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Self-Assembled Monolayers (SAMs)

Application Brief

Vapor-phase deposition of self-assembled monolayers
represents a versatile and low cost solution to rapidly
functionalize a variety of surfaces including metals,
oxides and polymers. Through a low thermal budget
process (<120°C), surface properties can be tailored
at the atomic scale to achieve optimal performances
including control of wettability (hydrophobicity,
hydrophilicity), adhesion and stiction, electrical,
chemical properties to name a few. SAMs also

provide an ideal vehicle to anchor nanoparticles,

bio-molecules or be used as a seed layer.

What are SAMs? Applications

SAMs are organic monolayer films whose self-assembly is driven by The self-ordered and self-assembled nature of SAMs in combination
the amphiphilic chemical structure of the molecule. By selecting head with the highly stable structure of the organic chains and wide variety
groups with high affinity to the substrate, chemisorbed surface reac- of chain functionalization lead to a broad portfolio of applications,
tions inducing high energy bonds result in a highly stable structure. including (but not limited to):

The alkyl chains (tails) are functionalized through organic synthesis to

) ) o « Organic thin film transistor (gate dielectrics, contacts
generate well-defined surfaces with a broad range of characteristics. 9 © )

Two main families of SAMs include thiols (or organosulfurs) for deposi- « Permeation coating for flexible electronics
tion on metal substrates, and silanes (alkylchlorsilane, alkylalkoxychlo-
rosilane) for oxides and polymer-based films.

» Nanostructure functionalization
« Anti-stiction for MEMS and NEMS
Functional « Cell adhesion / protein adsorption
Group —_

» Large surface area surface coating for permeation /
wettability control
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« Figure 1: SAMs molecule is composed of 3 parts: head group that + Figure 2: Water droplet on a) ALD-coated Al,O, b) ALD-coated Al,O, with
chemisorbs on surface, tail (alkyl chain) and functional group R. DTS SAM (105°C, 1 s pulse, 600s exposure) with 111° contact angle

R is tailored to provide desired surface functionality (hydrophobic,
hydrophilic...). Examples of functional groups: -NH,;, -COOH, -CH,.



Benefits of SAMs deposition in vapor phase

With vapor phase deposition, stable monolayers can be deposited in

5-10 min, including over the most complex 3D micro and nanostructures
encountered in MEMS and NEMS. This dry vacuum-based process ensures
sample cleanliness and integration with other thin film processes. Using our
demonstrated ALD-based technology, the process is readily scalable to large
surface area coatings required in manufacturing.

From a process perspective, vacuum-based deposition limits particle forma-
tion induced by parasitic interchain polymerization from residual water, a
problem particularly acute with organosilanes. It also facilitates the evapora-
tion /deposition of heavy molecules with lower vapor pressures.

Contact angles for DTS on Al,O,

As illustrated in Fig. 2, the wetting properties of Al,O,-coated surfaces* were
successfully modified from hydrophilic to hydrophobic with a single 1s

gas pulse of dodecyltrichlorosilane (DTS) followed by a 10 min. exposure**.
The deposition was performed in a Savannah S200 reactor at 105°C. Static
contact angle reached the maximal reported limit of 110°.(Fig. 3)’

* The Al,O, samples were coated as-is without preliminary cleaning.

** Saturation time for organosilane in solution range from 12 to 48 h.?
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* Figure 3: Contact angle for DTS SAMs deposited on Al,O, subtrates at
105°C for varying pulse time and exposure times.

Organic electronics

Organic electronics provide a low cost, technologically simpler alternative to
high performance Si-based VLSI technologies. Expandable to large surface
areas, organic Field Effect Transistors (OFETs) and Light Emitting Diodes
(OLEDs) are being routinely integrated in flexible electronics, solar panels,
displays and sensors.

Control of the interface properties using SAMs can lead to significant
improvement of OFETs performances?. Janssen and al. have shown that mol-
ecule/substrate interaction energy can be controlled using interfacial SAMs
to improve Pentacene crystal growth, resulting in improved device perfor-
mances, e.g., higher mobility, smaller hysteresis and reduced V..> Today the
use of SAMs as gate dielectric is gaining attention as a result of its insulat-
ing properties, tunable thickness and process integration capabilities.* Us-
ing aromatic-terminated alkylsilane SAMs as gate dielectrics, OFETs devices
exhibited a 1 cm2.V's™ mobility with 106 on/off ratio and sub-threshold
slope of 100 mV/decade.’

Cambridge NanoTech, Savannah, Fiji, Phoenix, and Tahiti are trademarks of Cambridge NanoTech, Inc.

and are the subjects of patents pending. MBraun is a trademark of M. Braun Group.
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Anti-stiction coating for MEMS

As a consequence of their high surface-to-volume ratio,
microelectromechanical systems are prone to in-use failure
caused by stiction, the unintentional adhesion of surfaces to
one another. Anti-stiction monolayers have been increasingly
implemented in MEMS fabrication to minimize the surface
energy. For bare SiO, and DTS-coated surfaces, work of
adhesion on cantilever beam has been reportedly reduced
from 20000 to 3 pJ/m2.¢ Silane-based SAMs were also shown
to be effective for bio-MEMS devices by modifying the
adsorption of protein under physiological conditions.”

SAMs for biological applications

For over 20 years, Whitesides and others have demonstrated
that inert and bio-specifically adsorbing surfaces with well-de-
fined molecular characteristics can be patterned to selectively
bind proteins and cells." ® Today SAMS functionalized surfaces
play a critical role for developing biochips and quantitative
biochemical assays of protein binding and enzyme activ-

ity.® For example, Mrksich and al. have shown that arrays of
immobilized carbohydrate chains on monolayers with benzo-
quinone group could be used to identify binding specificity of
proteins.'®

References

'S.R. Wasserman, Y.T. Tao, G.M. Whitesides, Langmuir, 5 (1989)
1074-1087.

2 X. Jiang, S. Bent, J. Electrochem. Soc., 154 (2007) D648-D656.

3 D. Janssen, in PhD Thesis, Departement Chemie, Katholieke Uni-
versiteit Leuven, Leuven, 2006, pp. 1-177.

4S.A. DiBenedetto, A. Facchetti, M.A. Ratner, T.J. Marks, Advanced
Materials, 21 (2009) 1407-1433.

> M. Halik, H. Klauk, U. Zschieschang, G. Schmid, C. Dehm, M.
Schutz, S. Maisch, F. Effenberger, M. Brunnbauer, F. Stellacci,
Nature, 431 (2004) 963-966.

6 W. Ashurst, C. Carraro, R. Maboudian, leee T Device Mat Re, 3
(2003) 173-178.

7 K.C. Popat, R.W. Robert, T.A. Desai, Surf. Coat. Technol., 154
(2002) 253-261.

8 M. Mrksich, G.M. Whitesides, Annu. Rev. Biophys. Biomolec.
Struct., 25 (1996) 55-78.

9 Z.A. Gurard-Levin, M. Mrksich, Annual Review of Analytical Chemis-
try, 1 (2008) 767-800.

10 B.T. Houseman, M. Mrksich, Chemistry & Biology, 9 (2002) 443-
454,

Cambridge

NanoTech
Simply ALD

68 Rogers Street
Cambridge, MA 02142

T:617-674-8800

www.cambridgenanotech.com




<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


