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MICROFLUIDICCELLCULTUREDEVICES 

Cross Reference to Related Applications 

Thisapplicationclaimsthebenefitofand U U 

pnontytoU.S. Provisional 

ApplicationNo.63/088,900filedOctober7,2020,whichishereby 

incorporatedhereinbyreferenceinitsentirety.  

Field ofthe Invention 

Thepresent U isgenerallyinthefieldofmanufacturing 

10 processesandcomponentsusedin U cellculturedevices.  

Background ofthe Invention 

Microfluidicsreferstothebehaviorprecisecontroland 

manipulationoffluidsthataregeometricallyconstrainedtoasmallscale 

(typicallysub-millimeter).Itisamultidisciplinaryfieldthatinvolves 

engineenngphysicschemistrybiochemistrynanotechnologyand 

biotechnology.Microfluidicshaspracticalapplicationsinthedesignof 

systemsthatprocesslowvolumesoffluidstoachievemultiplexing, 

automationandhigh-throughputscreening.  

Microfluidiccellcultureintegratesknowledgefrombiology, 

20 biochemistryengineeringandphysicstodevelopdevicesandtechniquesfor 
U 

culturingmaintaininganalyzingandexpenmentingwithcellculturesatthe 

microscale.Itmerges U 

manipulationofsmallfluidvolumes(RLnLpL)withinartificially 

fabricatedmicrosystemsandcellculturewhichinvolvesthegrowthand 

25 proliferationofcellsinacontrolledlaboratoryenvironment.Microfluidics 

hasbeenusedforcellbiologystudiesasthedimensionsofthe U 

channelsarewellsuitedforthephysicalscaleofcells(intheorderof 

magnitudeofmicrometers).Forexampleeukaryoticcellshavelinear 

dimensionsbetween10-100jimwhichfallswithintherangeofmicrofluidic 

30 dimensions.Akeycomponentofmicrofluidiccellcultureisbeingableto 

mimicthecellmicroenvironmentwhichincludessolublefactorsthatregulate 

cellstructurefunctionbehaviorandgrowth.Anotherimportantcomponent 
1 

microfluidicsasetoftechnologiesusedforthe
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forthedevicesistheabilitytoproducestablebiomoleculargradientsthatare 

presentinvivoasthesegradientsplayasignificantroleinunderstanding 

cheniotacticdurotacticandhaptotacticeffectsoncells.Traditionaltwo

dimensional(2D)cellcultureiscellculturethattakesplaceonaflatsurface, 

5 e.g.thebottomofawell-plateandisknownastheconventionalmethod.  

Whiletheseplatformsareusefulforgrowingandproliferatingcellstobe 

usedinsubsequentexperimentstheyarenotidealenvironmentstomonitor 

cellresponsestostimuliascellscannotfreelymoveorperformfunctionsas 

observedinvivothataredependentoncell-extracellularmatrixmaterial 

10 interactions.Toaddressthisissuemanymethodshavebeendevelopedto 

createathree-dimensional(3D)nativecellenvironment.Sincetheadventof 

poly(dimethylsiloxane)(PDMS)microfluidicdevicefabricationthroughsoft 
U 

lithographymicrofluidicdeviceshaveprogressedandhaveproventobevery 

beneficialformimickinganatural3Denvironmentforcellculture.  

15 Recentadvancesincellbiologymicrofabricationandmicrofluidics 

haveenabledthedevelopmentofmicroengineeredmodelsofthefunctional 

unitsofhumanorgansknownasorgans-on-a-chip(QOC)thatcouldprovide 

thebasisforpreclinicalassayswithgreaterpredictivepower.Early 

embodimentshavebeendescribedandcommercialized.ForexampleU.S.  

20 PatentNo.6,197,575toGriffithetal.,describesamicromatrixanda 

perfusionassemblysuitableforseedingattachmentandcultureofcomplex 

etal.,describesasystemthatfacilitatesperfusionatthelengthscaleofa 

capillarybedsuitableforcultureandassayinginamultiwellplateformat.  

25 U.S.ApplicationPublicationNos.US2016/0377599andUS2017/0227525 

Aldescribeorganmicrophysiologicalsystemswithintegratedpumping, 

levelingandsensing.  

Theseplatformstermedmicrophysiologicalsystems(MPSs),are 

designedtomimicphysiologicalfunctionsbyintegratingtissueengineering 

30 principleswithmicrofabricationormicromachiningtechniquesfor 

recapitulating3Dmulticellularinteractionsanddynamicregulationof 

2 

hierarchicaltissueororganstructures.U.S. PatentNo.8,318,479toInman,
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nutrienttransportand/ormechanicalstimulation(HuhDetal.,LabChip, 

12(12):2156-2164(2012):SungJHetal.LabChip13Q1):1201-1212(2013): 

WikswoJPetal.,ExpBiolMed(Maywood)239(9):1061-1072(2014): 

LivingstonCAetal.,ComputationalandStructuralBiotechnologyJournal 

5 14:207-210(2016):YuJetal.,DrugDiscoveryToday,19(10):1587-1594 

(2014):ZhuLetal.LabChip,16(20):3898-3908(2016)).Whilesignificant 

advanceshavebeenmadeinthedevelopmentofindividualMPS(e.g., 

cardiaclungliverbrain)(RothAetaLAdvDrugDeliverRev,69-70:179

189(2014):HuebschNetal.ScientificReports,6:24726(2016):Domansky 

10 KetaLLabChip10(1):51-58(2010)),effortstowardstheinterconnectionof 

MPSarestillintheirinfancywithmoststudiesprimarilyfocusedonbasic 

viabilityandtoxicitydemonstrations(OleagaCetal.SciRep6:20030 

(2016):EschMBetal.,LabChip14(16):3081-3092(2014):MaschmeyerI, 

etal.,LabChip15(12):2688-2699(2015):MaterneEMetal.JBiotechnol 

15 205:36-46(2015):LoskillPetal.,PbsOne10(10):e0139587(2015)).  

Howeverlackofclinicalefficacyratherthantoxicitywasidentifiedasthe 

leadingcauseofdrugattritioninPhaseLIandIIIclinicaltrials(themost 

costlystage)(KubinyiHNatRevDrugDiscov2(8):665-668(2003):Cook 

Detal.NatRevDrugDiscov13(6):419-431(2014):DenayerTetal.,New 

20 Horizonsin a S 

TranslationalMedicine,2(1):5-11(2014)).Majorcontributing 
factorsincludeincompleteunderstandingofdiseasemechanismsthelackof 

needindrugdevelopmentduetotheneedforhumanizedmodelsystemsfor 

targetidentification/validationandbiomarkerdiscovery.  

25 Whiletoxicologyandpharmacodynamicstudiesarecommon 

applicationspharmacokineticstudieshavebeenlimitedinmulti-MPS 

platforms.Moreovercurrentmulti-MPSsystemsmayemployaclosed 

formatassociatedwithtraditionalmicrofluidicchipsforoperatingwithvery 

smallfluidvolumes(AnnaSLAnnu.Rev.FluidMech.48,285-309(2016)).  

30 Currentfabricationprocessesforthesesystemsrequiretheuseofcastable 

3 

predictivebiomarkersandinterspeciesdifferences.Thereisanurgentunmet
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elastoniericpolymers(HalldorssonSetal.,Biosens.Bioelectron.63,218

231(2015)).  

InternationalPatentApplicationNo. PCT/US2019/030216''Pumps 

andHardwareForOrgan-On-ChipPlatforms" MassachusettsInstituteof 

5 Technologydescribesanumberofdifferentimprovementstofluidhandling, 

includingpumpsvalvesanddevicestocontrolandactuatethesesystems.  

MaterialsandNewFabricationMethodstoMaketheseDevices 

Some U for U devicesrelatingtocellculture 

include:fabricationmaterial(e.g., polydimethylsiloxane 

10 (PDMS),polystyrene),bulkmaterialproperties(e.g.,opticalclaritysurface 

properties),fabricationmethod(e.g.,injectionmoldinghotembossing), 

culture U 

regiongeometrymethodofdeliveringandremovingmediaandflow 
configurationusingpassivemethods(e.g.,gravity-drivenflowcapillary 

pumpsLaplacepressurebased'passivepumping')oraflow-ratecontrolled 

15 device(i.e.,perfusionsystem).Theflexibilityof U devices 

greatlycontributestothedevelopmentofmulti-culturestudiesbyimproved 

controloverspatialpatterns.ClosedchannelsystemsmadeofPDMSare 

mostcommonlyusedbecausePDMShastraditionallyenabledrapid 
U 

prototypingofbiocompatiblemicrodevices.Forexamplemixedco-culture 

20 canbeachievedindroplet-basedmicrofluidicseasilybyaco-encapsulation 

systemtostudyparacrineandjuxtacrinesignaling. Twotypesofcellsare 

solutions.Aftergelationtheagarosemicrogelsserveasa3D 

microenvironmentforcellco-culture.Segregatedco-cultureinmicrofluidic 

25 channelsisusedtostudyparacrinesignaling.Humanalveolarepithelial 

cellsandmicrovascularendothelialcellscanbeco-culturedin 

compartmentalizedPDMSchannelsseparatedbyathinporousand 

stretchablePDMSmembranetomimicalveolar-capillary U 

Fabricationmaterialiscrucialinthedesignofacellculturedeviceas 

30 notallpolymersarebiocompatiblewithsomematerialssuchasPDMS 

causingundesirableadsorptionorabsorptionofsmallmolecules.  

4 

co-encapsulatedindropletsbycombiningtwostreamsofcell-ladenagarose
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AdditionallyuncuredPDMSoligonrierscanleachintothecellculturemedia, 

whichcanharmthemicroenvironment.AsanalternativetoPDMSthere 

havebeenadvancesintheuseofthernioplastics(e.g.,polystyrene, 

polysulfonePMMACOC)asareplacementmaterial.Thesematerials 

5 providegoodopticalclarityandsmallfeaturereproductionwithoutthe 

tradeoffofinteractionwithsmallbiomolecules.Theabilitytofabricate 

devicesusingthesematerialsposessomeuniquechallengeswhichhas 

inhibitedtheirubiquityinthe U community.  

Fabricationmethodisalsocriticalinsuccessfullycreatinga 

10 microfluidicdevice.PDMSdevicesareusuallymoldedandplasmabonded 

toaglassmicroscopeslideaprocessthatisnotfeasibleforthermoplastic 

polymers.Laminationofopticallyclearthermoplasticmicrofluidicdevices 

oftenrequiresexpensiveequipment(e.g.,ultrasonicweldinglaserwelding) 

andispronetolowstrengthandunreliablebondsbetweenthedeviceandthe 

15 opticalwindow.  

Thecontroloffluidspressuresandflowratesonthechipiscriticalfor 

mimickinginvivofluidicconditions.Thiscanbedoneusinggravitybased 
flowon-chippumpsorexternalpumpssuchas U 

synngepumps.Allexisting 

pumpingplatformseitherallowforthefluidpressureorfluidflowratetobe 

20 controlled.Itisdesirabletohavecontroloverthefluidpressureandthe 

Spatialorganizationofcellsinmicroscaledeviceslargelydependson 

examplelongnarrowchannelsmaybedesiredtocultureneurons.The 

perfusionsystemmayalsoaffectwhichgeometryisselected.Forexample, 

25 inasystemthatincorporatessyringepumpschannelsforperfusioninlet 

perfusionoutletwasteandcellloadingwouldneedtobeaddedforthecell 

culturemaintenance.Perfusioninmicrofluidiccellcultureisimportantto 

enablelongcultureperiodson-chipandtoenablecelldifferentiation.  

Itisthereforeanobjectofthepresentinventiontoprovidenew 

30 materialsandmethodsformanufacturingthermoplasticmicrofluidicdevices 

withimprovedopticalclaritybiocompatibilityandintegratedflexible 

5 

thecultureregiongeometryforcellstoperformfunctionsinvivo.For
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membranesasaneasy-to-manufacture U topolydimethylsiloxane 

(PDMS)~ 

Itisanotherobjectofthepresentinventiontoprovideimprovements 
U 

tofluidhandlinginmmrofluidicdevicesusingthinelastomermembranes.  

5 Itisafurtherobjectofthepresentinventiontoprovideimproved 

pumpchambersanddiaphragmsforuseinpneumaticallyactuatedpumpsfor 

microfluidicdevicesthatinducelowerstressesandaremoreaccurate.  

Itisanotherobjectoftheinventiontoprovideoptimizedlow-volume 

valvegeometriesthatenhancefluidsealingpressures.  

10 Itisstillanotherobjectoftheinventiontoprovidehydraulic 

accumulatorsfor stonngfluidvolumeunderpressureandbackpressure 
U 

regulatorsforcontrollingsystempressuresinamicrofluidicchannel.  

Itisastillfurtherobjectofthepresentinventiontoprovideimproved 

methodsofmakingandusinghydrogelcontainingmatricesinmicrofluidic 

15 devicesincludingwaysofformingandcontaininghydrogelmaterialswith 

removablestructuresaswellasleveragingtypesofhydrogelscaffolds.  

Itisanotherobjectofthepresentinventiontoprovidecellculture 

platformsthatcancontrolmultiplemicrofluidicdevicesatthesametimefor 

high-throughputstudies.  

20 Itisafurtherobjectoftheinventiontoprovidedisposable 

microfluidicchipswithadvancedcontrolfeaturesandinterconnects.  

MaterialsandMethodsofManufactureforMicrofluidicDevices 

Amethodforbondingmicrofluidicdevicesmadeofcyclicolefin 

25 copolymerswithintegratedelastomericmembraneshasbeendevelopedthat 

enablesawiderangeof U componentsincludingpumpsvalves, 

accumulators, pressureregulators, oxygenators, andpressuresensors, 

withouttheuseofmaterialssuchaspolydimethylsiloxane("PDMS").These 

devicescanbeintegratedwithelectropneumaticcontrolunitsforhigh 

30 throughputusewithadvancedprocesscontrol.Theprocessbondsoptically 

clearsolventresistantandbiocompatiblepolymersforcellculture 

6 

Summary ofthe Invention
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applications.Thebondstrengthandopticalpropertiesofthesedevicesfar 

exceedsthatofothermaterialssuchasPDMA.Thesematerialsandmethods 

areusefulforfabricationofmicrofluidicsystemswithcontrolledflowrates 

andprocessesthroughoutthesystembymeansofpumpsvalvespressure 

5 regulatorsaccumulatorsandon-chipsensingelements.  

Methodsofmanufacturingthinfilmsforusein U devices 

havebeendeveloped.Inoneembodimentawaterassistedlasermachining 

techniquesforetchingelastomericpolymerfilmusingcapillaryactionofa 

waterfilmtosecurethecutpiecesinplacehasbeendeveloped.Thismethod 

10 alsoprovidesathermalsinkandJRabsorbinglayertocontrolexcessheatin 

thelasermachiningprocess.Inanothermethodaporousvacuumchuck 

withnegativefeaturesservesasamoldforthermoformedelastomer 

membranes.  

Acustomopticalfilmhasbeendevelopedtoeasilyfabricate 

15 thermoplastic microfluidicchipswithopticalwindows.Thefilmconsistsof 

aremovablepolyethylenecarrierfilmonahightemperaturegradeofCOC 

thatisbondedtoathinlayerof U COC.TheelastomericCOCis 

protectedbyacarrierfilmmadeofapolymersuchasbiaxially-oriented 

polyethyleneterephthalate(MYLAR®).Thisfilmcanbeeasilylaminatedin 

20 arolllaminationprocessorcanbebondedusingathermalpressorhotplate.  

Thefilmcanbemassproducedinarollextrusionprocessandcuttosize 

Acustombondingprocesshasbeendevelopedtolaminateathin 

elastomerfilmtoamicrofluidicchip.Thefilmisplacedona U 

25 carrierfilmlikethoseusedforthinfilmadhesivesandsupportedbyaflat 

substrate.Therigidcomponentisalignedtothemembraneandpassed 

throughathermallaminator.Theuseofacarrierfilmandsupportstructure 

enablesahighstrengthbondtothechipwithoutthermalwarpingofthe 

membrane.  

30 Newon-chipcomponentsfeaturingelastomermembraneprocessor 

canbebondedusingathermalpressorhotplate.Thefilmcanbemass 

7 

usingconventionallaserfabricationtechniques.
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producedinarollextrusionprocessandcuttosizeusingconventionallaser 

fabricationtechniques~ 

Acustombondingprocesshasbeendevelopedtolaminateathin 

elastomerfilmtoamicrofluidicchip.Thefilmisplacedona U 

5 carrierfilmlikethoseusedforthinfilmadhesivesandsupportedbyaflat 

substrate.Therigidcomponentisalignedtothemembraneandpassed 

throughathermallaminator.Theuseofacarrierfilmandsupportstructure 

enablesahighstrengthbondtothechipwithoutthermalwarpingofthe 

membrane.  

10 On-ChipComponentsFeaturingElastomericMembrane 

Anelastomerdiaphragmwithastressrelievingfeaturehasbeen 
U 

developedtobeusedinmicrofluidicvalvesandpumpdiaphragms.This 

rollingdiaphragmrollstoexperiencehighdisplacementwithlimitedelastic 

deformation.Theseincludeexternalrollingdiaphragmsinternalrolling 

15 diaphragmsshapechangingdiaphragmsandsidewaysrollingdiaphragms.  

Diaphragmmicropumpswithoptimizedpumpchambersthatensurereliable 

displacementvolumeandimprovedreliabilityhavebeendeveloped.One 

pumpchamberfeaturesarollingdiaphragmandonefeaturesapump 

chamberwithapredictabledisplacementstroke.Therollingdiaphragm 

20 pumpchamberusesarollingdiaphragmtodisplacefluidvolumeina 

chamber.Thediaphragmcanbeactuatedusingcompressedgasandvacuum.  

completefluiddisplacementfromthepumpchamber.Thechamber 

geometryisdesignedaroundtheelasticresponseofaflexiblemembrane 

pressunzedloadsuchthatthemembraneretainsaringofcontactwith 

thepumpchamberduringapumpstroke.Thisfeatureeliminatesthechance 

forsmallpocketsoffluidtogettrappedinthediaphragmandensurereliable 

displacementvolumes.  

friapreferredembodimentanelastomericdiaphragmwithastress 

30 relievingfeaturehasbeendevelopedtobeusedinmicrofluidicvalvesand 

pumpdiaphragms.Thisrollingdiaphragmrollstoexperiencehigh 

8 

Anotherpumpchamberdesignisanoptimizedshapethatguarantees
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displacementwithlimitedelasticdeformation.Theseincludeexternal 

rollingdiaphragmsinternalrollingdiaphragmsshapechangingdiaphragms, 

andsidewaysrollingdiaphragms.Diaphragmmicropumpswithoptimized 

pumpchambersthatensurereliabledisplacementvolumeandimproved 

5 reliabilityhavebeendeveloped.Onepumpchamberfeaturesarolling 

diaphragmandonefeaturesapumpchamberwithapredictabledisplacement 

stroke.Therollingdiaphragmpumpchamberusesarollingdiaphragmto 

displacefluidvolumeinachamber.Thediaphragmcanbeactuatedusing 

compressedgasandvacuum.Anotherpumpchamberdesignisanoptimized 

10 shapethatguaranteescompletefluiddisplacementfromthepumpchamber.  

Thechambergeometryisdesignedaroundtheelasticresponseofaflexible 

membraneunderpressurizedloadsuchthatthemembraneretainsaringof 

contactwiththepumpchamberduringapumpstroke.Thisfeature 

eliminatesthechanceforsmallpocketsoffluidtogettrappedinthe 

15 diaphragmandtherebyensuresreliabledisplacementvolumes.  

Microfluidicpressureregulatorsthatuseapneumaticallyactuated 

elasticmembraneasasealingfeatureandcompressedgasasabiasing 

elementhavebeendeveloped.Inapreferredembodimentfluidbuildsup 

pressureagainsttheelasticmembraneuntilitovercomesthepressureexerted 

20 bythecompressedgasontheothersideandservesasaback-pressure 

regulator.Inanalternativeembodimenttheregulatorcontrolsthefluid 

tohavelowstiffnesssothatitisnotsensitivetostainenergyinthe 

membrane.Thefluidbeginstoflowoncethefluidpressureexceedsthe 

25 sealingpressure.Fluidpressurecanberegulatedbyadjustingthe 

compressedgassourceandtheflowcanbestabilizedbyaddingcompliance 

inthefluidiccircuit.  

Severaldifferenttypesofmicrofluidicaccumulatorscanbeusedto 

storepressurizedfluidinamicrofluidicchip.Inoneembodimentthe 

30 accumulatorusesaflexiblemembranetostorepressureusingstoredelastic 

energyinthemembrane.Inanotherembodimentamicrofluidicaccumulator 

9 

pressuredownstreamoftheregulatingelement.Thediaphragmisdesigned
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usessmalldead-endmicrofluidicchannelsfortrappinggasbubblesand 

storingvolumeunderpressure.Inathirdembodimentthemicrofluidic 

accumulatorusesarollingdiaphragmpressurizedwithairononeU and 

fluidstoredina U 

reservoir.  
5 Severalon-chippressuresensorshavebeendeveloped.Inone 

embodimentthesensorusesanopticallevelorchangeincapacitanceand 

deformablemembranewheredeformationoftheelasticmembraneoccurs 

withanincreaseinpressure.Inanotherembodimentacameraisusedto 

measurethelengthoftrappedgasbubblesinmicrofluidicchannelswhichis 

10 proportionaltothechannelpressure.  

MethodsforHydrogelInstallationandTissueScaffolding 

Avarietyofhydrogel formingtechniquesaredescribed.Inone 

embodimentremovableordissolvablesupportstructuresareusedtoposition 

thehydrogelatthetimeof formationand/ortocreatechannelsinthe 

15 hydrogelforfluidflow.Inanalternativeembodimentfoldableflapsare 

usedtoshapethehydrogelthenfoldedoutoftheway.Instillanother 
U 

embodimentchannelsarecreatedthroughthecreationofwedgesor 

channelsinthecontainersthatmatchfeaturesonthemanifoldsintowhich 

theyareinserted.Inyetanotherembodimentaslotshapedhangingdrop 

20 hydrogelheldinplacebysurfacetensionisusedtoseparatemediachannel 

andchangeflowconfigurationsasafunctionofswelling.Theuseofnon

thesestructurestoberemovedwithoutdamagingthehydrogelafter 

polymerization.  

25 Scaffoldsofvariousextracellularmatrix("ECM")materialscanbe 

lasercutforusein U chipsandtranswellinserts.Lasercutholes 
U 

canvaryinsizeandshapefromafewmicronsinsizeuptomillimeters.The 

useofopticallyclearthinfilmsallowsforthesescaffoldstobeimageable 

andthehydrophobicnatureallowsforanECMtobeincorporatedinaliquid 

30 phase.  

10 

adheringpolymersincludingpolytetrafluoroethyelene("PTFE")allowsfor
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PlatformsforHighThroughputCellCultureStudies 

Removablecapshavebeendesignedforuseinmicrofluidicdevices 

forcellcultureapplications.Thesemayincludeopticallyclearwindows 

elastomericfeaturesforbettercomplianceoranadhesivepatternonafilm 

5 forimprovedsealing.Reservoirsforthemicrofluidicchipcanalsobe 

designedtoacconmiodatetwo-positioncellculturecapsandotherexisting 

capdesigns.Inanotherembodimentaquickreleasetopforamicrofluidic 

chipwasdevelopedwhichusesagasketcompressedusingaspring-loaded 

leveratoggleclamporanovercenterlatch.  

10 Electropneumaticmanifoldsforstackingmicrofluidicsdeviceshave 

beendevelopedwhichincorporatethedevicesverticallyoronarotary 

mechanism.These U distributepneumaticsignalstomultiplechips 

forhighthroughputexperiments.Theindividualmanifoldsalsofeaturea 

latchingsystemtoenablequickconnectionofthemicrofluidicdevicestothe 

15 pneumaticlines.  

BriefDescriptionoftheDrawings 

Fig.1showsanelastomericfilm2,approximately25-60microns 
formedofaCOCpolymersuchasE-140,anopticalfilm3, U 

approximately 

100-200micronsinthickenessformedanopticallyclearpolymersuchas 

20 COCpreferably6013F04withremovablecarrierfilms1, 4,formedofa 

polymersuchaspolyethyleneterephthahte A = pproxim.atei)/25~6O 
r 

Fig.2isaviewofaprocessofaligningelastomerCOCfilmstoaflat 

substratesuchasasiliconwaferbysendingthefilm7,preferablyin 

25 combinationwithaprotectivecoverfilmformedofamaterialsuchasa 

polyethylenefilmwithasiliconereleasecoatingontheflatsubstrate 

throughaheatedrolllaminatorheatedtoatemperatureofabout130 0 Cto 

producethealignedfilmsonthemicrofluidicchip.Thefinalproductwill 

typicallyhaveontopaprotectivefilmthatcanberemovedeasilythe 

30 elastomericCOCand/orpolymethacrylate(PMMA)layermicrofluidicchip, 

allonasiliconwafer.  

11 

nilc1:0USthick.~
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Fig.3isadiagramofawaterassistedlasermachiningtechniquesfor 

etchingelastomericpolymerfilmusingcapillaryactionofawaterfilm.The 

supportingmaterialcanbeIRabsorbingortransmissivedependingonthe 

application~ 

5 Figs.4A-4Darecross-sectionalviewsofaporousvacuumchuck 

withnegativefeaturesthatserveasamoldforthermoformedelastomer 

membranes(Fig.4A),showingthatvacuumdeformstheelastomeric 

membraneintothemold(Fig.4B),toyieldastandalonethermoformed 

membrane(Fig.4C),orcanbondedtothemanifoldwhilehot(Fig.4D).  

10 Figs.5Aand5Bareprospectiveviewsofarollingdiaphragm 

showingthehoopstrain.  

Figs.6A-6Dareschematicsshowingdifferenttypesofrolling 

diaphragms.Fig.6Aisanexternalrollingdiaphragm~Fig.6Bisaninternal 

rollingdiaphragm:Fig.6Cisashapechangingdiaphragm:Fig.6Disa 

15 sidewaysrollingdiaphragm.  

Figs.7A-VEareschematicsofthemechanismofpumpingusinga 

rollingelastomerdiaphragm.Apneumaticpressuresource(+P)isusedto 

displacethediaphragm.Vacuum(-P)isusedtodrawthediaphragmandfill 
U U 

areservoir.Pressureisthenappliedforadisplacementstroke.Beforefluid 

20 aspirationFig.VA:VacuumisusedtofillreservoirFig.'lB~chamberfullof 

liquidFig.7C:pressureisappliedtochamberFig.JD*endofdisplacement 

Figs.8A-8Fareschematicsofpumpchambers40,comparingan 

idealpumpchamber44withanunoptimizedchamber46.Figs.8ASBSC 

25 showtheidealpumpchamber44,wherethediaphragm20maintains 

constantcontactwiththepumpchamber44duringactuationascomparedto 

theunoptimizedchamber46ofFigs.SDSEandSFwhichriskstrapping 

fluid45insideofthediaphragmmembrane20causingunpredictable 

displacementvolumes.Fig.SGisanexpandedviewofthecontactbetween 

30 thediaphragmandthepumpchamberwall.  

12 

strokeFig.'lB.
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Figs.9A-9Careschematicsofamicrofluidicpressureregulator50 

thatusesapneumaticallyactuatedelasticmembraneasasealingfeatureand 

compressedgasasabias.Fluidbuildsuppressureagainsttheelastic 

membraneuntilitovercomesthepressureexertedbythecompressedgason 

5 theotherside.Figs.9A,9B.Thefluidbeginstoflowoncethefluidpressure 

exceedsthesealingpressure.Fig.90fluidpressurecanberegulatedby 

adjustingthecompressedgassourceandtheflowcanbestabilizedbyadding 

complianceinthefluidiccircuit.  

Fig.10isaschematicofavalvewithabondedelasticmembraneand 

10 adefinedsealingcontact.Fluidflowcanbebi-directional.Sealinglipcanbe 

asmallflatsurfaceoraroundedshapeasshown.  

Fig.11isavalvehasaroundedsealingfeaturethatamplifiesthe 

sealingpressureattheinletofthevalveshowingthevalveincrosssection 

withthemembraneexperiencingahigherstrainandcontactpressureatthe 

15 sealinginterface.  

Figs.12A-12Careateardropshapedvalvewithroundedsealing 

surface.Fig.12Aisaperspectiveviewoftheteardropshapedvalvewitha 

roundedsealingsurfaceandateardropshapethatreducestheoverallvolume 

ofthevalve.Theteardropshapereducesthedeadvolumeofthevalvewhen 

20 comparedtoacircularprofilevalveofthesamesizeinlet.Hereisa 

screenshotoftheteardropvalveinCAD.Sealingshapeinreddashedline.  

viewofthevalveintegratedinthepump.Fig.12Disagraphcomparingthe 

performanceofvariousvalves(doormatringteardropvalveinFig.8), 

25 demonstratingthattheteardropvalveexhibitsimprovedperformanceover 

outpreviouslydesigneddoormatvalves.  

Figs.13A-13Careschematicsofseveraldifferenttypesof 

microfluidicaccumulators.Fig.13Aisaschematicofanaccumulatorusing 

aflexiblemembranetostorepressureusingstoredelasticenergyinthe 

30 membrane.Fig.13Bisschematicofamicrofluidicaccumulatorusingsmall 

dead-endmicrofluidicchannelsfortrappinggasbubblesandstoringvolume 

13 

Fig.12Bshowsthevalveintegratedinapump.Fig.12Cisacross-sectional
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underpressure.Fig.13Cisaschematicofamicrofluidicaccumulatorthat 

usesapistonpressurizedwithairononesideandfluidstoredinareservoir.  
U 

Figs.14A-14Cisamicrofluidicaccumulatorwithadiaphragm 

pressuredwithairononesideandfluidisstoredinareservoirnovolume 

5 (Fig.14A),accumulatingvolume(Fig.14B),andatcapacity(Fig.14C).  

Figs.15A-15Bareschematicsofapressuresensorwithanoptical 

levelanddeformablemembranebefore(Fig.15A)orafterdeformationof 

theelasticmembranebyanincreaseinpressure(Fig.15B).Figs.15A-15C 

areschematicsofmeasurementofgasbubblelengthtrappedinmicrofluidic 

10 channelsasdetectedbyacamera(Fig.15A),andimagesoflowandhigher 

pressurelevels(Fig.15B)wherelongerchannelsfortrappinggasaremore 

sensitive(Fig.15C).Higherpressurelevelsresultinshorterbubblelength.  
U 

Figs.16A-16Eareschematicsofliquidsensingmethodologiesfor 

microfluidicreservoirswhereadeformablemembraneisincorporatedinto 

15 themediareservoirunderhydrostaticpressureforchangesincapacitance, 

resistancebetweencontactingmaterialsoropticalproperties(Fig.16A).Fig.  

16Bshowsthemembranedeflectingunderpressure.Fig.16Cshowsthe 

fluidreservoirhavingaclearwindoworsidewherechangesinfluidlevels 

aremeasuredandrecordedbyacamera.Fig.16Dshowsasimilarfluid 

20 reservoirwherethecameraispositionedabovethereservoir.Fig.16Eisa 

U ofthecameratakingimagesofthefluidscontainingdyeto 

Figs.17A-17Dareschematicsofremovablecapsforcellculture 

applications.AnopticallyclearsnaponcapisshowninFig.VIA.An 

25 elastomericfeatureonorunderthecapsaddscomplianceasshowninFig.  

FIB.Acapformedofanopticalfilmwithapatternedadhesiveforsealingis 

showninFig.17C.Apressfitsealorcompressedelastomericfeatureonthe 

undersideofthecapisshowninFig.LID.  

Figs.1SA-1SDareschematicsofamicrofluidiccompartmentfor 

30 formingahydrogelusingsupportstructuresthatareremovableor 

dissolvable. RemovablesupportstructuresareshowninFigs.1SA,~SBS 

14 

provideforopticalmeasurement.
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withtheresultingcavities formingfluidchannelsinthehydrogelafter 

removalshownincross-sectioninFig.18C:andflowthroughthechannels 

inthehydrogelinthe U containerin1SD.  

Figs.19A-19Dshowshowfluidconveyingchannelscanbecreated 

5 alongthesidesofahydrogelcellculturecontainer(Fig.19A),filledwith 

media(Fig.19B),theninsertedintoamicrofluidicdevice(Fig.19C), 

showinghowawedgeintheupperwallofbothendsofthedevicecanbe 

fittedintothemicrofluidicdevicetocreateachannel(Fig.19D).  

Figs.20A-20Barecross-sectionalschematicsofgelspositionednext 

10 toridgedsupportstructuresthatconstrainthegelwhichswellsupwardto 

deformacompliantmembrane(Fig.20B).Fig.20Cshowsadevicewith 

dissolvablepostsorsupportstructuresretainingthehydrogelwhichis 

insertedintothedevicethroughaportabovethepostssothatthehydrogel 

conformstotheshapedesignatedbythesupportstructures.Fig.20Dshows 

15 across-sectionalviewofthegelwiththepostsorsupportstructuresintact 

andaftertheyhavedissolved.Fig.20Eshowsthesamestructuresasthegel 

swellsandisconstrainedbythepostsorsupportstructuresuntilthey 

dissolveorareremoved.Fig.20Fshowsthegelwithpostswherethegelis 

over-constrainedFig.20Gshowsthegelwithoutpostswherethegelisfree 

20 toexpand.  

Figs.21A-21Carecross-sectionalschematicsofafillable 

(Fig.21B)insteadofsupportpoststocontainthehydrogeluntilitsolidifies 

(Fig.21A),thenisrotatedopentoallowthehydrogeltoexpand(Fig.21C).  

25 Figs.22A-22Darecross-sectionalschematicsshowinghowaplugis 

removedfollowingformationofahydrogelinacompartmentforculturing 

cellsina U device(Fig.22A),thecompartmentisthenconnected 

atthetopandbottomtochannelnutrientsandgasesthroughthehydrogel 

(Fig.22B),showingtheflowingmediaadjacenttoandthroughthehydrogel 

30 (Fig.22C,22D).  

15 

compartmentwithanintegratedimagingwindowthatusesarotatingflap
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Figs.23A-23Earecross-sectionalschematicsofaslotshaped 

hangingdrophydrogelheldinplacebysurfacetension(Figs.23A,23B),the 

topandsideviews(Figs.23C,23D),wherethegelisswollentoseparatea 

mediachannelintotwochannels(Fig.23E),andtheresultingflow 

5 configurations:acrossthetopandunderthedrop(Fig.23F),alongthe 

lengthofthedrop(Fig.23G),andalongthesidesandwithinthemicrofluidic 

device(Fig.23H).  

Figs.24A-24Dareschematicsofelectropneumaticmanifoldsfor 

stackingmicrofluidicsdevices(Fig.24A)vertically(Fig.24B)oronarotary 

10 mechanism(Figs.24C,24D).  

Figs.25A-25Fareperspectiveviewsofthemicrochipsinsertedinto 

themanifold(Fig.25A),latchedtosecureinplace(Fig.25B),withclampor 

leverpresseddowntosecurechipandcompressthe0-ringtoensure 

pneumaticconnecttochip(Figs.25C-25F).Figs.25C-25Fareperspective 

15 viewsaquickreleaselatchforamicrofluidicchipusingacompressed 

gasketcompressedusingaspringloadedleveratoggleclamporanover

centerlatch.Figs.25D-25Earecross-sectionalviewsofquickreleasetoggle 

clamp(Fig.25D)oranover-centerlatch(Fig.25E).  

Figs.26A-26Dareperspectiveviewofastandardchipformat(Fig.  

20 26A).Fig.26Adepictsthemicrofluidicchipwithmembranebondedwithin 

itchamberedcornersandreducedaspectratiocomparedtomicroscope 

whenthemembraneisbondedtothechip.Fig.26Cisasideviewshowing 

theventsinafivelayermicrochip.Figs.26Dand26Eshowthechipshavea 

25 raisededgethatprotectstheopticalfilmonthetopandbottom.  

Detailed Description ofthe Invention 

I. Definitions 

Theterm"microfluidic"referstoasystemthatinvolvesthecontrol 

andmanipulationofsmallfluidvolumesinchannelswithdimensionsonthe 

30 orderofafew micrometersuptoafewmillimetersandtotalsystemvolumes 

onthescaleofnanoliterstoafewmilliliters.Asusedhereintheterm 

16 

slidestoenhancebonding.Fig.26Bshowstheventallowinggastoescape



WO20221076581 PCT/IJS2021/053801 

"channel"referstoaclosedvolumewherefluidpassageoccurs.Achannel 

mayvaryincrosssectionalareaandlength.Achannelmayhavesquare, 

circularorothercross-sectionalshape.  

Thetermchip"referstothecomponentwheremicrofluidicfluid 

5 manipulationoccurs.Achipmaybemadeofawidevarietyofmaterialsand 
U 

canbedifferentsizes.A"device"referstoachipormicrofluidicsystemthat 

performsafunctionorseriesoffunctions.Adevicemayconsistofoneor 

morechips.  

Asusedhereintheterm"hydrogel"referstoasubstanceformed 

10 whenanorganicpolymer(naturalorsynthetic)iscross-linkedviacovalent 

ionicorhydrogenbondstocreateathree-dimensionalopen-latticestructure 

whichentrapswatermoleculestoformagel.Biocompatiblehydrogelrefers 

toapolymerformsagelwhichisnottoxictolivingcellsandallows 

sufficientdiffusionofoxygenandnutrientstotheencapsulatedcellsto 

maintainviability.  

Asusedhereintheterm'4extracellularmatrix",''ECMreferstothe 

componentsand/orthenetworkofextracellularmacromoleculessuchas 

proteinsenzymesandglycoproteinsthatprovidestructuraland 

biochemicalsupportofsurroundingcells.Theextracellularmatrixincludes 

20 theinterstitialmatrixandthebasementmembranecomponentsoftheECM 

includeproteoglycansheparansulfatechondroitinsulfatekeratansulfate* 

elastinfibronectinandlaminin.  

Asusedhereintheterm'4extracellularmatrix-bindingpeptide"refers 

25 toasyntheticpeptidewithaffinitytoECMcomponents.  

Asusedhereintheterm"hydrogelmatrix"typicallyreferstothe 

networkofcross-linkedpolymers U 

formingthehydrogel.Thehydrogelmatrix 
mayormaynotincludethebinders.  

Theterm'4scaffold"intherelevantsectionsisaninsertorcomponent 

30 whichprovidessupportfortissueconstructsandECMcomponents.  

17 

non-proteoglycanpolysaccharidehyaluronicacidandproteinscollagen,
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Theterm'I'media"referstoafluidthatisusedforcellcultureand 

containsnutrientsgrowthfactorsorotherbiomoleculesthatareincludedto 

growandproliferatecells.  

Asusedhereintheterm"biodegradable",inthecontextofpolymer 

5 referstoapolymerthatwilldegradeorerodebyenzymaticactionand/or 
U 

hydrolysisunderphysiologicconditionstosmallerunitsorchemicalspecies 

thatarecapableofbeingmetabolizedand/oreliminated.  

Asusedhereintheterm"fluid"referstoamaterialthatisableto 

flowandisnotsolid.Forexampleairandwaterwouldbothbeconsidered 

10 fluids.  

Asusedhereintheterm'4permeable"referstotheabilityfora 

specificchemicalspeciestotransportthroughamaterial.Forexamplea 

materialmaybeoxygenpermeableorwaterpermeable.  

Theterm'4pneumatic"referstoasystemwhichusesairorvacuum 

15 pressureforoperation.Asusedhereintheterm"electropneumatic"refersto 

apneumaticsystemthatreliesonelectricallyactuatedvalvesandpressure 

regulatorstocontrolpressureandvacuumsignals.  

Anactuatorisacomponentofadevicethatisresponsibleformoving 

andcontrollingamechanismorsystemforexamplebyopeningavalve.In 

20 simpletermsitisa"mover. Anactuatorrequiresacontrolsignalanda 

sourceofenergytoperformamechanicalaction.  

twodeviceswhereelectricalsignalsorfluidscantransferfromonedeviceto 

another.Theinterconnectcanbecoupledanddecoupledusingsomesortof 

25 mechanism.  

Theterm'4gasket"referstoacompressiblematerialthatwhen 

compressedbetweentwoothercomponentsmakesareliableandfluid-tight 

seal.  

Thetermcompliant"or'4compliancereferstoamaterialor 

30 system'sabilitytorespondtoaforceorloadingcondition.Acompliant 

18 

Theterm"U referstothepointofconnectionbetween
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systemisflexibleandallowsforthetranslationofforcesinthesystem.  

Complianceistheinverseofstiffnessinamechanicalsystem.  

Theterm.'I'overcenterreferstoastablephysicalstateandpositionof 

amechanism.Moreforceisrequiredtoreversethepositionofthe 

5 mechanismthanisrequiredtokeepitintheovercenterstate.  

Asusedhereintheterm"film"referstoathinpolymermaterialthat 

isusuallyproducedonaroll.A"film"isgenerally25-500micronsin 

thicknessandcanvaryinmaterialproperties.A"co-extrudedfilm"isafilm 

thatconsistsofmultiplematerialsthataremadeofdifferentmaterials.A 

10 '4 c~rierfilm"isafilmthatservesasasupportingorprotectivematerialfor 

anotherfilm.  

Theterm4'manifold"referstoaninterconnectiondevicefor 

pneumaticorfluidconnections.Amanifoldconsistsofinternalchannelsthat 

distributepressureorvacuumtoanotherdevice.Amanifoldmayormaynot 

15 includeintegratedvalvesandactuators.Amanifoldtypicallyreferstoa 

componentthatdirectsanddistributesairandvacuumbutotherfluidsmay 

beused.Amanifoldmaybemadeofavarietyofmaterialsincluding 

polymersandmetals.Amanifoldmaybemadeusingarangeoffabrication 

methodsincludingassemblywithfastenersbondingand3Dprinting.  

20 Theterm"highthroughputreferstotheabilityofasystemtocontrol 
U 

morethanonedeviceorcomponentatatime.Forcellcultureahigh 

controlledsimultaneously.  

Asusedhereinthetermregulator,, orpressureregulatorrefersto 

25 acomponentthatstabilizesandcontrolsapressuretoasetpointvalue.The 

termregulate"describesthefunctionaloutputofaregulator.A 

"backpressureregulatorcontrolsthepressurepriortotheregulation 

element.A"forwardpressureregulatorcontrolsthepressureafterthe 

regulatingelement.A"differentialpressureregulatorcontrolsthepressure 

30 differenceacrosstheregulatingelement.  

19 

throughputsystemwillpreferablyallowfortenstohundredsofdevicestobe
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Asusedhereintheterm.'I'accumulator"referstoacomponentthat 

storesavolumeoffluidunderpressure.Anaccumulatorallowsforfluid 

volumetobetemporarilystoredinasystemandservesasastabilizing 

elementfordynamicchangesinpressureandflowrate.Anaccumulatormay 

5 storefluidvolumeunderuniformpressureorthepressuremaychangebased 

onhowmuchvolumeisintheaccumulator.Anaccumulatormaybea 

passiveoractivelycontrolledcomponent.  

A'4valve"isacomponentthatcreatesasealbetweenafluidandsolid 

interface.Avalvepreventsorlimitstheflowoffluid.A"doormatvalve"isa 

10 valvethatusesathinflapoveraflatsurfacetosealoveroneormorefluidic 

inletsoroutletscenteredintheflatsurface.  

Asusedhereintheterm~h4sensorreferstoacomponentthatisused 

measureaphysicalpropertyofasystem.Asensormaydirectlymeasurethe 

propertyorinferthemeasurementfromsomeotherobservedphenomena.  

15 Asusedhereintheterm"deadvolumereferstoanyvolumeina 

chipordevicethatisdeemedunnecessaryornotuseful.  
A44. 5 reservoirisacomponentthatstoresfluidvolume.  
A44 capisacomponentthatisusedtocoverandsealacomponent.A 

capmaybeusedtocoverareservoirbutmaybeusedtocoverother 

20 componentsaswell.  

Asusedhereintheterm"tissuecompartment"referstotheregionof 

hydrogelorotherECMmaterialandmayvaryinsizeandshape.Different 

tissuesmaybeused.  

25 Asusedhereintheterm"todeflect"referstoamovementbya 
U 

planarobjectsuchasanelastomericmembraneinwhichaportionofthe 

objectmovesawayfromi.e.,deflectsfromtheplaneencompassingthe 

surfaceareaoftheobject.  

Asusedhereintheterm'4membranereferstoathinfilmofmaterial 

30 thatmaybepermeablesemi-permeableorimpermeabledependingon 

application.Amembranemaybemadeofavarietyofmaterialsincluding 

20 

adevicewherecellsarecultured.Thetissuecompartmentmayconsistofa
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cocpolycarbonateandPTFEforexample.Amembranemaybestiffor 
flexibledependingonapplication.  

Theterm"bond"or4'bonded"referstothestateoftwomaterialsthat 

arejoinedduetocovalentmolecularbondscrosslinkingofpolymersor 

5 someothermolecularadhesionforce.Abondmaybegeneratedwith 

solventssurfaceactivationusingplasmaheatpressureandtime.  

Theterm4'machiningreferstoanysubtractivefabricationprocessby 

whichmaterialisremovedfromasubstrate.  

Theterm"fixturereferstoacomponentthatholdsanother 

10 componentordeviceinplaceforsomeotheroperation.  

Theterm"chuck"referstoafixturethatholdsontoaflatsurface.  

Theterm"opticallyclear"and"opticalclarity"referstothe 

transparencyofmaterialsoverawiderangeofwavelengths.Anoptically 

clearmaterialwillhaveabout95%transmissionfromtheultraviolettothe 

15 nearinfraredspectrumandwillhavearefractiveindexsimilartoglass.  

Asusedhereintheterm"displacementvolumeor"displacement 

stroke"referstoanactuationparameterdescribingavolumeoffluid 

displacedperoneaction(stroke)ofthepump.Itmaybefragmentedto 

describethevolumedisplacedperactionofeachoneofthevalvesorpump 

20 chambersinavalve-pumpchamber-valveconfigurationpumporbythe 

actionoftheentirepump.Thedisplacementvolumemayalsobefragmented 

bothsidesofthevalveperonevalveaction(stroke).  

Asusedhereintheterm4'sealingpressurereferstopressurewhich 

25 isatleastthedifferencebetweenpressureatcontactandpressurerequiredto 

makecontact(sealingpressure=(pressureatcontact)- (pressurerequiredto 

makecontact)).  

Asusedhereintheterm"body"inthecontextofanactuatorrefersto 

anobjectofathree-dimensionalshapewithanaxisofsymmetrysuchas 

30 symmetryaboutahorizontalaxisaverticalaxisbothoratanangle.The 

bodytypicallyincludesatleastonesetoftwoprotrudingportionsin 

21 
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oppositiontooneanotherandsymmetricaltooneanotheralongthevertical 

axisofsymmetry.Thebodymayincludemorethanonesetofthetwo 

portionssuchastwosetsthreesetsfoursetsetc.Thetwoprotruding 

portionsmaybethree-dimensionalobjectsintheshapeoflettersILPetc.  

5 ForexamplethebodymaybeI-shapedwhichincludesonesetoftwo 

protrudingportionswhereeachendoftheI-shapedbodycontactsaplane 

paralleltotheverticalaxisofsummery.Inanotherexamplethebodymaybe 

U-shapedwhichincludesonesetoftwoprotrudingportionsintheshapeof 

theletterLwhereeachoftheprotrusionsispositionedoppositetotheother.  

10 Typicallytheendsoftheprotrusionsinthisexamplecontactthesameplane 

perpendiculartotheverticalaxisofsymmetry.Thebodymayhaveacross

sectionalareaintheshapeofpyramidanoblongasquarearectanglea 

circleoranyothershape.  

Athermoplasticisapolymermaterialthatmeltsataspecific 

15 temperatureandisabletoflowinthemeltedstate.Atacertaintemperaturea 
4' 

thermoplasticwillreachaglasstransition"wherethemolecularbondsare 
mobileandthematerialisinmotionatthemolecularscale.Athermoplastic 

canrepeatthesetransitionsmultipletimes.  

Anelastomerisapolymerthatisveryelasticlightlycross-linkedand 

20 eitheramorphousor semi-crystallinewithaglasstransitiontemperaturewell 

belowroomtemperature.Theycanbeenvisagedasoneverylargemolecule 

butthechainsareveryflexibleattemperaturesabovetheglasstransition 

andasmallforceleadstoalargedeformation(lowYoungsmodulusand 

25 veryhighelongationatbreakwhencomparedwithotherpolymers).  

Elastomerscanbeclassifiedintothreebroadgroups:dienenon-dieneand 

thermoplasticelastomers.Dieneelastomersarepolymerizedfrommonomers 

containingtwosequentialdoublebonds.Typicalexamplesarepolyisoprene, 

polybutadieneandpolychloroprene.Nondieneelastomersincludebutyl 

30 rubber(polyisobutylene), polysiloxanes(siliconerubber), polyurethane 

(spandex),andfluoro-elastomers.Non-dieneelastomershavenodouble 

22 
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bondsinthestructureandthuscrosslinkingrequiresothermethodsthan 

vulcanizationsuchasadditionoftrifunctionalmonomers(condensation 

polymers),oradditionofdivinylmonomers(freeradicalpolymerization),or 

copolymerizationwithsmallamountsofdienemonomerslikebutadiene.  

5 ThermoplasticelastomerssuchasSISandSBSblockcopolymersandcertain 

urethanesarethermoplasticandcontainrigid(hard)andsoft(rubbery)repeat 

units.Whencooledfromthemeltstatetoatemperaturebelowtheglass 

transitiontemperaturethehardblocksphaseseparatetoformrigiddomains 

thatactasphysicalcrosslinksfortheelastomericblocks.Manufacturing 

10 elastomericpartsisachievedinoneoffourways:extrusioninjection 

moldingtransfermoldingorcompressionmolding.  

Ahydm~teii.sacrosslirficedpoly riencflet~A~orkthatswellsarid 
r I" 

retai.n.sasignifiixm.tt17a.ctioiiofwaterwithiniLsstn;ictt~irebutxviiinot 

djssoive.3 vnxter.IViosthydrogeisarenaturalmaterialssuchasthe 

15 extraceilularmatrixextractMAJRiGE.L~ 9 orsynthetichydmocissuchas 

thosedescribedinPCT/US2020/044067''SyntheticHydrogeIsfor 

Organogenesis" byMassachusettsInstituteofTechnology.Theabilityof 
I U h'vdrogeJ.s10absorbwalerarisesfromh'vtlropiiiJ.tcfunctionalgroupsatiadhed 

4 4 

U 

tothepolymericbackbonexvhik~theirresistancetodissolutionarisesfrom.  

20 oress-* linksbetweennetwork Uris 

PHASBGUIDES 
®@arecoirimeremllyavailabiemeniscuspinning 

iratucesand 

upportinoceilacellinteractionsandunprecedentedimagingand 

Tillantjfkatien..  

25 Useoftheterm"about"isintendedtodescribevalueseitheraboveor 

belowthestatedvalueinarangeofapprox.+1-1O%*inotherembodiments 

thevaluesmayrangeinvalueeitheraboveorbelowthestatedvalueina 

rangeofapprox.+1-5% 
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II. NewMaterialsandMethodsofManufacturingThermoplastic 

MicrofluidicDevices 

A. CyclicolefinCopolymer("COC")ElastomerBonding 

Process 

5 ThematerialusedinmostmicrofluidicsystemsPDMS, 

polydimethylsiloxanealsoknownasdimethylpolysiloxaneordimethicone 

belongstoagroupofpolymericorganosiliconcompoundsthatare 

commonlyreferredtoassilicones.PDMSisthemostwidelyusedsilicon

basedorganicpolymerduetoitsversatilityandpropertiesleadingtoa 

10 manifoldofapplications.Itistransparentatopticalfrequencies(240nM

1100nM),whichfacilitatestheobservationofcontentsinmicro-channels 

visuallyorthroughamicroscope.Ithasalowautofluorescenceanditis 

consideredasbio-compatible(withsomerestrictions).  

PDMSbondstightlytoglassoranotherPDMSlayerwithasimple 

15 plasmatreatment.ThisallowstheproductionofmultilayerPDMSdevicesto 

takeadvantageofthetechnologicalpossibilitiesofferedbyglasssubstrates 

suchastheuseofmetaldepositionoxidedepositionorsurface 

functionalization.PDMSisdeformablewhichallowstheintegrationof 

microfluidicvalvesusingthedeformationofPDMSmicro-channelstheeasy 

20 connectionofleak-prooffluidicconnectionsanditsusetodetectverylow 

forceslikebiomechanicsinteractionsfromcells.PDMS 

isalsoeasytomoldbecauseevenwhenmixedwithcross-linkingagentand 

remainsliquidatroomtemperatureformanyhours.PDMSisgas 

25 permeable.Itenablescellculturebycontrollingtheamountofgasthrough 

PDMSordead-endchannelsfilling(residualairbubblesunderliquid 

pressuremayescapethroughPDMStobalanceatmosphericpressure).  

HoweverPDMSissuesformicrofluidicapplicationsinclude 

absorptionofhydrophobicmoleculesanddifficultiesinperformingmetal 

30 anddielectricdepositiononPDMS.Thisseverelylimitstheintegrationof 

electrodesandresistors.MoreoverPDMSagesthereforeafterafewyears 

24 

isinexpensivecomparedtopreviouslyusedmaterials(e.g.silicon).PDMS
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themechanicalpropertiesofthismaterialcanchange.Fordrugscreening, 

problemsarisefromPDMSsincePDMSadsorbshydrophobicmoleculesand 

canreleasesomemoleculesfromabadcross-linkingintotheliquid.PDMS 

alsoispermeabletowatervaporwhichmakesevaporationinPDMSdevice 

5 hardtocontrol.PDMSissensitivetotheexposuretosomechemicals.  

TheseproblemsmakePDMSunsuitablefordrugscreeningand 

development.  

ElastomericmaterialssuchasthoseavailablefromTOPAS® 

AdvancedPolymersGmbHRaunheimGermanycanbeusedtomake 

10 elastomericmembranesthatdonothavethesameproblemsasPDMS 

membranes.ThesematerialsaredescribedinW02011129869,"Meltblends 

ofamorphouscycloolefinpolymersandpartiallycrystallinecycloolefin 

elastomerswithimprovedtoughness. TheTOPAS®COCresinsarea 

chemicalrelativeofpolyethyleneandotherpolyolefinplasticsareultra

15 purecrystal-clearandUVtransparentglasslikematerialswithbroad 

globalregulatorycompliance.Theyareamorphouswithheatresistancein 

packagingfilmsterilizablethermoformableandshrinkbenefits.Theyhave 

barrierpropertiestomoisturealcoholsandacids.  

Numerousadvantagesandusesaredescribedhereininbarrieroptical 

20 windowpumpingandsensorapplications.  

AmethodofbondingCOCmaterials(primarilyTOPAS®800'7s04or 

elastomericmaterialandawell-controlledthermalprocessinvolves 

clampingflatsubstratestogetherusingasimpleself-levelingclampandthen 

25 bondinginsideofanoven.Thebondingprocessoccursat84 0 Cthemelting 

pointoftheelastomericlayerandpreferablyabovetheglasstransition 

temperatureoftherigidsubstrates.Thisoverlapinglasstransition 

temperaturesguaranteesastrongbond.Theheatingprocessinvolvesheating 

thepartsupto84 0 Cslowlyintheovenandthenrapidlycoolingthemat4 0 C.  

30 Althoughtheheatingprocessreachesthemeltingpointoftheelastomerno 

materialflowsoutofthebondedregionsandunsupportedelastomeric 

25 

TOPAS®6013f04withTOPAS®E-140)togetherusingathinfilmof
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featuresarestillretained.Furtherlittletonochanneldeformationis 

observed.ThebondcanalsobedonewithCOCelastoniertoglassandCOC 

elastoniertoPMMA.Plasmaactivationimprovesbondstrengthforall 

materialcombinations~ 

5 Thesematerialscanalsobeproducedasaneasytobondopticalfilm 

madeofahybridoftheTOPAS6013f-04andE-140gradesofCOC.Ina 

preferableconfigurationthefilmcanbemassproducedasan8mil(1mil= 

0.001")thicklayerofo6013f-04bondedto2miloftheB-140resin.The 
carnerfilmthatis2milthickand 

6013sideisprotectedwithapolyethylene U 

10 theB-140sideisonahightemperatureMylarfilmthatisalso2milthick.  

These4layersprovideasterilefilmthatcanbecuttosizeforbondingontop 

ofmicrofluidicchips.Themylarfilmiseasilyremovedpriortobondingand 

thePolyethyleneprotectivefilmcanberemovedpriortoimaging.The 

materialcanbemassproducedasarollofmaterialforfabricationofmany 

15 microfluidicchipsinaproductionenvironment.  

Thermalbondingofthinelastomerfilmsandaco-extruded6013/B

140filmusingaheatedlaminatorisalsopossible.Theprocessinvolves 

aligningthinfilmtothechipsothattheE-140isincontactwiththebonded 

planeandpassingthechipthroughalaminator.TheB-140isheldonaPET 

20 carrierfilmwithasiliconereleaselinerandsupportedonaflatthinsubstrate, 
U 

typicallyasiliconwafer.Thewaferprovidessupportsothatthemembrane 

lboneembodimentthelaminatedfilmsconsistsoffourpolymer 

filmsdesignedforapplicationinbondingmicrofluidics.Theseareas 

25 follows: 

1. 2milthicklayerofhightemperatureMylar(PET)toprotectB-140 

priortobonding.Preventsdustscratchingandcontaminationpriorto 

bonding.Removablebyhand.  

2. 2millayerofTOPASB-140bondedto6013F-04Layer.Usedasan 

30 easytomeltandbondlayer.  

26 

orthinfilmdoesnotwarpduringthebondingprocess.
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3. 8mulayerofTOPAS6013F-04usedasanopticalmaterial.The 

thicknessofthelayercanbealteredincasemorestiffnessorreduced 

thicknessisdesired.Smilisagoodbalancebetweenimagingabilitiesand 

filmstrength.  

5 4. 2milPBfilm.ThePBfilmiseeasilyremovedandservestoprotect 

theopticalmaterialfromscratches.  

Notethat1nfl=0.001"andisthethicknessmeasurementstandard 

forthinopticalfilms.  

Thismaterialprovidesasignificantimprovementtotheabilityto 

10 bondCOCmicrofluidicchipsandallowsforcommerciallamination 

processestobonddevicesatscale.ThebondstrengthofthisfilmtoCOCis 

around28psichannelpressure.ThefilmalsobondstoglassandPMMAlike 

polymers.  

Thebondingprocessretainstheopticalclarity(from280-SOOnm)of 

15 theCOCmaterialswhileprovidingahighbond.Thisprocessisalsoasafer 

andlessequipmentintensivesolutiontobondingpartsinthelab.Other 

methodsofbondingCOCusuallyinvolveheatedpressesorcyclohexanea 

highlyflammableandtoxicorganicsolvent.  

Fig.1showsanelastomericfilm2,approximately25-60microns 
20 formedofaCOCpolymersuchasE-140,anopticalfilm3, U 

approximately 

100-200micronsinthicknessformedanopticallyclearpolymersuchas 

I 

polymersuchaspolyethyleneterephth.alate("PET"),approximately '~ 60 

micron.sthick~ 

25 Fig.2isaviewofaprocessofaligningelastomerCOCfilms7(3)toa 

flatsubstratesuchasasiliconwafer11(5)bysendingthefilm7,preferably 

incombinationwithaprotectivecoverfilm8(2)formedofamaterialsuch 

asapolyethylenefilmwithasiliconereleasecoatingontheflatsubstrate11 
U (5)throughaheatedrolllaminator13(1)heatedtoatemperatureofabout 

30 1300 Ctoproducethealignedfilmsonthemicrofluidicchip9(4).Thefinal 

productwilltypicallyhaveontopaprotectivefilmthatcanberemoved 

27 

COCpreferably6013F04withremovablecarrierfilms1, 4,formedofa
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easilytheelastornericCOCand/orpolymethacrylate(PMMA)layer, 

microfluidicchipallonasiliconwafer.  

B. WaterAssistedC02LaserMachiningofThinElastomer 

Films 

5 Aprocesstolasermachinethinelastomerfilmsandotherpolymer 

filmswithminimalheatdamagehasbeendeveloped.Thelasermethod 

involveslaminatingalayerofpolymerontoathinfilmofwaterusing 

capillaryaction.ThewaterlayerservestoabsorbstrayheatandIRandacts 

asaworkholdingfeatureforthematerialsothatitdoesnotmoveorpeel 

10 duringthelasingprocess.ThematerialcanalsobelaminatedontoanJR 

transmissivematerialsuchasgermaniumJRpolymerorsapphireusingthe 

capillaryassistedmethod.  

Thinelastomerfilmsinparticularsufferfromsignificantwarpingand 

meltingwhenmachinedwithaC02laser.Thisprocessallowsforprecise 

15 lasermachiningofthinfilmsusingaffordableequipment.  

Fig.3isadiagramofthewaterassistedlasermachiningtechnique 

120.Athinelastomericpolymerfilm260ishelddownonasubstratesuchas 

glassgermaniumsapphireiceorJRpolymerusingcapillaryactionofa 

waterfilm262.Thewater262holdsthecutfilm266downandabsorbs 

20 somestrayenergyfromthelasermachiningprocess.  

C. Solvent-BasedCOCGlue 

together.Apre-mixedglueissaferandeasiertouse.  

Theabilitytoapplyadhesivelayersquicklyanduniformlyoffersa 

25 newmethodforbondingflatsurfaces.Thistechniqueissimpleandcanbe 

readilyaccomplishedinalabormanufacturingline.Thisprocesscouldbe 

usedformanykindsofadhesivesnotonlyUVcurableones.  

AsolventbasedgluemadeofdissolvedCyclicOlefinCopolymer 

(COCTOPAS®800'1s04)consistsofcyclohexaneandacetone.COCpellets 

30 aredissolvedincyclohexaneata1:4volumetricratio*thisprocesstakes 

severaldays.Asolventsuchasacetoneisaddeduntilthe U 

mixturebeginsto 
28 

Solventadhesivesplayakeyroleinpermanentlybondingtwoparts
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changeinopticalpropertyindicatingmaximumsolubilityofCOCinthe 

cyclohexane/acetonemixture.Acetonelowerstheglueviscosityandmakesit 

lessaggressive.Theglueishighviscosityandcuresrapidlyatroom 

temperature.Toluenemaybeaddedtochangetheviscosityandevaporation 

5 characteristicsoftheglue.Curingofthegluecancausesomebubble 

formationbetweenbondedsubstratessosmallbondedareasarepreferred.  

GlueensuresastrongandirreversiblebondbetweentwoCOCparts.Glue 

canbeusedtobondCOCtoglassandglasstoglass.Useonplasticswith 

lowsolventresistanceisnotrecommended.Applicationoftheglueinacold 

10 environmentextendsworkingtimeandimprovessolventevacuationduring 
U 

curing.  

D. TechniquesforSelectiveFormingandBondingofThin 

Polymer/ElastomerFilms 

Aprocessforselectivelybondingregionsofflatsubstratesinthermal 

15 bondingprocesseshasbeendeveloped.Regionsthataredesignedtoremain 

unbondedarecoatedwitha U material.Permanentmarkerand 

bovineserumalbumin("BSA")havebeendemonstratedassimpleand 

biologicallycompatiblesubstancesforselectivelybondingCOCsubstrates.  

Thisprocesshasbeenappliedtoelastomericmaterialbondingprocessesbut 

20 shouldbeusefulforotherthermallybondedmaterialsaswell.  

Anotherbondingprocedureinvolvesthermoformingamembrane 
U U 

duringthebondingprocessbyvacuumingthematerialintoasemi-porous 

ceramicasshowninFigures4A-4D.Theshapeof 

thesemi-porousmaterialdefinesanegativemoldforthemembraneto 

25 deforminto.Ifthematerialisheldatitsmeltpointduringthebonding 

processitwillretainitsshapeafterthebondingprocess.Applicationsinclude 

pumpdiaphragmfabricationandvalvedevelopment.  

Anypressurizedsurfacewillbondduringathermalprocess.Some 

componentssuchasdoormatvalvesneedtoremainunbondedbutretain 

30 surfacetosurfacecontact.Withouttheabilitytocontrolwhichsurfacesbond 

29 

materialsuchasaporous U
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anddonotbonditisdifficulttocontrolthesurfacepropertiesofthedevice 

designanditisalsohardtoensureunobstructedfluidpathwaysinthedevice.  

Selectivebondingtechniqueusingavacuumformedmembrane 

utilizesasemi-porousmaterialincorporatedintoonesideofathermally 

5 bondeddeviceandformedtotheintendednegativeshapeofthemembrane.  

Layersareassembledandthemembraneisclampedbetweentwosubstrates.  

Vacuumisappliedtothe semi-porousmaterialcausingthemembraneto 

deformintotheshapeofthe semi-porousfeature.Heatandpressureareused 

inathermalbondingsteptobondthemembranetothetwohalvesofthe 

10 device.Themembranedoesnotbondtothesemi-porousmaterial.Theshape 

ofthesemi-porousmaterialisretainedbythemembraneafterbonding.  

Fig.4A-4Darecross-sectionalviewsofaporousvacuumchuckwith 

negativefeaturesthatserveasamoldforthermoformedelastomer 

membranes(Fig.4A),showingthatvacuumdeformstheelastomeric 

15 membraneintothemold(Fig.4B),toyieldastandalonethermoformed 

membrane(Fig.4C),orcanbondedtothemanifoldwhilehot(Fig.4D).Fig.  

4A-4Dshowtheuseofaporousceramicvacuumchuck270withmachined 

moldfeatures272thatservesasatemplateforthermoformedelastomer 

membranes274.Membranematerial274islaidontotheporouscarbon 

20 material276andvacuum278isapplied.Negativepressuredrawsmembrane 

intothenegativefeaturesofthemold.Heat280isappliedtoreachorexceed 

releasedfromtheporouscarbonchuck276,orcanbepressedagainst 

anotherpolymerdevicewhilehottocreateapermanentbondedmembrane 

25 278.  

E. 3DFluidRoutingusingLaser-cutElastomerFilms 

Laserprocessingonthinelastomerfilmsandthebondingprocess 

enables3Droutingofmicrofluidicchannelswithouttheneedforhot 

embossingmachiningorotherprocesses.  

30 3Dfluidroutingcanbeaccomplishedusinglasercutadhesive 
U 

materialsbutanelastomerisamorerobustandsolventresistantoptionfor 

30 

themembrane'smeltingpoint.Themembrane274canthenbecooledand
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generatingmicrofluidicchannels.Thisprocessensuresthatthechannel 

thicknessiswellcontrolledandisabettermethodforlow-volumefluid 
U 

routing.  

III. On-ChipControlandSensingElementsforMicrofluidicDevices 

5 A. CyclicolefinCopolymerQ'COC")ElastomericStructures 

ElastomericmaterialssuchasthoseavailablefromTOPAS® 

AdvancedPolymersGmbHRaunheimGermanycanbeusedtomake 

elastomericmembranesthatdonothavethesameproblemsasPDMS 

membranes.ThesematerialsaredescribedinW02011129869,"Meltblends 

10 ofamorphouscycloolefinpolymersandpartiallycrystallinecycloolefin 

elastomerswithimprovedtoughness. TheTOPAS®COCresinsarea 

chemicalrelativeofpolyethyleneandotherpolyolefinplasticsareultra

purecrystal-clearandUVtransparentglasslikematerialswithbroad 

globalregulatorycompliance.Theyareamorphouswithheatresistancein 

15 packagingfilmsterilizablethermoformableandshrinkbenefits.Theyhave 

barrierpropertiestomoisturealcoholsandacids.  

B. RolledElastomericDiaphragms 

Anelastomerdiaphragmwithastressrelievingfeaturehasbeen 
U 

developedtobeusedinmicrofluidicvalvesandpumpdiaphragms.The 

20 membranefeaturesathermoformed U sectionthatrollsduring 

actuationratherthanexperiencingelasticdeformation.Thediaphragmis 

membraneisdoneusingcompressedgasandvacuum.Apumpchambercan 

bedesignedtoaspecificdisplacementvolumeandvalvescanbedesignedto 

25 sealatasetpressure.  

Therollingdiaphragmscanalsobemadeofothermaterialsthan 

thermoplasticelastomersincludingthermoplasticfilmsrubbersheetsand 

silicones.Variousshapesofrollingdiaphragmscanbeexploredtosuit 

differentapplications(i.e.valvesaccumulatorsandpumpchambers).  

30 Optimizationcanbedone U 

usingiterativesimulationinanFEAsoftware.  

31 

alsodesignedtoseatontoamanifoldofasimilargeometry.Actuationofthe
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Manufactureoftheserolleddiaphragmsisfacilitatedby 

thennoformingusingaporouscarbonchuckandbonding.  

Elastoniericniicropurnpsandvalvessufferfromproblemswith 

reliabilityandwellcontrolledfluiddisplacement.Thisvalvedesignoffersa 

5 lowstressmethodforactuatingelasticmembranesofavarietyofmaterials 

tomakethemmorerobustandeffective.Thisdesignmakesiteasierto 

determinesealingpressuresforvalvesanddisplacementvolumesforpump 

chambers.Thistypeofdiaphragmexperienceslimitedamountsofelastic 

strainandreducesthechanceofplasticdeformationandfatiguefailureofa 

10 diaphragm.Applicationsincludepumpchambers, valvesvolumestorage, 

andfluidicaccumulators.  

Figs.5Aand5Bareprospectiveviewsofarollingdiaphragm10 

showingthehoopstrain.Therollingdiaphragm10hasarollinglip12with 

alip14,withahoop16.  

15 Figs.6A-6Dareschematicsshowingdifferenttypesofrolling 

diaphragms.Fig.6Aisanexternalrollingdiaphragm20:Fig.6Bisan 

internalrollingdiaphragm22:Fig.6Cisashapechangingdiaphragm24* 

Fig.6Disasidewaysrollingdiaphragm26.  

Eachtypeofdiaphragmcanbethermoformedoutofavarietyof 

20 polymersandthermoplasticelastomers.Eachtypeprovidesuniquebenefits 

withregardstovolumedisplacementandstressmanagement.  

Diaphragmmicropumpswithoptimizedpumpchambersthatensure 

reliabledisplacementvolumeandimprovedreliabilityhavebeendeveloped.  

25 Onepumpchamberfeaturesarollingdiaphragmandonefeaturesapump 

chamberwithapredictabledisplacementstroke.  
U 

Figs.7A-IEareschematicsofthemechanismofpumpingusinga 

rollingelastomerdiaphragm.Apneumaticpressuresource(+P)isusedto 

displacethediaphragm.Vacuum(-P)isusedtodrawthediaphragmandfill 

reservoir.Pressureisthenappliedforadisplacementstroke.Beforefluid 

aspirationFig.7kVacuumisusedtofillreservoirFig.'lB~chamberfullof 

32 

C. OptimizedDiaphragmPumpChambers
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liquidFig.7C:pressureisappliedtochamberFig.JD*endofdisplacement 

strokeFig.'lB.Figs.7A-7Earediagramsshowingthemechanismof 

pumpingusingarollingelastomerdiaphragm20.Apneumaticpressure 

source(+P)30isusedtodisplacethediaphragm20.Vacuum(-P)32isused 

5 todrawthediaphragm20andfillareservoir34.Pressure30isthenapplied 

foradisplacementstroke.  

Therollingdiaphragmpumpchamber30usesarollingdiaphragm32to 

displacefluidvolumeinachamber.Thechamberincludesafluidicinletand 

avalve.Thediaphragmcanbeactuatedusingcompressedgasandvacuum.  

10 Arollingdiaphragmofanytypecouldbeusedbutonewithaninternally 

rollingmechanismispreferred.  

Asecondpumpchamberdesignisanoptimizedshapethatguarantees 

completefluiddisplacementfromthepumpchamber.Thechamber 

geometryisdesignedaroundtheelasticresponseofaflexiblemembrane 

pressunzedloadsuchthatthemembraneretainsaringofcontactwith 

thepumpchamberduringapumpstrokeasshowninFigures8A-SF.This 

featureeliminatesthechanceforsmallpocketsoffluidtogettrappedinthe 

diaphragmandensurereliabledisplacementvolumes.Thepumpchamberis 

alsodesignedtoholdaspecificvolumeoffluid.  

20 Figs.8A-8Fareschematicsofpumpchambers40,comparingan 

idealpumpchamber44withanunoptimizedchamber46.Figs.8ASBSC 

constantcontactwiththepumpchamber44duringactuationascomparedto 

theunoptimizedchamber46ofFigs.SDSEandSFwhichriskstrapping 

25 fluid45insideofthediaphragmmembrane20causingunpredictable 

displacementvolumes.Fig.SGisanexpandedviewofthecontactbetween 

thediaphragmandthepumpchamberwall.  

Figs.SA-SHareschematicsofpumpchambers40,comparingan 

idealpumpchamber44withanunoptimizedchamber46.Figs.4A,4B,4C 

30 showtheidealpumpchamber44wherethediaphragmmaintains20constant 

contactwiththepumpchamber44duringactuation44,ascomparedtothe 

33 

showtheidealpumpchamber44,wherethediaphragm20maintains
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unoptirnizedchamber36,38,40ofFigs.4D,4Eand4Fwhichrisks 

tappingfluid48insideofthediaphragmmembrane20causing 

unpredictabledisplacementvolumes.  

Sincemostpumpchambersintheliteraturefeatureacylindricalbore 

5 andadiaphragmthatflexesintotheborewithnoconstraintthisalternative 

embodimentoffersnostressmanagementanddoesnotprovidea 

deterministicdisplacementvolumeforasinglestrokeofthepump.The 

rollingdiaphragmpumpchamberoffersalowstressandvolumetrically 

constrainedpumpchamber.  

10 D. On-ChipMicrofluidicPressureRegulators 

Amicrofluidicpressureregulator60thatusesapneumatically 

actuatedelasticmembrane62asasealingfeatureandcompressedgas64as 

abiashasbeendesignedandisshowninFigs.9A-9C.Figs.9A-9Care 

U ofamicrofluidicpressureregulator60thatusesapneumatically 

15 actuatedelasticmembraneasasealingfeatureandcompressedgasasabias.  

Fluidbuildsuppressureagainsttheelasticmembraneuntilitovercomesthe 

pressureexertedbythecompressedgasontheotherside.Figs.9A,9B.The 

fluidbeginstoflowoncethefluidpressureexceedsthesealingpressure.Fig.  

9C.Fluidpressurecanberegulatedbyadjustingthecompressedgassource 

20 andtheflowcanbestabilizedbyaddingcomplianceinthefluidiccircuit.  

Thisbackpressureregulator60usesarollingdiaphragm62asa 

pressuresetpoint66,thediaphragm62isdisplaceduntilfluid68isableto 

flowthroughtheside70ofthediaphragmchamber72.Sealingattheside 

25 P74ofthechamber72occurswhenthepressuresetpoint66isgreaterthanthe 

upstreampressure64.Fluid68buildsuppressureagainsttheelastic 

membraneofthediaphragm62untilitovercomesthepressureexertedbythe 

compressedgas66ontheotherside.Thefluid68beginstoflowoncethe 

fluidpressure76exceedsthesealingpressure.Fluidpressurecanbe 

30 regulatedbyadjustingthecompressedgassource64andtheflowcanbe 

stabilizedbyaddingcomplianceinthefluidiccircuit.  

34 

sealingandsensingelement.Whentheupstreampressure64exceedsthe
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Thisisthefirston-chippressureregulator.Pressuredrivenflow 

systemsarecommonandcommerciallyavailablebutthesesystemsrelyon 

fluidmechanicsto U systemflowrates.Thistechnologyenablesthe 

controlofsystempressureswiththeuseofanyvolumetricallycontrolled 

5 pump.  

Studieshavedemonstratedthatamicrofluidicaccumulatorand 

pressureregulatedvalvecanserveasapressureregulatingdeviceonachip.  

Thisregulatedfluidpressureto14psiusingapressuresourceanda 

diaphragmpump.  

10 E. OptimizedMicrofluidicDiaphragmValves 

Anactivemicrofluidicvalveforon-chipcontroloffluidpassage 

features U lipthatdefinesalineofcontactforanelastic 

membraneasshowninFig.10.Fig.10isasimplediagramofavalve90 

withabondedelasticmembrane92andadefinedsealingcontact94.fluid 

15 flowcanbebi-directional.Sealinglip94canbeasmallflatsurfaceora 

roundedshapeasshown.  

Thesealingsurface96isonlylocatedononeinlet98ofthevalveand 

theotherfluidinlet100isfreefromcontactwiththeelasticmembrane.The 

elasticmembrane92isactuatedusingcompressedgasandisbondedtothe 

20 separatehalves102,104,ofthefluidicmanifold.Thisvalvedesignallows 

forbi-directionalfluidflow.  

valveshavingtroublegeneratingareliableseal.Doormatandone-wayflap 

valvessufferfromthinfilmfluidflowandfluidcreeparoundthesealing 

25 surfaces.  

Fig.11isavalvehasaroundedsealingfeaturethatamplifiesthe 

sealingpressureattheinletofthevalveshowingthevalveincrosssection 

withthemembraneexperiencingahigherstrainandcontactpressureatthe 

sealinginterface.  

30 Figs.12A-12Careateardropshapedvalvewithroundedsealing 

surface.Fig.12Aisaperspectiveviewoftheteardropshapedvalvewitha 

35 

Thisdesignavoidstheproblemwithmanyelastomerdiaphragm
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roundedsealingsurfaceandateardropshapethatreducestheoverallvolume 

ofthevalve.Theteardropshapereducesthedeadvolumeofthevalvewhen 

comparedtoacircularprofilevalveofthesamesizeinlet.Hereisa 

screenshotoftheteardropvalveinCAD.Sealingshapeinreddashedline.  

5 Fig.12Bshowsthevalveintegratedinapump.Fig.12Cisacross-sectional 

viewofthevalveintegratedinthepump.Fig.12Disagraphcomparingthe 

performanceofvariousvales(doormatringteardropvalveinFig.8), 

demonstratingthattheteardropvalveexhibitsimprovedperformanceover 

outpreviouslydesigneddoormatvalves.  

10 Furtherimprovementcanbemadetothevalvebyreducingthetotal 

volumeofthevalve.Apreferredconfigurationofthisvalveisateardrop 

shapethatcreatesafluidpathfortheoutletofthevalvebutdoesnotadd 

extravolumeradialfromthesealingsurface.Theshapeofthevalveislofted 

toreducethevolumebutalsoprovideasmoothandcontinuoussurface.  

15 F. MicrofluidicAccumulators 

Fluidicaccumulatorsplayakeyroleinlarge-scalehydrauliccircuits 

buthavenotbeendevelopedcommerciallyformicrofluidicsystems.  

Accumulatorsfilltheneedofbufferingfluidflowbytemporarily U 

fluidvolumeunderpressure.Thesecomponentsaresimilartocapacitorsin 

20 electricalcircuits.  

Figs.13A-13Careschematicsofseveraldifferenttypesof 

aflexiblemembranetostorepressureusingstoredelasticenergyinthe 

membrane.Fig.13Bisschematicofamicrofluidicaccumulatorusingsmall 

25 dead-endmicrofluidicchannelsfortrappinggasbubblesandstoringvolume 

underpressure.Fig.13Cisaschematicofamicrofluidicaccumulatorthat 

usesapistonpressurizedwithairononesideandfluidstoredinareservoir.  

Severaldifferenttypesofmicrofluidicaccumulatorscanbeusedto 

storepressurizedfluidinamicrofluidicchip.Pressureisstoredusing 

30 compressedgassurfacetensionphenomenaorelasticstrainenergy.A 

microfluidicaccumulator110canusearollingdiaphragm112,asshownin 

36 

microfluidicaccumulators.Fig.13Aisaschematicofanaccumulatorusing
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Figs.13A-13C.Thediaphragm112ispressurizedwithair114ononeside 

andfluid116isstoredinareservoir118below.Whenthefluidvolume 

exceedstheairpressurethediaphragm112isabletomovetostoreexcess 

volume.  

5 Theaccumulator110usestheflexiblemembrane112tostore 
U 

pressure.Elasticdeformationyieldsachangeinvolumeofthecomponent.  

Thiskindofaccumulatorcanbetunedbychangingthepressureontheback 

ofthemembraneandbychangingthesize(i.e.thicknessanddiameter)of 

themembrane.  

10 Amicrofluidicaccumulator120showninFig.13Bcanusesmall 

dead-endmicrofluidicchannels122fortrappinggasbubbles124andstoring 

volumeunderpressure.Gasbubbles124aretrappedandcompressedwhen 

morevolumeentersthechannel112.Thistypeofaccumulatorwas 

successfullytestedonastandalonemicrofluidicchip.  

15 Amicrofluidicaccumulator130showninFig.13Ccanusealow

frictionpiston132tostorefluidvolume.Airpressure134isappliedtothe 

backsideofthepiston132andpressurizesthefluid136ontheotherside.  

fluid136isstoredinthebore138ofthepiston.  
U 

Figs.14A-14Cisamicrofluidicaccumulatorwithadiaphragm 

20 pressuredwithairononesideandfluidisstoredinareservoirnovolume 

(Fig.14A),accumulatingvolume(Fig.14B),andatcapacity(Fig.14C).A 

Figs.14A-14C.Thediaphragm142ispressurizedwithair144ononeside 

andfluid146isstoredinareservoir148below.Whenthefluidvolume 

25 exceedstheairpressurethediaphragm142isabletomovetostoreexcess 

volume.  

G. PressureSensingusingElasticMembraneDeflectionand 

TrappedGasAccumulator 

Apressuresensingmethodleveraginganelasticmembranethat 

30 deflectsunderpressureandanopticallever.Themembranecanbecoated 

withareflectivematerialtoreflectincidentlight.Alasercanbeaimedatthe 

37 

microfluidicaccumulator140canusearollingdiaphragm142,asshownin
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membraneandreflectedoffofthemembranesurface.Thelasercanbe 

directedtoaphotodetectorthateithersensespositionorlightintensity.If 

lightintensityisselectedthenadiffractiongratingmaybeusedtosplitthe 

lightbasedonpositiononthegrating.  

5 Anopticallevermayprovideapressuresensingmethodthatis 

extremelysensitiveforevensmallchangesinpressure.Mostpressure 

sensorsonthemarketsensepressureontheorderofpsiwhilesome 

microfluidicapplicationsrequirepressuresensinginfractionsof U 

psi.  
Thetrappedgaspressuresensorisusefulbecausethesensingfeature 

10 (acamera)isnotapartofthe U deviceandthereforedoesnotadd 

tothecostofthechip.Thissensorisalsolinearwhichmakesforeasier 

calibrationandmeasurement.  

AsshowninFigs.15A-15Bapressuresensor210 U 

opticallever212andadeformablemembrane214canbeutilized.The 

15 membrane214canbeareflectivematerialorhaverefractiveindex 

properties. Alaser216isaimedatthemembrane214andreflectedoffthe 

surface.Theoutputangle218changesasafunctionofmembranedeflection 

220underpressure.Thelaseroutput222isincidentonaphotodetector224.  

Adiffractiongratingandintensitymeasurementorapositionsensingmethod 

20 alsocouldbeimplemented.  

Pressuresensingusingthepropertiesoftrappedgas U 

accumulatorscanalsobeusedasshownU 

gasbubble232isdirectlyproportionaltothepressure234oftheliquid236 

inthemicrofluidicchannels.Aspressure234buildsupthetrappedgas, 

25 bubbles232arecompressedandacamera238orotheropticaldetectorcan 

beusedtosensethechangeinlengthofthebubbleorliquidphase.  

H. LiquidLevelSensing 

Liquidlevelsensorscanbefoundformanylargescalefluidic 

systemsbutfewtechnologiesexistfortrackingfluidvolumesin 

30 microfluidicchips.Sensingoffluidvolumesina U andaccurate 

mannerishelpfulformonitoringofonboardfluidicsanddeterminingwhen 

38 

inFig.15A-15C.Thelengthofthe
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fluidsneedtobeexchangedortraffickedtootherpartsofthechip.Thiscan 

alsohelptocontrolhydrostaticpressuresonthechip.  

Liquidlevelsensingmethodsforsmallscalemicrofluidicreservoirs 

canutilizeadeformablemembranewhichdeflectsunderhydrostatic 

5 pressure.Levelsensingbyvisuallytrackingfluidheightinareservoirwitha 

cameracanbedoneusingdirectmeasurementlighttransmissionandcolor 

saturationpropertiesortaperedreservoirs.  

Liquidsensingmethodologiesformicrofluidicreservoirsareshown 

inFigs.16A-16E.Figs.16A-16Eareschematicsofliquidsensing 

10 methodologiesformicrofluidicreservoirswhereadeformablemembraneis 

incorporatedintothemediareservoirunderhydrostaticpressureforchanges 

incapacitance resistancebetweencontactingmaterialsoropticalproperties 

(Fig.16A).Fig.16Bshowsthemembranedeflectingunderpressure.Fig.  

16Cshowsthefluidreservoirhavingaclearwindoworsidewherechanges 

15 influidlevelsaremeasuredandrecordedbyacamera.Fig.16Dshowsa 

similarfluidreservoirwherethecameraispositionedabovethereservoir.  

Fig.16Eisaschematicofthecameratakingimagesofthefluidscontaining 

dyetoprovideforopticalmeasurement.  

Adeformablemembrane240incorporatedintothemediareservoir 

20 242canbedeflectedunderhydrostaticpressure244.Themembranecontacts 

240anothersurfaceforchangesincapacitanceresistancebetween 

16A).Additionalopticalsensingmethodsincludeobservationofliquid 

levelsfromthesidesofmicrofluidicdevicesfordirectmeasurementorfrom 

25 aboveusingcorrelatedmeasurements(Figs.16B,16C).Areservoir250with 

atapercanbedesignedsothatthefluid'sfreesurfaceareachangesasa 

functionoffluidheight.Opticaltransmissionandcolorsaturationproperties 

canbeutilizedaswell(Fig.16D,16E):colorsaturationandoptical 

transmissionwillbeafunctionofthefluidheightinthereservoir.  

30 
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contactingmaterialsorcanbeobservedusinganopticalsystem246(Fig.
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I. MicrofluidicCapsforCellObservationandManipulation 

Sterilityandeaseofaccessinrnicrofluidicdevicesiskeyformany 

lab-on-a-chipandexperimentalapplications.Forexamplebeingableto 

exchangeculturemediaandmanipulatecellculturesrequiresdeviceaccess 

5 foraneedleorpipette.Newtypesofcapsthatofferasimpleandsterileway 

ofinteractingwithachipwillenabletheseproceduresformicrofluidicchips.  

Ideallythesecapsareopticallycleartoallowforimagingorbackground 

illumination.Furtherasingleuseanddisposablecapishelpfulforsterility 

reasons.  

10 Figs.VIA-LIDareschematicsofremovablecapsforcellculture 

applications.AnopticallyclearsnaponcapisshowninFig.VIA.An 

elastomericfeatureonorunderthecapsaddscomplianceasshowninFig.  

FIB.Acapformedofanopticalfilmwithapatternedadhesiveforsealingis 

showninFig.CC.Apressfitsealorcompressedelastomericfeatureonthe 

15 undersideofthecapisshowninFig.lID.  

Theremovablecapcanbeincludedforcellcultureapplicationsin 

oneembodimentshowninFig.VIA.Thetop152ofthecap150isoptically 

clearandisabletobesealed154.Sealingcanbeaccomplishedwithapress 

fitclampedgasketorrubber/elastomerseal.Thecap150canberemoved 

20 forculturesamplingandmanipulation.Apressfitcanbedefinedlikethat 

usedinEppendorftubesandPCRcaps.Thisissimilartomanycapdesigns 

Asealingfeaturecanalsobecreatedbyexposingpartofthebonded 

elastomerfeature156tothecapasshowninFig.FIB.Thisaddscompliance 

25 toallowforawell-definedsealingsurface.  

Analternativetoapressfitcaporagasketedinterfaceisan 

adhesivelybondedwindowasshowninFig.CC.A"capcouldconsistof 

anopticalfilmwithapatternedadhesivethatisusedtosealtheopticalfilm 

ontoadevice.Thistypeofsealingfeaturecouldprovideasterilesingleuse, 

30 andcheapmethodforsealingofniderofluidicchips.  
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inthecellculturefield.
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AsshowninFig.LIDcapscanhaveapressfitsealorusesomesort 

ofcompressedelastomericfeature160.Exposedelastomeric U can 

serveasagasketforsealingofthecapwhichcanbecompressedusingstrain 

energyoraclamp/latch.Anadhesivestickercanbeusedforsealingflat 

5 surfacesofamicrofluidicdevice.  

J. PneumaticConnectionstoMicrofluidicChips 

Mostcommerciallyavailablepneumaticconnectorsareeitherone

tube-at-a-timeorfeatureathreadedfastener.Theseoperationswastetime 

whichcanbecriticaltooutcomeforsomeexperiments.Aquickconnect 

10 mechanismisusefulbecausesomeoperationsinmicrofluidicexperiments 

aretimesensitive.Forexampleachipcannotbedisconnectedfrom 

pumpingforextendedperiodsoftime.Howeverdisconnectionmaybe 

requiredforaccessingfluidvolumesmanipulatingcellculturesortaking 

imagesonamicroscope.  

15 Aquickconnectionforpneumaticlinestoamicrofluidicchipcanbe 

achievedwithaspringloadedorclampedgasketasshowninFig.11-12.The 

abilitytoquicklyconnectanddisconnectmicrofluidicchipstopneumatic 

linesfacilitatesrapidexchangeofmicrofluidicchipswithreliablesealingfor 

allpneumaticconnections.  

20 Quickreleasefeaturesformicrofluidicchips170canincorporatea 
U 

compressedgasketoranarrayof0-rings172compressedusingaspnng178 

Figs.11, 12Aand12B. Theseclampingmechanismsfacilitateeasy 

connectionofpneumaticandfluidiclinestoamicrofluidicchipwithoutthe 

25 useoftoolsorscrews.  

K. DynamicallyControlledPressureRegulationfor 

Actuationof 

PumpDiaphragms 

Rapidactuationofpumpmembranescausesinstantaneouspeaksin 

30 flowvelocitythatmayhaveanegativeeffectonflowstability.Inbiological 
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loadedlever174,atoggleclamp176,oranovercenterlatch180,shownin
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applicationsthedynamicactuationofamicropumpimpliessignificantshear 

stressthatmayinfluenceandpotentiallyharmlivingcomponents.  

lboneembodimentthesystemcomposesaprogrammablepressure 

sourcefordynamicpressurecontrolofpumpchambers.Thepressureto 

5 actuateanelasticmembraneiscontrolledfromvacuumtopositivepressure 

slowlysothatthemembraneflexesslowly.Gradualactuationofapump 

chamberlowersthepulsatilityofthepumpingsystemandstabilizesthe 

pumpflow.  

L. MicrofluidicOxygenatorsmadewithThinElastomerFilm 

10 Oxygenationplaysakeyroleincellcultureandlab-on-a-chip 

applications.Amicrofluidicoxygenatorwithabiocompatibleandlow 

absorptiongaspermeablemembranehasbeendeveloped.Longaspectratio 

microfluidicchannelscreatealargediffusionsurfaceforthegastransferand 

athinmembranepromotesoptimalgastransfer.Thegaspermeablematerial 

15 ispreferablyanelastomersuchasaCycloolefincopolymer(COC).These 

aretransparentamorphousthermoplasticsproducedbycopolymerizationof 

norborneneandethyleneusingametallocenecatalyst.Thesecopolymers 

havemanyattractiveopticalpropertiesincludinghighclarityhighlight 

transmissivitylowbirefringenceandhighrefractiveindex.Other 

20 performancebenefitsincludeexcellentbiocompatibilityverylowmoisture 

absorptiongoodchemicalresistanceexcellentmeltprocessabilityand 

retainedoverawidetemperaturerangefromabout-50 0 Ctoneartheirglass 

transitiontemperature.  
25 Alternativeelastomericmaterialsinclude(st 

yrene~-etbv~jetie- 5UrdyI@FtCrw 
a 

Jyrene(SEBS)orathinrigidmaterialsuchasPoiyetheretherketone 
S I 

(PEEK)~, acolorlessorganicthermoplasticpolymerin.the 
I Pol.varviethetk.et&)ne(PAEK)familya.sencucrystallinethermoplasticwith 

I. *2~ 

excellentmechanical.andchemicalresisLmcepropertiesthatare I to 

30 hightemperaturns, PerfiIioroaikoxyaikanes(PFA~RITE~ 

orecopolymersoftetrafluoroethyleneandperfluoroetherscharaczteiizedby 
4 
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flowabilityaswellashighrigidityelasticmodulusandstrengthwhichare
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Cl11111 dresistanceto~dLLUS ana L~ a orPTFE.Othermaterialsmay 

beconsideredbasedongastransportproperties.Theperformanceofthe 
U 

oxygentransportcanbedeterminedbytheoxygentransmissionrateofthe 

materialdeterminedbyASTMD3985.Improvedperformanceofthe 

5 oxygenatorcanbeachievedusingahigherconcentrationofoxygen 

increasingthepartialpressureofthegasandpotentiallybyflowingthegas 
U 

overthetransfersurface.Gasexchangecanbemonitoredusingfeedback 

fromoxygensensors.  

COCelastomerscanbebondedatlongthinaspectratiosforusein 

10 oxygenatordesign.Othermaterialmayrequireadifferentlamination 

process.  

Iv. HydrogelScaffolds 

A. CellSupportScaffoldsusingMacro-porousElastomer 

Films 

15 Anopticallyclearlowstiffnesscellsupportscaffoldhasawide 

rangeofapplicationsincellbiology.Mostcommerciallyavailablecell 

supportscaffoldsarenotimagefriendlyandaremadeofarigidmaterial 

usuallypolystyrene.  

Acellsupportscaffoldtobeusedinmicrofluidicchipsandtranswell 

20 insertsismadeofahydrophobicelastomerthatisopticallyclearwithlow 

autofluorescence.Theporesizecanbetailoredtothespecificapplication, 

hydrophobicnatureofthematerial.Thisstructurecanbeusedtosuspend 

cellsinliquidorincell-ladenhydrogels.Thistypeofscaffoldislow 

25 moduluswhichposesabenefittocelladhesionandstressresponse.  

B. CastingofHydrogelStructuresasCellScaffolds 

Hydrogelcontainmentoffersanalternativetothemeniscuspinned 

techniquescommonlyusedinsimilardevices.Thisdesignoffersabenefitto 

theexperimentbecauseitallowsthegeltoswellallowsfordirectaccessto 

30 thecellcultureandoffersamoreflexibleandreliablesolutiontogel 

installment.  
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Cell-ladenhydrogelswereinstalledintoaniicrofluidicdevice.The 

hydrogelisinjectedintoaseparatecompartmentandthenpolyrnerized.If 

necessarythehydrogelisallowedtoswellbymeansofliquidabsorption.  

Thecapsulecanthenbeinsertedintoa U chipwithfluidic 

5 connectionsandgasketedinterfaces.Oneembodimentofthiscompartment 

includesremovablestructuresthatserveastemplatesformicrofluidic 

channels.Thebaseofthecapsuleisanimagefriendlymaterialsothat 

biologicalmicrostructuresandcellbehaviorcanbeobservedinsitu.These 

hydrogelcompartmentsarespecificallydesignedtopromoteaperfusable 

10 vascularnetworkbetweentwomediachannels.  

C. InsertionofPinsintoHydrogeltoStabilizeGels 

Ahydrogelcompartment290featuringremovablesupportstructures 

292isshowninFigs.19A-19D.Thecontainer294holdsthehydrogel296, 

overlaidwithmedia298.Pins292areinsertedintothehydrogelchamber 

15 296tostabilizethegelsasformed.  

Oncethepins292areremovedthepincavity300(Figs.15B,15C) 

canbeusedasafluidicchannel.Removablepins292shouldbemadeofa 

hydrophobicmaterialsothatthehydrogeldoesnotgetstucktothe 

removablepin292.Mostfluorinatedpolymers(PFAPTFEetc.)willwork 

20 forthisapplication.  

Figs.20A-20Dshowahydrogelcompartment310withwideflat 

compartment312allowformediaflowacrossthesidesofthetissue 

compartment.  

25 Gelisinsertedthroughaport325intoacontainercontaining 

removablesupportstructures322suchasPHASEGUJDES®®.These 

supportstructurescanbesharpridgesorwalls324thatextendacrossthe 
U 

entiremediachannel.Aftergelpolymerizationthechannels326arefilled 

withmedia.PHASEGUIDES®322dissolveintomedia.Oncethe 

30 PHASEGUIDES®322dissolvethegel328isallowedtoswellintothemedia 

channels.  
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channels312atthesides314ofthetissuecompartment.Thesides314ofthe
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APHASEGULDE®-typehydrogelinsertionmethodwitha 
U 

hyperelasticmatenalbacking330allowsforgelexpansionandswelling.  

D. HydrogelInstallationusingFlaporHangingDrop 

Thehydrogelcanbeinstalledintothecompartmentusingamethod 

5 forcreatingsealablefluidicchannelssuchasarotatingflapmechanism, 

showninFig.21A-21C.Flap340hangsdowncreatingasealatthetimeof 

gelinstallation.Oncethegel342polymerizesflap340isrotatedaboutan 

axis342toexposethesidesofthegelchannel.Theflapcanbemadeofa 

hydrophobicmaterialand/oranelastomertocreateasealduringgel 

10 installation.Apreferredmaterialforcellculturearefluoropolymers 

includingPTFEandPFA.  

GelinstallationusingdissolvablecompartmentsisshowninFigs.  

22A-22D.Thedissolvablematerialactslikeafillablecontainer350forgel 

installation(Fig.22A).Thegelgoesintothecompartment352and 

15 polymerizes(Fig.22B).Multiplecompartmentsallowformultiplegeltypes.  

Thecompartmentdissolvesintothemedia(Fig.22C).Oncethecompartment 

isdissolvedthegelswellstofillthecontainer350forfluidflowintoandout 

ofthegel(Fig.22C,22D).  

Ahydrogelinstallmentmethodcanusehanginghydrogeldropsthat 

20 swellintoasealedshape.OnemaystillrequiretheuseofPHASEGULDES® 

orsomeothertypeofsupportstructureinameniscuspinningtechnique.In 

profile.Thismethodallowsformultipleflowpatternsasdepicted.Hanging 

dropcouldexpanduntilthedroppressesagainstanotherfeatureinthedevice 

25 tocreateaseal.  

Hydrogelinstallationsusingaslotshapedhangingdropprofileare 

showninFigs.23A-23E.Thismethodallowsformultipleflowpatternsas 

depicted.Thehangingdropcanexpanduntilthedroppressesagainstanother 

featureinthedevicetocreateaseal.  

30 Figs.23A-23Earecross-sectionalschematicsofaslotshaped 

hangingdrophydrogelhelpinplacebysurfacetension(Fig.23A),thetop 
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thisembodimentthehydrogelisinstalledusingaslotshapedhangingdrop
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andsideviews(Fig.23B),wherethegelisswollentoseparateamedia 

channelintotwochannels(Fig.23C),andtheresultingflowconfigurations: 

acrossthetop(Fig.23D),underthedrop(Fig.23E),alongthelengthofthe 

drop(Fig.23F),andalongthesides(Figs.23G,23H).  

5 AsshowninFig.23Athegel360isinstalledthroughaport362 

wherethehydrogeldrop364hangsinplaceduetosurfacetension.Thiscan 

runacrossawidthtoformalonghangingdrop366asshowninFig.23Bor 

beintheformofasingledrop.Fig.23Cshowsatopviewofhangingdrop 

366andFig.23Dshowsasideviewofhangingdrop366.  

10 Fig.23Eshowshowthehydrogeldrop368canexpandtosealoffthe 

connectionbetweentworegionsofamediachannel370a,370b.Fig.23F 

showsthatonecanhavecontinuousflow372acrossthetopofhangingdrop 

368andanobstructedflow374underthebottomofhangingdrop368.Fig.  

23Gshowstheflowchannel372acrossthetopandtheflowchannel374 

15 alongthebottomfromtheside.Fig.23Hshowsthehydrogel366andflow 

channels372and374withinthedevice376.  

V. SystemforHighThroughputMicrofluidicExperiments 

A. ElectropneumaticControlManifoldswith 

ConnectiontoMultipleMicrofluidicChips 

20 Mostmicrofluidicplatformsaredesignedtobeoperatedonechipata 

time.Thisrequiressubstantialinfrastructureandtubingtocontrolmultiple 

formorerobustexperimentaldesignsandopenuptheabilitytorun 

duplicatesandcontrols.  

25 Amanifoldkeepsnormalgravitationalalignmentforthechipsby 

usingatoweroracarousel.Ifthechipswereorientedinadifferentfashionit 

ispossiblethatthechipswillnotfunctionproperlyormightexperience 

leaking.  

Anintegratedelectropneumaticmanifoldforconnectionandcontrol 

30 ofmanymicrofluidicchipscanbeutilized.Ratherthanconnecting 

pneumaticlinestoachiponechipatatimemultiplecanbeconnectedtothe 
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samepneumaticmanifold.Thislimitstheamountofcontrollerspressure 

sourcesandothercomponentsrequiredtorunanexperimentwithduplicates 

andcontrolconditions.  

AsshowninFigs.24A-24D, U chips(Fig.24A)are 

5 insertedintoelectropneumaticmanifolds190,200forstackingmicrofluidic 

devices192vertically192(Fig.24B)oronarotarymechanism200(Figs.  

24CFig.24D).Averticalmanifold190,200retainsidealgravitational 

orientationforeachmicrofluidicdevice192andfeaturesquickconnectionto 

thepneumatics.Averticaltower200(Fig.24C)canfeaturearotating 

10 mechanismtoallowfordevicesaccesswhilethemicrofluidicdevice192is 

stillconnectedtothepneumatics.Acarousel202(Fig.24D)couldalsobe 

implementedwheremicrofluidicdevices192areconnectedradiallyaround 

thecontrolunit198.Locationsaroundthecontrolunitallowfordevice 

manipulationand/orimaging.  

15 Aquickconnectorcanbeincorporatedintothedesignsothatchips 

canbeaddedorremovedeasily.Arotatingplatformmayalsobeintegrated 

withimagingsystemssothatthechipscanbeautonomouslyimagedand 

analyzed.  

Fig.25A-25Fshowexemplaryquickconnectdevicesforsecuringthe 

20 microfluidicdevicesinthemanifold.  

B. MicrochipDeviceswithFeaturestoEnhanceAssembly 

connectorstochannelsforfluidintakeandoutflowandconfigurationsfor 

cultureofcells.  

25 Itisimportantthatthemembranebebondedwithinthechipsothatit 

doesnotleakbecomedetachedduringprocessingandthatthemembrane 

bondsreliablyandallowforgastoescapeduringthebondingprocess.  

Inapreferredembodimentunlikethepriorartdeviceswhichare 

patternedonastandardmicroscopeslide(glass,25.5x75.5mm),thesechips 

30 are25mmwideby40mmlong(INSERTRANGERATIOANDASPECT 

OFMEASUREMENTS),andareroundonthecorners(chamfered)(Fig.  
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U 

26A).Theshapefacilitatesalignmentinthemanifoldandmakesthebonded 

membranemoreresistanttobeingdislodgedaccidentally.Thedeviceasa 

thicknessof2-3mmwhichitcontainsfivelayers.Thesizeandshapeofthis 

chipareimportantbecausethereducedaspectratiooflengthandwidth 

5 makesthechiplesssensitivetoflatnessandrunoutofthebondingplane.  

Issuesorparallelismbetweenthetwobondedhalvesofthechipareless 

relevantwiththereducedaspectratio.  

Fig.26Ashowsanexampleofa25x40x2mmchipwithanintegrated 

E-140membraneinthemiddle.  

10 Fig.26BdepictsaventingsysteminthechipofFig.26Atoallowfor 

gasescapeduringbonding.Thechipformatalsoincludessmallflatsurfaces 

toimprovethereliabilityofthebondingprocessandeliminatethepresence 

oftrappedbubblesandparticlesinthebondingprocess.Thebondedchipis 

stillstrongandlesslikelytodelaminateunderheatedconditionsofapplied 

15 stresses.  

h-iadditionthesmallbondingareascreateopengaspocketsinthecenterof 

thechip.Thegasinthesepocketscanescapethroughtheedgesofthechip 

usingsmallventingfeatures.Withouttheseventsthegassesinsidecanbuild 

uppressureanddelaminatethechip.  

20 Fig.26CisinaCADmodelshowingtheventsona5-layerchip.  

Fig.26D-27Eisaperspectiveviewshowingprotectiveedgesonthechip.  

bottom:Withouttheseedgesthefilmcanliftupwhenithitsanobjectand 

delaminatetheopticalfilm.Sethecornerofthischipwithanunprotected 

25 edge.  
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Weclaim: 

1. Amicrofluidicdevicecomprisingcyclicolefincopolymer 

membranes.  

2. Thedeviceofclaim1comprisingacyclicolefincopolymer 

membranewhichisopticallyclear.  

3. Thedeviceofanyofclaims1or2whereinthecyclicolefin 

copolymerisanelastomer.  

4. Thedeviceofanyoneofclaims1-3whereinthedeviceisa 

microfluidicchipforculturingortestingofcellsorproductsthereof 

5. Thedeviceofanyoneofclaims1-3whereinthedeviceisselected 

fromthegroupconsistingofpumpsvalvesaccumulatorspressure 

regulatorsoxygenatorsandpressuresensors 

6. Amethodforbondingmembranesmadeofcyclicolefincopolymers 

foruseinmicrofluidicchipscomprising 
U 

placingacyclicolefincopolymerfilmontoanon-interactivecarrier 

filmoptionallyformedofapolymersuchasabiaxiallyoriented 

polyethyleneterephthalatesupportedbyaflatsubstrate, 

aligningarigidcomponentofamicrofluidicchipwiththecarrier 

filmandsubstrateand 

passingtherigidcomponentwithalignedfilmthroughathermal 

laminatororexposingtoathermalpressorhotplate.  

usingarollextrusionprocessandcuttingthebondedfilmtosizeusinglaser 

fabrication.  

8. Awaterassistedlasermachiningmethodforetchingelastomeric 
U 

polymerfilmcomprisingusingcapillaryactionofawaterfilmtosecurethe 

cutpiecesinplace.  

9. ThemethodofclaimSfurthercomprisingprovidingathermalsink 

and/orheatorinfraredabsorbinglayertocontrolexcessheatinthelaser 

machiningprocess.  

10. Amethodformoldingorshapingathermoplasticelastomeric 

membranecomprisingapplyingthemembranetoaporousvacuumchuck 

withnegativefeaturesapplyingvacuumandheattomoldthethermoformed 

elastomermembrane.  
49 

'7. Themethodofclaim6forbondingmultiplemembranescomprising
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11. Themethodofclaim10whereinthemembraneisformedofcyclic 

olefincopolymer.  

12. Themethodofclaim10whereinthemembraneisacomponentofthe 

microfluidicdeviceofanyoneofclaims1-5.  

13. Arollingelastomericdiaphragmforuseinmicrofluidicvalvesand 

pumpdiaphragmshavinghighdisplacementfrom0.2to3millimeterswith 

limitedelasticdeformationatamaximumof10percentstrain.  

14. Thediaphragmofclaim13shapedforuseinadevicecomponent 

selectedfromthegroupconsistingofexternalrollingdiaphragmsinternal 

rollingdiaphragmsshapechangingdiaphragmssidewaysrolling 
U 

diaphragmsdiaphragmmicropumpspressuresensorsandpressure 

accumulators.  

15. Thediaphragmofclaim14inapumpcomprisingapumpchamber 

comprisingarollingdiaphragmandapumpchamberwithadeterministic 

displacementstrokethatcandisplaceafixedvolumewithlessthat5percent 

error.  

16. Thediaphragmofclaim13inadevicewherethediaphragmcanbe 

actuatedusingcompressedgasand/orvacuum.  

17. Amicrofluidicpressureregulatorcomprisingapneumatically 

actuatedelasticmembraneasasealingfeatureandcompressedgasasa 

biasingelement.  

regulator.  

19. Theregulatorofclaim18whereintheregulatorcontrolsthefluid 

pressuredownstreamoftheregulatorwhereinthemembranehasalow 

stiffnessof20-80Mpaandanelongationatbreakgreaterthan500percentso 

thatitisnotsensitivetostrainenergyinthemembranewhereinthefluid 

beginstoflowoncethefluidpressureexceedsthesealingpressure, 

optionallywhereinthefluidpressurecanberegulatedbyadjustingthe 

compressedgassourceandtheflowcanbestabilizedbyaddingcompliance 

inthefluidiccircuit.  

20. Microfluidicaccumulatorswhichstore U 

pressunzedfluidina 
microfluidicchipselectedfromthegroupconsistingofaccumulatorsusinga 

flexiblemembranetostorepressureusingstoredelasticenergyinthe 
50 

18. Theregulatorofclaim17structuredtofunctionasaback-pressure
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U 

membranemicrofluidicaccumulatorsusingsmalldead-endmicrofluidic 

channelsfortrappinggasbubblesandstoringvolumeunderpressureand 

microfluidicaccumulatorsusingarollingdiaphragmpressurizedwithairon 
U 

onesideandfluidstoredinareservoir.  

21. Microfluidicpressuresensorcomprisinganopticallevelorchangein 

capacitanceanddeforniablemembranewheredeformationoftheelastic 

membraneoccurswithanincreaseinpressureoptionallycomprisingoptical 

meanstomeasurethelengthoftrappedgasbubblesinmicrofluidicchannels 

whichisproportionaltothechannelpressure.  

22. Amethodofmakinghydrogelsinamicrofluidicdevicecomprising 

providingmovableremovableordissolvablesupportstructuresareusedto 

positionthehydrogelatthetimeofformationand/ortocreatechannelsin 

thehydrogelforfluidflowoptionallycomprisingpolytetrafluoroethyelene 

("PTFE")allowsforthesestructurestoberemovedwithoutdamagingthe 

hydrogelafterpolymerization.  

23. Themethodofclaim22comprisingdissolvableorremovable 

structurestopositionorsecurethehydrogelwithinthemicrofluidicdevice.  

24. Themethodofclaim22whereinthedevicecomprisesmovableflaps 

toshapethehydrogel.  

25. Themethodofclaim22whereinthedevicescomprisestructuresfor 

insertionand/orpositioninginamanifoldintowhichtheyareinserted.  

surfacetensionandusedtoseparatemediachanneland/orchangeflow 

configurationsasafunctionofswelling.  

27. Amicrofluidicdeviceproducedbythemethodofanyoneofclaims 

22-26.  

28. Removablecapsforusein U devicesforcellcultureare 

selectedfromthegroupofcapscomprisingopticallyclearwindows, 

elastomericfeaturesforbettercomplianceandanadhesivepatternonafilm 

forimprovedsealing.  

29. Aquickreleasetopforamicrofluidicchipcomprisingagasket 

compressedusingaspring-loadedleveratoggleclamporanovercenter 

latch.  
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26. Themethodofclaim22whereinthehydrogelisheldinplaceby
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30. Electropneumaticmanifoldscomprisingpneumaticlinesthe 

manifoldsstackingmicrofluidicsdevicesverticallyoronarotary 

mechanismcomprisingalatchingsystemtoenablequickconnectionofthe 

52 

microfluidicdevicestothepneumaticlines.
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