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SelfSelf--Assembly ProcessAssembly Process
•• TheThe adhesiveadhesive usedused forfor assemblyassembly isis hydrophobichydrophobic andand heatheat curable,curable, andand

isis composedcomposed ofof 9797 wtwt..%% triethyleneglycoltriethyleneglycol dimethacrylatedimethacrylate asas aa
monomer,monomer, andand 33 wtwt..%% benzoylbenzoyl peroxideperoxide asas thethe thermalthermal initiatorinitiator
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AbstractAbstract
WeWe presentpresent aa modelmodel andand experimentalexperimental resultsresults onon tilttilt angleangle ofof micropartsmicroparts
inin capillarycapillary--drivendriven selfself--assemblyassembly.. TheThe assemblyassembly isis carriedcarried outout inin anan
aqueousaqueous environment,environment, usingusing aa heatheat curablecurable adhesiveadhesive forfor partpart--substratesubstrate
lubricationlubrication andand mechanicalmechanical bondingbonding.. SiliconSilicon partsparts andand substratesubstrate havehave

Correction MethodsCorrection Methods
•• RandomRandom directiondirection ofof partpart approachapproach duringduring assemblyassembly causescauses verticalvertical

tilttilt

•• SurfaceSurface EvolverEvolver simulationssimulations showshow thatthat thethe energyenergy minimumminimum ofof thethe
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Design Design 
•• WaferWafer--scalescale 33--dimensionaldimensional microelectronicsmicroelectronics withwith highhigh interconnectinterconnect

densitydensity needsneeds highhigh partpart laterallateral sizesize toto thicknessthickness ratioratio:: 55××55××00..11mmmm33

siliconsilicon partsparts

•• TheThe assemblyassembly templatetemplate isis immersedimmersed inin aa hydrophobichydrophobic adhesiveadhesive andand
pulledpulled outout intointo thethe water,water, becausebecause ofof surfacesurface energyenergy minimizationminimization
andand hydrophobicityhydrophobicity ofof adhesiveadhesive andand substratesubstrate bindingbinding sites,sites, thethe
adhesiveadhesive selectivelyselectively coverscovers thethe hydrophobichydrophobic bindingbinding sitessites

•• PartsParts areare introducedintroduced toto thethe template,template, andand duedue toto surfacesurface energyenergy
minimization,minimization, theythey attachattach toto thethe adhesiveadhesive--coatedcoated bindingbinding sitessites

•• AfterAfter assemblyassembly completion,completion, thethe adhesiveadhesive isis curedcured byby heatingheating thethe
waterwater toto 7070ºCºC forfor 22 hours,hours, andand mechanicalmechanical bondingbonding isis achievedachieved

lubricationlubrication andand mechanicalmechanical bondingbonding.. SiliconSilicon partsparts andand substratesubstrate havehave
matchingmatching hydrophobichydrophobic bindingbinding sites,sites, whichwhich drivedrive thethe assemblyassembly byby
surfacesurface energyenergy minimizationminimization.. ForceForce balancebalance analysisanalysis ofof anan assembledassembled
partpart leadsleads toto aa modelmodel describingdescribing thethe dependencedependence ofof tilttilt angleangle onon
assemblyassembly parametersparameters suchsuch asas adhesiveadhesive volumevolume andand waterwater--adhesiveadhesive
interfacialinterfacial tensiontension.. TheThe effecteffect ofof adhesiveadhesive volumevolume onon tilttilt angleangle isis
investigatedinvestigated experimentallyexperimentally.. TiltTilt correctioncorrection ofof thethe assembledassembled partsparts isis
achievedachieved byby providingproviding externalexternal energyenergy toto thethe systemsystem viavia verticalvertical
vibrationvibration..

systemsystem isis inin flatflat statestate

•• RectangularRectangular bindingbinding sitesite allowsallows forfor asymmetryasymmetry andand thusthus moremore
flexibilityflexibility inin thethe circuitrycircuitry designdesign

•• TheThe lengthlength toto widthwidth ratioratio ofof rectangularrectangular bindingbinding sitessites needsneeds toto bebe
moremore thanthan 11..33::11 toto getget correctcorrect assemblyassembly orientationsorientations:: 33..6565××44..99mmmm22

bindingbinding sitesite

Modeling and ExperimentsModeling and Experiments
•• ForceForce balancebalance analysisanalysis isis usedused toto modelmodel partpart tilttilt angleangle asas aa functionfunction ofof

assemblyassembly parametersparameters

•• TiltTilt correctioncorrection cancan bebe achievedachieved byby externalexternal agitationagitation whichwhich providesprovides
enoughenough energyenergy toto thethe systemsystem toto transfertransfer toto thethe globalglobal energyenergy
minimumminimum (flat(flat state)state)

•• VerticalVertical vibrationvibration isis usedused asas externalexternal agitationagitation byby positioningpositioning thethe
assemblyassembly containercontainer onon thethe stagestage ofof aa speaker,speaker, connectedconnected toto aa signalsignal
generatorgenerator withwith aa 1515Hz,Hz, 99VV sinusoidalsinusoidal wavewave forfor 22 minutesminutes

Before vibration
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FabricationFabrication
SubstrateSubstrate
•• BindingBinding sitessites areare patternedpatterned usingusing Cr/AuCr/Au evaporationevaporation andand liftlift--offoff onon

siliconsilicon substratesubstrate

•• AA selfself--assembledassembled monolayermonolayer (SAM)(SAM) ofof thiolthiol moleculesmolecules whichwhich selectivelyselectively
attachesattaches toto thethe goldgold isis usedused toto makemake bindingbinding sitessites hydrophobichydrophobic (water(water
contactcontact angleangle:: 110110º)º) byby soakingsoaking thethe patternedpatterned substratesubstrate inin 11 mMmM
dodecanethioldodecanethiol inin ethanolethanol overnightovernight

•• TiltTilt angleangle isis measuredmeasured asas aa functionfunction ofof adhesiveadhesive volumevolume.. TheThe tilttilt angleangle
increasesincreases byby adhesiveadhesive volumevolume increment,increment, hencehence tilttilt cancan bebe minimizedminimized
byby volumevolume minimizationminimization ConclusionConclusion

After vibration
)cos(, αmgF yg =

A
RR

PAF AWc )(
21

+=Δ= γ ⎟⎟
⎠

⎜⎜
⎝

=
2

1
R

R
AWγ

)/)2/sin((sin 1
1 RL αβ −=

dodecanethioldodecanethiol inin ethanolethanol overnightovernight

PartPart
•• BindingBinding sitessites areare patternedpatterned usingusing Cr/AuCr/Au evaporationevaporation andand liftlift--offoff onon

siliconsilicon waferwafer:: lablab atmosphereatmosphere exposedexposed goldgold hashas waterwater contactcontact angleangle ofof
7070ºº whichwhich isis hydrophobichydrophobic enoughenough forfor ourour purposepurpose

•• AA grindinggrinding processprocess fromfrom thethe backback sideside ofof thethe waferwafer thinsthins thethe siliconsilicon
waferwafer toto 100100μm,μm, andand thenthen thethe waferwafer isis diceddiced intointo individualindividual partsparts Model

Experiment

byby volumevolume minimizationminimization

•• VolumeVolume minimizationminimization needsneeds veryvery goodgood controlcontrol onon dipdip--coatingcoating
parametersparameters

•• ModelModel andand experimentalexperimental resultsresults comparisoncomparison showsshows finefine compatibilitycompatibility

ConclusionConclusion
•• AA modelmodel ofof tilttilt angleangle asas aa functionfunction ofof assemblyassembly parametersparameters isis proposedproposed

•• TheThe controlcontrol andand minimizationminimization ofof partpart tilttilt inin capillarycapillary--basedbased selfself--
assemblyassembly isis investigatedinvestigated

•• AA tilttilt correctioncorrection methodmethod isis demonstrateddemonstrated usingusing externalexternal agitationagitation

ReferencesReferences::

[[11]] XX.. Xiong,Xiong, YY.. Hanein,Hanein, JJ.. Fang,Fang, YY.. Wang,Wang, WW.. Wang,Wang, DD..TT.. Schwartz,Schwartz, andand
KK..FF.. Böhringer,Böhringer, JJ.. MicroelectromechMicroelectromech.. SystSyst..,, VolVol..1212,, NoNo..22,, 20032003..

[[22]] UU.. Srinivasan,Srinivasan, DD.. Liepmann,Liepmann, andand RR..TT.. Howe,Howe, JJ.. MicroelectromechMicroelectromech..
SystSyst VolVol 1010 NoNo 11 20012001

Acknowledgement 
• This work was supported by research grants from Intel Corporation. A. Z.

was supported by UWEB REU program at the University of Washington.
The staff of the Microfabrication Laboratory at the Washington
Technology Center provided help in cleanroom microfabrication
processes.

SystSyst..,, VolVol..1010,, NoNo..11,, 20012001..

[[33]] KK..LL.. Scott,Scott, RR..TT.. Howe,Howe, andand CC..JJ.. Radke,Radke, TheThe 1212thth InternationalInternational
ConferenceConference anan SolidSolid StateState Sensors,Sensors, ActuatorsActuators andand MicrosystemsMicrosystems,,
Boston,Boston, 20032003..


