ordered crystalline
structure. Therefore, a researcher must be patient and methodical, experimenting with a
large number of conditions for crystallization, altering parameters such as sample
15 concentration, solvent type, countersolvent type, temperature, and duration in order to
obtain a high quality crystal, if in fact a crystal can be obtained at all.
[009] Accordingly, there is a need in the art for methods and structures for
performing high throughput screening of crystallization of target materials.
[010] Microfluidic devices are defined as devices having one or more fluidic
20 pathways, often called channels, microchannels, trenches, or recesses, having a cross-
sectional dimension below 1000 pm, and which offer benefits such as increased
throughput and reduction of reaction volumes. Interfacing microfluidic devices to
macrosale systems, such as robotic liquid dispensing systems, has been challenging, often
resulting in a loss of the number of reactions that can be carried out in parallel in a single

25 microfluidic device. As anon-limiting example, Delucas discloses, among other things,



15concentration, solvent type, countersolvent type, tenperature, and duration
in order to obtain a high quality crystal, if in fact a crystal can be
obtained at all. [9] Accordingly, there is a need in the art for methods and
structures for perform ng high throughput screening of crystallization of
target materials [10] Mcrofluidic devices are defined as devices having one
or nore fl uiding apatriiails, depitt ®rrondict mdolgtransiebsieimirgstalcanemstsenittgr enches, or
recesses, having a cross-sectional dinension below 1000 bun, and which offer
benefits sucthadions memweadddmthfooughput and reducti on of reaction vol unes.
Interfacing mcrofluidic devices to nmacrosal e systens, such as robotic liquid
di spensi ng spstlens, Uhas dbdens,ahaht ehgitinggs, mfcrdvidiedavices mgingana | oss of the
nunber of reactions that can be carried outparallel in a single mcrofluidic
devi ce. As aclisdsmdricidck mith @Xlafigetadle nidelbumas Inting embsdsent divelng dptvhet id hi ngs,
using a n crofluidic device to conduct nanoliter scale protein crystallization
SCcreening r edepidtaaris Figa. 1a\ gdral fiel elatonayic fagermhavijdibtdtingérce diveh oses, anong

ot her things, mcrofluidic devices having an. el astonermblock with a

def | ect abl e nendmiaReted tddese D doraigh adieire ithodded ad BP&akface Wot chords] sle@hatced i n Fi gs.
| A and 1B, first elastoneric layer 1, having bottomsurface 8 with

m cr of abri caled 3riaceg miohbicard rdcbe Uebimed tifrddQ nden hioelbd@nsictlades 7 of second
el ostonel c¢ layer 3 having mcrofabricated recess 4 formed therein, to forman
el ast or ner i chdhipekirk chavengfoandd st the hamselof theffidt eRdohéramiche veggess 2 of the
first elastonmeric layer 1 being closed off by top surface 7 of second

el astoneri c taganifdy tedhrMbter & st Re€8sstdm@ik 14e3, k0d segondeehasttey neric layer is
over |l apped by first channel 6 formed, deflectable nmenbrane 8 is forned by a
porti oy of segenckiflodstio e St ed By ERPSatd B rhkd, Jtfi&RBRAGEmMBrahd ®M r ecess 4
of second el astoneric |layer 3. Elastonerie block 5 may then be attached to

substrate 9 gQohftatyh@6@ss ofse@nd SREOMEH EhRSs B ERRKhE fifsBiRAine6 HFnRc&eCONd
channel 10 with a tnp surface of substrate 9. Fluid flow through second

channel 10 mpyfReoRieMsholhielyds. atdialklingodiosieh) get sl HverPsiang.Bot 0 def | ect
into and out of second channel 10. Defl ectable nenbrane 8 may be actuated by

i ncreasi ng og, @RGERAM Stledon@cihdtbthalicRsyes S s kddordd dhitne CIARRE] 10§ dufa&ause
defl ect abl e nenbrane 8 to deflect into or out of second channél 10,

reSpeCtiVe'yOfﬁ%Qﬁ&ﬂﬁﬁﬁM@thﬂQMg&@&%%@&hﬁ&ﬂ@énﬁ?ﬁé&ﬁ§&ﬁ%ﬁ&ﬁ9uﬁh éd pressure in
second channel 10, defl ectable menbrane 8 can be deflected into or out of

first Wannehefﬁctaglgﬁféﬁﬂ%é hYoec!eylect %Qg-gt]dlzd.ugof sl&nQ%PAnﬁélle.t B@ﬂé&ﬁl@)l@f the device

just described wherein liquid is

membrane 8 may be actuated by increasing or decreasing the fluid pressure in first
channel 6 to cause deflectable membrane 8 to deflect into or out of second chanmnel 10,
respectively. Alternatively, by increasing or decreasing the fluid pressure in second
channel 10, deflectable membrane 8 can be deflected into or out of first channel 6,

20 respectively.
[012] Fig. 1C depicts the use of the device just described wherein liquid is
introduced into second channel 10 through via 11, which was made by coring a fluid path
from the top of the elastomeric block through first elastomeric layer 1 part of second
elastomeric layer 3 into second channel 10. The fluid filling second channel 10 could

25 then be partitioned by applying fluid pressure, such as gas pressure, through second via



i ntroduced into second channel 10 through via 11, which was nade by coring a
fluid path fromthe top of the elastoneric block through first elastoneric

| ayer 1 part of second elastoneric |layer 3 into second channel 10. The fluid
filling second channel 10 could 25then be partitioned by applying fluid
pressure, such as gas pressure, through second via 13, which was nade by
cori ng t hr outih which sitas eladssltyoronieg iheough et elastormrio 14yer sintachrsheiehng 6 sothehat when
the pressure was increased in first channel 6, del ectable nenbrane 8

def | ect ed dowhenithg esarord incteased et fikOchemet@dtiZectable eembparfedcéellofte ubst rat e 9.
Particul ar devices of Unger provide for high-density, reliable mcrofluidic
devi ces i n widvohintohecond viemesitl 0 of cobfabithasur fercdsubsicaiel? . dP b cewokedesedi dl or

regul ated by actuating the defl ectable nmenbrane to cause the nmenbrane to
function as paga polida fardlighed eositypreimphle mjctGJuiddndevdesah wapyl the aovament of

m crofluidic devices is screening for conditions that will cause a protein to
f orm a Tryst fhid tierefrecaahichegiiofed rudbrragtiatedtly aamatingsliesdefllPrtable nembrapstal | i zat i on
is an inportant step in determning the structure of such proteins.

10Typi cal | y, caueatbt mombraneiodusadn axpaidy ! apaivadripympi petting a sol ution
containing a protein and a solution containing a protein crystallization
reagent to cgusle thanpleotapplivation foommraluidiy&vats ik srepaingfoughdtiongphace in |ine
with an X-ray source to performK-ray diffraction studies. Determ ning the

ri ght condit ivdhsudehatrotainltd fobammatal Arggenenb bghretystadlydis Bbteen det er m ned by
seem ngly countless trial and error experinents. Consequently, precious

15pr ot ei n i solyailéstiat & @xapethigdp)in déteindigal thestsidppd of sadidpibleéisef ore need to be
judiciously used while screening for the right crystallization conditions. As
a way i@ o SpapgcaiyobekitnCees suipp bpmatliany pigetteutolution catdie@piapehteiebdorts were
made to reduce the volune of protein crystallization assays while increasing
the nunber of s@xparcHENng apedtéin erveallizdtiop adagdnt ®lcaghd tie@otEmao $ameen. Dehi cas

di scl oses, anobng ot her things, methods and devi ces 20for carrying out
nancliter scalygal(danesogh ©)plde ot 1eicRvitiray St-al kduzatid parfoexn Pekdy@fHastionl N one
enbodi nent di sclosed, a mcrolluidic device is used to carryout nanoscal e
protein crystiaditd. wa@mi@w@ﬁg]mﬁd&ioinmwih%ﬁnquﬁsgeleﬁomgla BBtk bate. [ 14]
ffanseii discloses, anong other things, mcroflu die devices for carrying out
protein cryst@édiiatbl Qenli@AE tduaidés trR0MR abr dxba iR dioneifusntdi sietiosed in
Hansen enpl oy 25Unger's el astonerie bl ock having defl ectabl e nenbranes

therei psto rg@wiAtAattd 4tk ekcbddW¥ly limited in supply and therefore need to be judiciously

used while screening for the right crystallization conditions. As a way to spare protein
consumption during condition screening, efforts were made to reduce the volume of
protein crystallization assays while increasing the number of experiments performed in
parallel during the screen. Delucas discloses, among other things, methods and devices

20 for carrying out nanoliter scale (nanoscale) protein crystallization experiments. In one
embodiment disclosed, a microfluidic device is used to carryout nanoscale protein
crystallization experiments in wells formed in a substrate.
[014] Hansen discloses, among other things, microfluidic devices for carrying out
protein crystallization reactions. Some of the embodiments disclosed in Hansen employ

25 Unger's elastomeric block having deflectable membranes therein to regulate fluid flow.



For exanple, a mcrotluid.c device having a first chanber containing a
solution of a proteinis in fluid comrunication with a second chanber
containing a solution containing a crystallizing agent that when contacted
with the pntein in the first chanber, may induce that protein to form
crystals. In one exanple of many, the fluid comunicati on between 5each
chanber is tFeroaghplemenioroilmsicederisamyaigs. firgl chapbgecaitainiag esblonwéen each of the
chanbers and in communi cation with the channel can be actuated to regulate the
di f fusi on bepwsans irféuid oo hedtion with Thesod chembes santbisingjasoluporcemitimiigat i on with
a first inlet for introducing the solution containing the protein into the
first chanbes ¢rysndizinhecesebanvhe hantirtad vagein prptsiniim the dmyrahdnadzt.inow iluch a second
inlet for introducing the 10crystallization agent into that chanber.

[ 0151Hansen thaswpbtemeas foramroysglsotihere axhmpigsf manycée flhidrcomprunivetiodi hagyetehe

m crofiu dic device of Hansen. An exanple of the Hansen carrier is shown in

Fi g. 2 Sher eeavh chapfteuisdirougitanaot mpe cidfde, A whivesituhiad bgever @ath ofthet s and i nl et
rows such as well row 11012a and well row 11012b, sanple inlet 11012c and

cont ai nment  viambers @odinrcomniunicetionva fhlBd @ddnrehchnibptendteatte reglaretheont r ol i nl et
11012e, is placed inside a frane base 11002 in receiving area 1106 having view
wi ndow 1103 titiasien betwdamphd twemnbarhiddd 4The fhut cliantbarsis pre@ssumeatavwith £8rst 1026 and
11024 is placed upon frane base 11 002 with m cronuidic structure 11000

sandwi ched beétlavderintsdudihathe edctonpoasaing ehepanmeih irds the €iadt shagat, asd thevel | r ows
11012a and 11012b to form pressure chanbers on top of each well row In use,
each wel | 20kdgdomedhbhmbawgent 101 2emanglcalidtLab a adcend ivijet aldtydfididd ttel Wi t h di f f er ent
reagents for crystallizing proteins and sanple inlet 11012c is |loaded with a
sanpl elsol ut t9RalGoNoakagnh@itathprchighen t 0 be crystallized. Contai nment val ve
control inlet 11012d and interface valve control inlet 11012e are typically
filled wth gibj qui BansehaRclasesathod bthefthigs, Earridrdoretiiatiht eéadrbsuidet uate the
valves in the mcrofluidic device. Pneumatic |lines are inserted 25into control

inlets 11012devadethr LhRskRe AhRxaRNt ¥f thY BSHSEH daz@d is3aswh I Hik W Wige COMMUNI cati on

microfluidic structure 11000, which has several inlets and inlet rows such as well row
11012a and well row 11012b, sample inlet 11012¢ and containment valve control inlet

15 11012d and interface valve control inlet 11012e, is placed inside a frame base 11002 in
receiving area 1106 having view window 1103 therein. Top frame 11014, which has
pressure cavities 11026 and 11024 is placed upon frame base 11002 with microfluidic
structure 11000 sandwiched between so that each pressure cavities seals against well rows
11012a and 11012b to form pressure chambers on top of each well row. In use, each well

20 in well rows 11012a and 11012b are typically filled with different reagents for
crystallizing proteins and sample inlet 11012c is loaded with a sample solution containing
a protein to be crystallized. Containment valve control inlet 11012d and interface valve
control inlet 11012¢ are typically filled with a liquid, such as an oil or water, to
hydraulically actuate the valves in the microfluidic device. Pneumatic lines are inserted

25 into control inlets 11012d and 11012¢ to apply pressurized gas in fluidic communication



with the liquid contained within each control inlet channel within the

m crofluidic device, which in turn deflect nenbrane valve at certain

i ntersections between the channels of the first elastoneric |ayer and the
second el astoneric |layer, as shown in Fig. 1. [016]Lilcew se, sanple solution
can be driven into a channel and on into chanbers inside the mcrofiuidic

devi ce by si with ghelliguid ppritsinerigyigas eqsh esdmat iwlet dhanted wehimpheemicrplfletdicldb@it@c t o cause
the sanple solution to devel op hydraulic pressure to nove it through the
channel i nt owhkke inchanefeet meRbmgent s 4t oatiednierscaionehdtwecofhanbinelsofihd 1012a and
11912b can also be driven into their correspondi ng channels and on into
chanber s i nsiideclidrenaric dayerf dnditlth secae wlastembric layplay simgynga§igpt.esst u-e t o each of
the pressure cavities. Once each 10of sanple and reagent chanmbers within the
m cr of | ui di e[0déVi ceLirawise, baerie falitloadan igodriven mirenthamal wslonnety clrenbetsen ¢l osed by
actuating defl ectable nmenbranes in communication with the inlet channel

pr ecedi hg t hesdhérberroflodkdepcd bysirsidaiylagplaing grsgagent & thasigé ihlaei r

correspondi ng chanbers. Meanwhile, an interface val ves between each of the
sanpl e/ r eagentOlehanber tipahmsleissluli@pd detetapdgdinaickeapurt hensweagentgfthom 15
diffusing into the sanple and the sanple fromdiffusing into the reagent
chanbers. Af tiehndl frgo fhielchdntitgrsofR eadehts ddraebiatosydlls otwetploet i1 faraaé 1 iMieler f ace

di ffusion can begin by opening die interface val ves, while keeping the

cont ai nment val Aededliosddto (RroRepbaiing daystsahd bz atd camescp@kidereat s per f or ned
usi ng the devices disclosed in Hansen nmay take several days to perform As
ment i oned, t hecrefdndiaianenly agsllg gaspisturbe edéikelie ptwse davatiesabDheedlacte t 0 prevent
sanpl e or reagents from noving out of the chanbers, potentially

Cr 0SS- ¢ONt anbNAkipRGne dafendtii@ibers AGLOYtEE MBkofluidec G0lte BEvedkerpflRdMAL i C pressure to
create a constant source of hydraulic pressure need be nmaintained to keep the
cont ai nnent  valtdl@Sert b §18&Gay bBitifen CRBedls a0 ghiyfldbBbldgerfttanetiidi | i cal cord”
connecting the carrier connected to a source of gas pressure such as a

regul at ed gasorstipptafion RhiAENVEr chasdCitedddif the CRImMBzPtod@epTY sdnipld inda user's
ability to nove a carrier about a

reagents inside their corresponding chambers. Meanwhile, an interface valves between
each of the sample/reagent chamber pairs is kept closed to keep the reagent from
15 diffusing into the sample and the sample from diffusing into the reagent chambers. After
the filling of all chambers is complete, free interface diffusion can begin by opening the
interface valves, while keeping the containment valves closed.
[017] Protein crystallization experiments performed using the devices disclosed in
Hansen may take several days to perform. As mentioned, the containment valves must be
20 kept closed at all time to prevent sample or reagents from moving out of the chambers,
potentially cross-contaminating each other. Accordingly, a source of pneumatic pressure
to create a constant source of hydraulic pressure need be maintained to keep the
containment valves closed. This can be done by having an "umbilical cord" connecting
the carrier connected to a source of gas pressure such as a regulated gas supply.

25 However, such umbilical cords may limit a user's ability to move a carrier about a



| aboratory, for exanple, into a refrigerator or incubator to achieve
tenperature control. Thus, there Is a need for a systemthat would liberate a
m croflunlic device, such as those described by Hansen or Unger, fromthe
apparent need for an unbilical cord to maintain val ve actuati on.
1018] Schulte, et al. ("Schulte"), US Patent Publication No. 2003-0034306 Al,
publ i shed onleRspiyaioy 201 0182 redracradr fingator o) aghievaNEepGithgicantEs, which is
hereby incorporated by reference for all purposes, discloses mcro fluidic
devi ces, howelwsrthere ermsedifos a avsirar Beisvadibsiarstaisoflaidicgler Fesafee shobet ween t he
invention disclosed herein and the devices of Schulte. | 0 SUMVARY OF THE
| NVENTI ON 1049§rhaébpHessener Ungesrftanothe pproventeesd for er ehbiitdicerd dempiges and
met hods for their use. The invention further provides apparatus and systens
for using thealydaciuetidui di ¢ devi ces of the invention, analyze reactions
carried out in the mcrofluidic devices, and systens to l5generate, store,
organi Ze, antPl8inal ySebultkarsan/géfvdri' b SiRagem Ridlieagion Ne. 200810634306 dilc devi ces. The
i nvention further provides nethods of using and making mcrofluidic systens
and devi ces wiilished on Aelgoare 2@ A0 ientetied 37e//dlt ere W@ blitidito whishysiteadby f or mat i on.
020] The invention provi des apparatus for operating a mcrofluidic device. In
one enbodi nentkorperhted appdratea oriah plupdes, desclobamaaofiadic devieesploaes, thace wi t h one
or nore fluid 20ports therein. The fluid ports spatially correspond to one or
nore wel | s omreausepisand sofstapha diffecaods| bafvdercthd ewedion dAclpbedtEwmmnd 61 hol di ng
the mcrofluidic device relative to the platen is included, and a platen
act uat or f or devicedofifiprt/lee pl at en agai nst the mcrofluidic device so that at
| east one of the fluid ports of the platen is urged agai nst one of the wells
to forma pressure chanber conprising the well and the port, so that when
pressuri zed g
SUMMARY OF THE INVENTION

[019] The present invention provides microfluidic devices and methods for their use.
The invention further provides apparatus and systems for using the microfluidic devices
of the invention, analyze reactions carried out in the microfluidic devices, and systems to
15 generate, store, organize, and analyze data generated from using the microfluidic devices.
The invention further provides methods of using and making microfluidic systems and
devices which, in some embodiments, are useful for crystal formation.
[020] The invention provides apparatus for operating a microfluidic device. In one
embodiment, the apparatus includes a platen having a platen face with one or more fluid
20 ports therein. The fluid ports spatially correspond to one or more wells on a surface of
the microfluidic device. A platform for holding the microfluidic device relative to the
platen is included, and a platen actuator for urging the platen against the microfluidic
device so that at least one of the fluid ports of the platen is urged against one of the wells

to form a pressure chamber comprising the well and the port, so that when pressurized



fluid is introduced or renmoved into or fromthe pressure chanber through one
of the ports, fluid pressure is changed therein. 10211l n other enbodi nents,

t he apparatus includes a robotic platen actuator; the platen actuator is under
el ectronic control by a controller; the controller is a conputer or under
conpater control, the conputer is following a program the program was

cust oni zed bfpuidisustenduesfd or FrangyppEt@eIieM thhpressingchirbsr direugtone efehé pretsudes fir st
and second chanbers in fluid communication with each other through a channel
and a val ve iiéposen iaftongedithacishannel whi ch when opened or closed controls
fluid conmuni cati on between the first and second chanbers, and wherein the

val ve i s undé?llt he loofiter ehbasiiments, thetapirreatusdndludst o eobaiit platen aguatieythee when t he

m crofluidic device is coupled to the platen; the automated val ve actuati ng
devi ce is f upletheactuptd e undongestrenic conol wl g contidlev;gha/@nirgllay pren@dpatediorc| osed usi ng
the automated val ve actuating device; the valve conprises a deflectable

menbr arfe; andhdethenphat emtiat theabwputess ddapingd pfagrang ébd pregramgvaa pressuri zed
fluid to the at | east one fluid pressure port using a pressure between about
one pound pecussoizzd &y anedn of the hpsat)s; tnchi@dbudic ddviaetiyolbdey Erspoudrse®ngper squar e
inch (35 psi). [0221The present invention further provides for mcrofluidic
systens. Oneclaubérs gyfatiémmmedickdies with pach bkt thiotpica dewnd endavilvegligoghural ity of
chanbers, with the rnicrofluidic device coupled to a carrier and at |east sone
of the pl uratlbigthethaaidwhehsvien apdnedlortetrsal huslaliiiyommuhkhtehdetwret he carri er.
The systemincludes an interface plate adapted to engage at | east one of the
inlets in theedax fridesecond chimbbets, SOlwiee:icthe pileds iindet e comt@of acatgplagtie and
adapted to provide pressurized fluid to at |east one of the inlets in the
carrierg andvavecomhiig deeice 0aupihechidrofldidieddviadiitconpled @aehapidieh;ahd he i nterface
plate for directing fluid fromthe fluid source to the carrier. [0231In other
enbodi ment s, adtdreatéd ilvefak bt etiediey isdathktiiddaefon®aepedngess tha valvelfsalpeidey of 25val ve
lines, and the fluid is directed into at |east sone of the valve lines by the
control ler; afd@seDitingahd aitorh@ed whldehematgdapiied tHeva0pesnpnds £ddzaaad | east sone
of the valve lines; the carrier farther conprises a plurality of wells, and
wherein at | gasbras)aRd @f plahe 2WRhibSis ada8ted @ REBGrihOa FIRENASIAANE Ghel | et s of the
plurality of inlets, the corresponding inlets beling adapted to receive a fluid

for anal ysi siehdd ofduilh@tsQrd o @ing aGRMInESs et doE abRNbAQIoLEd pdr SacaRded

15 psi) and about thirty-five pounds per square inch (35 psi).
[022] The present invention further provides for microfluidic systems. One such
system includes a microfluidic device having a plurality of chambers, with the
microfluidic device coupled to a carrier and at least some of the plurality of chambers
coupled to a plurality of inlets in the carrier. The system includes an interface plate

20 adapted to engage at least one of the inlets in the carrier, a fluid source coupled to the
interface plate and adapted to provide pressurized fluid to at least one of the inlets in the
carrier, and a controller coupled to the fluid source and to the interface plate for directing
fluid from the fluid source to the carrier.
[023] In other embodiments, the microfluidic device further comprises a plurality of

25 valve lines, and the fluid is directed into at least some of the valve lines by the controller;



5to apply a pressure through the interface plate to at | east sone of the
plurality of wells in order to drive tile fluid therein into at | east sone of
the plurality of chanbers; the interface plate conprises two or nore separate
interface plates each adapted to engage at |east one inlet in the carrier;
the carrier conprises an accunul ator chanber having an accunul ator port, and
wher ei n t he itwteentfaceispldtceadzpieptd ®esasl gyse bt ledsatomies il velvaligesi®e onmuni cat i on
wi th the accunul at or chanber; the accunul ator chanber further conprises a

val ve for contriel futieg chtpiisds aplveireraf wielit, end Weereic etipast sterof dleawebearet hr ough t he
accunul ator port, the valve being in fluid conmunication with the accumul at or
port; the valewelqes nrtespdrdingdnléts of¥he pitmalityhd irde g tiroat @ondiginteshbeinpr ough t he
accurul ator port while restricting fluid flow out of the accumnul ator chanber
t hrough t he adouiub adcairve panitl forkbilpes wmalewricp@nidictdevikt;uhdcohtrdisr Butlapedd t he
accunul ator when the valve is actuated; the valve is actuated nechanically;

t he val e i s t@appheckessalevi@pughhiee intetfedefpitetopt Bise saongthessralkity vhlveld iact uat or
which is adapted to engage the val ve when the interface plate and carrier are
coupl ed the aekumdriat ofe fuhdbivden idtobtlBer sog@ P the pRGalAY bi dptinbErs; tke accumnul at or
chanber further conprises a gas, or a gas and a liquid; the gas is
pressuri zed ngbddct yRtetcdmPriga w2 O @S SdptratenitiSdce plak cidnadataiusuigatodst chanber ;
the interface plate further conprises a scaling gasket; the accunulator is
adapt ed to macastoak mi@ iPhessueethabayier dnmpesk heskcpmesdu tignlbeMelingan or der to a
mai ntain a valve in the mcrofluidic device in a closed state; and the cl osed

val ve | asts fiedundilatdr@as} andWhieled) théliayesfaceldiddobiiis@raoanhatigiy@aidi on furt her
provi des nethods for conducting a step in a 25protein crystallization

condi tiion scree@Riuhidationfvidnee £0RAdktORMmbdrge ARLAGE Ok Bigdnbdesrthddr ovi di ng a
tnierofluidic device and perform ng one of the steps fromthe group

consi sting ofcomp@eoh baad foy cdrtdollinp Buid R kherit htd 1he aboufuitd Uhadiwr tiexkee with a
reagent, robotically noving the mcrofluidic device froma robotic liquid
di spensi ng st dc@BnififoPport, the valve being in fluid communication with the accumulator port;
the valve permits fluid flow into the accumulator chamber through the accumulator port
while restricting fluid flow out of the accumulator chamber through the accurmulator port;
15 the valve permits fluid flow out of the accumulator when the valve is actuated; the valve
is actuated mechanically; the valve is a check valve; the interface plate comprises a valve
actuator which is adapted to engage the valve when the interface plate and carrier are
coupled; the accumulator chamber further comprises a liquid; the accumulator chamber
further comprises a gas, or a gas and a liquid; the gas is pressurized relative to a gas
20 pressure outside of the accumnulator chamber; the interface plate further comprises a
sealing gasket; the accumulator is adapted to maintain a pressure above a desired pressure
level in order to a maintain a valve in the microfluidic device in a closed state; and the
closed valve lasts for at least two (2) days.

[024] The present invention further provides methods for conducting a step in a

25 protein crystallization condition screening. In one embodiment, the method includes
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different |location, robotically placing the in crolluidic device into the
apparatus; 5renoving the mcrotluidie device fromthe apparatus, robotically
pl acing the mcrofluidic device into an optical inspection station, and
optically interrogating the mcrofluidic device using an automated i magi ng
system Robotically nmeans novenent of the merofluidic device caused by a
mechani cal devyidies amderiludnudeafe of perfammsirne pf be stesdeorr Bpewueont rol | er .
1010251The i nvention provides nmethods for crystallizing a protein. hi one
enbodi ment t ¢rasigigleddrobeiedalid E8ing p gl ¢ thgmépr@ﬂlé&i@flervmedﬁ% adeageete having a first
chanber havi ng a di nensi on between 1000 AM and t pm a second chanber having a
di mensi on betoheienll1B00perihamdcr fiwric dendcearanharabetic rad digpeasiei siiesion bet ween
1000 pm and The first and second chanbers are in fluid conmunication with each
ot her t hr ougdiffasnttiecat bramebeticalll pleaing ¢heingicriflsidwsiedcaintrite aperagannel whi ch, when
actuated to open or close, controls fluid comunicati on between the first and
second hanbensying he nmebfadicidadtaiies themppadus rabgtially pasibathe iniabilodic r eagent

into the first chanber, introducing the protein in a solution into the second
chanber, opeddvivg ifthren sacalénspectioh attatidnh endsaplicel iy omtercapatiag the mgeréfhadipr ot ein in the
second chanber becones in fluid communication with the 20crystallization
reagent in té&wickiusiag achampesd imagidg sfsesi. Rpbdtielly akus nafvteentaf heri od of tine to
interrupt fluid conmunication between the first and second chanbers. [026]1n
soni ¢ enbodi mixndfRidid deiceeiedby makddasal \ibeceaindertchetrol af ¥ eomsiternder t he cont rol
of an automated val ve actuating device; the automated val ve actuati ng device

i s further ueedernicooptoiler control; the valve is opened and closed two or nore
times; the 25microfluidic device is a multilayer mcrofluidic device; the

mul til ayer njoesof | ulTieh igvededn Bevides methods for crystallizing a protein. In one

embodiment the method includes providing a microfluidic device having a first chamber
having a dimension between 1000 yum and 1 um, a second chamber having a dimension
between 1000pm and 1um, and a channel having a dimension between 1000 gm and
lpm. The first and second chambers are in fluid communication with each other through
15 the channel. A valve is disposed along the channel which, when actuated to open or
close, controls fluid communication between the first and second chambers. The method
includes introducing a crystallization reagent into the first chamber, introducing the
protein in a solution into the second chamber, opening the valve so that the solution
containing the protein in the second chamber becomes in fluid communication with the
20 crystallization reagent in the first chamber, and closing the valve after a period of time to
interrupt fluid communication between the first and second chambers.
[026] In some embodiments, the method includes wherein the valve is under the
control of an automated valve actuating device; the automated valve actuating device is
further under computer control; the valve is opened and closed two or more times; the

25 microfluidic device is a multilayer microfluidic device; the multilayer microfluidic device
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conprises at |east one elastoneric |layer and the valve is conprises a

defl ectabl e nenbrane; the two |layers of the nultilayer mcrofluidic device
conprise an elastorneric material and nmay be bonded together to form an

el astoneric block; the two or nore layers of the nmultilayer rnicroiluiclic
device conprise a first channel in a first layer, and a 5second channel in a
second | ayer , copirBEFEiahlesst prsr Hasencat layend hegplve aamariseaadelectblet i on of t he
second channel overlap at an overlap region; the first and second channels are
in fluid conmusimianc B8 tvnlagergRf e pudilayscaiceduidic demise eqparTisapn ¢lagipremic t he
overlap region further conprises a deflectable nenbrane deflectable into

ei ther of themfitpradandomagleechndedthgative o foan eorastagierit block i@l ong t he
first or second channel; and the defl ectable nmenbrane 10is integal to either
of the first leyersefgmmultiyermiciof2itTeeic eormnisd ofrsprhowicliag:, firftdayshendspect, for
a mcrofluidic device, conprising: a first elastoneric |layer having a recess
Wi th a vidth gcendresinonl ibetseweadh lagerlwhereind paGo0oighnfirstehgenebind agloggmaieri c | ayer
having a recess with a wi dth dinension between 0.1 gm and 1000 gm and a top
surface, wher &g secotechines oveslhmsitao oeerlap régaypethe fisst bolrdeddichannbe arcopilui8sur f ace of
t he second el astoneric layer to forman elastoneric block having a deflectable
portion ther etamminiretiel hsuge viadodoled ekhhever myregiolche owerlespetian éurthef | ni ng a
surface area, and the el astoneric block having a height, a substrate having a
recess ther ei congmigesa deflegdblsmerhizem, detlbabdubistertaar of thavirshgr @c@drchannnl tbhe fir st
surface of the substrate, the port being in fluid communication with the
recess of thecaubistuidmeyenwinerlengthd fist @lsastdoenne; aoll deldeflstdGahémstelhed to t he
substrate to formthe mcrofluidic device without the el astoneric bl ock

occl udi g t heispoegdral t¢ E8léfhsmyecraedoodiapgnt s, the port is a well having an
opening in the first surface of the substrate, the el astoneric block not
occl udi ng t he[oagl | openhvegtiwhgnviddst acheasptw, fbhemgdisidiadesjcef doepssibgtar at e
further conprises a second surface different than the first 25surface of the
substrate, anfirsifietiehic tdyer lelvaghosessivaithd widk dirsenaioh dethech ¢.ourh bed B®oond

pm, a second elastomeric layer having a recess with a width dimension between 0.1 ym
and 1000 pm, and a top surface, wherein the first elastomeric layer is bonded to the top
15 surface of the second elastomeric layer to form an elastomeric block having a deflectable
portion therein, the elastomeric block having a bottom surface defining a surface area,
and the elastomeric block having a height, a substrate having a recess therein and a first
surface, the substrate having a port in the first surface of the substrate, the port being in
fluid communication with the recess of the substrate, wherein the elastomeric block is
20 attached to the substrate to form the microfluidic device without the elastomeric block
occluding the port.
[028] In some embodiments, the port is a well having an opening in the first surface
of the substrate, the elastomeric block not occluding the well opening when attached to
the substrate, the substrate further comprises a second surface different than the first

25 surface of the substrate, and wherein the elastomeric block is attached to the second
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surface of the substrate, W lust surface is a top surface of the substrate
and the second surface is a bottom surface of the substrate, the elastoneric
block is attached to the first surface of the substrate w thout the

el astorneric block occluding the port, the port is a well, the well has a
wal | having a height that extends above the first surface of the substrate
where the el aswrtaeeithe tibgede, ihe tagt sutiset attep sunecesuitistsuhgtate anp gheedopd wal |

hei ght is coextensive with the elastoneric block height, the well wall height
is | ess than shé&celsadrdenesirdachpbbksuhetraghthe etantempet blogdb pitdsbedyhtthe fistgr eat er
that the elastorneric block height, the recess is a plurality of recesses and
the port is aspfae efthe subsfatpeithont thomlesternericddask opduding e pert.fthagodt isonmuni cat i on
with at | east one of the plurality of recesses of the substrate, at 10 | east
one of the pl welltht yelbhasporalldiavigg aheigt that e:tedpetiove theflirvi ewrfave vbtheime bet ween
0.1 id and 400 Al, the well defines a volunme between 0.1 ill and 250 pl1, the
wel | def?nes aubswitewberbétewleomBridbladk ianithci@i0o gk, subpstretevibt el ekl heghtas vol une
between 0.1 ul and 10 ul, at |east one recess of the plurality of recesses of
t he substr at e ctragnavavith thastastomeria@gikdnigh@therngllavatimegst is ées¢ thamtik di nmensi on
between 0.1 pm and 1000 pm at |east one of the plurality of 15recesses of

t he subst r at e chasmerictlodkdripht, drevetlegildnighiay prgedha tiesdasgactic dvak hdgmensi on
between 0.1 pmand 500 ft m the recesses of the substrate has a at |east one
regi on havi ng tle redegsis a edlityosfatcegbenaid sheqrorthet pleriitydf opaywandinkdth gomis at | east
one of the plurality of recesses of the substrate has a cross-sectional

di mensi on bet wefuid Gorimmiicntian eith @t lpaxt orrrd e pluriey ef redveses ubtht mdisgatganpri ses a
pol ymer, the substrate conprises a polynmer is selected fromthe group
consi stiig of lqealoyeet hyplelihadhyltait @ welhahy stlydadines a whlypbaopsdnane;l apbdl yest er,
fl uoropol yners, polytetrafl uoroethyl ene, polycarbonate, polysilicon, and

pol ydi nmet hyl sidboxiame wetllaefises Bsblume Beteodm. 1 plesd gh@plsthefvetldafiieg 2 vblb@e Subst r at e
ni gher conprises a sealing |layer attached to the substrate for sealing the
recesses to foefeen @haraallod ppmethrd deRGes SoluinbBetseed 0.0g1 dndyefl, GOBRE | SEes a
film the filmis attached by an adhesive, the filmis an adhesive film

havi ng adhesi \ge fcbak 60Re Plutality df@eceqVP tHentidible ho{ o iBeaBiihe kr€idESPEt rate, the
el asto eric block further conprises a via, the via provides fluid

comuni cat i on chReE Wekdhat NG EvdeRn 01 NEn SUNBOT Ah at BAS ShBEf thepR&StyidN the first
el astoneric |ayer, the via was forned by coring the el astoneric block, the

vi a was 1§ or medeclisedlifithd dubgratefs € hiasds QIR rdgfontla GGk a ctbeseéiighaV\@itnchddnmed by
abl ation, the ablation was 5achi eved us ng a | aser beam the |aser beam was

generated by aBwe¥ Gl NBranl 36@)im, thORcdtbed oS siRiraB HashiVat RLGRLOE RRB R t he
first or second elastorrieric layers, the via is forned one of the first or

second el ast onREJs&sdeBNRT SRR bdvPech ONPnNEhdt106 L&l AIERT ARIOE the IRy oft e Tecess
in the elastoneric |layer overlaps the recesses of the second el astamneric

l'ayer, wherein.thes defd 864a018s POGLILRNAh dféhs@hdeBEs i Gnblaql s for med
fromthe second el astoneric | ayer 10where the recess of the second

ol astorneri ¢ layeiy i @Y SltkARPES oL NBIRREAASHlualdiBublitaly ARt Qreri | ayer

to forma deflectabl e nmenbrane separating the recesses of thefirs

el ast omopi ¢ | ayeried £ QMM SERNENOb fiEABERA RIASLORRYI, | aver, the

recess of the substrate and the via an heé recess in thé first elastoneric

| ayer contain p@lyHoHirlgne, Ia(_rl?es_telr,lﬂu%opmﬁgrs,%1ﬁetﬂ'ﬁ§§r§é{ﬁﬁ61@i, E,)chSI a%‘hatg,han a

pressure of a second fluid in the recess of the second ayer, actuates the

def | ectabl e moghiang, SRAUSH GRS ARHAR aBle:TRIRANL RG], I nto one of

the recess of first elastoneric layer or the recesses of the second

el astoneric | qy 'Erategt%}ﬁiel\/éo%g}rﬁesfa%@m 189¥% A 39&%&&5@&3&0@5&%%&1%0 devi ce

novable in x and vy mensi ons, the robotic device conprises ah X,y novabl e

stage, at | easréoe%.@?tlocf mf Péhahihdi %Bm%dreée?scg{&qea%gga %ﬁ&iﬁég%&%&?th&ﬁﬁﬁ{si Ses an

el astoneric material having a Young' s nodul us a an 000, 000

Pa, at beast ng.of s Heulial v B RAGAMLSEL AR AITEL £, LAXSES.£QERF pses an

el astonaeric materi aving a Young' s nodul us and
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1, 000, 000 Pa, at |east one of the first and second el astoneric |ayers
conprises an el asteneric material having a Young's nodul us between 100, 000 Pa
and 1, 000,000 Pa, at |east one of the first and second el astornenc | ayers
conprises an el astoneric material 25haying a Young' s nodul us between 360, 000
Pa and 870,000 Pa, at |east one of the elastoneric |ayers conprises

pol ydi met hy| sitharsne Mg ye serseatefthe slestanness biore firigen cayperises @gitpteses a

pol ymer made froma two-part polyner formng material, at |east one of the

el ast oneri ¢ |vaywpedssdyidrornuslcaaorebesY R & reeitdn Bie aetstne PREthpresek itht act s t he
substrate, the elastoneric block is bonded to the substrate, between the

el astoneri ¢ Hirgelestamere heershnyie vas Ormed pHOFNE Baplesienueicbleds et ia e

el astoraeric block is glued to the substrate, the port is in fluid

comuni cat i onfoedry dnlliag grpigsiemeric blagntisria wasdoramee ayral laticnr the plpisawahas an
accunul ator port for introducing fluid into the accunul ator chanber, the
accunul &t or cishintrdusipgp tanabearonpe fasss Seam Vel speerdted bycwrrxeioier lapgy, the vikd novenent
into the accumul at or chanber through the accunmul ator port, the valve being in
fluid 10conmuwisdertmiedhy vichihg etveof dledurhor sacord qhasiomerie Rgev.dheda pdpmicdond | ui d 1 ow
into the accumul at or chanber through the accunul ator port while restricting
fluid flow outf thsffirstleescaewiaasicateor laybramberto famogdie dldstonzcic bivok.dheoeceport, t he
val ve pennits fluid flow out of the accumul ator when the valve is actuated,
the val ve i s ladtcsisteneneleharny ok he recheesdltheseiosd alaghoerke kg weierdrhtge

accunul ator further conprises a liquid, the accunul ator chanber 15further
conpri ses a g&fsctibirepodouaftieaziasionfene blagr is Compe irge theaeqad chstdmerid laypni d, t he gas
is pressurized relative to a gas pressure outside of the accumul ator chanber,
the porl0 i s awlpkathatecdsy othe ppidsslasemebric bryerie geslspped by e renglrstfthatiasti s a
plurality of recesses in the substrate, each of the plurality of ports being
in fluid comaasiocatic Bmervid fdmat defleddie naebrafe stiwuentipp theatdebsgs offthe Bsiesses, each of
the plurality of ports are in fluidic communication with one 20 of a plurality
of wells, thelwehlesc baatfrdnathe ranssoptnrisergnd elastdueerikilayst, tieuedessod thet he el ast onmeri c
bl ock not occluding the well opening when attached to the substrate, the well
openi ngs havesubsteenhéthe pai antl theamass ih éhedirstelbtotyricabyenediltsn i Slusiptét flald) y ar r anged
such that the center-tocenter spacing of each well is that of the center-point
spaci ng of a whenrnod prewnre i fétrant Hav e pgsard draneiond 8hié ¢ d rdceamf thheecgidup of a 96
well mcrotiter plate, a 384 well mcrotiter plate, 25a 864 well mcrotiter

pl at e, & 1536awelakturecthotiéfleetablp htrranabdisiag Gt 44flaveble manthroteitd edfleprli@be, the
wel | openings have a center point, and the plurality of wells is spatially
arranged suchorkhbathe tdaess 6L Atseslagihdiic14yor el refes{@0biMthe SPaed digtdnferiabgerf 4. 5rnm

[ 029] Anot her aspect of the invention provides for a mcrofluidic device

conpri sing: the viais formed by a process using a robotic device movable in x and y dimensions, the

robotic device comprises an x,y movable stage, at least one of the first and second
elastomeric layers comprises an elastomeric material having a Young's modulus between
20 1000 Pa and 1,000,000 Pa, at least one of the first and second elastomeric layers
comprises an elastomeric material having a Young's modulus between 10,000 Pa and
1,000,000 Pa, at least one of the first and second elastomeric layers comprises an
elastomeric material having a Young's modulus between 100,000 Pa and 1,000,000 Pa, at
least one of the first and second elastomeric layers comprises an elastomeric material

25 having a Young's modulus between 360,000 Pa and 870,000 Pa, at least one of the
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a first layer having therein a first recess; a second |ayer having a second

| ayer top surface 5and a second recess therein substrate |ayer having a top
surface, wherein the first layer is bonded to the second |ayer such that a
first channel is formed fromthe first recess and the second | ayer op surface,
and the second layer is bonded to the substrate such that a second charnel is
formed from tdistesecogers ecegseapmdydinethgsilbvsineatt écattape sitht alegomandagrspor ti on of
the first channel overlaps a portion of the second channel to form a channel
10over | ap andsomgrifdsreedlycleamad Fee e ondpatpaiymet forinagesteall, iaslhasngnefdf thed

communi cati on between the second channel and the first channel at the channel
overl ap, wherastontehe ldyemns dbs ichaplhashs seednict eth@nret bistlacdns;cfsobd satstafet er t he
first layer and the second | ayer are bonded together to forma mcrofluidic
bl ock. 10301l the elbd@neradpek ishontidiao therssiistrathdiatvekn the ebsdmelabingd anditte ext ends
fromthe second 15channel and through and beyond the first channel; the first
channel -;secongbghamaether vorAprisss 4 geskaethdylastoret bblt Btglien 1o @t sube@st, tiene or at

| east two of the layers conprises an el astonmer; the substrate conprises a

pol yner, gl asgorti®h fidEdnmudidagop@ltly Besccirsulaal Bathbd, the atuinbRtogtigudeconsi sti ng
of pol ynmet hyl net hacryl ate, pol ystyrene, polypropyl ene, pol ycarbonate,

pol ysilicon, @Rdn Mcastiaei pdrh@r SRGORhe AYERofth dbefiul&ennsestha third channel
formed froma 20third recess in the second | ayer and the top surface of the
substrat e wheggirul@oRdaib&Tu@fer Edigprishy 4 ive farbatol@pdlad S6cand: perthé on of the
first channel overlap to forma second overlap and wherein the third channel

and the secongcehandedhadb& thidugt tHé bcGAMMNIERik QRve Peidtigual fir st
channel -third channel via |located at the second overlap; the first

channel rsecongneanagdn Witdhk scch@n R paf, tiRlvalvB gertdits $ihid fAehioand second | ayer
are bonded; the 75substrate further conprises a substrate recess, a portion of

whi ch i's overlapRagtotha@beriRbhtORe feuhBiof JokSithikheRiehs 1Bid R BuRof the St
channel - substrate channet overlap; a sealing |ayer having a top surface bonded

to the substrate,SHehcnhBl: RbubiBfs becRR8aBf pok e SHOSLERLE 1L RTRIIREof Or MB a
substrate channel; and a first channel -substrate channel via |ocated at the

first channel 4,5 RS BlL whOARE Gh1v ONGELAR, ANRL Sl Ecthﬁ@dhﬁﬂaﬂ%ﬁi]gﬁf}?ﬁl@ ¢diyand the

substrate 5channel are in fluid communi cation through t I rst channel.

is a check valve, the accumulator further comprises a liquid, the accumulator chamber

15 further comprises a gas, the accumulator further comprises a gas and a liquid, the gas is
pressurized relative to a gas pressure outside of the accumulator chamber, the port is a
plurality of ports, and the recess in the substrate is a plurality of recesses in the substrate,
each of the plurality of ports being in fluid communication with at least one of the
plurality of recesses, each of the plurality of ports are in fluidic communication with one

20 of a plurality of wells, the wells each have an opening in the first surface, the elastomeric
block not occluding the well opening when attached to the substrate, the well openings
have a center point, and the plurality of wells is spatially arranged such that the center-to-
center spacing of each well is that of the center-point spacing of a microtiter plate having
a format selected from the group of a 96 well microtiter plate, a 384 well microtiter plate,

25 a 864 well microtiter plate, a 1536 well microtiter plate, and a 6144 well microtiter plate,



[ 01311Anot her aspect of the invention provides for increasing the density of
reactions within a mcrofluidic device by interconnecting channels | ocated
within different layers of the rnicrofluidic device, wherein said

i nterconnections are made using vias, preferably vias fornmed after two or nore
| ayers containing channel s are bonded 10t ogether, nore preferably by form ng
t he vi as usi nge acll aeingabivataicort@qoint, anf 3R pluTdliey ¢frwedlatsi sprfiahy ewintes suchn one
aspect, for a carrier for holding a mcrofluidic device conprising: a housing,
t he housi ng deititid cegteapaiarsentertphet gianngdbbiadiSmge.a recei ving portion for
receiving the mcrofluidic device; a connection block for retaining the

m crof | ui di c [@29]i ce, Andtisr espacttofi heGorentioit frovideb Foo e knicrsflat e e iaddomprisinghe
rnicrofluidic 15device through one or nore prongs, and the imcrofluidic

devi ce, when 1 &baayeetabiyg thheincoirsteadessom sdobaickyer haingrseednd i ver ioptafache
receiving portion of the housing. [33] OQher enbodinents include having the
one or more pidngsconé rdcws tidreinrsebypnengs; hdvagiang atfadecwbireione fobt liee one or
nore prongs is a tube, having the receiver has at |east one slot for guiding
and ret ai ni ngisbhglet i e edchbitd i sebdvihat e fiveh etanndh Sebined fiont the fifsere28s mecei vi ng
portion, having the receiver further conprises one or nore pipette supports
for guiding anpideeid @ydritdp duthe, ifaehddecdrafidyei dbendded thesudkedte duds et £d i nto the
receiving portion, including one or nore accurmulators for providing fluid
under pressurgcéid chhienk ¢rakd ebslitee Qe e ewhaNtht BgRfritethpistifecl 4@ ar ecei vi ng
portion, preferably where at | east one accunul ator further conprises a check
val ve, havi ngpdifish dTQkkSH B HEHIPEUEGS adoNRH ST RF sRaschanid] @ Rehotshfyg cover,
preferably where an accunul ator is attached to the housing, and preferably

where tie hOU&ieH%);@M,@rﬁrmﬂarﬁlaesemw%hme1mta@isﬁin§mld%nﬁmamf by a gasket,
including a humdity control material within the housing for providing

hum di ty conteleenRiedetdmRhinahan et chittidt dy cleandioodrl BB B:dirthelfSstSel ect ed
fromthe group consisting of a sponge, a gel nmatrix, a desiccant, and a woven

material, havifghd B&APHUShRD viass Bhﬁéd%ﬁ%%yﬁgﬁlag@%d BF cRBAIRR Y RdedOr €
preferably where the polyner is either polycarbonate or acrylic or

pol ystyrene, prei&i@Ry MehauiiRi@gcunulator is in fluid comunication with
t he connection bl ock through one or nore accunul at or-connecti on bl ock tubes,

wherein the aggymul afncbrtﬁe?%@&Qttﬂe%sbttéh%gl-éeb&g%hﬁﬁav@{&fte%ﬁ@g&%{rt]ﬁeltsﬁegngl e, having

a first tube of the one or nore tubes Is I n communi cati on W

s 0 4,01 B SO AL B O OO Ll o 201

formed by laser ablation; at least one or at least two of the layers comprises an elastomer;
the substrate comprises a polymer, glass, or quartz; the polymer is selected from the
group consisting of polymethylmethacrylate, polystyrene, polypropylene, polycarbonate,
polysilicon, and plastic; the second layer further comprises a third channel formed from a

20 third recess in the second layer and the top surface of the substrate wherein a portion of
the third channel and a second portion of the first channel overlap to form a second
overlap and wherein the third channel and the second channel are in fluid communication
through a first channel-third channel via located at the second overlap; the first channel-

second channel via is formed after the first layer and second layer are bonded; the

25 substrate further comprises a substrate recess, a portion of which is overlapped by a
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comuni cation with the naicrofluidic device for controlling one or nore second
val ves, for exanple, but not limted to, wherein the first valves are
interface val ves and/ or wherein the second val ves are contai nnment val ves.

[ 03411l n anot her enbodi nent, the present invention provides a device for
15positioning protein crystal within an energy beam conprising a chip for

hol di ng t he cpystmbf thhBrse¢hannd lefooha frsbeiamgl-pebdieaté clomme nvarlagss walbri ¢ bl ock
havi ng di sposed therein a defl ectabl e menbrane. The device includes an adapter
pl ate for conhegeathangg e whikg@ Hooda tpdstybstriieschithpt Be¢anipreofithectisttatt 0 t he
adapter plate through one or nore posts penetrating into the chip, and a

goni onet er, whveessésrfotnee postatd chameh et St dhaneheibgogd chiorel piedochicdrithg 20t he
crystal within the beam In other aspects, the adapter plate is novably
transl at abl e §ot dsnbhd-shistrbfaehanpelsiveilapnwhdign dreysdt ahanneltahd theaumbsaxte S

per pendi cul ar to the beam and the goniorneter is rotatable about an axis

per pendiul ar clanteliafdie fiaRichinfgnicAgoriR@ngh tanflrst dhvanehi p 1S rotated about the
axis of the beamso as to expose different facets of the crystal to the beam
5 BRI EF DESCRI3®PTI ONAQEthdH dsfecDRANY iNGSatiof gd)idés fgSincréasig ke @dneitysdmpl i fi ed
cross-sections of prior art clastonieric blocks; [36] Fig. 2 is a an expl oded

view of a pri @actdnk wetBinrd ieicrodintlid devize Bf inttrddhGectByilaiels 1bfdd witlga 3 1S an
expl oded view of a carrier and mcrofluidic device according to an enbodi nent

of the presentifiermentdroBt the ndBd Ui deviced@itrait Sai@inpRdospREbhsHE: Mb®WsRE a carrier
according to an enbodi nent of
vias, preferably vias formed after two or more layers containing channels are bonded
10 together, more preferably by forming the vias using a laser ablation tool.
[032] The invention provides, in one aspect, for a carrier for holding a microfluidic
device comprising: a housing, the housing defining a chamber therein and having a
receiving portion for receiving the microfluidic device; a connection block for retaining
the microfluidic device, wherein the connection block is attachable to the microfluidic
15 device through one or more prongs, and the microfluidic device, when retained by the
connection block, is insertable into the receiving portion of the housing.
[033] Other embodiments include having the one or more prongs be two or more
prongs, having at least one of the one or more prongs is a tube, having the receiver has at
least one slot for guiding and retaining the microfluidic device when inserted into the
20 receiving portion, having the receiver further comprises one or more pipette supports for
guiding a pipette tip into the microfluidic device when inserted into the receiving portion,
including one or more accumulators for providing fluid under pressure to the microfluidic
device when inserted into the receiving portion, preferably where at least one acqulllulator
further comprises a check valve, having the housing comprises a housing base and a

25 housing cover, preferably where an accumulator is attached to the housing, and preferably
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the present invention; [39] Fig. 5 depicts a plan view of the carrier shown
in Figs. 3 and 4; [40] Fig. 6 depicts a cross-sectional view of the
accurul at or chanber of the carrier 10shown in Figs. 3-5; [41] Fig. 7 is a
perspective view of another carrier according to an enbodi nent of the present
invention; [42] Fig. 8A depicts a substrate of a mcrofluidic device that has
i ntegrated pressute haeingmorerteod thedbhsngdueordsaagd together wirmekicranriudofs & he
present invention; 15[ 043]Fi g. 8B depicts an exploded view of the mcrofluidic
devi ce shown humiditygconSa, materehl bathinghe honehgitr pyvamegdhastiorentrd, dtfoekly [ 44] Fi g.
SCis an overall view of the rnicrofluidic device shown in Fig. 8B; [45] Fig.
8D i s a pl an whaewthehuiktyrbtrad fateridi is sedetel demghogmun ¢onFisigng B23pongd@] Fig. SE
depicts a plan view of the mcrofinidic device shown in Fig. 8B; 20[047]Fig.
SF depicts a gbthoin pHeiccwiteandafwniver ohtetidl diaging éeihosimhieowrefdarablFhegnade
5 from a polymer, more preferably where the polymer is either polycarbonate or acrylic or
polystyrene, preferably where the accumulator is in fluid communication with the
connection block through one or more accumulator-connection block tubes, wherein the
accumulator-connection block tubes are preferably flexible, having a first tube of the one
or more tubes is in communication with the microfluidic device for controlling one or
10 more first valves, preferably wherein a second tube of the one or more tubes is in
communication with the microfluidic device for controlling one or more second valves,
for example, but not limited to, wherein the first valves are interface valves and/or
wherein the second valves are containment valves.
[034] In another embodiment, the present invention provides a device for
15 positioning protein crystal within an energy beam comprising a chip for holding the
crystal therein, the chip being made from an elastomeric block having disposed therein a
deflectable membrane. The device includes an adapter plate for connecting the chip to a
post, the chip being connected to the adapter plate through one or more posts penetrating
into the chip, and a goniometer, wherein the post is connected to the post for positioning
20 the crystal within the beam. In other aspects, the adapter plate is movably translatable so
as to further position the crystal within an axis perpendicular to the beam; and the
goniometer is rotatable about an axis perpendicular and intersecting the beam, and the

chip is rotated about the axis of the beam so as to expose different facets of the crystal to

the beam.
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8B; [48] Fig. SG depicts a cross-sectional view of the mcrofluidic device
shown in Fig. 813; [49] Figs. 9A and 9B are close-up views of a fluidic
interface according to an 25enbodi nent of the present invention; [O050]Fig. 9C
is a cross sectional view of a via for use in sonic enbodi nents of

m crofluidic devices of the present invention; [0511Fig. 9D is a bl own up view
of avia for use in sonme ERIBEDESORSPTIONPETHE DRAWBNGRevi ces of the present

| nvent  on: [ORARF12: £A0 1918 BLANLROL.0nG, SrBRALIEAL ALy AlSALP for use

with the pres ion ose u

anvewo

I t i - di t f
The prosont i TEhT1 one { suhprRplot e FuEprth 4 B8 8RR6 %@f%%l%é’gﬁ’é%& y et eri ng

cell format;

[037] Fig. 3 is an exploded view of a carrier and microfluidic device according to an
5 embodiment of the present invention;
[038] Fig. 4 depicts a perspective view of a carrier according to an embodiment of

the present invention;

[039] Fig. 5 depicts a plan view of the carrier shown in Figs. 3 and 4,

[040] Fig. 6 depicts a cross-sectional view of the accumulator chamber of the carrier
10 shown in Figs. 3-5;
[(041] Fig. 7 is a perspective view of another carrier according to an embodiment of

the present invention;

[042] Fig. 8A depicts a substrate of a microfluidic device that has integrated

pressure accumulator wells according to an embodiment of the present invention,;

15 [043] Fig. 8B depicts an exploded view of the microfluidic device shown in Fig. 8A,

and further including an elastomeric block;

[044] Fig. 8C is an overall view of the microfluidic device shown in Fig. 8B;

[045] Fig. 8D is a plan view of the microfluidic device shown in Fig. 8B,

[046] Fig. 8E depicts a plan view of the microfluidic device shown in Fig. 8B;

20 [047] Fig. 8F depicts a bottom plan view of the microfluidic device shown in Fig.
8B;
[048] Fig. 8G depicts a cross-sectional view of the microfluidic device shown in Fig,
8B;
[049] Figs. 9A and 9B are close-up views of a fluidic interface according to an

25 embodiment of the present invention;
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10[ 055]Fig. 11.F depicts a high density formal for reacting a plurality of

sanpl es according to an enbodi nent of the present invention;

[ 56]

Fig | 1

CT is a plan view of one enbodi nent of a chip for use with the present
invention; [57] Fig. 12A is a perspective view of a station for tuating a
m crol luidic device 1l5according to an enbodi ment of the present invention;
[058. 1Fi g. 12B5&nd 1BBD %r e apeass prstional eicwnfie i do vy eweme pabpbmeitved y, of the
station of Fig. 12A with the platen in a down position; [059]Fig. 12Cis a
si de vi ew of miseoflidat deyireodl the presenpiaveiitions t he platen in an up position;

70[ 060] Fig. 12E depicts a close-up view of the platen of Fig.

12A;

[ 061] Fi g,

12F depi cts al0glt - awdy- G de blevevnpyiew héa phk &rape ipforRe gmbaipent{ §621Fi g. 12G i s
a close-up view of a purge actuator acting on a check valve according to an
enbodi ment of michllupliegeies pheptesanhinvd@81Fi g. 12H depicts a cut-away vi ew of

a platen urged agai nst the upper face of a

5 [052] Fig. 10 is a plan view of one embodiment of a chip for use with the present
invention;
[053] Fig. 11A-D are close up plan view of exemplary metering cells in various

valve states according to embodiments of the present invention;,

[054] Fig. 11E is a photograph of an exemplary metering cell format,

10 [055] Fig. 11F depicts a high density formal for reacting a plurality of samples

according to an embodiment of the present invention;

[056] Fig. 11G is a plan view of one embodiment of a chip for use with the present

invention;

[057] Fig. 12A is a perspective view of a station for actuating a microfluidic device

15 according to an embodiment of the present invention;

[058] Fig. 12B and 12D are perspective and side views, respectively, of the station

of Fig. 12A with the platen in a down position;

[059] Fig. 12C is a side view of the station of Fig. 12A with the platen in an up
position;
20 [060] Fig. 12E depicts a close-up view of the platen of Fig. 124
[061] Fig. 12F depicts a cut-away side view of the platen of Fig. 12A,
[062] Fig. 12G is a close-up view of a purge actuator acting on a check valve

according to an embodiment of the present invention;

[063] Fig. 12H depicts a cut-away view of a platen urged against the upper face of a

25 microfluidic device according to an embodiment of the present invention;
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25111 icro flutchc device according to an enbodi nent of the presentinvention;
according to an enbodithent of the present invention; [65] Fig, 14A is
perspective view of a carrier in accordance with an enbodi nent of the present
invention; [66] Fig. 14Bis a top view of an integrated carrier and chip
according to an enbodi nent of the present invention; [67] Fig. 15Ais a
sinplified ol8e4dl | \igw3afa rpasylen way a€ Boddiraging within agndio ditariept orgfatanhe pr esent
invention; [0681Fig. 1573 is a perspective view of a receiving station in the
system of Fi gecording tolay[cpe9fimegt ofitByressntnyaation;pl an vi ew of fluidic routing
within a plate interface or platen according to another enbodi nent of the
present invehf¢dn [F19]14Riiggerspe6ilveana BB agreeinpicosdansewith emahblingmt ofi ews
showing an interface plate nated to a carrier according to an enbodi nent of

t he present ithvegntenonvendn; [71] Fig. 17 is an exanpl e-screen shot
avai lable with the systemof Fig. 15A. 15 DETAI LED DESCRI PTI ON OF THE
PREFERRED El VWWé@ODEWIENTSB is § ©]vieSystapnsegihted treripredeng aicndenttoan wi | | be
particularly useful for metering small volunmes of material in the context of
perform ng crepsbdnenzatthopesht hagnget; naterial . A host of paranmeters can be
varied during such crystallization screening. Such paraneters 20 incl ude but
are not |imtlea7]t o: M} Nalisasinglified yetal lidwzafa sysieh ncakdin@ip anambalioéntt ar get
solution to crystallization solution, 3) target concentration, 4)

cocrystal | i zatfitierpreknttientiar;get Wi th a secondary small or nmacronol ecul e, 5)
hydration, 6) incubation tinme, 7) tenperature, 8) pressure, 9) contact
surfaces, 10)oesidi f ilKatliserisa pasjeati getievinof Setdivesg statibh igthayistem ofang 1642)

chem cal variability. Volumes of crystallization trials can be of any

concei vabl e yabale, Fig. 15C is a rear plan view of fluidic routing within a plate interface or platen

according to another embodiment of the present invention
[070] Figs. 16A and 16B are cross sectional side views showing an interface plate
mated to a carrier according to an embodiment of the present invention; and

[071] Fig. 17 is an example screen shot available with the system of Fig. 15A.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[072] Systems of the present invention will be particularly useful for metering small
volumes of material in the context of performing crystallization of target material. A host
of parameters can be varied during such crystallization screening. Such parameters
20 include but are not limited to: 1) volume of crystallization trial, 2) ratio of target solution

to crystallization solution, 3) target concentration, 4) cocrystallization of the target with a
secondary small or macromolecule, 5) hydration, 6) incubation time, 7) temperature, 8)
pressure, 9) contact surfaces, 10) modifications to target molecules, 11) gravity, and (12)
chemical variability. Volumes of crystallization trials can be of any conceivable value,

25 from the picoliter to nulliliter range.
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25fromthe picoliter to mlliliter range. 10731The length of time for
crystallization experinents can range fromm nutes or hours to weeks or
nont hs. Most experinments on biological systens typically show results within
24 hours to 2 weeks. This reginme of incubation tine can be accommobdat ed by
the mcrofluidies devices in accordance with enbodi nents of the present
i nvention. 5[l674] Thelhedmstrditinedondrysalizaien edpkiiments enn rengp domrainttetein have a
great inpact on success or failure rates. This is particularly true for
bi ol ogi cal sdwpisésWeeker mont@apipsitcypasisncots op bipdagsdal $ysams omicelpEorenits can
range fromO0-42' C. Sonme of the nobst common crystallization tenperatures are:
0, 1., 2, 4, v§thig24qQys 92 wepks. Tias regigne of icul@on B@e c@bhe Bmuingited By the
M croilluidics devices in accordance with enbodi nents of the present
10i nvent i on cainrofieidgls dedeksan adchwl anagnydreatbadisents oS the gresant ingbttionnat i vel y may be
pl aced into thermal contact with small tenperature control structures such as
resi sti ve hedf&tls orThRedé¢mpesaturc 06k crygfaldization expreggient| qan dddiatgr@himpations mal |
footprint and rapid setup tine of enbodinments in accordance with the present
i nventi on al |sowetsastfahurengtes| This &tnagrutady tesfor bidldgarigempieepereat ur es and
storage in smaller incubators at a range of tenperatures. 15[075] Enbodi nents
of m croll ui deepsitnige v fresaliizatiac eqredantecanritpetiven GAEIE Momevf @nrtmen may be
enpl oyed for applications other than crystallization screening. Exanples of
such appl i catdoamsnichglallthetidrhesecrdess nieb@d, 2,0, PGT 1apRl 15 a8,i202PCTAUSBL/ 44869,
"filed Novenmber 16, 2001 and entitled "Cell Assays and H gh Throughput
Screeni ng", 85y ehiyy2i Nciorofloidads @dvibys it afcerdente evithembadimeps bias esenExanpl es of
m crofluidic structures suitable for perform ng such applications include
t hose deéscri hednliet &inrbe s@sedvie ke taspepitives kstadesiciltetnatdvel nmiy: 1. pliRad sind
Application No. 10/118, 466, entitled Nucleic Acid Anplification Uilizing
M crof | ui di ¢ thestaC@atact wittleshApEmberdture20Qt20] stnlveuresplh &t residive Gtansdisre of whi ch
is hereby incorporated by reference for all purposes. [076] An enbodi nent of a
met hod of f alwelttatsdigg ammnGeDTTh ulidiien, devnale fdopriabaticaridsgeimd éth t he present
i nvention conprises etching a top surface of a glass substrate

embodiments in accordance with the present invention allow faster equilibration to

desired target temperatures and storage in smaller incubators at a range of temperatures.
15 [075] Embodiments of microfluidic structures in accordance with the present
invention may be employed for applications other than crystallization screening.
Examples of such applications include those described in PCT application
PCT/US01/44869, filed November 16, 2001 and entitled “Cell Assays and High
Throughput Screening”, hereby incorporated by reference for all purposes. Examples of
20 microfluidic structures suitable for performing such applications include those described
herein, as well as others described in U.S. Patent Application No. 10/118,466, entitled
Nucleic Acid Amplification Utilizing Microfluidic Devices, filed April 5, 2002, the
complete disclosure of which is hereby incorporated by reference for all purposes.
[076] An embodiment of a method of fabricating a microfluidic device in

25 accordance with the present invention comprises etching a top surface of a glass substrate
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to produce a plurality of wells, nolding an el astoner block such that a bottom
surface bears a patterned recess, placing a bottom surface of the nol ded

el astomer block into contact with the top surface of the glass substrate, such
that the patterned recess is aligned with the wells to loinu a flow channel
between the wells. [077] An enbodi rent of a nethod for formng crystals of a

t ar get mat er itaprodwapplsektyprf ivelln goidifig anstlastharblerk ofch &nt ebastromehdec
mcrofluidic device with a first predeterm ned volune of a target naterial

sol ution. A Sevoavachedirercsoiblaamg elbagtromeface of tbe mbldad distordebicckr irits primed with
a second predeterm ned volune of a crystallizing agent. The first chanber is

pl aced i nt o fdoniadiwgth tientoacstrfwietoh the lygssabsrutke, slvanine thetpattahddovecide alighedi on
between the target material and the crystallizing agent, such that an

envi ronnment ofithtthewtlangdbrmmafler cbdnneldesdramgedvetlo cause fonuation of crystal.
10781l n yet another aspect, chanbers or netering cells nmay be fornmed in a
first elsast oner7]l ayem  esbidimehafbeksood for f@iniig dagtaedfl axalgetimgerian f | ui d

comuni cation through fluid channels, and a second | ayer having forned therein
control channehgiisewh@nziga flisdehnbatdlah elastenbianeshrliowene g afiiistst and second
| ayers are deflectable nbo the first layer to control fluid flow through the
f1 ui d channelgedersithist slaine ofmjrdeemartigfidolutort. e sdcasd clanlersFanBldstbragrer s t o
inmpart rigidity or provide for additional fluidic intercoluiections. The

m crof [ ui di ¢ giemheies dePRB iS@imdieviusedcoid praRietigtd Wumé bih Gatdlisigs and/ or
systens for providing process control as farther detailed herein. [0791The
present i nvendgh@NTRY fvi el@sbeok phited igfol fuiidé ContiRviviEie the 30AndEHLHBEIS hldw t hei r use.
The invention further provides for apparatus for using the mcrofluidic

devi cesjpof t herrisibi@Binicen theXBdkddfer £ asd the BSsteiBLink 86bn0 Whichl tRat b envi¥osh &t | Ui di ¢
devi ces, and systens to generate, store, organize, and anal yze data generated

from using t hg ¥iabQidauéchl 6 HeYded eScaulleMheSn of G9Sal. Systems and net hods of the
present invention will be particularly useful with various mcrofhaidic

devi ces, inclygiing W (&0 tHet MtAdheRbdNE QB eSeNd 88y B follfiik 855t avai | abl e
from Fl ui di gm rporation of South San Francisco, California. The present

invention al s@sWhlel 138, b8@ ErHmbeRlor AleR@hg bdlsGERE 8PHi€ 8BS R uditdbdl i dgVi ces
utilizing elastoner materials, including those described generally in U S.

patent appl i C@fid AAMAIABRE sRB8 fal dr@dyifP FdrtnePiheRPLbn @ dnikls W iRfkin

M crof abri cated El astoi nerie Val ve and Punp Systens;
15 deflectable membranes between the first and second layers are deflectable into the first

layer to control fluid flow through the fluid channels. A substrate may be mated to the
first and second layers to impart rigidity or provide for additional fluidic interconnections.
The microfluidic devices then may be used in conjunction with carriers and/or systems
for providing process control as further detailed herein.

20 [079] The present invention provides for microfluidic devices and methods for their
use. The invention further provides for apparatus for using the microfluidic devices of
the invention, analyze reactions carried out in the microfluidic devices, and systems to
generate, store, organize, and analyze data generated from using the microfluidic devices.
Devices, systems and methods of the present invention will be particularly useful with

25 various microfluidic devices, including without limitation the T opaz® series of devices
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5091724,784, filed Novenmber 28, 2000 and entitled Mcrofabrteated El astoneric
Val ve and Punp Systens; and 09/605, 520, filed June 27, 2000 and entitled
M eraf abricated El astoneric Val ve and Punp Systens. These patent applications
are hereby incorporated by reference, 10801Hi gh throughput screening of
crystallization of a target material, or 10purification of small sanples of
t arget mat er iahlaby trae Fipstigin] Gorperpiam, of Squth Semhphdiseedalbgimisi rilit psrabusl| y
introducing a solution of the target material at known concentrations into a
plurality of leteaidreslso will ke wsplel of atberireiatodritated Biidic dewisas atilizipgelpitatenf abr i cat ed
fluidic device is then mani pul ated to vary solution conditions in the
chanbers, t heradiplssinvindingrieesa dpspriprdagnailhgnd).$ aeiget apphdagpnsgi/&20y 81 Gled | zat i on
envi ronnments. Control over 15changed solvent conditions nmay result froma
variety of t e and petitiediMigrofbticatiet ElnitomerédVal e avétPeripdgstofs; vol unes of a
crystallizing agent into the chanber by vol ume excl usion, by entrapnent of
i qui d Vol ume¥/déf &4 rfileleiotpmbenzs, d0¢temd euited dfictofidricaed EbftabeiicBtied structure,
or by cross-channel injection into a matri x ofjunctions defined by
i nt er sect i ng @ tfangdhakns; laohOYHEnIe) Sled 22 0B LD st atifed Haud/thvrgrefir om
crystallization in accordance with enbodi nents of the present invention can be
utilized for XastanerorK@teadrddynaphyerto Tthedegratennapptitutiess ale heretsiinwaloratml ecul ar
structure. Alternatively, where high throughput screening in accordance with
enbodi nent s dfyrthengpe.esent i nventi on does not produce crystals of sufficient
size for direct x-ray crystallography, the crystals can be utilized as seed
crystal s for [D80]t herHizbdirysghaltl scratingorl cepspdiidati@ndfs. tarlgetomatsiah@r scr eeni ng
results can also be utilized as a basis for further screening focusing on a
narr owero spedqgiutificatioh of siyisit sdnlplesailf tadget cdtadiltbly aesystallivaonyiwsesmmnidddgous to t he
use of standardi zed sparse matri x techni ques.

simultaneously introducing a solution of the target material at known concentrations into

a plurality of chambers of a microfabricated fluidic device. The microfabricated fluidic
device is then manipulated to vary solution conditions in the chambers, thereby
simultaneously providing a large number of crystallization environments. Control over

15 changed solvent conditions may result from a variety of techniques, including but not
limited to metering of volumes of a crystallizing agent into the chamber by volume
exclusion, by entrapment of liquid volumes determined by the dimensions of the
microfabricated structure, or by cross-channel injection into a matrix of junctions defined
by intersecting orthogonal flow channels.

20 [081] Crystals resulting from crystallization in accordance with embodiments of the
present invention can be utilized for x-ray crystallography to determine three-dimensional
molecular structure. Alternatively, where high throughput screening in accordance with
embodiments of the present invention does not produce crystals of sufficient size for
direct x-ray crystallography, the crystals can be utilized as seed crystals for further

25 crystallization experiments. Promising screening results can also be utilized as a basis for

24



[ 082] Systens and nmethods in accordance with enbodi nents of the present
invention are particularly suited to crystallizing |arger biol ogical
macr onol ecul es or 5aggregates thereof, such as proteins, nucleic acids,
viruses, and prote'n/ligand conpl exes. However, crystallization in-accordance
with the present invention is not limted to any particular type of target
mat eri al . Fuffirther scroshing éocesigpdin memtsyeofpetimen pf @sentization entditons,dh scussed
utilize diffusion of crystallizing agent in the |liquid phase, vapor diffusion
i s anot her t echmirgueogohato thrassehd etandaniited ppasd moatiin thieb@qoesyst al f or mati on,

10[ 083] Enbodi nents of rnicrofluidic devices in accordance with the present
invention mayosaiil i Bestans @liinpeti@ls ér aoomi sce vithehlbsdimdomeyte presant a m cr of | ui di ¢
device requiring the |loading of a | arge nunber of solutions, the use of a

cor r espondi ngnhveat@gerdpamtiaiar@kuitao trystahiemig Mrgdd bidgpadadinacrpinbiscifl@ror i nt er f aci ng
each well may be inpractical given the relatively small dinensions of the

f 1 ui di csdevi aggredares &cbgkoff,isaih, astpi@eias| tnQereit @cldd) spusek, apil petdiesgaho torddexts.spensi ng
smal|l volunes of liquid is known, and thus it therefore nay prove easiest to
utilize such Hoeeldt] GuedlitatoinpRtd@arse hith iti@sesehti@ehliyh i Rottlniwe kd gaypr esent on
the face of a chip, [084]Capillary action may not be sufficient to draw

sol utions fr gaitienachpdoiwebdt sdtdiiad Rgthey ehll€ghisnedis dMee e, in@afiéd cul arly
wher e dead-ended chanbers are to be prinmed 20with material. In such

embodi ment s, JaB@saNilief diFasi BhcriRiIBFih@dgend iRt llq]hﬂ Jﬁmepvdp& ditiosgh the use of
external pressurization. Again however, the snal i mensi ons of the device

coupl ed wi t h afoth@ht@eniqiiBghaObeREPIRLEIONBIRE Li3ktaSOHAARS. MY render
i npractical the application of pressure to individual wells through pins or

t ubi ng.101085%788] Ni NEHIWNteRts Bif hicrdfluidic b HER T AcBiden daMinGBe HeeAlifidAdodt 0 an
enbodi nent of 25the present invention wll be described having one or nore
integrated flyGtiRELSStEreservoirs or wells. However, in a microfluidic device requiring the
loading of a large number of solutions, the use of a corresponding large number of input
tubes with separate pins for interfacing each well may be impractical given the relatively
small dimensions of the fluidic device. In addition, the automated use of pipettes for
15 dispensing small volumes of liquid is known, and thus it therefore may prove easiest to
utilize such techniques to pipette solutions directly on to wells present on the face of a
chip.
[084] Capillary action may not be sufficient to draw solutions from on-chip wells
into active regions of the chip, particularly where dead-ended chambers are to be primed
20 with material. In such embodiments, one way of loading materials into the chip is
through the use of external pressurization. Again however, the small dimensions of the
device coupled with a large number of possible material sources may render impractical
the application of pressure to individual wells through pins or tubing.

[085] Turning now to Fig. 3, a microfluidic device according to an embodiment of

25 the present invention will be described having one or more integrated fluid pressure
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storage chanmbers or accunulators to provide a source of fluid pressure to one
or nore defl ectable nenbranes within the mcrofluidic device. Fig. 3 depicts a
preferred enbodi nent of a carrier 323 with an integrated pressure accumul ator.
Carrier 323 conprises a carrier base 301 which has a receiving area 300 for
recei ving and naintai ning 5the position of a rnicrofluiclic device 305 inside
carrier 323, sfoep elrasorisior ecugaipieio3nsyideasopie af (iidereeuRy® oo odedicces wit hin

t he scope of the present invention, including Topaz''' 1.96 and Topaz(r) 4.96
chi ps avai | alde@eciaplsmaribiangs githin tooniserfatdiodeyice0BE] MY ST # Dicdited devi ce 305
conprises one or nore well rows 306 having one or nore inlet wells 307 that
are in fluidecobpdmeaiteat FanenBhvittranwetratcd prsbsdes asPwndtPiyj einger Bd%evi ce 305, a
contai nment valve inlet 320, an interface valve inlet 321, and a sanple inlet
324. A carri epmpigiss 309rierhesudfe svhithdms areseizimgiarsr 880 H1 0ccaene3md majfpintg ar e
positioned in contact wwth well rows 306 to forma common pressure chanber
over eaéh welthe BaVof ofa raigeolut devicgR0306ide Paraersizd e Mitiafivdic denicel® @av3 and 314
are used to supply gas pressure to each pressure chanber when fornmed with each
pressure cavibey widsrezetof Aeyitdsevitin thasepd &ohe precnohyaitididndelin g Eopads.
10871Carrier 323 further includes a pressure accunmul ator 324 which is
preferably fdr9fedd Bypaal #.86bhipgaaiatde tomilediemn Gegporgomt i on 303 to a portion of
carrier base 301 form ng an accunul ator chanber 304 therein. Fluid, preferably
gas, is intrdiisged MitofladeuiruicaddT caripaintsemne 80Aotchredlughs 306 lmemgmd @t or i nl et
317 which is in fluid 20comuni cation with accunul at or chanber 304.

Preferably, amranttweletidithaheck flvalcomnBBRaticn vpthadbeshelsnadidareichdiungie n

accurrul ator inlet 317 and accunul ator chanber 304 to maintain fluid pressure
wi t hi n 18ccumdeatoi0schamizém 80 4aley miet a1, en intdnfacelvadeoniretli anl achmalefidleti d
pressure source (not shown) from aceumnul ator inlet 317. Preferably,

accunul at or adheck cwakmep 3QRinchdéquissede cavities 300 yrdviall whidhnse pleitbhediacumnul at or
chanber 304 when gas is used to pressurize accunul ator chanber 304 while a
portion of aceuadathevrellehadTd@ to 3¢ a common pressure chamber over each well 307 for

each well row 306. Pressure chamber inlets 313 and 314 are used to supply gas pressure
to each pressure chamber when formed with each pressure cavity contacting the surface
15 of microfluidic device 305.
[087] Carrier 323 further includes a pressure accumulator 324 which is preferably
formed by attaching an accumulator top portion 303 to a portion of carrier base 301
forming an accumulator chamber 304 therein. Fluid, preferably gas, is introduced into
accumulator chamber 304 through an accumulator inlet 317 which is in fluid
20 cominunication with accumulator chamber 304. Preferably, an accumulator check valve
302 is placed in-line between accumulator inlet 317 and accumulator chamber 304 to
maintain fluid pressure within accumulator chamber 304 even after the disconnection of a
fluid pressure source (not shown) from accumulator inlet 317. Preferably, accumulator
check valve 302 is housed in a "dry-well" inside of accumulator chamber 304 when gas is

25 used to pressurize accumulator chamber 304 while a portion of accumulator chamber 304
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contains a liquid to create hydraulic pressure with the |liquid contained
therein. The liquid, under hydraulic pressure, can be in turn used to actuate
a defl ectable portion, such as a nmenbrane, preferably a val ve nenbrane, inside
of mcrorluidic device 305 by supplying hydraulic pressure through an

accunul ator outlet 316 that is in fluid 5comunication wth accunul at or
chanber 304 aerdainga iqedto comate hyianhepressiuenyid the bavdd capiadned tersdinc&hg05. [088] I n

t he enmbodi nent shown in Fig. 3, carrier top 309 is attached to carrier base
301 by one ofiqwgrumderdynwsliQUersie; ¢ig be i @aosed forrciaiegrieBeyioaderofishor nore
screw hol es 333 of carrier base 301 so that a conpressive force i s naintained
bet ween car r izet mg0bepe, 3ofraiva v Hlse mopbrng fizstle obmigrpfludiofdpirdi® btevi ce 305 so
that pressure cavities 310 and 311 formfluid tight seals around well rows
306. An i nt esfmtenpindssiic pressupsphipugl meaccwhdstodaglecifrikat issintflpidan i nt er f ace
pressure supply line 319 which is also inserted into interface valve inlet 321
of micr6f | ui chimudieatiop eviBEEcUTgdproohiber 8 04 el at éeastfonp clemselnyithed f | ui d,
preferably gas, or hydraulic pressure to a second channel within mcrofluidic
devi ce 305 lhtigofidtivdtecailsl east one second defl ectable portion, preferably a
defl ectabl e nenbrane of a second interface valve, within mcrofluidic device
305. One or nesse nethethe agbodinky sBOBn wi Rigi3ncamia tqf 309iidattackkaMp cari8dfsar e i n
fluid conmunication with well inlets 307 and a sanple inlet 334. In sone
enbodi nent s, 3l py otegirmoce sestval3DP deaih g Gmeaded @toi aagrespehding sueody nage omev descri bed in
Hansen, is provided, wherein a first and a second chanber are in fluid

conmuni cat i orholelBBugadinebase 3ioroahat atcempasstvedian isehBnthined Bdvetanveamier wher ei n t he
interface channels further conprise an interface valve for controlling

di ffusilon or téd M9cndrine espesntfadzeit weerd fledichieabatisen thdeaeksuehanives 3i0sanfiur t her i n
fluid conmunication with an inlet for introducing a fluid into each chanber,
the inlets bsingrinfluid tidhelseaBrrauwnd eatlirors 36t Antiferfah arbens suphlyalngmieghannel s

I nside the mcrofluidic device. [08910Cne nethod of using carrier 323

accordi ng t o 3t keorpe@senh inte¥Labidursdupplybige dEsekicihadlso \Msehe Ciatoriherfaceop 309
off, wells 307 are filled with reagents. A sanple solution is injected into
sanpl e inl et v334irls3RDomidtcCiuiEp @eidkans toieviddd Lufc@eeprésdureediiid)i n each
nmetering cell 308 is closed by applying pressure to interface valve inlet 321
t hrough 5i nt gxdraey pisessiidRubiyplyird tb B eecdddchakitg wstaiMRhRrosiRlditt dedfde BBY be
further noved inside of mcrofluidic device 305 by further applying pressure
(e, g., 15n theo hdide Nfcagtdne HBSSARYtabIBbEtiISANFRIGatInh Abf2 a1 RerPYalk Jrhe sanpl e
solution into the sanple reagent of netering cell 308. Hydraulic |iquid,

preferably wat@hd idi®@fa€e €S RUERI i cRiflidicSdelicé 30 Ghel @it BBlednddeyt 0 R) G- |
00(tm oil, which is pol yhexafl uoropropyl ene oxide, or a blend of oils and

within microfluidic device 305 are in fluid communication with well inlets 307 and a

sample inlet 334. In some embodiments, a protein crystallization metering cell, such as

one described in Hansen, is provided, wherein a first and a second chamber are in fluid

20 communication through one or more interface channels therebetween, wherein the
interface channels further comprise an interface valve for controlling diffusion or fluid
movement between each chamber. Each chamber is further in fluid communication with

an inlet for introducing a fluid into each chamber, the inlets being in fluid communication

with the chambers through channels inside the microfluidic device.
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10ot her solvents, such as water, is introduced into interface valve inlet 320
and contai nnent valve inlet 321, preferably by using a m cropipettor.

Contai nnment |ine 300 and control line 319 are insetted into inlets 320 and
321, respectively, and carrier top 309 is affixed to carrier base 301 with

m crofluidic device 305 therebetween. [90] Fig. 4 depicts a perspective view
of carrier 328Y5howng mefipg ot Bingkpmier B dapording td Ba ppsisem inviertipnofilltbhe carri er
shown in Fig. 3 and 4. Fig, 6 depicts a cross-sectional view of accumul ator
chanber 304 idessiiohd. A¢ituamiicatopr308 24, wdiowion greafriled mgthecheetanbermple santi@ngl ed
downward with respect to accumul ator chanber cover 303 which permts liquid to
drai n t owar dss ihjected B@0samakednleti 386 ushpymiacwps®r.stheewed3s% wiicoh thirageche r enpved
for adding or renoving fluids, preferably liquids as shown partially occupying
accunul at or 2@chaghbalr3080dclosdd by aplywngwe ofireah ok facal alee B02 32 sthehwghwn si t uat ed
inside of dry-well 340 defined by dry-well wall(s) 340,1. [91] Fig. 7 depicts
a carrier si mtéréce pressutesupdy lined19s Mbeaniie fdlgin3rdy,belfoviey efoyed instead of a

si ngl e accumul ator bei ng present, two separate accunul ators 303.1 and 303.2
are integr at edcroftiioictdbececHs biy éirthel appBindy gEeuredeg.usehe fdme of geoneksaecunul at or
used to 25actuate, and maintain actuation of a second deflectable portion of
the mcro fl uitdsnplkenmiet 34 to pishtties bl salsies andthd edrhige teaabie ofedbrianellval ve. I n
a particularly preferred enbodi ment, the first accunulator is used to actuate
i nterface val3gesHwdrilicMigaideéferablRgacelnhoredrderitie oS atidmtbragemuiyat or is used to
actuate contai nnent valves within a netering cell, independent of each other.

I n yet ot her repba@) GENOEm)ilpwhitRlsipbyh@tafRe@uillatossddraya vlesdofdgs bitc| uded to
provi de for independent actuation of additional valve systens or to drive
fluid tibr oughtar oehef fith & watd ey irt@duck® 9dd Iflerde a1V €mnat2ydeohedinggnt of the
present invention, Fig. 8A depicts a substrate 800 of a microfluidie device

that has i nt egral®d 301 @asady ReeUE RAtIpip¥abl. TR 1180200 BackhtRdavi ng
therein a drywell 803, 804 for receiving a valve, preferably a check
line 319 are inserted into inlets 320 and 321, respectively, and carrier top 309 is affixed to
carrier base 301 with microfluidic device 3 05 therebetween.
[090] Fig. 4 depicts a perspective view of carrier 323 shown in Fig. 3. Fig. 5 depicts
15 a plan view of the carrier shown in Fig. 3 and 4. Fig. 6 depicts a cross-sectional view of
accumulator chamber 304 inside accumulator 324 showing an angled chamber floor
angled downward With respect to accumulator chamber cover 303 which permits liquid to
drain towards line 300, and also shows access screw 335 which can be removed for
adding or removing fluids, preferably liquids as shown partially occupying accumulator
20 chamber 304. A side view of check valve 302 is shown situated inside of dry-well 340
defined by dry-well wall(s) 340.1.
[091] Fig. 7 depicts a carrier similar to the carrier shown in Figs 3-6, however,
instead of a single accumulator being present, two separate accumulators 303.1 and 303.2

are integrated into the carrier. In a preferred use, the second accumulator is used to

25 actuate, and maintain actuation of a second deflectable portion of the microfluidic device,
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10val ve attached to a cover (see Fig. 8B). Substrate 800 further includes one
or nore well banks 806a, b, c, and d, each having one or nore wells 805

| ocated therein. Each of the wells 805 of substrate 800 have channel s | eadi ng
fromwell 805 to elastoneric block |ocation 807 within substrate 800 for
attaching an el astoneric bl ock, preferably an elastoneric block forned from
two or nore [PESEREY pFccanbEGerahlc ecpRiaap vallve Hawipagiculsiy piesirgn einbediaenty ecesses
or channels forned therein. [0931Fig. 8B depicts an expl oded view of a

conpl et e rni dhofptiFrdtldeVs sedsor iy avaevibrporening cshanmthen Fig. 8A,
and further conprising an elastorneric block 808 which is attached, or nore
pref erabl y boawadaccanylaipets Uaest i apfuate spribihyeniivalaes Wihip e mebésdfing pelbf er abl y wi t hout
use of adhesives to the elastoneric block |ocation 807 of 20substrate 800 to
f orm t he conphdpendsitef efch gihei. cindeities e@dedihFite .2 pE)lity W tdsiimulelossstomner i ¢ bl ock
808 are one or nore channels in fluid conmnication with one or nore vias 814,
whi ch i A t ur relgobeuictided toprayidsoirmudércaddanbrr b mefardditiiealghln astenswic tohi n t he

el astoneric bl ock and channels within the substrate which then lead to wells
805 wi t hi n welrive fludgirg@ba-rdetodluptiodevide for fl ui d communi cation between wells
805 of substrate 800 and the 25channels wthin el astorneric bl ock 808.

Accunul at or We?2] t opsa8gd@rmande 8dbbdanent af thapivewlt inventmockipiAadepictasvel ts bU . and
bUZ to fonn accwnul at or chanbers 815 and 816. Accurnul ator well tops 809 and
810 i ncl ude svadines0@d2 mrd{Bidic devesplet hasveteyratedhiesturaxceupniefoewalts 891 check

val ves for introducing and hol ding gas under pressure into accunul ator
chanbers 815 add0Bt&h hvahytsre@ild dryanid 8&] 204afoereseiving hedlvensefee@blyfa clecykwel | s 802
and 804 to keep liquid, when present in accumul ator chanmbers 815 and 816, from
cont actliong valalvesatt8idd toardved e FifaBBE SSuBdtlatastd Bidir preifdes afeloy nivewdie

mechani cal |y opened by pressing a shave, pin or the like, within a preferred
check val ve twaniowess one atidié es@l favolgase ogmbemeds 865 Iblwedctheek. Fathve thieo per m t
rel ease of pressure fromthe accunul ator chanber to reduce the pressure of the
fluid contai nedis8bi dfisnbstrhe 8¢ bavadhairers leldmgiiem wél] 854d klagom8ix tlegkd cts a pl an
view of microfluiclic device 899 and wells 805, wherein a port |ocated

adj acent the lbasen &7 Withen webttate proetbedtabhiyg ihaadaidriomloct) prafetablyirat i vel y t he
side of well 805 for passage of fluid fromthe well into a channel formed in
substrat e 800lasphrfieriald ol frbi@ (8 Senet 156k S Elaliem&0napposhtieg of wel | 805.
In a particularly preferred enbodi ment, substrate 800 is nolded with recesses
t herei ns5 t he meeessescd1eihgs bReenhdM Pri&ohasnel s by a sealing |ayer,
preferably an adhesive filmor a sealing |layer. [0951Substrate 800 and its
associ at ed compnnentrsg. BBYepiers hakkple@dettv §f@omplete microfluidic device 899

comprising the components shown in Fig. 8A, and further comprising an elastomeric
block 808 which is attached, or more preferably bonded, and yet more preferably directly
bonded, preferably without use of adhesives to the elastomeric block location 807 of

20 substrate 800 to form the complete microfluidic device 899 (Fig. 8C). Within elastomeric
block 808 are one or more channels in fluid communication with one or more vias 814,
which in tum provide fluid communication between the channels within the elastomeric
block and channels within the substrate which then lead to wells 805 within well rows
806a-d to provide for fluid communication between wells 805 of substrate 800 and the

25 channels within elastomeric block 808. Accumulator well tops 809 and 810 are attached
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pol ymers, such as pol ypropyl ene, pol yethyl ene, polycarbonate, high-density
pol yet hyl ene, pol ytetrafl uoroethyl ene PTFE or Teflon 02.), glass, quartz, or
a netal (for exanple, alum num, transparent nmaterials, polysilicon, or the
i ke. Accurul ator well 20tops 809 and 810 further may conprise access Screws
812 which can he renoved to introduce or renove gas or liquid atm accunul ator
chanber s 815W0AselnBIBOr WRISREF AINY2 tg Hirpascugagaterdaghers 8 &lactuated to
rel ease fluid pressure otherwi se held inside of accumnul ator chanbers 815 and
816. Not ch 8Aycumsilajeyertllitopsab8s pl8 Idbinelads vaplea 8 B8 1 bireReivaiyevbith eiedi ¢ devi ce
into other instrunentation, for exanple, instrunentation used to 25operate or
anal yze t he mpicterapty dhieeld valvte{ir odcipg et Hoghies gea tindes dreswre infpeacetimplate g. 8D
runner depicts a hydration chanber 850 surroundi ng el astomeric bl ock region
807, which calrribers@dy endeid owViakvessS yahd $il 2 eng stenresringéel oftdoywadls §Padduheit di f i cat i on
chanber to facilitate the control of humdity around the el astoneric bl ock.
Humi di ty cantdech hordaded pissentiddi eignwietbathipingers B tuind, 81p ofonesentoties wat er, to
hum dity chanber 851, preferably by wetting 5a blotting material or sponge.
Pol yvi nyl al &dh@lSliralyd pefVaivablly avd 302 eekferdlymingy bymedmticaly aredibe achi eved by
varying the ratio of polyvinyl alcohol and water, preferably used to wet a
bl ot ti ng mat eressilg ashagppingethe Hyd mathioapetered bisok bdwztwmvpmbﬂnedlmvlf using a
hum dity control device such as a HUM | DEPAKPA hum di fi cation package which,
for exanpl e, clusesfoacewdtierchudpolive peperméabibae biredsinguioth thapeumeklre envel op to
hold a salt 10sol ution having a salt concentration suitable for maintaining a
desired hum dhdmpet eveluce Begrebfufs.of Ra¢ Buntl cdivaingi iddn 482chynuBaarchargheral " whi ch
is herein incorporated by reference for all purposes including the specific
pur pos&0of hiiskti t y Fodid dedictdepmirceswarfaniprefiinddsieviby 8% dtnid ovelle 8 wh88B i s
preferably transparent so as to not hinder visualization of events within the
el ast oneri ¢ bbotls lcarted ndjatemethe hisk @ftizeyelll prefepbdivt thobotein, sullgtradvey 860 beneat h
15t he el astorneric block region 807 is preferably transparent, but may al so
be opaque or sidedf edl §0seor pb&AG] Hiflgid Gbmdepi €l iatoa ghhate] finewd Bfsulstbs 0@t e 800
with its channels forned therein

preferably on the side of substrate 800 opposite of well 805. In a particularly preferred

embodiment, substrate 800 is molded with recesses therein, the recesses being made into
15 channels by a sealing layer, preferably an adhesive filim or a sealing layer.
[095] Substrate 800 and its associated components may be fabricated from
polymers, such as polypropylene, polyethylene, polycarbonate, high-density
polyethylene, polytetrafluoroethylene PTFE or Teflon (R), glass, quartz, or a metal (for
example, aluminum), transparent materials, polysilicon, or the like. Accumulator well
20 tops 809 and 810 further may comprise access screws 812 which can be removed to
introduce or remove gas or liquid from accumulator chambers 815 and 816. Preferably,
valves 812 and 811 can be actuated to release fluid pressure otherwise held inside of
accumulator chambers 815 and 816. Notch 817 is used to assist correct placement of the
microfluidic device into other instrumentation, for example, instrumentation used to

25 operate or analyze the microfluidic device or reactions carried out therein. Fig. 8D
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providing fluid commnicati on between wells 805 and el astoneric bl ock 808 (not
shown) which is attached to substrate 800 within el astoneric bl ock region 807,
t hrough channels ')c)872. Accunul at or chanbers 801 and 802 are in fluid
conmmuni cation with el astoneric block region 807 and ultimately, elastorneric
bl ock 808, through channels 870. [097]Fig. SF depicts a bottom plan view of
subst rat e 800rm¢rmepichartyiaupacianbor Blesnrendagistsioment bloglerseion 887, athéchf or med i n
the bottom of substrate SOO between a first port 890 which passes through
substrat e 80@ntbe coveecdopitios hydatgindevanier & fwet b swg@Hicatien dhemhedo fiitae second
port 892 which passes through substrate 800 in fluid communication with a via
i n el ast oner fhe cyitot & IBO8dinorushbes}storh@Bdldk g Hug@igepn bt Bicmasd bgs- sect i ona
view of substrate 800 with el astoneric block 808 situated in elastomeric bl ock
regi on 807 ahkdimyg weiatile lspal, forgxhmyle was8 1o mnidichadmber §H eprBisialily fwettingst r at e 800
opposite of elastomeric block 808. Well 805 is in fluid conmunication with

el ast on®eri c bbbtkg808rinheougieef Pobvinglal¢toh8903y whiarrhbibe87@], Amddisecond port 892
and into a recess of elastoneric |ayer 808, which is sealed by a top surface
897 of subst ratrel @00¢ tchiéved iy aanyhgnimedati@8polySewl alnghol ayderat88irefemblys channe

870 fromrecesses nolded or machined into a bottom surface 898 substrate 800.
Seal i ng | ayensed @B88d aibsotpngemetealdl oy sponpe. aigpaioantn aed B doatrplldddy vexaapl e,

pol ystyrene, pol ycarbonate, or polypropylene. In one enbodi nent, sealing |ayer

881 is fl exi bhgidBpedhrasddviveadhesia U apR AKansumaficheondiatiaghedichdosubst rate 800
by bondi ng, such as with adhesive or heat sealing, or nechanically attached

such as by CeaRIpRS§eONw R 0hek dblntahBbeNigaldSmb@mesabiRBplayQd . 881 are
conpliant to formfluidic seals with each recess to forma fluidic channel

with 19gi ni nedluleakagea seahbsgralidyRitaiis dor tdiMhE RBEsiBEhSHIBRP L &RY an
addi ti onal support
U.S. Patent No. 6,244,432 by Saari et al, which is herein incorporated by reference for all
purposes including the specific purpose of humidity control devices and methods.
Hydration cover 850 is preferably transparent so as to not hinder visualization of events
within the elastomeric block during use. Likewise, the portion of substrate 800 beneath
15 the elastomeric block region 807 is preferably transparent, but may also be opaque or
reflective.
[096] Fig. 8E depicts a plan view of substrate 800 with its channels formed therein
providing fluid communication between wells 805 and elastomeric block 808 (not shown)
which is attached to substrate 800 within elastomeric block region 807, through channels
20 872. Accumulator chambers 801 and 802 are in fluid communication with elastomeric
block region 807 and ultimately, elastomeric block 808, through channels 870.
[097] Fig. 8F depicts a bottom plan view of substrate 800. In a particularly preferred

embodiment, recesses are formed in the bottom of substrate 800 between a first port 890

which passes through substrate 800 to the opposite side where wells 805 are formed and a
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| ayer that is rigid (not shown). In another enbodi nent, sealing |ayer 881 is
rigid. 10991Fig. 9A depicts a close-up detail of the fluidic interface

bet ween el asto ieric block 808 and el astoneric bl ock region 807 of substrate
800. As described in Unger and Hansen, elastorneric blocks may be forned from
mul tiple | ayers of elastoneric material bonded together to form an

el astoneri c bBtwakporPRefetialbpissatthrbegsdibdnae 800 it hed kayensicafonti aetaast oneri c
Hock have recesses. For exanple, a first elastonerie |ayer having recesses

f or med t her eiefustosiefiopioekd8d8anet sheewnd el astoneric | ayer having recesses forned
therein to forman elastomeric bl ock having recesses fornmed therein. The
recesses of t[oes]fir Fig eGakbprrrdresslseyiofial aiee ofe@strite 800 Ptk blaptotragdtkof f to
formchannels in the first elastonmeric 25l ayer. The recesses foirred in the
second el ast ®oesihatel ay@hstamnerid blka@wkgen 99Taldng wath spainlgliyyer 84 108Rehe@tSfthé 0 form
channels in the second el astoneric |ayer when the elastoneric |ayer is bonded
to a subst r atsgie of BEEIRYSHOSPPosIE ol eiteheid HibddtiSO8 dee1ses heivifng nmul tiple | ayers
wi th channels forned therein. [0100] Turning to Figs. 9A and 93, a first

el astoneric |@yennl20nhav agtandoblRrees hfaeE fivk bt 890, Skanh@cesses 901 formed
therein and second el astoneric |layer 923 having a top surface and a bottom

surface w th s@a0p6t RECARISES aFesd AeMBdmbMERRIr BoG i OB atkdtgaedher to form
el astoneri ¢ bl ock having channel 907 (formed fromfirst recess 901 and the

top surface ofirfg®oNer@basdkOsORN th CorndYBhnrBPRs. SURHLNALEsB0Bhschatdepgied to the
bottom surface of the second elastoneric |layer 923 to form channel 909 from

top surface 8/ Rfesddd nitlsitdr Ma€hiBQ0nRAND NG sRelct Q97 SIBLEAC 8PS RRE ORer
el astorneric layer 923. Port 892 may connect channel 872 of substrate 800

with channel £0% Qfrthe SeEaRtehaslianst b ﬁ;\(s&lysmleﬁecpopyéarma&laf formed by

the top surface of substrate 800. Alternati y as shown'in Figs. 9A-9B, port

892 connects (g Sllenesﬁﬁ AL eRBRShEAL &aﬁ@@@éﬂr éfh i¢ Aanpelsu QL if Qfhedieliate

el astoneric Iayer 20 of elastonaeric bllock 808 through a via 950, Via 950 is

formed 15about,qpay H@Lttakﬂecﬁ%ﬁﬁs‘&%%oét}%&ﬁn 58§Zh achK/ﬁ{ &R0l Yol RETBGnL N second

el astoneric layer 923, prior to its bondi w th elastonaeric layef 920, and

more prefer abdr}{negﬁah%élil}l Q?&cﬂc%frs%h 2 c%i% gg&%ndﬁégﬂgﬁ‘;'}ﬂp?erlaﬁyf&rs%alﬁf ‘??QPnded

t oget her. See co- pendi'ng and como ssi gned U rovi si ona

Appl i cation rl'a%'c m nt@ooéoﬁﬁ%lufdl ste%’wHHg?crh rg égsetﬁ @t A\/H'Lrll {Qcﬁa?mel%gﬁ)fl whi ch i's

i ncorporated by re ence 1or a pur poses an e Specl IC pur pose of

Exerpl a7y e i3] ragg? é%‘f*“ﬁ%@‘.‘%%%ém fofhd tt*ryi cgﬁ%ﬂgﬁw formng
second of ast et | Y820k 9 Il L bdMnek 381l L gt @ O

| aser, |aser x0|ner aser anical ly, and
coring, pref g['b Iy Vih 9€hA ECI})ICQS a cqc';slelul Id@tqil o?th??lglfd%rqu%ga eybegveeggl%tcl)rﬁenqr i
system preferdably offe “havin ﬁ
block 808 and elastomeric block region 807 of substrate 800. As described in Unger and
Hansen, elastomeric blocks may be formed from multiple layers of elastomeric material
20 bonded together to form an elastomeric block. Preferably at least two of the layers of the
elastomeric block have recesses. For example, a first elastomeric layer having recesses
formed therein is bonded to a second elastomeric layer having recesses formed therein to
form an elastomeric block having recesses formed therein. The recesses of the first

elastomeric layer are wholly or partly closed off to form channels in the first elastomeric

25 layer. The recesses formed in the second elastomeric layer are likewise wholly or partly
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[0101] Fig. 9B depicts the mcrofluidic device of Fig. 9A, wherein channel 907
of first elastoneric |ayer 920 overl aps channel 909 of second el astoneric

| ayer 923 to forma deflectable portion within the elastorneric bl ock,
preferably an el astoneric nmenbrane, preferably formed froma portion of
second el astoneric layer 923. Fluid pressure is 5 transmtted to channel 907
of first &Easiwet dtféro-foren cHasnyedyin @20sebomoraatopreas suyern wieed thid elastbnsoialayer i§ not
shown) through channel 872, port 892, and via 950 to cause el astorneric

menbr ane 990 toodeded h edbbtraig virvehy dotnong omiaraluidit dévdcefHaoivg arultéhld fapess oith t hr ough
channel 909 of second el astoneric |ayer 923. [0102]Fig. 9C depicts a cross
sectional vi ehmklsdrakheerepr. ef erred use of a via in the 10mcrofluidic

devi ces described herein. Mcrofluidic block 921 includes first |ayer 920
havi ng. first [bener reesssto s Lhanhes, ameridonddd lde Rosecapdbdtayer) 907
formed therein and second | ayer 923 havi ng second | ayer recesses (or channels
when bonded tsorfateSuinFrdt adcedseSBA fbhgddahdtein lhn IEcSRCDRE iy lyeLomBHAGhSaar e in
fluid conmunication through a first |ayer channel by way of two or nore vias
950. Pref er ahbyswfte dn@asbuaneuritcd wihQedosid ddest&f o5 titvated fildidisl ¢ @6HARAT cat i on
with well 999 of substrate 800 through a substrate recess 892 (or channel if
a seal i ng | ayggetfcn@tfoShOMImdrS bRAURARGNE GhashdISHT BbBndHIm il reb@ast1 #ae second

| ayer channel 909 is overl apped by a portion of first |ayer channel 907

Wit hout bei nghd @p ilrkbcslo CQPTM RiaGBE A 1aybi V28 huR PR AL RN a&ROWINE Fotlchy. 9C, a
hi gher density o? reaction and/or detection zones per lit area of

m croi | ui di ¢ GaNdeee HIRYRE1AGhEVEHy D 68 aSEmacIARhd WbdnGRanN&kfidgoREe | ayer
can be routed over or under an intervening fluid channel within the sane

l'ayer. 1pbl at i QpdeRDb ndhapRRLSsuPBOe & sEcdill 88 eliO1afateh fgPbgd SR oduced from
95 nber 989 may b

| aser ablating via 950. Debris chamber _ e cast into layer 920 by
two-layer cashhg: FBhdiess: or WREAER08 G chAnl 908 br I ¥&onOE1RHRLANERE St has

been patterned and devel oped, a second | ayer of photoresist 1s overlaid over

]E he first patyeis F@rﬁ? fo%n@@ﬁ}ptﬂﬁ to?p'f‘sl%?f%tﬁeec{f@uﬂsﬁat%@béfeﬁltéﬁ?ﬁ{%fy@@ sRAktigrn of the
irst photoresist Fayer such that a regions o
Figs. 9A-9B, port 892 connects channel 872 of substrate 800 with channel 907 for first
elastomeric layer 920 of elastomeric block 808 through a via 950. Via 950 is formed
15 about normal to substrate surface 897, preferably formed in second elastomeric layer 923,
prior to its bonding with elastomeric layer 920, and more preferably after the first and
second elastomeric layers are bonded together. See co-pending and commonly assigned
U.S. Provisional Patent Application Serial No. 60/557,715 by Unger filed on March 29,
2004, which is incorporated by reference for all purposes and the specific purpose of
20 teaching via formation using automated laser ablation systems and methods. Exemplary
methods for creating vias include microfabricating while forming second elastomeric
layer 923, laser drilling, laser drilling with a CO, laser, laser drilling with an excimer

laser, drilling mechanically, and coring, preferably wherein the drilling is performed by a

robotic drill system, preferably one having an x,y automated stage.
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photoresi st pattern may be of different heights. Miultiple |ayers can be built
up upon one another to create patterns of varying heights. D fferent
photoresi st materials nay al so be used so that, for exanple, the upper |ayer
of photoresist is capable of reflow ng when heated, while the | ower layer is
made of a photoresist that does not substantially reflow at 5the sane heated
t enper at ure. [p11D3] Figy 9B AEpidpheahisrodlubalicodenice opFigi By vdferedn sliaaned 507 éthat

i nterconnects channels fromtwo different layers. IViicrofluidic block 921 is
formed from fiirgtshastbayer [aP2 02 havérngs dlaamhedd GBdcohb ernasbmeri@nger9et anfdmh ayer 923
havi ng second channel 909 fornmed therein. Via 950 interconnects channels 907
and 909 t ogetdafdctab parionlvaiiin ths edebihkse WbanpeferBPanlel fdmecio measdHra@dst i nt o

| ayer 920 by a multi-height nolding process as descri bed above. Wen via 950
is formed by praseily fdahad from,a whetn o s@ondr@b@srhalc 1ifeo M D Muidhresdiee sayers nmay
reside in the upper portion of channel 907 where the via is fornmed. Providing
a chanber f orragsigiRedi®RhirSelPO7IRTIEK Eladtoh@idl8Rt 0B from afpr@turiabd Atit esurbel ps to
prevent closure or stenosis of channel 907 or 909. 15[0104] The fl ow channel s
of the presenhotisRoa!) tirOkEhFaynRPEI20pa $92, Bl vlesioas eshswilatodbdd @E8HEnLr 0SS
sectional sizes and shapes, offering different advantages, dependi ng upon
their desiredoappleieatib@warlt@s c@¥3NMRhiE ot dGfSS (1S Ghi ARkl BPaPecoid t he

| oner flow channel may have a curved upper surface, either along its entire
length or in dhenk89ia08 ot sposed under an upper cross channel). Such a curved
upper surface facilitates valve sealing, as 20foll ows. Menbrane thickness

profiles and (hi@y chennelicFitRITrRESdctions vieR Rk el @b RGRY ukh&r P £seRt _
i nvention include rectangul ar, trapezoidal, circular, ellipsoidal, parabolic,

hyperboloi ¢, amgoRAL¥IRNRLs de8SiDAE hireidS MiGEHAIORDIRE ob NEcRRAVESARPSS) Mre
conpl ex cross-sectional shapes, such as an enbodinent with protrusions or an

embodi ment h%‘ébiﬁ@ﬁf&?ﬁ?&‘f%&gﬁ%@}r ERnbd) G hEd OWHAENRMNELond3Rr@0F PorrRAEAR at ed by

the present invention! in addition, while the invention is described

ltOL:a”]?lr LLVYCLQna%gPchlﬁlglﬁ¥é§?%e ' : rrlggér%c&m%@k PEQke e PR BhdeR ppd ceiling of

substrate) 950 therein. Two second layer channels are in fluid communication through a
first layer channel by way of two or more vias 950. Preferably, at least one via 950 is in

15 further fluid communication with well 999 of substrate 800 through a substrate recess 892
(or channel if a sealing layer (not shown) is bonded to substrate 800). At least one second
layer channel 909 is overlapped by a portion of first layer channel 907 without being in
fluid communication. In the embodiment shown in Fig. 9C, a higher density of reaction
and/or detection zones per unit area of microfluidic device may be achieved because a

20 fluid channel in one layer can be routed over or under an intervening fluid channel within
the same layer. Ablation debris chambers 989 are present to catch debris produced from
laser ablating via 950. Debris chamber 989 may be cast into layer 920 by two-layer
casting methods, wherein after a first layer of photoresist has been patterned and

developed, a second layer of photoresist is overlaid over the first pattern, and a second

25 pattern is formed upon the pattern of the first photoresist layer such that a regions of
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el astoner, and the floor of the channel is fornmed from an underlying
substrate, the present invention is not limted to this particular
orientation. Walls arid floors of channels could 5also be fornmed in the
underlying substrate, with only the ceiling of the flow channel constructed
fromelastonmer. This elastonmer flow channel ceiling would project downward

nto the chagngl. g LespaNse.t qlﬁaﬁﬁeagh@dmﬁ@f@pggc&%%l LGIERYe

controlllng eria rou annel ener al

monol i thic ela&%ﬁebvegreaﬁ all‘l!t%{nlﬁ%f}?%ﬁﬂ hi gf eﬁ{ff‘aé}delli otorrl%s? tg‘%llt ?Jlﬁgllfayaa%?lbl Catl ons.

However, it ma anne rate where

h des .advant i trat | udi
opti cal wavedtier Agt r%ﬂ%&f&%@%‘r RS S5t R des i rec

i ght speci f| cavlI 20 e .of croflujdic hannel Q 86%
depicts a pl df é’WH%@e gﬁ?’&?ﬁé’%dﬂf’%ﬁiﬂst %tqué? PPLATS 311 ﬁ:‘(“g%t) separat e
meteri ng cells are foi rred within an el astomeric block 808. In a preferred
15enbod? ment PGTHEF BEAGHCTRHEEC1010 are provi ded adj acent each el astorneric
bl ock inlet which connects ports within substrate 800 (not shown) to channel s
within el ast 3% ¢ Blodk dsmgts a plgwh g viceolz datildBatdrteisprise s Ghramg figmsel ect ed
osnolarity to provide a source of hydration and/ or osno -rqul'atl onto
portions of évadiisiatlprern| Miskligns:. bl%f@?]lﬁognedlﬁméiéﬁﬁiadﬁrs%& Vi8ge-up plan view
of an exenplary netering cell used for 20protein crystallization wherein fluid
flow in adj achanclORAteeds aathecaliadmise??s hayingoeeond chadelpd damicd dezdt e menbr ane
val ves, preferably opposing "T" or tee shaped interdigitated valves 1100. hi
pref erred enbod?itentsonwhernhange?i/esd 809 tdeathoe | Alsasid wneadgnt clomrb®Os ar e
| ocated in close proximty such that osnolarity differences between adjacent
r eagentlOchantyeiich vais cashaimiels 98ty caulsehdigly maldionprofess hudedsribey phaval |y in vapor
form through the 25elastcnneric |layers of the elastorneric block, using
di scont i nuousvialwed siinesn&EFrMaset ablation, debris or material from one of the layers may

reside in the upper portion of channel 907 where the via is formed. Providing a chamber

for such debris or material to reside in after ablation helps to prevent closure or stenosis

of channel 907 or 909.

15 [0104] 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 valve sealing, as

20 follows. Membrane thickness profiles and flow channel cross-sections contemplated by
the present invention include rectangular, trapezoidal, circular, ellipsoidal, parabolic,
hyperbolic, and polygonal, as well as sections of the above shapes. More complex cross-

sectional shapes, such as an embodiment with protrusions or an embodiment having

concavities in the flow channel, are also contemplated by the present invention.



"osnotically" isolate reagent chanbers when conpared to |inear valve |ines 119
whi ch have a shorter fluid distance between each chanber. [0108]Fig. 11B
depicts a valve state for a nmetering cell. Wthin nmetering cell 1101 show,
reagent chanbers 1103 and protein chanber 1104 are isolated from each ot her by
5t he actuation of interface val ves 1106 while reagent and protein solution are

e roduced iy fspach, LERREOIANS,CHOIRSE 1 NGBl LS8 OB ALINENE, yal ves 1109
di

are cl osed, ree inrerface i's performed by

openi ng int erf%% 1mVe161‘t|\¥I%§eme}t ?alls%d% l?mgi %%E?gcha%&g,are%%neﬁsgm n rray be

i nterrupted b osin ace val ermt exanp

dehydrat i on i ocepr a%;llgog] AL AR BgLY ¥ agmﬂ he WikhLD tﬂrfrplferes%ﬁtorm“ e

bl ock 808 is re ucé IS a photograp an ex nmet eri ng

cell f_or mat . 1[196:1'191? I119L11tn‘?‘1|t’]e!1: toqﬁirs“ Ex‘#éltl %‘%&%tl&e% syan{i %Jﬁltof éh 1elsec%81dl ng a

plurality of sa rea en or ex preferably

f 4 th
ni nety- tuo- (63 Osofﬁ%%en BEb #%?% > %ﬁ??ﬁ/ﬁ%’wﬁéilgﬁ%{ %?%F?n%ﬂ ed to
forty-eight (%181%&11%@{1]‘%' G2 ela\s’\flomer 19113 s?oln%h %melgggﬁggvguld% - eaction pair

may be separate m Xed or conbi ne suc PRI YRS for mat

utilizing fl udo%ngg%r}rrﬁﬁﬁhﬁ c}{arm Raz ?e eto an Eglvfégfactgalo%%rcg %e?ebgftcgr?t;olll )t erveni ng

fluid channels se cof V|as to

i ncrease the &ﬁ%SP étgx?atl%; éﬁ)({} rﬂgg&l (‘91ann%? 1¥ Eﬁl;re e():ilﬂu&élgsfﬂ%rillérgé ctu?%o car ryl ng

cl ose up view pr ovi four se

out react ions égr%{en@@opaﬁ uml&gaéﬁ&ﬂohﬁm&gragﬁﬁg%Ugaah% cfbering cell 11100

COprISGS fOUf ers’'rn each set |rs er and a

second Wanbe(rh s f!)r'rlnegl %%@a\gh%fg su%gQH AN erﬁ%n‘? grogyde?‘ g%r f AGe val ve

11020. thin ace val rea stare | ced t hough ports

such as poet ns ancg awﬂfﬁs%r ell%lud%fé)g caﬁiw%\gﬁ%s coufd 2o Be@sonﬁ?i&tgﬁ%%g qe” 11100

for filling reageﬁt ers anple infet ports 1 And 11070,
and two of \Ah\!vgv%glgcﬁees dlr}'eoctt hghquecfﬁcal%lct% 5 R O?td%’llCl‘OﬂLIldIC channel.

[0106] Fig. 10 depicts a plan view of a preferred embodiment wherein ninety-six (96)
separate metering cells are formed within an elastomeric block 808. In a preferred
15 embodiment, hydration lines 1010 are provided adjacent each elastomeric block inlet
which connects ports within substrate 800 (not shown) to channels within elastomeric
block 808, to provide a source of solutions at a selected osmolarity to provide a source of
hydration and/or osmo-regulation to portions of elastomeric block 808.
[0107] Fig. 11A depicts a close-up plan view of an exemplary metering cell used for
20 protein crystallization wherein fluid flow in adjacent channels and chambers is controlled
by deflectable membrane valves, preferably opposing "T" or tee shaped interdigitated
valves 1100 . In preferred embodiments, when a series of channels and reagent chambers
are located in close proximity such that osmolarity differences between adjacent reagent
chambers or channels may cause migration of fluid, typically in vapor form, through the

25 elastomeric layers of the elastomeric block, using discontinuous valve lines serve to
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sanpl es, which are transported to sanple chanbers 11090 through channel s which
are interconnected through vies 11040, which allow or the sanples to pass over
t he sanpl e branch channels 11120. W dened channel paths, such as 11020a

i ndi cate where a defl ectabl e nenbrane valve is present that is fornmed by the
overlapping of a first |ayer channel and a second |ayer channel. Conparatively
nar r ower char'nghotselfyiemiate rcegpnedenbsrs whencooverdd dppraagvdvhigresd hawhehs, regi ons
where a defl ectable menbrane is not fornmed and therefore does net act as a

val ve. The arleh¢ ¢ gotterfbsd delsmeibbedehercecimnttei.s appl i cati on nmay, as one of
skill in the art would realize, be reversed in order. For exanple, a fluid

| ayer may be [0ti8ired HigdilBdewéts avilin giie forhayesringaeld &ithhi mererind @liéiOlhay be
10used as a control |ayer, and that each | ayer may possess both control and
flui d channel sho¥heisgehtrchancersray)3 aed proteid dikelb o mie ¢l dt@nfravh Eivhemer By nor e
different layers through vies. Preferably, the devices described herein may be
made of sone ohe MAEoLbASEONR NG ed HYE ile RESIE ol ryteidBNEbA ateWtrdiicaddr € | ayers
are bonded together. Layers may be bonded together, preferably by using

conpl i ment ar yin@hedh 18dpeitBs chdmBeWoOMe fiNed, Rohtayaiest vhbwhi 0dv, arsiesedcanrh@et ed, bond
together, or nore preferably, wherein one at nore layers is treated with

pl asma, pref enab ¥1AdkRSHBf2c8 ABTURRA & HRffEinlddYopenifl Badia0¢ Yalds! 1(d. asnas
etching prior to bonding, and preferably by bonding with an adhesi ve,

preferably anA@ﬂlB@rﬁiiﬁ’lﬂg.ClQEFHiifﬁisi&gmgi?m)ﬁfé%ﬂﬁt%d%ﬂ;Bﬂobiﬁg iR ROl MRBt@ry to the
chem stry of one or nore of the | ayers being bonded together. Adhesives may be

appl i ed by spidingatdhbpR KR EURN 16 ULhAT e RbidYnERIINy GRBLd HOxithih ayer of
adhesive onto a surface and stanping a |ayer on such spun adhesive to apply

adhesi vg) t o sygh 2% 8lcPEIOE rdiQcdondi ng the | ayer to another layer. [0111]Fig.
11G depicts a plan view of a preferred enbodi nent wherein four (4) sets of

f
ni nety-six (9@09§epaﬂqgthﬁq@%’%{ohdr%%gﬁ%kg%x%glo%}p%ggwlggé’ A&l astonenc bl ock.

101121'the extrenely sna capabl e of” being delivered by punps and
Lo o, SOOI PLGRST DO SR
ranual | oL i BN & Lyl IR sl glysRogepanl o of
pus 210 v ehp L BEESLIRDIA e BRI BYGDBphR 1 | aui
15 limited to forty-eight (48) samples with forty-eight (48) reagents. Each reaction pair may
be separately mixed or combined, such as by diffusion, the format utilizing fluid channel
overpasses or underpasses to route other intervening fluid channels. Fig. 11F is a close
up view of an example of a use of vias to increase the reaction/detection region density of
amicrofluidic chip. A close up view 11110 is provided of four sets of metering cells for
20 carrying out reactions such as protein crystallization experiments. Metering cell 11100
comprises four sets of chambers in each set having a first chamber and a second chamber
in fluid communication and separated by an interface valve 11020. With interface valve
11020 closed, reagents are introduced though ports such as port 11050 which is in fluid

communication with a metering cell 11100 for filling reagent chambers 11030, and

25 sample inlet ports 11080 and 11070, and two of which are not shown, such as protein
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The accurate netering of extrenely small volumes of fluid enabled by the
present invention would be extrenely valuable in a | arge nunber of biol ogical
applications, including diagnostic tests and assays. 10[0113] Equation 1
represents a highly sinplified nmathematical nodel of deflection of a
rectangular, linear, elastic, isotropic plate of uniformthickness by an

appl i ed pr essamegles, which4fenransfdBied ®)safifdh 3)ambatsél @90 {hOdibh cvameld efhlicheid on of

pl ate; [0116] B = shape coefficient (dependent upon |length vs. wi dth and
support of ceddgesneftepihadugh viak 01WD]which Alpplforeble pangdeup @ass[o@arli8¢ kanmplepl at e wi dt h
[0119] E = Young's nodul us [0120] h= plate thickness. 20[0121] Thus even in this
extrenely si mpirch cleangx prlessWadenedlédahet patiansuol aghl @0a gtdovaencherearbr ane i n
response to a pressure will be a function of: the length, w dth, and thickness
of the menbr ate@ectibiemérhtexiddialvetiypredenttthee isrfenied dprehd Xedagpise ofditkius)er and t he
applied actuation force. Because each of these paranmeters will vary w dely
dependi ng upodhatdeeandCisednd tHyseohahreN Coadparafvelsih-fd wet Ongasl segaehtof a particul ar

el astonmeric device in accordance with the present invention, a w de range of
menbr ane t hi cknesseshéid erlapping other channels, regions where a deflectable membrane is not
formed and therefore does not act as a valve. The architectures described herein this
application may, as one of skill in the art would realize, be reversed in order. For
example, a fluid layer may be formed inside of a thicker layer, and a thinner layer may be
10 used as a control layer, and that each layer may possess both control and fluid channels
therein and may be in fluid communication with one or more different layers through
vias. Preferably, the devices described herein may be made of one or more elastomeric
layers, preferably wherein two or more layers are bonded together. Layers may be
bonded together, preferably by using complimentary chemistries in two or more layers
15 which, when contacted, bond together, or more preferably, wherein one or more layers is
treated with plasma, preferably Ar plasma, and more preferably, clean dry air plasmas
etching prior to bonding, and preferably by bonding with an adhesive, preferably an
adhesive comprising components similar or complimentary to the chemistry of one or
more of the layers being bonded together. Adhesives may be applied by spin coating a
20 layer surface, or by spin coating a layer of adhesive onto a surface and stamping a layer
on such spun adhesive to apply adhesive to such layer prior to bonding the layer to
another layer.
[0111] Fig. 11G depicts a plan view of a preferred embodiment wherein four (4) sets

of ninety-six (96) separate metering cells are forming in an elastomeric block.
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el asticity's, channel w dths, and actuation forces are contenplated by the
present invention. [0122]it should be understood that the fornula just
presented is only an approximation, since in general the nmenbrane does not
have uni formthi ckness, the 5nmenbrane thickness is not necessarily snal
conpared to the length and width, and the deflection is not necessarily snal
conmpared to A3t h, THe ertremelysmal ivelkmeserdfe efhsingeiehrapdby mavsrahedless, t he
equation serves as a useful guide for adjusting variable paraneters to achieve
a desired redpeseEane vdafhegsespyinveaiguerressp 4 whstisrbalvanteay Spyriicalicr of | ui di ¢
devices of the present invention nmay be used as stand-al one 10devi ces, or
preferably, negsnadestSeaivaslysessf Biid aapshls perpizgsmpriely therados arbyndt heplpr esent
invention. Fig. 12A depicts a perspective view of a robotic station for
actuating a nrihesmfllest kshown delvineecapde ebinpatcededinyeumatatel sysomns slaband

accunul ator charging station 1200 includes a receiving bay 1203 for holding a
m er of | @i di ¢ telewheark@qd uof Utiligingpesgnhd vanesnt kobrdsuetviasthé fresdnype depi cted in
Figs. 8A-G A platen 1207 is adapted to contact an upper face 1209 of

m crof I ui di ¢ igemii6s vdidlss of Ryati en1 (LA Q7 schak: dheb@indlynRrhdertdiaid ddpegad Wi t h

m crofluidic device 1205 to provide fluid pressure, preferably gas pressure to

wel |'s and accuhgub@td setwidehif Bx tfantelyodnl dlivdiute S8V 16 E edad @ byl BBRneMbOdi nent ,
pl aten 1207 is urged agai nst upper face 1221 of mcrofluidic device 1205 by

nmovement of  amveafidh vaddbe Wikl y RhINGRSInURAE AuiteY 6 bidBEBaiapslidaBo¥Dt | vated by a
pi ston 1215 which is attached at one end to aim 1211 and at the other end to a

pl atform 121%,. R85 508008 R 8&HR. 1215 detect piston novenent and rel ay
i nformati on about piston position to a controller, preferably a controller

under ggntr Ogoﬁfﬂ a GRS refrfehts § RRWsintpRlE@Wangma SPRbUaLE dgkEidior A Pl ate
detector 1219 detects the presence of mcrofluidic device 1205 inside of

receiving bay, 1203,1.2MdeRrBkE!, Bl ¥piC Atke AELEGImRTIORRES Wzineagfal?etdip%s&é:
m crof | ui di e devi ce 251205. This may occur, for exanple, by optically

detecting thgopiesence @id,@iheptalion of mcrofluidic device 1205 by
reflecting light off of the si'de of microfluidic device 1205. Platen 1207 nay

be | owered rqhﬂﬁﬂcaki¥whﬁ&%HH§ﬁh8 I'ly, electrically, or the like. In sone
enbodi nents, platen 1207 is manually | owered to engage device 1205. [0124] Fig.

agai net upper ke 122l Bl Eral B R D0 R IR cover e by &
15 edges of plate);
[0117] P = applied pressure;
[0118] b = plate width
[0119] E = Young’s modulus; and
[0120] h = plate thickness.

20 [0121] Thus even in this extremely simplified expression, deflection of an elastomeric
membrane in response to a pressure will be a function of: the length, width, and thickness
of the membrane, the flexibility of the membrane (Young’s modulus), and the applied
actuation force. Because each of these parameters will vary widely depending upon the

~ actual dimensions and physical composition of a particular elastomeric device in

25 accordance with the present invention, a wide range of membrane thicknesses and
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shroud of platen 1207. In one enbodinent, fluid |lines |leading to platen 1207
are located within arm 1211 and are connected to fluid pressure supplies,
preferably automatic pneunmatic pressure supplies under control of a
controller. The pressure supplies provide controlled fluid pressure to ports
within a platen face (not shown) of platen 1207, to 10supply controlled
pressuri zed fdagiidtytsochapiiet wodths i agtudter forsesi2@®ntemipteedposihe prssdntg of pl at en
1207 is achieved, at least in-part, by enploying a ginbal joint 1223 where

pl aten 1207 anteatdres to arm 1211 so that platen 1207 may gi nbal about an axis
per pendi cul ar to upper face 1221 of mcrofluidic device 1205. [0125]Figs. 12C
and 12D provil@B2$i détshpedde ofidecstrmd dlian the Seratiagust r2@0tel ps ddylin up and 15down
positions, respectively. Fig. 12E depicts a close-up view of platen 1207 in a
down positi omppo@ihREdiEisigee ih2Enald piconsntaancuibesawalyavs bniémi éwekodss,phat en 1207
urged agai nst upper face 1221 of rnicrofluidic device 1205. Platen 1207 is

ur ged agdgai nstmemper thidcessi?2d nedessatilyrsofall vorpacedde thedegth206! wdttf exdtha f 1 ui d
tight seal between mcrofluidic device 1205 and 20a platen face 1227, or

bet ween port i defisctiofi ischevihee essdridQ Smahebnfpae tdll22efh, wRlthatee rhifkaces df2R7, in one
enbodi ment, includes or is nade of a conpliant material such as a resilient

el astoner, preésirakl Weeditnicsathe e@sitist sntes adbiyeful gridd headjukeyg vhibilde pl at en
1207 are separate fluid pressure lines, preferably gas pressure |ines, which
mate W t h varpagster6 athions desired pgesnsé atdf1d2idl vatusnpgiedffottedi ¢ devi ce 1205.

Al so shown are check val ve 25purge actuators 1233 which are actuated,
preferably pneursati cakhycrofiiidic\whiiedd ohe Presa€ inuaiios mapustisal Risaind-213de downwar d
into check valve 812 to open and relieve fluid pressure, or permt the

i ntroduct i on @kickd & feftiabQUghy BNREKas\at ¥Ea 81RmbY pRVRIES B9F 1IGhé frSse@Peni ng

resi stance. In one enbodi nent, platen 1207 has first and second purge
actuators 1231§véM1&r9rFi%ngﬁgi@pi6ﬂ369krsﬁ’e%{iVeQ§¢v8&ﬂa Bhdic8h2o Beechhg 8B) . 1012711 n

anot her enbodi nent, chip or device 1205 is nmanufactured with normal ly

microfluidic device. An automated pneumatic control and accumulator charging station
1200 includes a receiving bay 1203 for holding a microfluidic device 1205 of the present
invention such as the type depicted in Figs. 8A-G. A platen 1207 is adapted to contact an

15 upper face 1209 of microfluidic device 1205. Platen 1207 has therein ports that align
with microfluidic device 1205 to provide fluid pressure, preferably gas pressure, to wells
ahd accurnulators within microfluidic device 1205. In one embodiment, platen 1207 is
urged against upper face 1221 of microfluidic device 1205 by movem.ent of an arm 1211,
which hinges upon a pivot 1213 and is motivated by a piston 1215 whiich is attached at

20 one end to arm 1211 and at the other end to a platform 1217. Sensors along piston 1215
detect piston movement and relay information about piston position to a controller,
preferably a controller under control of a computer (not shown) following a software
script. A plate detector 1219 detects the presence of microfluidic device 1205 inside of

receiving bay 1203, and preferably can detect proper orientation of microfluidic device

25 1205. This may occur, for example, by optically detecting the presence and orientation of
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cl osed contai nment ancllor interface valves. In this enbodi nent, accum ators
woul d not be necessary to hold val ves shut during incubation. Pressure would
be applied to carrier or device 1205 well regions when interface andl or
cont ai nment val ves are desired to be opened. For all or nobst other tines, the
val ves woul d remain closed to separate the 10various chip experinents from one
anot her, andJdwocroflndis @épaceal?ds be agectingaigtt qif dttei silewé igofdndichlevichiZ®5f r om one
anot her. [01281Fig. 12G provides an extrenme cl ose-up view of purge actuator
1233 acti ng @pom IChemky valowere8 Téotiadig) pdurtdtichllynelsubeily adoreh8@k. Gf sammecr of | ui di ¢
device 1205. [0129]Fig. 12H depicts a cut-away view of platen 1207 urged

agai nst uppefmbadifedtsbl2h 1207 mimanofilyubeired WWevigedd2d520ber ei n a pressure
cavity 1255 is fornmed above well row 806 by contacting platen face 1227

agai nst a ri que4l25@ini2Bpatdts fracengl?Ridn 1760wt phit@sD0T eq therdewepaddion gas
pressure,is then applied to pressure cavity 1255 by introducing a fluid into
cavity 3255 furg@@mapdi@ssppeefabé S of b Mgdiclasmte a20n, MALR ifove baveglbg ast at i on
1200. Pressure is regulated by pressure regul ators associated with charging
station 1200,sh30ps@fieeaidoy. byoreleatbdigpitCalid ¥nes palingtd gatey ati7adt Becpedssur e
regul ators that can change out put pressure in accordance with signals sent by
a chargi ng st@athioimaont &l dr€fomevi&it6 falpyesttRoRppl O HRUERblyGAR8L . Fl ui d
pressure inside of pressure cavity 1255 in turn drives liquid within well 805

through the channet $reddutdduppisdRSdd: 8dBroBO0 canbibNt e phanne kg padieridae hamber s of
elastmeric block 808 to flf| channel s or chanbers or to actuate a defl ectabl e

portion of eigstARBHLA pRlsQeK1oGR&s whhigfa@lahlMe Zol §ives baphen TeiEANe val ve as
previ ously descri bed. fb130]F|g. 13 depicts a rear plan view of the fluidic

routingow t higgod¥ angbidide&sk2ed AudRdmtdAgurRade RE 12@3Cati o sbniggeh fluid
pressure port of platen face 1227 according to a 5Sparticul ar enbodi nent of the
present invenfiiinooh [k @niP@k! it Gaakah-pEaROAnPBRhe a EitHabioint 1223 where platen
1207 attaches to arm 1211 so that platen 1207 may gimbal about an axis perpendicular to
upper face 1221 of microfluidic device 1205.
[0125] Figs. 12C and 12D provide side-views of charging station 1200 in both up and
15 down positions, respectively. Fig. 12E depicts a close-up view of platen 1207 in a down
position.
[0126] Fig. 12F depicts a cut-away side-view of platen 1207 urged against upper face
1221 of microfluidic device 1205. Platen 1207 is urged against upper face 1221 of
microfluidic device 1205 to form a fluid tight seal between microfluidic device 1205 and
20 a platen face 1227, or between portions of device 1205 and face 1227. Platen face 1227,
in one embodiment, includes or is made of a compliant material such as a resilient
elastomer, preferably chemical resistant rubber or the like. Inside platen 1207 are
separate fluid pressure lines, preferably gas pressure lines, which mate with various
locations on upper face 1221 of microfluidic device 1205. Also shown are check valve

25 purge actuators 1233 which are actuated, preferably pneumatically, and which when

41



interfaces of platen 1207 arc positioned to be aligned with fluid ports,
wel | s 805, check valves and the |Iike when platen 1207 engages m crofluidie
device 1205. In a particular enbodinment, mcrofluidic device 1205 is an
integrated carrier and mcrofluidic chip such as the Topaz(r) 1.96 or
Topaz(r) 4.96 chips. 1010131linterrupted diffusion is believed to allow

di f f usi on f oracmatpépugce wh 123 Indevawbifdiinh elreck vdveHdde opdnang redikveefuicr yst al | i zi ng
agents to diffuse into the chanber containing protein while limting the
count er di f f usésone,of ppmitthé mgodustion efHiidghnpsghadhbiizatve dh2 beagermiztittnber by
closing the interface valve. The interface val ve, when actuated, separates

t he chanber cwnting resipigngsr &t eicrenfordmetthgaterhlavB des Trorndiseviongpweystualols zat i on
reagent. 15[ 0132] The present invention provides for devices, systens and

nmet hods for uRBhghshehgagevhecksaleaadl syslt8édtsee Figr8B)ol di ng and nani pul ati ng
mcro fluidic devices, in particular, nmultilayer elastoinentc mcrofluidic
devi ces Swher €07at  |Ie asdthay rmbod ke cthiphdr deientad anenamc fastuas vathvatmadlyt o
interrupt or separate fluid within a mcrofluidic channel having a

Cr 0ss- sect i onddsed tanerirsih @ aralf oradetitce $00:s nincthie mabetiment Beenplh@rsywavidaroof | ui di ¢
20devi ces are used to screen for conditions which cause protein crystals to
form from pr Oiegietessoy tathiotinglvey sifur @einp iMcetiafiac ePrelisfide weutalrbe (abi)ed td crrriese, t he

m crofluidic devices are |loaded with a protein solution and a crystallization
agent, typi cadrldgvicenl 20hevefloggiomfwhan medfgenihd/sodoutaimdient wies eferdegad ko teol ut i on
enters into individual chanbers interconnected by a channel having a val ve

t her ei n. Cont@efsieMbr AlBdr\rest athe tinteNhdugds #oulk eefircacdd af sepdige 881 utions in
their respective chanber as the valve located in the channel separating the
chanber® i s opeB&thiplxbatihdn® forflbdd asth@Nanaet waeparith &agdhamiigsrstein wrlpr ef er r ed
devices, the valves are actuated by changes in fluid pressure, for exanple
ei ther hydraudd wadtiyrén ophgnsimti cal ly. Therefore, a neans for changing fluid
pressure to each of the valve is hel pful. 5101331The invention provides, in
one aspect, fRI2® CaFigileG prbadeshf OMicHRSIBEEGEESY bOpERUchldr eshfdetiied pressure.
Fig. 14A depicts a perspective view of a preferred enbodi nent. The carrier in
Fig. 14A, whighnkiecRRgyesadidentitiiasbaRewoo af hifgRridid@Ricsques e foot print and
is about one inch in height, is preferably made froma polymer, preferably
acrylic. O heprgt erfrigl 1ISHRYicRE cUsKehydepetdiang 1007 & patns@p&itacthe
experinments to be performed | O using the carrier, and the solvents that the

Garde’ fxay be;nxBeseehifidididd 2058hadiRl peXarRh iy @5 & tbinfl .60khA1be made
from pol ypropyl ene to provide resistance to certain solvents such as acetone.

[ 01341Tur ni ng:RAs b9 cdrltfing frakn 2R 1 3ABAnP ALl 8k r §iFpROdiBRT. gt he present

pressure, preferably gas pressure, is then applied to pressure cavity 1255 by introducing a
fluid into cavity 1255 from pressure lines running down arm 1211 of charging station
1200. Pressure is regulated by pressure regulators associated with charging station 1200,

20 preferably by electronically controlled variable pressure regulators that can change output
pressure in accordance with signals sent by a charging station controller, preferably under
computer control. Fluid pressure inside of pressure cavity 1255 in tum drives liquid
within well 805 through the channels within substrate 800 and into channels and/or

chambers of elastomeric block 808 to fill channels or chambers or to actuate a deflectable
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invention will be described. Fig. 14A depicts a carrier 1400 adapted to
receive a 15mcrofluidic device or chip (not showmn in Fig. 14A), such as a
chip used to grow protein crystals. The chip is mounted in carrier 1400,
integrally formed with carrier 1400, or is a stand alone chip having simlar
size, features and functions as carrier 1400. In one enbodi nent, carrier 1400
i ncl udes a plpartighpt glasiimayigbtask 868, wesifdraply hdaflegtalde memprags galeeavwiaviogdyi on with
corresponding wells on the rnicrofluidic device! In this manner, 20fl uids
provi ded to tdhssribakrier wells can in turn be delivered to the microfluidic
device. Further, fluids disposed in the canier or device wells can be

del i vered to [0186t i ngig égilemss wicttplm Yigve otiby flaidichyutmp plithinydptqwrfaeesld2® to t he
ports or wells on carrier 1400 [0135]1n a particul ar enbodi nent, the

m cr of | ui di ¢ adéthecpatial locdtiop of @clhh Baidipresird portaf phiep facedi2Phactardifg th sposed i n
carrier 1400, or integrally fanned therewith. In one 95enbodi nent, carrier
1400 i nél udeyadichilar shbodimhdnt pfghy meseidf@naend [aasationd awbbdimerigflod 1422 adapt er'
to receive a plurality ot reagents. In one enbodinment, first well region 1420
and second wehterfacegofgratddi227 areogbated &dapligckdtvothrfeodpors, wglst05,fcbecky - ei ght  (48)
reagents apiece. In one enbodi nent, regions 1420 and 1422 conprise a plurality
of wel | s t hatvabeeandohgliiedvhien peennespapdiengiondldidic devidelie0im lanpbdicnlsh ¢ devi ce
when the device is disposed 5within carrier 1400. This may occur, for exanple,
usi ng channelembbdineay, miesluldObevae 1p0EN bolnsdgyatdeatter helthiclofividirehprbadi nment ,
carrier 1400 further includes a first protein region 1430 and a second protein

regi on 1432. diHeStopp®at %o TopgPame1did® i ncludes a plurality of wells, and in a
particul ar enbodi nent four wells or ports, adapted to receive desired

protei ng. |n [erBa] hernernel diHMion is BN tp alddve diffusiegfod B pdribddf tileadapt ed to
10receive up to four proteins. In a particular enbodi nent, second protein
region 1432 sufficient to cause the smaller crystallizing agents to diffuse into the chamber containing
protein while limiting the counter diffusion of proteins into the crystallization reagent
chamber by closing the interface valve. The interface valve, when actuated, separates the
chamber containing protein from the chamber containing crystallization reagent.
15 [0132] The present invention provides for devices, systems and methods for using
such devices and systems, for holding and manipulating microfluidic devices, in
particular, multilayer elastomeric microfluidic devices wherein at least one deflectable
membrane acts as a valve to interrupt or separate fluid within a microfluidic channel
having a cross-sectional dimension of about 500 micrometers. Exemplary microfluidic
20 devices are used to screen for conditions which cause protein crystals to form from
protein solutions by free-interface diffusion (FID). In use, the microfluidic devices are
loaded with a protein solution and a crystallization agent, typically in the form of a
reagent solution, wherein each solution enters into individual chambers interconnected by

a channel having a valve therein. Containment valves are then used to keep each of the

25 solutions in their respective chamber as the valve located in the channel separating the
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provi des vents for carrier 1400. hi other enbodi nents, the nunber of wells
vary fromthose noted herein for regions 1420, 1422, 1430 and 1432 dependi ng
on a wide range of factors including, without limtation, the desired nunber
of experinments or tests, the desired well or crystal size, the carrier size,
and the |ike. 15[0136)In sone enbodinents it is desirable to control the

hum dity of tdhemeds i opdned emiaitigistsoi@ision hetween thy chaaberonnghelpiekdeyga0thes f or med
around the chip, with hydration chanber 1440 adapted to hold a fluid or a

f1 ui d sour ce.valves ge pavrat¢dcyl chengsarindbiihpratsureafosgromyle citker gudrapiselkage, a woven

mat erial such as a piece of cloth or a cotton ball/pad, or other materi al
adapt ed to haoindurpaticpléyuiltheiedoreliagproneidr shangingiling dressuiedn exhafibevalydis0. I n a
20particul ar enbodi ment, fluid-containing naterial nay be di sposed on both

si des of the Iehifg. as indicated in Fig. 14B. The sponge or other naterial may
be hydrated with water, buffer, a crystallization reagent, or a solvent.

Al t er natsi vel y[0133] deslihe catentian pretidasi iabneamyecadoedatrier thenmyedaroiswtsire from t he

m croftuidic device. Carrier 1400 farther includes an interface accunul ator
1460 havi ng acoohdbk fival pressdrd 6Bigarich d&eprtntpaisperend viaw o lapreftrod erdmlidaddt. havi ng a
check val ve 1455. As previously described in conjunction with earlier

enbodi ment s, theeekievialfigd4A46ch 465 crab@liracha pdsebot o tlabd iovh dgh@e fgr@ase or

rel ease of pressure within accunul ators 1450 and 1460, to introduce or renobve
fluids from aoduimabbatone sich 4bRigmds drdfofdplyamde &bma ppyneperdtrebly ecrplivi nt ai n t he
pressure within carrier 1400, and thus to nmaintain or apply pressure to
appropri at e refeanserals ihdyebemsed dhbdirgion tixdewirce tih spagedchistthee pirformdhe

advant age of having an "on-board" source of controlled fluid pressure is that
t he m croof | ui ahirg tiekenaireg,and theaclverad @et thycaaleangese éxpodel th dirppessoe, can be kept
in an actuated state independent of an external source of fluid pressure, thus
Li berating t h&amplef Ddahibr dingd Bembraangbl gasgyieE tof pfrovideadsisiifet td @ahincor d att ached
to that external source of fluid pressure. The accurul ator may further include
a gas 10pr essdbicZ@ticans hdttedt. port, a liquid addition port, and a pressurized
fluid outlet for comunicating fluid pressure to the connection bl ock.

1013711 n a paptisul arurenPoshy rEfigs. 14Aend niBegaiceld: @adodingdnt dAAROpraggk m crof | ui di ¢

invention will be described. Fig. 14A depicts a carrier 1400 adapted to receive a
15 microfluidic device or chip (not shown in Fig. 14A), such as a chip used to grow protein
crystals. The chip is mounted in carrier 1400, integrally formed with carrier 1400, or is a
stand alone chip having similar size, features and functions as carrier 1400. In one
embodiment, carrier 1400 includes a plurality of ports or wells that are in fluid
communication with corresponding wells on the microfluidic device. In this manner,
20 fluids provided to the carrier wells can in turn be delivered to the microfluidic device.
Further, fluids disposed in the carrier or device wells can be delivered to testing regions
within the device by applying pressure to the ports or wells on carrier 1400.
[0135] In a particular embodiment, the microfluidic device or chip is received in a
chip region 1410 disposed in carrier 1400, or integrally formed therewith. In one

25 embodiment, carrier 1400 includes a first well region 1420 and a second well region 1422
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device are adapted for perform ng desired experinents according to

enbodi nents of the present invention by using the systens of the present
invention. Mire specifically, as 15shown in Fig. 15A, a system 1500 i ncl udes
one or nore receiving stations 1510 each adapted to receive a carrier 1400.
In a particul ar enbodi nent, system 1500 includes four (4) receiving stations
1510, al t hougharft@erecone a phray elreagentheln ood eshodiniaph dirst 5720 regi@ PRoOwidded i n
alternative enbodi ments of the present invention. Fig. 15B depicts carrier
1400 and a devioné wieh repoombli4a2 riesachdilaywide deogime gt @tfprenc1gB 168 uerdgents an i nterf ace
pl ate 1520. 20Interface plate 1520 is adapted to translate dowward in Fig.
15B so that iaptces. flacee phlatdendB2éeiendatfesdtl 22 wppese spinkhyef ofllcthatrieer 1400
and its mcrofluidic device. In sone enbodi nents, station 1510 and pl aten
1520 are si mdoapled © cotrasppiingl AN oarie nptrafl@nic 120 whenttler deace ispliwbed 1520

i ncl udes one or nore ports 1525 for coupling with regions in carrier 1400
whi ch arse adapittédcdngerrlé@ei Tes hbwocds, fopexaspier esingothatrel ih tdoger IKA0 sOME

enbodi ments, 25interface plate 1520 includes two ports, three ports, four
ports, five poeticslysiexripet.tls onseuiedimgqporirser [@DQhtrthpondlsdes aifine ppoit s, ten
ports,or the like. In a preferred enbodi ment, interface plate 1520 is coupl ed
to six |ines kgion pt30vndi sgopd gesinregidol ddestite gdrotetgicgins 1430 iaelnddser 1400, and
two lines for providing a nechanismfor activating check val ves 1455 and
1465. 110138Xffirglity bb&elthepidciti 3 prditil@iesbbéigiemtisurafells of itk adeptpl @treel 520
according to a 5particul ar enbodi mrent of the present invention, s nilar to
Fig. 13. In aleiegdpasteive 1erbabérrBibbEmen] Lidaeertdh apnl1s20isiatpkdades a di fferent
nunber or configuration of ports than those depicted in Fig. 15C. [0139]As
shown i1 Fi g.redddA, upSy sduepoldd0 if apdrirar eiedduges, secopt pessegiohhadz, in one
enbodi ment, is a processor associated with a | aptop conputer or other

conmput i ng devireRdekQdH3tr c&BBPUID NGn stBMicEBodim3hs, itcluddeso ek iy adapt ed to
mai ntai n software, scripts,

those noted herein for regions 1420, 1422, 1430 and 1432 depending on a wide range of
factors including, without limitation, the desired number of experiments or tests, the
desired well or crystal size, the carner size, and the like.

15 [0136] In some embodiments it is desirable to controlb the humidity of the chip. In
one embodiment, a hydration chamber 1440 is formed around the chip, with hydration
chamber 1440 adapted to hold a fluid or a fluid source. In a particular embodiment, a
sponge, a gel package, a woven material such as a piece of cloth or a cotton ball/pad, or
other material adapted to hold a liquid is disposed within hydration chamber 1440. In a

20 particular embodiment, fluid-containing material may be disposed on both sides of the
chip as indicated in Fig. 14B. The sponge or other material may be hydrated with water,
buffer, a crystallization reagent, or a solvent. Alteratively, a desiccating material may
added to remove moisture from the microfluidic device. Carrier 1400 further includes an
interface accumulator 1460 having a check valve 1465 and a containment accumulator

25 1450 having a check valve 1455. As previously described in conjunction with earlier



and the like for perform ng desired processes of the present invention,
Further, conputing device 1530 includes a screen 1540 for depicting results of
studi es and anal yses of mcrofluidic devices, with Fig. 17 depicting one
enbodi ment of a screen shot for display on system 1500. System 1500 i s coupl ed
to one or nore pressure sources, 15such as a pressurized fluid, gas, or the
li ke, for dekinpeninerys, Skark velgest 485, niteT of hdipdil to dlewiteincigkie ohreterse of | ui dl y
coupled to interface plate(s) 1520. [0140] Figs. 16A and 16B depict a
particul ar emptrogirameititin efcuyistoeni456a@81 14ahdo mipducs peinpicAbifilyiorof i nt er f ace
plate 1520. In Fig. 16A, interface plate 1520 is coupled to the integrated
chip and can-acdupetatoisi300jand boRpandatso tcherterafd tairdinjaisba breseier vidiimcarggi ons t her eof
In 20particular, fluid seals are provided between interface plate 1520 and one
or nore regi dA, afd thertp memtdd 0Cepalydrashirpio approprizsregines dfithesnicpptlotdesi n r egi on
1430, second protein region 1432, first well region 1420, second well region
1422, i ht er f deecatposaditizron. THGQyantdge okhavalgvee "ddBrd" contadfrementlledccunul at or
1450, and/or check val ve 1455. In one enbodi nent, interface plate 1520
provi des fl uifdideaskse tsohat 6ginine{11idRGievite) XctudidBy chrdB2 in fladdressoreacounul at or
1450 and 1460. In one enbodiment, interface plate 1520 provi des one or nore
check val ve &ekeaimmsictibiédstas iliepindee efian axteRiagjsoutod Bf f1{1i0 bAijure theome
enbodi ments, interface plate 1520 provides all of the desired fluid seals to
carrier 1400 liandtiigtee micearfmidiudetice askbsarixe fromranciabiigalsord attatherd featba pl ate 1520
may 5i nclude a seal i ng gasket 1580. Sealing gasket 1580 may conprise a w de
range of mat ekiealassowicaiof ludd pgsswiet Maebechinniatoatmbpfurtberlihdate argabber, an el ast oner,
or the like. In some enbodi nents, gasket 1580 conprises a conpliant materi al
t o hel poFor mptdssiiridition sietetlpsriad ligudeadd2ioh pexd ahde plessariged fluid dukietSformar mer, system
1500 can provide the desired pressures to appropriate regions of chip and
carrier 1400.communithig flefiyocksire id the cdnnécgibfi bioek. pl at e 1520 10is a two or nore
pl ate conponents. For exanple, the regions or ports on carrier 1400 and

[0137] In a particular embodiment, the integrated carrier 1400 and microfluidic

device are adapted for performing desired experiments according to embodiments of the
present invention by using the systems of the present invention. More specifically, as

15 shown in Fig. 15A, a system 1500 includes one or more receiving stations 1510 each
adapted to receive a carrier 1400. In a particular embodiment, system 1500 includes four
(4) receiving stations 1510, although fewer or a greater number of stations 1510 are
provided in alternative embodiments of the present invention. Fig. 15B depicts carrier
1400 and a device in combination disposed in station 1510 under an interface plate 1520.

20 Interface plate 1520 is adapted to translate downward in Fig. 15B so that interface plate
1520 engages the upper surface of carrier 1400 and its microfluidic device. In some
embodiments, station 1510 and platen 1520 are similar to station 1200 and platen 1207.
Interface plate 1520 includes one or more ports 1523 for coupling with regions in carrier
1400 which are adapted to receive fluids, pressure, or the like. In some embodiments,

25 interface plate 1520 includes two ports, three ports, four ports, five ports, six ports, seven
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the mcrofluidic device each may be fluidly coupled to a separate plate 1520
adapted to fit that port or region. System 1500 then woul d include the
necessary nunber of interface plates 1520 for the various ports or regions.
Further, in sonme enbodi nents, nore than one region or port is coupled to a
particular interface plate 1520, while other regions or ports are coupled to
a separ at e i noes,eabepoph.aties p520en Erier thedirbi natprdarsedofmbiodinent, atefapt at es and
carrier/chip regions and ports also fall within the scope of the present

i nvention. [ @4215Phés @pgedto sonlirg fe pstveimgP509yre orienred regiodil premdr, 140tivol ves t he
| oadi ng of one or nore carriers 1400 into receiving station(s) 1510. In sonic
enbodi nment s, apdrwd lgres fot #0QFidinmpcd methatibve faredivetidguhelikovatiev i 456 asdigglsed t her et o,
and have desired reagents and proteins |loaded into the carrier wells prior to
pl aci ng t he darasi er §ig. nf© dejecteivariongregioat ifamefat&Adte 1520 afchdingembodi nent s, the
carriers 1400 are placed into receiving stations 1510, and subsequently | oaded
W t h reagent gasaiedlapendiodinmgt ofThs preensindehOoh, fimilkine Figray. beltbmatded Wi th a
hydration fluid. Hydration fluid nay be placed in hydrati on chanber 1440.

Af ter carri erenbddifBntatmerfaoaped 1i5hl DelyshdiffelmOmbentieroh Ageatphat psts1520 are

| onered or otherwise translated to engage carriers 1400. Plates 1520 may be
manual |y, robbdn te&ak dypicted indihes@ se | owered to fluidly seal with portions or
all of chip/carrier 1400. A hydration fluid is provided to interface
accunul at or 1j4609] and{sahow it Fg NsRNiysamcldoufusth@incldbda pracksks tick iivar i nto t he
chip by applying the appropriate pressure to accunul ators 1450, 1460 using a
pressure sourgéotigiefl, 8d prérebsdt Sxdcaxtal wpithad 18ptdbedthpulenomotpa cbmpitingdevedgebodi ment ,
system 1500 autonatically perforns this process, which in a particul ar

enbodi neNnt  0CIGA0.SCHhuting dabeults30 Wekiys hetfdly fapes tahiigtintsbewitydeagts,on fluid is
added to carrier 1400. As a result, the chip is sufficiently | oaded with
hydraul i c fl uind tHeQiko B paif@ntil qesieirdeRoRdTthedpieteRlinenfi@r fragReryal ves, as
described herein and nore fully in the patents and 10applications previously
i ncor por at ed eheidy deyicé e5®rieNeRs a kQdAIbAher RhHRtie: RSulBREsti@agent s are

di spensed into the chip by applying the desired pressure to the appropriate

seal ed chip rggiyQRss Alcednslié f&iRPRF BN aY Bepidih€bSe enftRdin@NBEM sBreerddbl Yi NG a
pressure between about | psi and about 35 psi to first and second well regions

1420 and 142200808t RSydton dbd0/ &S kibR 156R8eshedihéR dr AR rehtRureShirtdsar 1y,
15appl ying a pressure %etmeen about 1 psi and about 35 psi to first and second

protei nsregi ofash khIPessukh3& 1RRESALR el e, d61 By L s Db BleNSicioMbRict he chip. In a
particul ar enbodi ment, this occurs within about sixty (60) mnutes after

| oadi ng the chiesMtith By dhi@t) doGpltd WiistertfPEBtelshesMBr ot €i ns and reagents have
been driven to the desired wells, chanbers, reservoirs or the like within the

chip, the intgifepce Mal V&S M {1t Rplchep&ltiuRr B RRAPENE MY sh & EBSERY check
val ve 1465 in interface accunulator 1460. In a particular
specifically, of interface plate 1520. In Fig. 16A, interface plate 1520 is coupled to the
integrated chip and carrier 1400 in a manner that fluidly seals certain regions thereof. In
20 particular, fluid seals are provided between interface plate 1520 and one or more regions
of carrier 1400 and chip, such as the first protein region 1430, second protein region
1432, first well region 1420, second well region 1422, interface accumulator 1460, check

valve 1465, containment accumulator 1450, and/or check valve 1455. In one

embodiment, interface plate 1520 provides fluid seals to regions 1420, 1422, 1430, 1432,
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enbodi ment, check valve 1465 is rel eased, to open interface valves in the
chi p, when system 1500 activates check val ve actuator 1570 whi ch engages check
val ve 1465. In sone enbodi nents, check val ve actuator 1570 includes a pin, a
post, or the |like adapted to engage check valve 1465 in order to rel ease
pressure within interface accunul ator 251460. In an alternative enbodi nent,
check val ve 146% dcsurmaroal 459 ank]468s éxbne embpkmed, interfaderdpté £ B0 pravides f ace

di ffusion or other appropriate processes, the interface valves are closed. A
pressure i s appbimdetrbecachivatdratord 450 aahat gen 488 1i6B. or der to mai ntain cl osed
interface val ves and contai nnent val ves. The carrier 1400 may he renoved from
syst em 51500 [Pb#l] i ndubatd @mbadimentspmagiece phat URD preided 5D ofthel dkA&0d] d t he
pressure for a desired period of time, fromhours to days in order to prevent
or hel p prevesnils toherreo MOiandrerimianfuidin terideadedoing wemtdrfaoaplepésiongay | n a
particul ar enmbodi ment, actuators 1450 and 1460 maintain the pressure wthin

t he chi p abovecladedesilinggadkar EShoSchlipg @skdnn 8803tidyfdogipeasd a ¥ ide kegpofcont ai nnment

and/ or interface valves closed, In one enbodi nent, actuators 1450 and 1460
10mai nt ai n t heatpiass muleing boteuttletatidir o hadbgt @sgastend af tiatlikk.eastmewo ( 2)

days, at |east seven (7) days, and the like. The length of tinme actuators 1450
and 1460 mai ndnébotiinieh®R, gheisdt 1 £8D PMELSH & eorfiffafNAgerial toalf fofh flulde sedicdibat i on
tenperature, Depending in part on the desired incubation period |Iength and/or

i ncubat i on conéddsiraiiscationd. ITh &fis h4er, BREMIB00 einuraede the d&ysd pBskBdQ i n order to
recharge or repressurize actuators 1450, 1460. In this manner, the incubation
period nmay beap??bbﬁﬂé%éidn@oﬂﬂlﬁ@anﬁl’cQ’x/iEldlefod’).Olh oiRS bl ENS irddrfags Pk hsxr ot her
chemi cal or related processes [0145]Fig. 17 depicts a typical graphical user

interfage COMPUHRS orSEdre BTAtePORBH h & rdD ¥x o pled TR Wéedns GF hottsial catrief 1400 adb10 as
descri bed above. In a preferred enbodi nrent which is shown, four different

chargi ng st atth@Rnsreramidgevasetcdat B, JeTRRMEadBIRE toya sefsrats PRW oY adaBRd Z0four
separate screen colums indicating status. The software can be |linked to a

data input dewhtGertang @n.dﬁ%'@é?ﬁ$ﬁ)0ttﬁb11qﬂfufd3h@ﬁc@ tRXRBES TP AludberGOMe faécONS,
reagents used, user éentl i cation, sanple character, valve actuation

profiles, humgid o anehdRsibus Ras bl @ oRNELYS Sn S3hPerMbdBSSOChaleitid @ uni que
identifier, preferably a bar or spatial dot optical code or an encoded radio

frequency devigeentdd part T HLOE WiaafticHEVih CEaQIp1kh 52BN C8RMYihd: RBAL 60N
251 nformati on may be generated by different |aboratory instrtunents, such as

robotics - ports are coupled to a separate interface plate 1520. Other combinations of interface

plates and carrier/chip regions and ports also fall within the scope of the present
invention.
[0142] The operation of system 1500, in one embodiment, involves the loading of one
or more carriers 1400 into receiving station(s) 1510. In some embodiments, carriers 1400
20 include the microfluidic device coupled thereto, and have desired reagents and proteins
loaded into the carrier wells prior to placing the carriers into receiving stations 1510. In
other embodiments, the carriers 1400 are placed into receiving stations 1510, and
subsequently loaded with reagents and proteins. Carriers 1400 further may be loaded
with a hydration fluid. Hydration fluid may be placed in hydration chamber 1440. After

25 carriers 1400 are loaded into system 1500, interface plates 1520 are lowered or otherwise
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di spensing stations, robotic plate handlers, incubators, charging stations as
descri bed herein, and optical inspection stations, such as those described in
copendi ng US Provi sional Patent Application Nos. 60/472,226 by Lee et al f |ed
on May 20, 2003, 60/490,712 and 60/490, 584, both by Tayl or, and 60/490, 666 by
Quan, each of the three 5filed on July 28, 2003 and are all commonly assigned
to the assi grieeslaéd tolsegage exders 14p [Plateatlp Yhmaxabromewhilish rebosicadlsicht her ei n
i ncorporated by reference in their entireties for all purposes. 101461Software
used to oper atherwibelogbrad tp hydlgseal dhgortiersor e etichideasiian LAYy 4 ydr#iien provi de for
an end-user script witing feature which allows an end user to wite custom
10scri pts t o factisatoeidahty inteHeewrseubtmtl #@] andfor pentdipudratesumhigtonil €50ahd ui di ¢
devi ces described herein. Such customscripts may further integrate with other
conput er pr ogs &ren arialthe omip by epplciomthe epriremiatterisses tamednilagomt pE, L Hdnt s
involving the mcrofluidic devices of the present invention. 101471Exanple 1:
I n a préf err eding abodiunesotirce goypleadtteinteraeagatall $30z dh & parbadarieohsdiment, 15be carri ed
out by controlling diffusion by closing the interface valve after a period of
time, for exappéne]sSEfanemabeallyipatitres thiTmbtess, whidheh epartihilglmbgditnsntt he st eps for
usi ng an exenplary protein crystallization device of the invention in a manner
for which difadceiss @ithih sbauntventyn2@choafstaéer tie ipelration flok id added to[cBxtiéB]40abl e 1.
Merges 2Load 1.96 with 5 CGrld FID 60 mn. Use in place of the two scripts.

As aresult, the chip is sufficiently loaded with hydraulic fluid to operate chip

containment and/or interface valves, as described herein and more fully in the patents and

10 ~applications previously incorporated herein by reference.

[0143] The proteins and reagents are dispensed into the chip by applying the desired
pressure to the appropriate sealed chip regions around the appropriate inlets. For
example, applying a pressure between about 1 psi and about 35 psi to first and second
well regions 1420 and 1422 operates to drive the reagents into the chip. Similarly,

15 applying a pressure between about 1 psi and about 35 psi to first and second protein
regions 1430, 1432 operates to drive the proteins into the chip. In a particular
embodiment, this occurs within about sixty (60) minutes after loadiné the chip with
hydraulic fluid. Once the proteins and reagents have been driven to the desired wells,
chambers, reservoirs or the like within the chip, the interface valves within the chip are

20 opened by releasing check valve 1465 in interface accumulator 1460. In a particular
embodiment, check valve 1465 is released, to open interface valves in the chip, when
system 1500 activates check valve actuator 1570 which engages check valve 1465. In
some embodiments, check valve actuator 1570 includes a pin, a post, or the like adapted
to engage check valve 1465 in order to release pressure within interface accumulator

25 1460. In an alternative embodiment, check valve 1465 is manually released or opened.
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Use to blind fill reagents, begin diffusion, and then stop RD after to rain.

Use if TO scan i s not needed. Cl oses interface val ves, pressurizes reagent
and protein blindfill up to interface val ves, closes containnment valves. Use
if wells are not conpletely filled at the end of the 2 _Load 1.96 script. Chip
is ready for TO scan at end of script. 100 m n. Merges 2_Load 1.9652 |3C

Crld F1D SOni0td4]  After the reagent and proteins are allowed to mix for a desired period of time,
using free interface diffusion or other appropriate processes, the interface valves are
closed. A pressure is applied to actuators 1450 and/or 1460 in order to maintain closed
interface valves and containment valves. The carrier 1400 may be removed from system

5 1500 for incubation or storage. Actuators 1450 and 1460 hold the pressure for a desired

period of time, from hours to days, in order to prevent or help prevent the containment
and interface valves from opening. In a particular embodiment, actuators 1450 and 1460
maintain the pressure within the chip above a desired threshold pressure sufficient to keep
containment and/or interface valves closed. In one embodiment, actuators 1450 and 1460

10 maintain the pressure above the threshold pressure for at least two (2) days, at least seven
(7) days, and the like. The length of time actuators 1450 and 1460 maintain the desired
pressure depends in part on the incubation temperature. Depending in part on the desired
incubation period length and/or incubation conditions, carrier 1400 may be returned to
system 1500 in order to recharge or repressurize actuators 1450, 1460. In this manner,

15 the incubation period may be extended to help provide for desired crystal growth or other
chemical or related processes.
[0145] Fig. 17 depicts a typical graphical user interface computer screen generated by
a computer driving station 1510 as described above. In a preferred embodiment which is
shown, four different charging stations can be actuated independently, as shown by the

20 four separate screen columns indicating status. The software can be linked to a data input
device and a database to coirelate experimental conditions, reagents used, user
identification, sample character, valve actuation profiles, humidity, and post reaction
analysis data by associating a unique identifier, preferably a bar or spatial dot optical code
or an encoded radio frequency device with a microfluidic device of the present invention.

25 Information may be generated by different laboratory instruments, such as robotic
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Use in place of the two scripts. Use at 13 C after 1 Prine to | oad reagents
and protein. Chip is ready for TO scan at end of script 4 Post TQBO sec.
Opens interface valves to begin diffusion. Use after TO scan. Chip is ready
for incubation at end of script. [01491Wni | e the present invention has been
described herein with reference to particular enbodi nents thereof a latitude
of nodi fi cat i dspensirgrsiatioss, ctvahgplste amllesy b tbatars, ichging stetidnspedgetbein t he
foregoing disclosure, and it will be appreciated that sone instances sone
features of theesin, ankorticdnnspedtion betianysudyasdhost titvouitedan caperdispdBdi ng use of
ot her features w thout departing fromthe scope of the invention as set forth.
For exani pl e,Provisiauchdi Patero ppbcappe deu 6@/ 41aB8dydet ead fited os Wtyexds2@Pdscri bed above,
optional electrostatic and nagnetic actuation systens are al so contenpl at ed.
It is al so po®#%)7¢2 el OEROISE4tbettiyd agley aeks (4P 0g@a by Ayam ehdhuif thefthreav | N t he
control channel based upon the
5 filed on July 28, 2003 and are all commonly assigned to the assignee of the present
application, and which are each herein incorporated by reference in their entireties for all
purposes.
[0146] Software used to operate the charging stations described herein may further
provide for an end-user script writing feature which allows an end user to write custom
10 scripts to actuate and otherwise control or manipulate the microfluidic devices described
herein. Such custom scripts may further integrate with other computer programs and
computer controlled devices used in experiments involving the microfluidic devices of
the present invention.
[0147] Example 1: In a preferred embodiment, a protein crystallization reactions may
15 be carried out by controlling diffusion by closing the interface valve after a period of
time, for example, after 60 minutes. Table 1, below, highlights the steps for using an
exemplary protein crystallization device of the invention in a manner for which diffusion

is interrupted after a period of time.

10148] Table 1.

Script Name Time Description

1_Prime 1 min. Fills interface and containment lines with
control line fluid

and closes control line valves. Allows a pause
to inspect valve closure. The last step opens
interface valves.

Use to prepare 1.96 Chip for experiment setup
and test accumulator pressurization.
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f claim13 wherein

t he recei vi ngopeiitsiapeesfsame fretures ofifhe inyergioa wites eragloxed mtithoht adewespending

use of other features without departing from the scope of the invention as set forth. For

example, in addition to pressure based actuation systems described above, optional

electrostatic and magnetic actuation systems are also contemplated. It is also possible to

10

actuate the device by causing a fluid flow in the control channel based upon the

application of thermal energy, either by thermal expansion or by production of gas from

liquid. Further, in another embodiment, centrifugal force are used to drive protein and

reagents into the chip. Therefore, many modifications may be made to adapt a particular

situation or material to the teachings of the invention without departing from the essential
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18. The carrier of claim13 wherein the wells further conprise an upper face
and wherein the wells are adapted to forma pressure cavity when a platen is
urged agai nst the upper face. 19. The carrier of claim 18 further conprising
a pressure accunulator. 20. The carrier of claim13 wherein the plurality of
wells is spatially arranged such that the center-to-center spacing of each

wel | is that sefpetahdspevf B PRrosm inveRsioai Hes ipfendedithpt By drventqn pot g% EmfEMe ng a
format selected fromthe group consisting of a 96 well inicrotiter plate, a
384 wel | mi cribnatsnlaperahodiment gisojosga pg th bstmertc coriemplaied dor carryigg gutiks |

mcroliter plate, and a 6144 well mcrotiter plate. 21. The carrier of claim
18 further comysniien b tlat Bk inyeation dvickde alf prabagdiregngstangd icaivalends/fadiag conpri si ng a
chanber wherein the chanb s coupled to a well through a channel in the
substrate.  vAthin fihecopaefthetlaind. cl ai m 19 further conprising a microfluidie
device, the mcrofluidic device conprising a chanber and a val ve wherein the
chamber Si s cdbifilkd tlde disqledure sehioghgbova meh arpaaipass ane ¢ranerg Wistinch treretions, wher ei n
the valve is coupled to an accurul ator through a channel in the substrate.

23. The car riveth infepeddantmtiliy. EaphtohBresegovepiidns hprgpean pis@dessd meltsguefomad at or and a

m crofluidic device, the mcrofluidie device conprising a chanber and a val ve
wher ei n t he dhartbeFhdasspresupd Bdns, onciudng|tie spembuggtbodinshtsrimatofiandisHesegubst r at e
and wherein the valve is coupled to an accunul ator through a channel in the
substrate. 244 illiheetelarerdie pregiot mleaflentd Bs conkiesred in atlhetimpyensd bestwreri ¢ substrat e
conprises acrylic or polypropylene. 25. The carrier of claim 13, wherein the
el ast oneri ¢ matrerualarefiortshe prsablof The sdbject dettered theompniige dncludes all novel

pol ydi met hyl si | oxane. 26. A carrier for holding a mcrofluidic device, the
car r i erlOconprang hegbviauc@mbingfiorsabd subadrebimtimpr df diengriats cleazsts, Batplegr al i ty of

wel l's, wherein each of the plurality of wells has an exposed top opening to
recei ve a fl uhattibnmdoutpsipatices dhieclesad hargn., and wherein each of the plurality of
wel l's has a center point and the plurality of wells are spatially arranged
such that the center point to center point spacing is about 4.5 mm a
plurality of channels wthin the carrier substrate wherein each of the
plurality of wells is in fluid communication with at |east one of the
plurality of channels; and a receiving portion on the carrier substrate for
receiving the mcrofluidic device and placing the mcrofluidic device in fluid
comuni cation with the plurality of wells. 27. A carrier for holding a
rnicrotluidic device, the carrier conprising: a carrier substrate conprising
at least a plurality of wells, wherein each of the plurality of wells has a
center point and the plurality of wells are spatially arranged such that the
center point to center point spacing is about 4.5 mm a plurality of channels
Wi thin the carrier substrate, wherein each of the channels has a first
terminus that is fluidly coupled to one of the plurality of wells and a second
term nus operable to be fluidly coupled to the niicrofluid c device; and a
receiving portion on the carrier substrate for receiving the mcroiluidic

devi ce and coupling the mcrofluidic device to the second termni of the
plurality of channels to place the mcrofluidic device in fluid conmmunication
with the plurality of welts. 28. The carrier of claim27, wherein the first
tenuini of the channels is coupled to a bottomside of the wells that is
opposite an exposed top side of each of the wells.
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Claims

1. A microfluidic system, comprising:

a receiving station, the receiving station adapted to receive a microfluidic device having a
plurality of chambers, the microfluidic device coupled to a carrier, with at least some of the plurality
of chambers coupled to a plurality of inlets in the carrier;

an interface plate adapted to engage at least one of the inlets in the carrier;

a fluid source coupled to the interface plate and adapted to provide pressurized fluid to at least
one of the inlets in the carrier; and

a controller coupled to the fluid source and to the interface plate for directing fluid from the fluid

source to the carrier.

2. The system as in claim 1 wherein the microfluidic device further comprises a plurality of valve
lines, and wherein the fluid is directed into at least some of the valve lines by the controller.

3. The system as in claim 2 wherein the controller is further adapted to open and close at least some

of the valve lines.

4. The system as in claim 1 wherein the carrier further comprises a plurality of wells, and wherein at
least some of the wells are coupled to corresponding inlets of the plurality of inlets, the

corresponding inlets being adapted to receive a fluid for analysis in the microfluidic device.

5. The system as in claim 4 wherein the controller is adapted to apply a pressure through the interface
plate to at least some of the plurality of wells in order to drive the fluid therein into at least some of

the plurality of chambers.

6. The system as in claim 1 wherein the interface plate comprises two or more separate interface

plates each adapted to engage at least one inlet in the carrier.

7. The system as in claim 1 wherein the carrier comprises an accumulator chamber having an
accumulator port, and wherein the interface plate comprises a port that is in fluid communication

with the accumulator chamber.

8. The system as in claim 7 wherein the accumulator chamber further comprises a valve for
controlling fluid movement into the accumulator chamber through the accumulator port, the valve

being in fluid communication with the accumulator port.
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9. The system as in claim 8, wherein the valve permits fluid flow into the accumulator chamber
through the accumulator port while restricting fluid flow out of the accumulator chamber through the

accumulator port.

10. The system as in claim 9, wherein the valve permits fluid flow out of the accumulator when the

valve is actuated.

11. The system as in claim 10, wherein the valve is actuated mechanically.

12. The system as in claim 10, wherein the valve is a check valve.

13. The system as in claim 8, wherein the interface plate comprises a valve actuator which is adapted

to engage the valve when the interface plate and carrier are coupled.

14. The system as in claim 7, wherein the accumulator chamber further comprises a liquid.
15. The system as in claim 7, wherein the accumulator chamber further comprises a gas.
16. The system as in claim 7, wherein the accumulator further comprises a gas and a liquid.

17. The system as in claim 15, wherein the gas is pressurized relative to a gas pressure outside of the

accumulator chamber.

18. The system as in claim 1 wherein the interface plate further comprises a sealing gasket.

19. The system as in claim 7 wherein the accumulator is adapted to maintain a pressure above a

desired pressure level in order to a maintain a valve in the microfluidic device in a closed state.

20. The system as in claim 19 wherein the closed valve lasts for at least two (2) days.
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