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ABSTRACT 
 We demonstrate a passive microfluidic system for simple and efficient metering, 
handling and control of parallel nanoliter samples on-chip.  The system consist of two 
chips; one for sample loading, splitting and metering (based on capillary forces only), and 
another for sample plug movement in parallel reaction channels.  The latter is based on a 
set of capillary valves and one single external pressure source only.  The strength of the 
capillary valves determines the logic movement of the parallel sample droplets on-chip, 
permitting robust system control.  In general, the presented system is applicable to a variety 
of multi-step reaction protocols with a large number of parallel channels. 
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1. INTRODUCTION 
 Passive fluidic manipulation is a promising approach in Lab-on-a-Chip (LOC) systems 
due to the inherent mechanical simplicity of the resulting device, rendering it well suited 
for mass production with a minimum of (costly) assembly needs.  Such manipulation has 
been previously explored by e.g. [1], [2], and [3]. 
 Here, we present a passive system designed for on-chip amplification of mRNA and 
ssDNA by Nucleic Acid Sequence-Based Amplification (NASBA, see [4]), in our case 
requiring two separate isothermal steps and mixing with two different dried reagents stored 
on-chip.  We demonstrate a passive system providing efficient multi-step control of liquid 
samples in several separate, parallel microchannels.  Specifically, simultaneous fluidic 
control of seven parallel channel systems is demonstrated, permitting the analysis of a 
single sample for e.g. seven different markers.  
 
3. EXPERIMENTAL 

The experiments were performed using two types of test chips, one for metering (fig.1a) 
and another for control of sample plug movement in parallel channels (fig.1b).  The chips 
were manufactured in Cyclic Olefin Copolymer (COC) by micromilling (features >100µm) 
and laser ablation (features of 100µm and below).  Because native COC is hydrophobic, the 
chips were coated with 0.5% polyethylene glycol (PEG) in methanol (Sigma Aldrich).  The 
contact angle of DI water on PEG surface was approx. 30º.  The valve structures consisted 
of a tapered part and a narrow restriction channel, see fig. 2.  Teflon fluorpolymer 
(AF1600, DuPont) was spotted using PipeJet spotting system (BioFluidix) onto the tapered 
part of the valve, filling the narrow valve structures by capillary action.  The contact angle 
of DI water on Teflon surface was measured to be approx. 110º.  After coating and 
spotting, the chips were sealed with adhesive tape. 
 Both DI water and pre-mixed NASBA reagents with sample were used as working 
liquids to verify the chip functionality. 



 The parallel sample plug movement chip (fig.1b.) was mounted in an aluminium frame 
with fluidic interconnects, and coupled to a syringe pump (PHD2000, Harvard Apparatus) 
which was used to apply suction to the common chip outlet, withdrawing air from the 
system at a rate of 10 μl/min.  A pressure sensor (TP3100 001A 0P from MEMSCAP) was 
used for monitoring the pressure in the common tube connection to the parallel channels 
(see fig. 1b). 

a) 
 
 

 

b) 

 
Figure 1: a) Sample metering chip.  The sample is introduced at the inlet, filling up the supply 

channel (depth 200µm) and the eleven individual metering channels (75µm×300µm, volume 335nl) 
up to the hydrophobic capillary valves.  Excess sample is drawn into the waste chamber, which 

contains an absorbing filter paper.  b) Parallel reaction/actuation chip.  The capillary valves increase 
in strength in the downstream direction, with valve widths of 380µm, 150µm, 75µm and 33µm.  The 

depth of all channels is 200µm.  The width of the parallel channels is 800µm. 
 

 
Figure 2: Capillary valve geometry.  Hydrophobization was achieved by spotting a droplet of Teflon 

in the tapered part of the valve, filling the narrow restriction by capillary forces. 
 

4. RESULTS AND DISCUSSION 
The metering chip (fig.1a) was tested using different sample volumes at the inlet.  It was 

found that the smallest sample volume permitting proper chip operation was 17µl.  For this 
and larger volumes, the sample was drawn into the supply channel, filled all metering 
channels up to the position of the capillary valves, while excess sample was absorbed into 
the waste chamber.  During the accompanying drainage of the supply channel, the liquid 
contained in the parallel metering channels was pinched off at the inlets, leaving a precisely 
metered sample plug of 335nl in each metering channel.  The whole process required 
approximately 2 minutes from sample insertion till completed absorption of waste.  Smaller 
sample volumes resulted in incomplete filling of metering channels, or incomplete drainage 
of the supply channel to waste.  When the waste chamber was ventilated to the atmosphere, 
a smaller sample volume (15µl) could be applied at the chip inlet. 

The parallel plug control chips (fig.1b) consisted of 7 parallel channels, each containing 
4 hydrophobic valves of increasing strength.  During operation, sample plugs introduced at 
the inlets all passed valve 1 before any plug passed valve 2, etc., such that all plugs resided 
at the same downstream position in the channels.  In this manner, parallel, multi-step 
motion of the sample plugs was achieved. 



A typical pressure trace of the movement of seven parallel plugs through the system is 
shown in fig.3a.  For each valve, seven pressure minima can be observed, indicating the 
passing of a liquid plug through its respective valve.  Figure 3b shows average burst 
pressure data collected from 5 chips.  The solid line is the plot of the Young-Laplace 
equation representing the burst pressure required to overcome a capillary burst valve, see 
[5].  As can be seen from the figure, the valve performance is well predicted by the 
theoretical approximation. 
a) 

 

b) 

 
Figure 5: a) Pressure trace of seven parallel plugs moving through the parallel actuation chip.  At the 
fourth valve, the first plug to break the valve effectively ventilates the system, and hence the pressure 

in the system returns to atmospheric conditions.  b) Pressure characteristics of the capillary valves.  
Symbols: □ DI water; ○ reagents; solid line represents the analytical values for water. 

 
5. CONCLUSIONS 
A passive system capable of robust, parallel sample control on-chip using a single external 
pressure source has been demonstrated.  The system relies on capillary valves of varying 
strength.  The presented method is applicable to a variety of multi-step reaction protocols 
and can be extended to a large number of parallel channels. 
  
ACKNOWLEDGEMENTS 
 The present work is partially funded by the MicroActive project, European Commission, 
contract IST-NMP-CT-2005-0173319, and partially by the Research Council of Norway. 
 
REFERENCES 
[1] K. Handique, D.T. Burke, C.H. Mastrangelo, M.A. Burns, Nanoliter Liquid Metering 

in Microchannels using Hydrophobic Patterns, Anal. Chem. 72 (17), pp. 4100-4109 
(2000). 

[2] C.H. Ahn, J-W. Choi, G. Beaucage, J.H. Nevin, J-B. Lee, A. Puntambekar, J.Y.Lee, 
Disposable Smart Lab on a Chip for Point-of-Care Clinical Diagnostics, Proc. IEEE 
92 (1), pp. 154-173 (2004). 

[3] S-H. Lee, C-S. Lee, B-G. Kim, Y-K. Kim, Quantitatively controlled nanoliter liquid 
manipulation using hydrophobic valving and control of surface wettability, J. 
Micromech. Microeng. 13, pp. 89-97 (2003). 

[4] J. Compton, Nucleic-acid sequence-based amplification, Nature 350 (6313), pp. 91-
92 (1991). 

[5] H. Cho, H.Y. Kim, J.Y. Kang, T.S. Kim, How the capillary burst microvalve works,  
J. Colloid and Interface Science 306, pp. 379-385 (2007). 


	ABSTRACT
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


