
 

Fig. 2. Top view image of the device attained 
using a white-light interferometer, showing an 
initial up-bending of ~500 nm at the center of 
the micro-bridge.  
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Abstract: A proof-of-concept study is reported on fabrication and characterization of a novel and 
compact integrated mechano-optical sensor based-on a micro-bridge suspended above a Si3N4 grated 
waveguide.  
OCIS codes: (230.4685) Optical microelectromechanical devices; (130.3120) Integrated optics devices 

1. Introduction  

Microcantilever-based sensors can be used to detect molecular absorption of, for example, hydrogen gas, which 
causes changes in the surface stress [1-7], leading to deflection of the cantilever. Such a deflection can be 
determined by means of optical beam deflection [2], capacitance- [3], or piezo-resistance- [4] based readout. 
Recently, we proposed a compact integrated mechano-optical sensor using a novel and highly sensitive integrated 
read-out scheme to detect small deflections of a cantilever in close proximity to a grated waveguide (GWG) 
structure [1,2,7]. Here we present the integrated optical read-out of stress-induced micro-bridge deflections due to 
hydrogen gas absorption by a Pd receptor layer on top of the micro-bridge.  

2. Device structure, sensing principle, and experimental 

The 3D schematic structure and the cross-section of the GWG-micro-bridge device are shown in Figs. 1a and 1b. 
Main parts of the device are the Si3N4 grated waveguide and the SiO2 bridge coated with a 30 nm thick palladium 
(Pd) layer for hydrogen absorption. All relevant device dimensions are depicted in the figure.  

Absorption of H2 by Pd will cause the cantilever to curl down [3-5], which narrows the GWG-cantilever gap, g, 
and leads to a stronger interaction between the cantilever and the GWG evanescent modal field, which results in a 
shift of the transmission spectrum. This effect can be used for the detection of cantilever displacements and, thus, 
the concentration of the absorbing gas (see Fig. 1c). 

Integrated GWG-cantilever devices have been fabricated successfully using MEMS techniques. Details of the 
fabrication process were described in [1]. Instead of singly-clamped cantilevers as mentioned in [1], here we 
fabricated devices with a doubly-clamped cantilever and with an aimed gap of g = 200 nm. Initial bending of the 
cantilever was characterized using a white-light interferometer. The PDMS chamber placed on top of the device was 
connected with gas bottles (i.e., N2 and 1% H2-N2 mixture) through mass flow controllers. The optical performance 
of the integrated device was monitored using a tunable laser source (Agilent 8164B) with a resolution of 1 pm and 
an InGaAs photo detector. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. (a) 3D schematic of the structure with a PDMS chamber serving as a reaction 
environment for H2 sensing, (b) cross-section of the GWG-cantilever device, and (c) 
calculated transmission spectra for various gap sizes, illustrating the sensing principle [2]. 

OSA/ CLEO 2011
       CThQ4.pdf 

 



Fig. 3. Transmission curves of the device in response to the absorption (a) and desorption (c) of H2, and the amount of wavelength shift
Δλp versus the reaction time (c). 

3. Results and discussion  

Figure 2 shows a top-view image of the fabricated device, as recorded with a white-light interferometer, indicating 
an initial bending (upwards, i.e., away from the GWG structure) of the micro-bridge of approximately 500 nm. This 
initial bending, which leads to a lower sensitivity at low H2 concentrations (owing to the relatively large gap of g ~ 
700 nm), is due to the difference between residual stresses in the SiO2 base layer and Pd receptor film [1]. 

Prior to supplying H2 gas to the measurement chamber, N2 gas was flushed in during 15 min with a flow rate of 
0.5 sccm and optical transmission curves were captured repeatedly every minute. The results showed a stable and 
reproducible resonant peak at λp = 1496.631 ± 10-3 nm (see Fig. 3a, curve at t = 0), indicating that such a flow rate 
did not cause any side effects or mechano-optical vibrations. Noise was removed from the spectrum using low pass 
filtering in the Fourier domain, enabling accurate and efficient determination of changes in λp (Δλp(t) = λp(t)- λp(to)). 

Next we supplied the H2(1%)-N2 mixture (flow rate 0.5 sccm) for a longer period of time, during which the 
transmission spectrum was monitored (see Fig. 3a). The shift Δλp depends almost linearly on time, which can be 
explained partly by noting that the effect of the initially rapid change of the gap size, g, is compensated by lower 
values of ∂λp/∂g at larger gap size. After 3.5 hours the flow of the H2 (1%)-N2 mixture was switched off and 
replaced again by a pure N2 inflow, leading to desorption, as indicated by the transmission spectra (see Fig. 3c). 
Figure 3b (right-hand side) shows the peak shifts during a four-hour period. It can be concluded that the desorption 
takes place at a much lower rate (~50%) than the absorption process and full desorption is not achieved during the 
monitoring period of time.  

The result provides a proof of concept of a novel and compact integrated mechano-optical sensor. This result 
gives us a strong confidence in the feasibility of this type of sensor. 

4. Conclusions 

We have demonstrated H2 sensing with a novel and compact integrated optical read-out scheme as a proof of 
concept for our proposed and successfully fabricated mechano-optical sensor. This new sensor type possesses a 
great potential as an element of a sensitive and on-chip multi-sensing system, provided that the gap between the 
GWG and the micro-bridge can be well controlled during fabrication. 

5. Acknowledgements  

This research is supported by MEMSland, a project of the Point One program funded by the Ministry of Economic 
Affairs and the STW Technology Foundation through project TOE. 6596.  

6. References  
[1] S.V. Pham, L.J. Kauppinen, M. Dijkstra, H.A.G.M. van Wolferen, R.M. de Ridder, and H.J.W.M. Hoekstra, “Read-out of cantilever 

bending with a grated waveguide optical cavity,” Photon. Technol. Lett., accepted (2010).  
[2] S.V. Pham, L.J. Kauppinen, R.M. de Ridder, and H.J.W.M. Hoekstra, “Numerical investigation and optimization of a mechano-optical 

sensor based on a grated waveguide optical cavity,” in preparation (2010). 
[3] S. Okuyama, Y. Mitobe, K. Okuyama, and K. Matsushita, “Hydrogen gas gensing using a Pd-coated cantilever,” Jpn. J. Appl. Phys. 39, 

3584-3590 (2000). 
[4] D.R. Baselt, B. Fruhberger, E. Klaassen, S. Cemalovic, C.L. Britton Jr., S.V. Patel, T.E. Mlsna, D. McCorkle, and B. Warmack, “Design 

and performance of a microcantilever-based hydrogen sensor,” Sens. Actuators B: Chem. 88, 120-131 (2003). 
[5] Z. Hu, T. Thundat, and R.J. Warmack, “Investigation of adsorption and absorption-induced stresses using microcantilever sensors,” J. Appl. 

Phys. 90, 427–431 (2001). 
[6] W.C.L. Hopman, H.J.W.M. Hoekstra, R. Dekker, L. Zhuang, and R.M. de Ridder, “Far-field scattering microscopy applied to analysis of 

slow light, power enhancement, and delay times in uniform Bragg waveguide gratings,” Opt. Express 15, 1851-1870 (2007). 
[7] L.J. Kauppinen, H.J.W.M. Hoekstra, M. Dijkstra, R.M. de Ridder, and G.J.M. Krijnen, “Grated waveguide optical cavity as a compact 

sensor for sub-nanometre cantilever deflections,” Proc. 14th European Conference on Integrated Optics (ECIO2008), pp. 111-114. 

OSA/ CLEO 2011
       CThQ4.pdf 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 ()
  /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 [612.000 792.000]
>> setpagedevice


