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ABSTRACT

We pesent a microfluidic cell-trap that utilizes negative dielectrophoresis (nDEP)
force and hydrodynamic force generated by a pillar array capable of controlling the
number of trapped particles accurately. By adjusting of the relative strength of the
nDEP and hydrodynamic forces, the trap located at the region close to the stagnation
point of pillar functions as both a single-particle trap (capable of discriminating par-
ticles based on size or material properties) and a multi-particle trap (capable of con-
trolling the number of particles trapped). We used Sum PS beads to validate and
demonstrate the capability of this new cell-trap design. Pulsed nDEP is used to in-
crease the selectivity and stability. Good correlation between simulation and the ex-
periment results was obtained.
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INTRODUCTION

Trapping of single particle in microfluidic devices is very important due to its
potential application in single cell analysis. DEP provides a simple and inexpensive
way for trapping and manipulating particles by varying the voltage, frequency or
phase of the electrical signal applied to the electrodes in such devices. So far, a few
research groups have demonstrated the ability to trap a single particle in their de-
vices [1] [2]. However, there are still some drawbacks, such as the ignorance of the
particle-particle interaction and the complicated fabrication. In our present work, we
developed a novel device in which a pulsed nDEP force, instead of continuous
nDEP, is used to achieve a stable single/multi-particle trap.

THEORY AND SIMULATION

Figure 1 shows a schematic drawing of a representative section in a pillar array
structure. The actual array consists of a 20 by 30 grid fabricated in a microchip.

For a spherical particle with radius » suspended in a medium, the DEP force is
given by,
(1
where E,, is the root mean square of electrical field strength. The direction of DEP
depends on the sign of Re(K*(w)). Countered by the hydrodynamic force, the sphere

reaches a terminal velocity U, given by,
U = Foer +U, )
P 6727"[1 J

Fppp = 276,61 Re[K ' (0)VE,

rms
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where u is the viscosity of fluid, and U, the fluid velocity. In this work, a commer-
cial finite element software (COMSOL, Inc.) is used to analyse the steady state elec-
tric field and fluid flow field.The region where particles will be trapped is given by
that where the X-component of the particle velocity is less than zero (as given by
Eq. 2). The region is highlighted by the black contour in Figure 2.
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Figure 1. Top view (left panel) and side view (right panel) of the pillar array.
The pillar has diameter of 45um and height of 30 um. The distance between the cen-
ters of two pillars is 70um. Both the width of electrodes and the gap between are 30
um. The diameter of beads used is 5 um. The vertical component of nDEP pushes
the beads to top surface and the horizon component of nDEP pushes the beads back
to the stagnation point behind the pillar. By adjusting the relative strength of the
DEP and hydrodynamic forces, a controllable trap is realized. Pulsing the DEP
force makes the trap more stable.
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Table 1. Experimental data show-
ing the number of trapped beads for

) @ @ various combinations of fluid flow

rate and applied voltage.

Pillar Pillar Pillar

Background 1% %
Flow rate Voltage (Vpp)

Pillar Pillar Pillar (mL/h) 10 9 8 7 6 5
@ @ 0.13 1 0 0 0 0 O
0.12 1 1 0 0 0 O
v v ov : 0.11 3 2 1 0 0 O
Figure 2. Simulation results to 0.1 >3 3 1000
. 0.09 53 3 1 0 0

show the patterns of different number
of trapped beads under different ap- 0.08 55 3 1. 1.0
plied voltages. 0.07 >5 5 3 2 1 1

EXPERIMENTAL METHOD

ITO coated glass was used because of its high transparency and good electrical
conductivity. Standard photolithography is used to pattern the interdigital electrodes
(IDEs). Two SU-8 layers were then fabricated: one for pillar array and is the other
for the rectangular channel. PS beads were mixed with water and a little surfactant is
added to reduce the non-specific adhesion. A 10 MHz sinusoidal voltage up to 20V,
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generated by signal generator is applied to the electrodes. The built-in amplitude
modulating function of the bsignal generator is also used to produce the pulsed DEP.

Figure 3. Fluorescent image of experimental result under pulsed nDEP to trap
single 5 um bead in the pillar array. Blue circles show the position of the SU-8 pil-
lars which are actually invisible under the fluorescent microscope. Small light dots
represent the trapped fluorescent 5 um beads. Fluid flows from top to bottom.

RESULTS AND DISCUSSION

Table 1 shows the number of particles trapped when continuous nDEP was ap-
plied, for various combinations of voltage and fluid flow velocity. When pulsed
nDEP is used, the trap was found to be more stable, and a large scale array of traps
can be realized as shown in Figure 3. The pulsed nDEP helps to reduce the particle-
particle interaction. The number of particles trapped in the experiments is close to
that predicted by simulation. The discrepancy is probably due to the uncertainty of
fabricated channel height. Also, near-wall stick-slip effects and lift-forces may affect
the experimental observations.

CONCLUSIONS

A microfluidic cell-trap array was developed based on the interplay of two set of
forces: fluid flow and nDEP. The number of beads trapped is controlled by the volt-
age and flow rate applied. Pulsing the nDEP force helps to eliminate the particle-
particle interaction resulting in a more stable trap. Experimental results obtained
with S5pum polystyrene beads are close to that predicted by a simulation model.

ACKNOWLEDGEMENTS
This work is sponsored by the Singapre-MIT Alliance (SMA) Computational
Engineering Program flagship research project.

REFERENCES

[1] Dino Di Carlo, Liz Y. Wu and Luke P. Lee, Dynamic single cell culture array,
Lab on a Chip, 6, 1445, (2006)

[2] Taff, B. M., S. P. Desai, et al., Dielectrophoretically switchable microfluidic weir
structures for exclusion-based single-cell manipulation, Micro Total Analysis
Systems '07, 8-10, (2007)

Twelfth International Conference on Miniaturized Systems for Chemistry and Life Sciences
October 12 - 16, 2008, San Diego, California, USA

1014



	MAIN MENU
	Go to Previous Document
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


