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This paperpresentsa review of microfabricatedsystemsfor geneticdiagnostics. Geneticdiag-
nosticsare powerful technologydrivers and excellent candidateapplicationsfor miniaturization
technologiedbecauseéhedemandor inexpensve geneticinformationis essentiallyunlimited,and
the costandtime for the diagnosticddecreasewith samplevolume. Processinggf DNA molecules
in the microscalehencerequiresthe implementatiorof microfluidic devicescapableof handling,
mixing, thermalcycling, separatinganddetectingnanoandpico liter liquid samples.The paper
discussesomeof the fundamentamacroscal@rotocolsusedfor geneticanalyseandhow these
processescaledown to microscopicvolumes. The constructionrandperformancef microfluidic
devicesfor DNA amplification,separationhybridization,anddetectiorarediscusseghaoving that
sofar nofundamentalmpedimentsxist for MEMS-basedjeneticdiagnostics.

1. INTRODUCTION

A fundamentatequirementor thecommerciabuccessf ary microfabricationtechnologyis anapplication
with avery large demand.Theseapplicationsareessentiatechnologydriversthatprovide sufiicient economic
pull for the adequateecorery of facility coststhat sustaincontinuedresearchnto new andimproved devices
at very low unit cost. This paperdiscusses new type of applicationfor micro electromechanicadystems
(MEMS) thatnot only satisfieghis requiremenbut alsopromisesnormougpotentialfor growth.

Genetictests(or assayshave anenormousscopeof applicationsn biotechnologyand medicine,ranging
from agricultureandfarming[1] to the detectionof pathogensn foods[2] to geneticdiagnosticson human
subjects[3]. Currently about400 diseasesre diagnosabldy molecularanalysisof nucleicacids,andthis
numberis increasingdaily. Humanshave approximately100,000genesthat could be potentially testedfor
defectsor the propensityfor diseasesEssentiallywith the sameprocedurethe contentsof every geneon ary
form of life could be examined.Sucha broadbaseapplicationmay prove to be the ultimatetechnologydriver
of all time.

Recently therehasbeenmuchinterestin the implementationof microfluidic devicesfor geneticassays.
Thesedevices are excellentcandidatedor miniaturizationbecause:(a) the demandfor geneticinformation
is essentiallyunlimited hencedeterminedonly by the costof informationretrieval, (b) the performanceand
costsof geneticassaysanbe improved in the microscale(c) the samemicrofabricatedpart canbe usedfor
mary differentassay$y changinghe natureof its reagentsnotthe device constructionand(d) geneticassays
canbenefitfrom the automatiorandcontrol provided by miniatureelectronicdevices. Theimplementatiorof
thesedevicespresentsiew andinterestingechnologicathallengesGeneticinformationis containedn along
polymerof nucleicacid, typically in solutionin a weakly salinewaterbasedouffer. The extractionof genetic
informationinvolvesa seriesof chemicalmanipulationof the samplerequiringmixing with reagentsthermal
cycling, labelingandfragmentatioranalysisusingcorventionalmolecularbiology protocols. A miniaturized



device for geneticassayss hencea chemicalreactorcapableof performingsomeor all of thesefunctionsin
microscalevolumes,includingthe detectionof the assayoutcome.

2. THE NATURE OF GENETIC INFORMATION

Geneticinformationin humansis storedin the cell chromosomes.Eachchromosomeconsistsof long,
compactlypacled, supercoiledinear polymer strandsof deoxyribonucleicacid (or DNA). The chromosome
informationis storedas a long string of DNA fragmentsgroupedas genes,eachexpressingan identifiable
functionor characteristiof the organism.In humansfor example,eachof the 46 chromosomegs 50— 400x
10° unitslong while the singlechromosomén theE. coli bacteriais 4 x 10° unitslong.

The units of a single DNA strandare called nucleotides.Eachnucleotideconsistsof a base(B), a sugar
linkage (S), anda phosphatdridge (P) asshavn in Figure 1. The sugarlinkage givesthe nucleotidedirec-
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Figurel: (a) DNA nucleotide(b) singlestrandedNA chain,and(c) doublestrandedNA with complemen-
tary basepairs(bp). Thetwo strandsarejoined by hydrogerbonds.

tionality with two distinct endslabeled5’ and3'. Therearefour typesof nucleotidescorrespondingo four

differentbases:adenine guanine cytosine,andthymine,commonlylabeledA, G, C, andT. Nucleotidescan
only belinkedin a specificdirectionforming singlestrandsof DNA asshawvn in Fig.1(b).Individual basesare
hydrophobic but strandsof DNA arequite solublein waterdueto the polarbackbone.SinglestrandedDNA

tendsto attach(or hybridize) throughweak hydrogenbondsto anotherstrandof complementanpasepairs
(G-CandA-T) formingadoublestrand(or duplex). Double-strande®NA is morestablein waterbecausé¢he

hydrophobidasesarehiddenby hydrophilicbackbones.

DNA assaydake two generaforms. In diagnosticapplicationsthe assaydetectghe presenc®f a specific
basepair fragmentin a fingerprint patternmatchingfashion. In sequencingapplications,the assayyields
the actualbasepair order Sequencingssaysnherentlyprovide muchmoreinformationthanfingerprinting
assayssincetest patternsare often not uniqguedueto the presenceof mutations. Both assaysare performed
usinga setof well known molecularmachinery Typically, the analysisis performedover a smallfragmentof
DNA whoseconcentratioris chemicallyamplifiedusingenzymatictechniguesuchasthe polymerasechain
reaction(PCR).After theamplification,thesefragmentsarechemicallycutinto smalleronesandstainedwith
a fluorescentye. Informationaboutthe natureof the sampleis obtainedfrom the analysisof the fragment
populationusingelectrophoreticeparationsr hybridizationtechniques.

3. BENEFITS OF MINIA TURIZATION

In macroscopigrotocols,relatively large microliter volumesof DNA are handledin vials and manually
loadedinto desktopthermalcyclersandgelsseparatorsThesemacroscopicystemsareslow andexpensve.
For example,atypical sequencingrotocolrequiress-8 hoursto completeat a costof severalhundreddollars.
Further thehigh costof thesesystemgestrictstheseteststo laboratories.

Alternatively, smallersamplevolumescanbe analyzedwith miniaturizedequipment.Thereis amplejus-



tification for the miniaturizationof thesesystemsn bothclinical andresearctsettingg[4]. Scalingdown the
assaysesultin anincreasen throughputlueto reducedanalysidimes,reagentostreductionsiueto miniscule
reactionvolumes,andmuchlower systemcostsdueto introductionof batchfabricationtechniquesFigure 2
shaws the effects of scalingon the assayparametergor a cubic sampleof linear dimensionL /S with Sasa
scalingparameter The volume of sampleand costof reagentscaleby S-3. The samescalingfactoraffects
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Figure2: Scalingof assayparameterga) costsandtime arereduced(b) ThedetectorS/Nratio is degradedoy
scaling.

the thermalcycle time while separatiortime Scalesby S~* (amuchcelebratedagument[5]). Ultimately, the
minimum assaytime is limited by the speedof the enzymeitself (30-100bp/s). Microsystemcostscalesby
S~2, butit is limited by the packagecost.

The benefitsof scalingcomeat the expenseof stretchingdetectionlimits. For a fixed concentrationthe
numberof moleculesn thesamplescalesby S~3. If thedetectorareais fixed, the signal-to-noiseatio (S/N) is
severely degradedby S~3. The S/N reductionis not assevereif the detectorareascaleswith the sample(S/N
0 S™1). This favorsthe useof miniaturizeddetectorslacedcloseto thesample.

Scalingalsoincreaseshe surface-to-wlumeratio of the sample(S/V) accentuatinghe influenceof suriace
phenomenauchasenzyme-vall adsorptionand sampleevaporationthat may affect the microsystenperfor
mance Further scalingcausesydrodynamigroblems.Theresistancef capillariesscaledy Shencesample
transferrequireshigh pressures.Capillary forcesare also scaledby S making samplelocalizationvery dif-
ficult andthe control of surfacepropertiesessential.lt seemgeasonabldéo assumehat the scalingfactoris
determinedoy detectionnoise. At a scaleof 10 um the numberof DNA molecules100-1000)may reachthe
practicaldetectionlimits. It is concevable that scalingfactorsof 100 or larger are possiblewhen handling
picoliter samplesThisresultsin 100-foldincreasesn throughputandsimilar decreasem cost.

4. MICR OFABRICATED AMPLIFICA TION DEVICES

A numberof micromachinedlevices[6] have beendevelopedto accomplishfasterchemicalamplification
cyclesby basicallyreducingor eliminatingthe large thermalmasspresentin macroscopicsystems.The first
of thesedeviceswasdevelopedby M. A. Northrup[6] at LLNL. This device consistsof a microwell cavity
structurdormedin asilicon substratdoy anisotropicetching. Thewell bottomis athin siliconnitride membrane
with polysiliconheaterson the undersideasshavn in Figure3. Thistype of structureis essentiallythe same
usedfor mary bulk micromachinedpressuresensorshenceit canbe fabricatedcheaply The well leadis a
glassslidebondedo thetop. Dueto its smallthermalmassthis structurecanbe heatedat ratesof 15°C/sand
cycle timesof aboutl min. A twenty cycle amplificationin a 50 L microwell wascarriedout roughly four
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Figure3 Silicon microwell for PCRreaction[6]. Figure 4 Comparisonof DNA frag-
ments from corventional and microw-
ell PCR[6].

timesfasterthanin a corventionalcycler with amuchlower power budget.

Themicrowell approachs suitablefor arraydetectionof multiple pathogensArraysof 8 and24 wells with
andwithout heatershave beenfabricatedon silicon anodicallybondedto glass[7]. Reagentsareloadedinto
eachwell usinginkjet-type methodsto provide capability of in-situ fluorescenceOneof the major problems
with the silicon-basedlevicesis their cost. Simplerarraysof polyprop/lene microwells have beenfabricated
usingcorventionalmouldingandstampingmethodswith well depthsof 250um. Thesepassie devicesrequire
anexternalcooledCCD cameraeadoutthereforeghey mustbeusedwith anexpensve reader Recentlydiode
detectorhave beenusedin silicon microwell structurego provide quantificationof PCR productsby electro-
chemiluminescenci8]. Thesedevicesshav a detectionlimit of 40 femtomolesof DNA whichis substantially
lessthanthatfor commerciaimacroscopiaevices.

5. ELECTR OPHORESIS MICR ODEVICES

In capillary electrophoresi¢CE) systemspandresolutionis not only determinedby the separationvolt-
agebut alsothe length of the sampleinjection plug. High resolutionseparationsvith millimeter-sizedplugs
requirelong capillaries(= 1 m) andseparatiorimes. Fasterseparationiimescould be achieved with shorter
microfabricatedchannelsf usedalongwith microinjectionandmoresensitve banddetectionschemes.

Thefeasibility, propertiesandperformancef electrophoresidevicesmicrofabricatedon planarglasssub-
strateshave beenstudiedby mary analyticalchemistd9]. Thesedevicesconsistof two crossingperpendicular
channelsThefirst channeldefinesghe samplenjection plug andthe secondseparatethe sample.Thesechan-
nelsaremadeby wet etchingtwo 10 ym deepcrossinggrooveson Pyrex glasswafers[5]. Platinumelectrodes
arenext depositedandpatternedandchannelsarenext sealedwith atop glasswaferwith acces$iolesbonded
to the substratehusforming two crossingcapillaries. Due to the presencef the metalsteps hermeticbond-
ing canbe accomplishedising cementor by thermallyfusing the glasspiecesat 660 °C. Other methodsof
fabricationfor thesedeviceshave beenrecentlydeveloped[10].

Figure5 shows a typical etch patternconfiguration. The mostimportantpart of the device is the channel
intersectiorwhich determineghe sizeof theinjectionplug. After introductionof themobile phasethe sample
is placedin the lower reserwir. A low voltageis next appliedacrosghe vertical capillaryforming along plug
thatfills the capillary with sample(with no separation)Next the vertical capillary voltageis turnedoff anda
high voltageis appliedacrossthe horizontalcapillary moving the plug of sampleat the intersectionforward
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Figure5 Simplecross-channetapillariesetchedinto glass Figure6 Confocalepi-fluorescenceeadoufor CE
arecapableof fast,high resolutionDNA separation§l1]. chips[12]

andresultingin a high resolutionseparation. Typically the migrating bandsare recordedusing a confocal
fluorescencenicroscopdocusedata specificspot[12] asshavn in Figure6. In theabore schemeéheinjection
plug lengthis enlageddueto lateraldiffusionandcornvectioneddiesat theintersectior{9]. Thecrosschannel
voltageconfigurationcanbe changedo form a sharpeplugif countercurrentsareinjectedinto the separation
channelto prevent the plug diffusion [9]. The resultingplug volumeis constantyielding higherresolution
separations.

The performancenf planarcrossingchanneldor separation®f DNA wasdemonstratedy Woolley [11].
Figure shavs separation®f DNA fragmentson a short,8 x 50 um?, 3.5 cm long capillary About 430 frag-
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Figure7 Separatiorof DNA fragmentsin planarglasschips Figure8 Low-resolutionseparatiorof DNA
usingmulticolor dyesandconfocalmicroscopy detection11]. fragmentsrecordedwith on-chip detector
diodesthuseliminating the needfor expen-
sive readoutoptics[13].

mentsweredistinguishablen about10 minutesseparatiorime usingfields of 200V/cm. The chip separation
is about3-5 timesfasterthanconventional CE and 50 timesfasterthanslabgels. Direct sequencindasalso
beencarriedoutin thesestructuresusingmulticolor dyes.



The separatiormquality dependshot only on the device geometrybut alsothe type of separatingnedium.
For DNA fragmentsthe polymerizatioruniformity of corventionalslabgel matrix materialsn capillariessuch
aspolyacrylamidds difficult to control. For this reasonunpolymerizediquids suchaslinearacrylamideand
hydroxyethylcellulos (HEC) areoftenused[14]. Unlike cross-linled polymers thesesieving materialscanbe
pumpedout of the channelallowing the reuseof the chip. In all of thesedevices,the presencef DNA bands
wasobsered usingfluorescencenicroscop techniquesThereforethesedevicesmustbe usedin alaboratory
setting.

Recently separatiorchannelshave beenfabricatedon silicon substratesvith on chip detectorsandfilters
[13]. DNA separationgre possibleon silicon substrate®ecauséigh voltagedropswhich may breakdavn
the isolationdielectrics[15] are generallynot requiredandwhenneededcanbe properly handledusingvery
thick dielectrics.The presencef individual bandshasbeenobseredwith fairly high signalto noiseratios(of
about100)asshavn in Figure8. Thefabricationof thesedevicesis discussedn section6. On-chipdetectors
eliminatethe needof expensve readoutpticsandopentheroadto low-costdisposablalevices.

5. MICR OMACHINED HYBRIDIZA TION ARRAYS

Hybridizationis the term usedfor the hydrogenbondingof two complementansingle strandsof DNA
thusforming a doublestrand. This renaturatiorprocessof DNA occursat specifictemperatureand salinity
conditions. In hybridization-basedNA analysespne of the strandsis known (a DNA probe)andthe other
unknawvn. The hybridizationbondis specificsinceit occursonly whenthereis a matchof complementary
strands. The presencef a doublestrandin the mixture (detectedby fluorescencejs indicative of a match;
hencehybridizationsenesis asequenceéetectiormechanismTherearemary differentkindsof hybridization,
but themostrelevantto this paperusesDNA probeswvhichareimmobilized. Theseprobesareattachedo arigid
surfaceusingalinker moleculeasshavn in Figure9. The DNA probescanbeeithersyntheticoligonucleotides
or longerDNA fragmentdypically arrangedn arrayform.

Hybridizationarraydevicescanbe micromachinedisinglithographictechniqueg16]. Fodor’s technique
[16] permitsthe photoinducedsolid synthesisof oligonucleotides.First, a glasssubstratds coatedwith a
linker moleculethathasa photochemicatemovableprotectinggroup[17]. Upontheillumination of UV light,
the protectinggroup is removed at selectedareas. Next the first nucleosidewith a photo-labileattachedto
its 5 endis placedon the substratepondingonly to the deprotectedinkers. The cycle is repeatedo build
oligonucleotide®f arbitrarylengthonebaseatatime. A similartechniquethatusesprotectingphotoresishas
beenreportedto producesmaller 8 um pixels[18].

The array probepatchesangefrom 50-200um each;thereforea 1 cn? cancontain10-40,000different
probes. The numberof possibleoligonucleotidess much larger yielding, for examplefor a 15-merprobe,
415 ~ 10° combinations. Densearrayswith 20,000-96,60(robe patcheshave beenreported[19]. Figure
10 shaws the examplefluorescentrray signatureof a testfor the HIV virus. Thesetype of devicesarenow
widely usedin geneticresearch20]. Currently the fluorescensignalfor thesedevicesis readusingconfocal
fluorescencenicroscopes.

One of the importantfactorsin thesedevicesis the detectiontime. The hybridizationof the sampleto
the probesis a diffusion controlled phenomenahenceslow. After the sampleis pouredon the array it is
typically necessaryo wait for 90 minutesfor the hybridizationto complete.Recently the hybridizationspeed
was enhancedy the useof electricfields that direct the sampleto the probes. Sosnevski [22] fabricateda
platinumelectrodearraydevice on a silicon substratgpassivatedwith silicon nitride anda permeableagarose



unknown sample hybridization

© @ o AGAGCATA site
\ light emission
DNA probes e .
ACGTA | TCGTA !
AN | AGCAT |
A C A
C (e} 1
G G e
T T
A A
I I CCGTA GCGTA
linker NH NH
’(a) Ciniisubstrate i ‘ (b)
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Probesare arrangedas planararrays. The hybridizedre- Thepixelsare20-50um wide.

gionscanbedetectedy thefluorescencef theduplex.

gel. Throughthe applicationof an electricfield betweenhe electrodeandthe sample the hybridizationtime
wasreducedwentyfive fold.

Furtheradwancesin this areawill requireimprovementsin inexpensve fluorescenceletection. Someat-
temptshave beenmadefor simpler lessexpensie detectiontechniques.Recently hybridizationarrayswith
radioactve labelshave beenimagedby placingthe arrayin closeproximity to a muchcheapercorventional
CCD chip eliminatingthe expensve readoutoptics[23].

6. INTEGRATED DEVICES

The devices discussedabove are good demonstratiorvehiclesfor feasibility of molecularassaysn mi-
croscaleervironments put their practicalimplementatiorfor low-costapplicationgpresentsnoreproblems.

Many of thesedevicesarecrudein constructionand not manufcturablein their presentforms. Further
DNA assaysequirea combinationof thesedevices,but thereis no unifying platformthatsupportshem([24].
In addition, mostof thesedevicesrequireexternal optical readerswvhich restricttheir useto laboratoryenvi-
ronmentsincreasingthe assaycost substantially A solutionto theseproblemsis an inexpensve integrated
fabricationtechnologythat accommodateall the necessaryluid, thermal, and detectionfunctionsundera
commonsubstrateSimpleintegrateddeviceshave beenfabricatedby Woolley [24] andBurns[25]. Woolley’s
device combineda vertical PCR microwvell with a planarglasschip CE stageto perform DNA amplification
andseparatiorunctionsin under45 minutes.

Burns'device incorporateagimpleinjectors,mixer, heatingchamberandseparatiorthannelvith detectors.
Diode detectoravere constructedn a silicon substratewith a thick opticalfilter depositedon the surfacethat
blocksUV excitation. Heatersandelectrodesrenext definedonthesurfaceandpassiatedwith silicondioxide
andp-xylylene. A network of capillariesandchamberss next formedabove the surfaceby bondinganetched
glasswafer on top of the silicon substrate. In this device, sampleand reagentsan be driven throughthe
systempneumaticallyor by heatedgastrappedin pockets behindthe sample[26], andthe samplespreadis
controlledthrougha seriesof hydrophobicstops[27]. This device demonstratedhe motion, amplification,
separationanddetectionof DNA sampledntegratedin a singlepart. Integratedbulk glassdevicesarenot
manuBcturedeasilybecauséhesuriaceof thedetectoisubstrates notflat; hencehermeticoondingcanonly be
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Figure12: Injectionandseparatiorof DNA fragmentson integrateddevice. The channels 500x 50 pum?. ( 50
bpladder 0.13pg/uL, SYBR Green8 V/cm, 10%T.2.6%Cpolyacrylamide)25].

achiered usingepoxies Further heatingprotocolsarevery inefficientbecausef thehhighthermalconductvity
of silicon.

Alternatively, thesedevicescanbefabricatedusingflexible plastic§28-31]. Thesamaterialscanbebonded
or depositebn mostsubstrateselatively easily[32]. Further mary plasticmaterialsarebiocompatibletrans-
parent,andprovide a high degreeof chemicalandthermalisolation. Thick layersof plasticcanalsoprovide
thenecessargielectricisolationbetweerthe detectorand CE electrodesPlastic-on-silicordeviceshave been
fabricatedoy severalgroups[28-30,33]. Thesemicrofluidic systemsarepartitionedinto two stacled levels of
functionalityasshawvn in Figure13. Thesedevicesarefabricatedusinga simplethreemask,low-temperature,
IC-compatibleprocesshat allows the integration of microfluidic and circuit elements. The capillary struc-
turesare constructedusing a thick layer of sacrificial photoresisicoveredwith a vapor depositedplastic, p-
xylylene[32], or combination®f p-xylylenewith thick polyimides.After etchingholesthroughthe walls, the
sacrificialresistis removed by immersionin acetone.Thefluidic elementsareconformalto the substratehus
overcomingthe planarizatiorrequiredby bondedstructures.The capillariesarealsooptically transparenand
canrangefrom 0.5 um to 50 um in height. Figure 14 shavs a top photograplof plasticpolyimide/p-xylylere
capillariesconstructedn top of a regular CMOS circuit substrate.Figure 15 shavs the crosssectionof p-
xylylene channelsconstructedbn top of a silicon substrate.The top wall is 10-20 um thick. The resulting
channelshave fairly large volumes,are optically transparentare conformalto the substrateandare perfectly
hermetic.Oneof themajorvirtuesof theplasticfabricationprocesss thatit only usesveakchemicalsandlow
temperatureg< 150°C); thusthefluidic planecanbe constructewn top of ary corventionalcircuit substrate
without chemicalattackor thermaldegradationof the underlyingcircuits.

Severalmicrofluidic deviceshave beenfabricatedusingthis technology Webste{29] fabricatedCE chan-
nelswith integrateddetectorg25] asshavn in Figure16. In integrateddevices,adropletof DNA samplemust
bemixedwith reagentandtransportedhroughouthe systemghereforea suitablemechanisnfor theinjection
andpropulsionof dropletsis neededIln Andersons processof34], thesefunctionsareperformedusingasetof
externally driven pneumatiovalves;thereforethis systemrequiresan externalpumpor compressedir source.
The internalgeneratiorof samplepropulsionmechanismss difficult dueto the needfor valvesthatrequire
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Figurel6 Capillaryelectrophoresidevice fabricatedusingplasticson

silicon. (a) Thechannekrosssectionis 200x 20 um?2. (b) Photograph
shaving separatiorof fluorescentlylabeledDNA fragmentsin plastic
CEchanneht elapsedimes(HEC, 0.5%,100V/cm) [29].

moving parts. At the sametime, the smalldimensionf the capillariesmale the pressuredropsfor inducing
motionfairly large.

Recently the motion of sampleswithin thesedevices hasbeenachie/ed taking advantageof the large
capillary pressurepresenin thesecapillaries.Handique[27] usedhydrophobigratchego stopthe wetting of
the solution,andathermallyexpandingbubbleto cutandpropelindividual sampledrops.Man [30] developed
capillarystopsandinjectorsusinga variantof the plasticprocess. The device usesa sharpneckin the channel
that createsa surface-inducegressuréarrierthat stopsthe flow. Theinjector wasdriven by the pressureof
anelectrolyticallygenerateaxygenbubbleformedjust behindthe neckregion. Electrolytic bubbleshold two
importantvirtues. The bubblevolumecanbe preciselymeteredsincetheintegratedcurrentis representate of
themolesof gas.In addition,the power dissipatiorrequiredfor thebubblegeneratioranddropmotionis three
ordersof magnitudesmallerthanfor thethermaldrive. Theinjectorshavn in thepictureonly requires100 pwW
of powerto drive thesampleforward.
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Unlike glassdevices,plasticis moresusceptibldo therapidevaporationof buffer andgelsdueto thelarger
solid-phasediffusion coeficients. Typically a combinationof plastic capillary walls with glasscoatingsis
necessaryo eliminatetheseadwerseeffects.

7. PACKAGING AND INTERFACING

While muchprogresshasbeenachiezed toward the miniaturizationof geneticassaydevices,therearestill
fundamentathallengeghatmustberesohed beforethe practicalrealizationof thesesystems.Two important
researctareaghathave not beenaddressedrechip packagingandinterfacing.

Microscopicdevices require both electricaland fluidic connections. The packagemust satisfy both of
thesefunctions. Electrical connectiongypically take the form of wire bondswhile fluid connectiongequire
areseroir or poclket for the introductionof the sample. From the packagingpoint of view, it makes sense
to isolatetheseintrinsically different signal pathsfor several reasons.Electrical connectionsare fragile and
do not needto be exposedhencethey canbe protectedeffectively usingepoxies.On the otherhandthe fluid
interfacemustbe openfor theintroductionof liquid samplesA possibleapproachmayusethe backsideof the
chip for thefluid inletswhile thefront is usedfor the bondingwires. Thefluidic interfaceis equallyimportant
and introducesadditionalproblems. Sampleloadingin thesedevicesis in generala difficult operation. A
representate sampleof 1 pL drop of DNA in solutionrequiresa reseroir volume of 1 mm?2. This volume
is fairly large comparedo the total chip innervolume. Even at this larger volume, the introductionof sample
in thesesmallreserwirs requiresgoodalignmentanda very small dispensinglevice. Theseproblemscanbe
eliminatedif anintermediatepartthatconnectghe macroscopid¢o microscopicscaleds constructed.

Basedntheabove, two alternatve interfacescouldbefeasible A largereserwir with asealablenembrane
couldbeincorporatedvithin the package.This approacttould permittheinjection of relatively large 5-10 L
sampleswith a syringe. A secondalternatve could usedirectwicking of the sampleinto the system.To date
thereis no literatureavailable on practicalpackagingandinterfacingschemedgor electrophoretidevices.

8. CONCLUSION



Thedemandor geneticinformationis essentiallyunlimited,but corventionallaboratorygeneticassayare
slow andexpensve. Assaycostandtime canbereducedby several ordersof magnitudef the size of sample
and analysisapparatusare reducedto microscaledimensions.The virtues and feasibility of micromachined
devicesfor geneticassay$iave beenrecentlydemonstratedby mary researchgroups. The enormousiumber
of commerciabpplicationshasfueledvery rapidtechnologicahdvancesn thesedevicesspanninghefieldsof
molecularbiology, chemistry andmicrofabrication.
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