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Motivation  

Fabricatingmicroscaleperiodicstructures

(microarrays) is a challengefor scientistsand

engineers. Microarrayshavewidespreaduse

includingoptical and biologicaldevicesas

microlenses and biosensors. Expensive,

complicated,and lengthy photolithography

techniquesaretypicallyusedto fabricatemicro

arrays. Ourresearchyieldsaninexpensiveand

fast processto replacethe currentstandard;

whereasthe fabricationof a squareinch of

microarrayscontainingbillionsof lenseswould

have taken hours or days with current

processes,our fabricationtechniquetakesjust

minutes.

Introduction

Deposition Result Binary Colloidal Deposition

On the top GaNlayerof an LEDor any

substrate,soft-lithographytechniquescreatean

invertedstructure(concavelens)on thedevice.

In addition,this patterncan be used as a

templatefor subsequentdepositionsof PS and

silica.

Microlens Arrays Fabrication

Conclusion

Contact Information

Silica/polystyrene(PS)microlensarraysare

fabricatedby a single depositionof a binary

suspensionof micron-sizedsilicaand nanoscale

PS ratherthanthroughlayerïby-layerdeposition.

Nanoscalepolystyrenehelps increasecolloid

stabilityinsolution.

We successfullydemonstrateda rapid2D

crystaland microarraysfabricationtechnique.

Thedevelopedprocessis scalable,controllable

andhasa lowoperationcostascomparedwith

currenttechnologies. Phenomenaduringthe

depositionare under investigationthrough

imageanalysisof SEMandCLSMImages.
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Figure5. Theinvertedstructuresof re-solidifiedPS withdifferencemorphology

createdbyHFetching: ThecentertocenterdistanceequalsSiO2 particlediameter

(1um) andporecharacteristicsdependondepositionparametersandPSdiameter

Image analysis that locates individual

microspheresevaluatethe localbondorder�\ 6

and the radial distributionfunction g(r) to

demonstratethecrystallinequalityof thethinfilm

generated.

Figure3. Microstructureandcrystallinequalityof the35o, 55o, and80odepositions

are shownin the left, middle,and rightcolumnrespectively. Particlewith six

nearestneighborsin a crystaldomainanddefectregionare labeledblueand

greenrespectively,withallotherparticleslabeledred.
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Image  Analysis
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The microstructureof the 2D crystal is

controlledbychangingthedepositionangle. With

one sideof the depositionbladetreatedto be

hydrophobicthe crystallizationrate linearly

dependsondepositionangle.

A

B D

E F

Figure4. Microlensarrayof SiO2/ PSparticles: NotethelargeparticlesareSiO2

microspheresandthe smallparticlesare 100nm PS. (A) the monolayeron a

2òX1òglassmicroslide(B-C)SEMimageof 1 and0.5 umSiO2 with100nmPS

nanoparticlesrespectively. (E-F) After 240oC heattreatmentthe polystyrene

meltsandfillsthespacesbetweenSiO2 particles

TheSiO2canberemovedusinghydrofluoric(HF)

acid etching,leavingthe invertedstructureof

polystyreneforuseaslensesormembranes.
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Figure7. Microlensarraysincreaselightextractionefficiencyby the 330%;

Note: InsertedpictureisInGaNQWLEDwithcoatedmicrolens

Figure 6. (A) The fabricationprocessof an invertedstructureusing

Polydimethylsiloxane(PDMS). (B)SEMimageof theconcavePDMSlenswith

1µmcenter-centerdistance
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Figure 1.  Experimental Setup: equipment setup (a) and deposition schematic (b) 

Note: The deposition  rate vw depends on particle volume fraction �I, evaporation 

flux Je  of liquid medium, particle size d,and width of deposition blade W.
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Figure 2. Deposition Results:  Phase diagrams of  1 and 0.5 µmsilica layers on a 

glass substrate 

Ratherthan using traditionallithography

technique, we form microarrays through

convectiveself assemblyof 0.5 and 1 µm

colloidal particles in two dimensional(2D)

crystals. In theseexperiments,a coverglass

slidesubstrateis placedhorizontallyona stage.

Itôsmovementis drivenby a shaftdrivewhile

anotherglassslideusedas depositionbladeis

angledintothesubstrateata desiredangle(25-

80o). The depositionspeedrangesup to 0.2

mm/sec. An inchsquare2D crystalis formed

with20µ1 20%silicasuspensionin lessthan10

minutes. Therateof crystallizationis described

[Nagayama1996] bythefollowingequation.
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