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Description of the electronic test circuit using to power the solenoids. For initial testing of the 

solenoid actuation system, we used the NI USB-6009 DAQ card (National Instruments Inc) which 

provides a 5 V supply; 8 analog inputs (14-bit, 48 kS/s); 2 analog outputs (12-bit, 150 S/s); 12 

digital I/O; 32-bit counter. The card is compatible with LabVIEW and MATLAB through the NI-

DAQmx driver software. For our tests, we used MATLAB scripts. Since the solenoids represent 

inductive loads, we incorporated protective diodes to prevent the back EMF generated when the 

solenoid is suddenly turned off from damaging the integrated circuits used (Figure S1). The 

power rating for the solenoids was 1.15 W (100% continuous duty cycle, 6V supply) – 2.3 W 

(50% duty cycle 9V supply) equivalent to currents of 190 mA – 285 mA respectively. Switching 

transistors rated up to 3 A were used for switching the solenoids on and off. As a further 

precaution, opto-isolators were used to separate the computer control section from the solenoid 

section (Figure S2 and S3)  

           

 Description of electronic test circuit used to measure solenoid current. To measure the current 

drawn by the solenoid when switched on, we modified the test circuit in Figure S1. A separate 

regulated DC power supply (MASTECH HY3005D) with a current meter was connected to the 

circuit such that it provided power only to the solenoid part of the circuit (Figure S2).  The 

solenoid was switched on and off 33 times using the same NI-DAQ card and the current measured 

by the power supply was recorded. 

 

Characterization of valve response times.  To investigate the time response of the valves (using 

both water and ionic liquid as hydraulic fluid), we used a MATLAB script which controlled the 

NI USB-6009 DAQ card (Fig. S2 and S3), and included subroutines to capture system time 
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information for the control signals sent from the DAQ card as well as system time information for 

video frames captured using a QImaging Retiga 2000R 16bit monochrome camera. This setup 

allowed us to obtain timing information for control signals sent to the solenoid as well as that for 

the video frames captured, as all timing sources were synchronized to the system clock.  The 

camera was configured such that the frame capture rate was 57 frames/second (~17 ms per 

frame). We used a Kent Scientific syringe pump operating at 1 µL/min to pump food color dye 

through the microfluidic channel. Mean pixel intensities were measured using image processing 

software across a rectangular region of interest occupying the center third of the valve area. We 

compared the two sets of system time information to determine the response of the valve after the 

control signal had been sent from the DAQ card.  

 

Figure S1. Circuit diagram of the microcontroller.  The figure shows a schematic of the 

electronic circuit diagram showing the microcontroller and the peripheral electronic components. 

The design includes electronic components to isolate the microcontroller inputs and outputs from 

electronic spikes that could be generated by the solenoids. It also incorporates switching 

transistors that provide the required current for the solenoids since the microcontroller is not 

capable of providing this current on its own. A voltage regulator provides a fixed (5 V) supply 

from the supply voltage (9 V) for the microcontroller. The portion of the circuit that controls a 

small micropump(Hargraves Advanced fluidic Solutions E219 -12)  used in the enzyme substrate 

assay experiments is not shown. We programmed the microcontroller using the Atmel STK 500® 

starter kit through a serial communication port. We also run electrical continuity tests on signal 

traces on the manufactured printed circuit board between the various connection points to ensure 

there were no electrical breaks before soldering the electronic components in place.   
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Figure S2. Circuit diagram for measuring the response times of microvalves. The schematic 

shows the circuit diagram that shows connection of the NI USB-6009 DAQ card (National 

Instruments Inc) which provides a 5 V supply; 8 analog inputs (14-bit, 48 kS/s); 2 analog outputs 

(12-bit, 150 S/s); 12 digital I/O; 32-bit counter. Switching transistors rated up to 3 A were used 

for switching the solenoids on and off. As a further precaution, opto-isolators were used to 

separate the computer control section from the solenoid section. The computer also controlled the 

camera.  

 

Figure S3. Circuit diagram for measuring the power drawn by solenoids. A separate regulated 

DC power supply (MASTECH HY3005D) with a current meter was connected to the circuit such 

that it provided power only to the solenoid part of the circuit.  The solenoid was switched on and 

off 33 times using the same NI-DAQ card and the current measured by the power supply was 

recorded. 

 

Figure S4. Response time of valves using ionic liquid inside control channels. The time response 

of valves 100 µm × 100 µm × 12 µm and ~8.6 mm long filled with ionic liquid which is used as 

the hydraulic fluid. The average time for the valve to close for devices filled with ionic liquid was 

127.5 ms 
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Supplementary Movie 1 

A movie of colored dye moving through two parallel channels in a microfluidic chip with the 

valves actuated in an arbitrary sequence described in Fig 3. The movie was taken with a high 

speed camera of the region with the valves. 
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Figure S1 
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Figure S2 
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Figure S3 
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Figure S4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Supplementary Material (ESI) for Lab on a Chip
This journal is © The Royal Society of Chemistry 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


