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1. Device Fabrication 

 

Fig. S1. Fabrication process of the device 
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The device fabrication process (Fig. S1) includes: (1) SAW substrate fabrication; 

(2) PDMS microchannel fabrication; (3) the bonding of PDMS microchannel to the SAW 

substrate. Fig. S1(a1)~(d1) shows the fabrication of SAW substrate. A thin layer 

photoresist SPR3012 (MicroChem, Newton, MA) was spin-coated on a Y+128° X-

propagation lithium niobate (LiNbO3) wafer, patterned using a UV light source and 

developed in photoresist developer (MF CD-26, Microposit). A double metal layer 

(Ti/Au, 50A/800A) was subsequently deposited on wafer using an e-beam evaporator 

(Semicore Corp), followed by a lift-off procedure to form the interdigitated electrodes 

(IDTs) for generate SAW. The Polydimethylsiloxane (PDMS) microchannels were 

fabricated with the procedure shown in Fig. S1(a2)~(d2) using the standard soft-

lithography and mold-replica technique. The silicon mold for microchannel was made by 

photoresist patterning (Shipley 1827 (MicroChem, Newton, MA) and a subsequent  Deep 

Reactive Ion Etching (DRIE, Adixen, Hingham, MA). The etch depth was set at 50 µm. 

In order to reduce surface energy and hence the damage to the PDMS channel during the 

demolding process, the silicon mold was coated with 1H,1H,2H,2H-perfluorooctyl-

trichlorosilane (Sigma Aldrich, St. Louis, MO) in a vacuum chamber after DRIE. 

SylgardTM 184 Silicone Elastomer Base and SylgardTM 184 Silicone Elastomer Curing 

Agent (Dow Corning, Midland, MI) were mixed at a 11:1 weight ratio, cast onto the 

silicon mold, and cured at room temperature for overnight. After peeled from the silicon 

mold, inlets and outlets are created using a silicon carbide drill bit. Surfaces on both the 

PDMS substrate and the SAW device are activated with oxygen plasma (Oxygen flow 

rate 50 sccm, chamber pressure 750 mTorr and power 150 W) to facilitate the bonding. In 

order to achieve precise alignment between the channel and the IDTs, four Ti/Au metal 
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alignment markers were fabricated in the same fabrication process for the IDTs. The 

alignment marks were located between two parallel IDTs, corresponding to the four inner 

corners of the side openings parallel to the channel, as shown in Fig. S2. The alignment 

of SAW device and PDMS channel was conducted manually under the microscope. A 

drop of ethanol was placed on the surface of the SAW device as lubricant so that the 

PDMS channel could slide on top of SAW device till the alignment marks overlap the 

corresponding corners of the side openings. 

 

Fig. S2. Alignment between the PDMS microchannel and the SAW substrate showing 

two alignment marks (on liNbO3 substrate) on the left sides of the openings (in PDMS) 

along the microchannel. 

 

After alignment, ethanol was removed by leaving the aligned device in a vacuum 

chamber with the temperature of 50°C for 15 minutes. The entire bonding process was 

processed in a clean room to avoid the contamination the channel. Finally, polyethylene 
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tubing (Becton Dickson, Franklin Lakes, NJ) were inserted into the inlets to connect the 

device to a syringe pump (KDS 210, KD scientific, Holliston, MA). In order to obtain the 

working frequency, an AC signal with fixed input power but varying frequency was 

applied to one of the IDTs, and another IDT served as a receiver. When the output signal 

reached its maximum, the applied frequency was determined as the working frequency. 

 Still images and a real-time video of beads focusing process were recorded using 

an inverted microscope (TE 2000U, Nikon, Melville, NY) and a CCD camera 

(CoolSNAP HQ2, Photometrics, Tucson, AZ). 

 

2. Real-time Video of fluorescent polystyrene beads focusing inside a microchannel 

(Flow Direction: left to right) 

Video of Fig. 3b, c, d and e: 

The video started with a flow at monitoring site I (outside of SSAW) at t=0 sec. 

The fluorescent beads were uniformly distributed through the entire channel. At t= 2 sec 

the monitoring position was moved to site II (the left edge of the SSAW working area), 

where beads began to be focused toward the center of the channel. At t= 6 sec he 

monitoring site was subsequently moved towards downstream to site III (center of the 

channel), where the beads focusing in the center of the channel had completed. At t= 10 

sec, the monitoring site was moved to site IV (downstream outside of the SSAW), and 

beads still remained focused due to the laminar property of the flow. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


