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ABSTRACT

Here we demonstrate a novel metal-organic thin-film encapsulation technique for
resonant gas microsensors to efficiently filter out airborne particles which can nega-
tively affect device performance. The gravimetric sensors are ZnO-on-silicon exten-
sional mode resonators coated with a gas-sensitive material. Mass change caused by
chemical reaction and/or physical adsorption can be detected through measured
resonant frequency shifts. The gas sensors are encapsulated in microcavities made
from multiple layers of Novolac-based positive-tone photoresist. Particle filtering is
achieved by minimizing clearance in the lateral access holes and electrostatic attrac-
tion from the organic polymer gas channels.

KEYWORDS: MEMS packaging, gravimetric sensing, gas sensor, piezoelectric
resonator

INTRODUCTION

Although negative-tone photoresist has been used to form cavity structures for
encapsulation [1, 2], its poor adhesion and swelling properties make it unsuitable to
package micromechanical devices. Typical Novolac-based positive-tone photore-
sists have stronger adhesion but are restricted to single-layer patterning because sol-
vent in subsequent coatings can remove pre-exposed resist. We break through this
limitation and achieve multiple coatings/exposures followed by a single develop-
ment step to build micro cavities for gravimetric resonant gas sensors. ZnO-on-
silicon extensional mode resonators are encapsulated for a proof-of-concept demon-
stration. The gravimetric sensor has two annexed platforms to be coated with gas
sensitive material (Figure 1). The encapsulation goal is to efficiently block airborne
particles in the analyte gas flow.

Figure 1. Optical micrograph of a ZnO-on-silicon extensional mode resonator in a
two-port electrode configuration. The annexed platforms are used for sensing.
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EXPERIMENTAL

ZnO-on-silicon resonators are fabricated on a 4-inch SOI wafer using a 6-mask
process, similar to the 5-mask process in [3]. The additional step involves recessing
the device layer down to the buried oxide for the signal in/out pads. The metal-
organic thin-film encapsulation is completed before the resonators are released by
plasma removal of the buried oxide from the handle side.

Release holes . Pad hole Release holes

Pad hole

(b)

/.Sealed holes i -----

Contact pad
(a) ©

Figure 2. Schematic overview of the metal-organic thin-film encapsulation tech-

nique based on standard photolithography: (a) an exploded view of the encapsula-

tion, (b) a cross-section view of AA’; (c) blanket metallization for sealing or partial

sealing of release holes while leaving contact pads electrically isolated due to the

predefined recesses and roofs.

The encapsulation scheme is shown in Figure 2. The first layer of positive
photoresist (Shipley SPR220-7) is spun, softbaked and UV-exposed with a mask ex-
posing contact pads, cavities, and release holes. Prior to the second coating, the first
layer is passivated with fluorocarbon polymer thin film (formed by CHF; plasma
treatment of the first layer for 2 minutes) to protect the UV-exposed resist from be-
ing dissolved in the second coating. Then the second layer is spun, softbaked and
UV-exposed to pattern contact pads and release holes. A single development proc-
ess removes the exposed resist in both layers within about 50 minutes.

RESULTS AND DISCUSSION

SEM images of the developed encapsulations are shown in Figure 3. The lateral
release holes can be partially or fully sealed by blanket metallization without short-
ing the signal in/out pads due to the predefined recesses (Figure 4), and the remain-
ing clearance in the lateral holes for gas access can be controlled by a quartz crystal
microbalance during metallization within a resolution of several angstroms. The en-
capsulated resonators are characterized with an Agilent network analyzer. Figure 5
shows the length extensional mode’s fundamental resonant peak at 30.73MHz with a
quality factor of approximately 1300.

CONCLUSIONS

We have demonstrated a metal-organic thin-film encapsulation technique for
resonant gas microsensors to efficiently filter out airborne particles. The particle fil-
tering is achieved by both minimized clearance in the lateral access holes and elec-
trostatic attraction from the organic polymer channel. This is also the first report on
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construction of three-dimensional microstructures with multiple layers of Novolac-
based positive photoresist. In addition to encapsulation of resonant gas microsen-
sors, this technique can be also used to build micro fluidic systems for lab-on-chip
applications.

bmm i X Q0um ]
Figure 3. SEM images of the developed encapsulations prior to blanket metalliza-
tion: greater clearance above the pad hole than the release hole is achieved by the
predefined recess in the pad hole.
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Figure 4. SEM images of an encapsu-  Figure 5. Fundamental resonant peak of
lation after blanket metallization: (top) an encapsulated ZnO-on-silicon exten-
a complete encapsulation; (bottom)  sional mode resonator.

opened package showing device.

ACKNOWLEDGEMENTS

The authors would like to thank Reza Abdolvand and Wanling Pan for helpful
discussions and MiRC staff at Georgia Institute of Technology for microfabrication
support.

REFERENCES

[1] A. Mata, A. J. Fleischman, and S. Roy, "Fabrication of multi-layer SU-8 mi-
crostructures", J. Micromech. Microeng., vol. 16, pp. 276-284, 2006.

[2] C.Fu, C. Hung, and H. Huang, "A novel and simple fabrication method of em-
bedded SU-8 micro channels by direct UV lithography", J. Phys.: Conf. Series,
vol. 34, pp. 330-335, 2006.

[3] G. K. Ho, R. Abdolvand, and F. Ayazi, “High Order Composite Bulk Acoustic
Resonators,” Proc. IEEE MEMS 2007, Kobe, Japan, pp. 791-794, 2007.

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

1692



	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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


