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ABSTRACT

The semiconductor industry continues its drive
to high performance, lower cost and greater in- |
tegration through relentless evolution. The core
of the technology roadmap is based on feature
size reduction through lithography scaling, di-
electric thickness reduction and device integra-
tion with feature sizes at the size scale of mol- |
ecules. Atthe same time, new tailored molecu-
lar and nanoscale electronic materials have |
emerged with an immense range of electronic,
optical and chemical activity. Due to their molecular nature and nanoscale dimensions, these materials can also possess unique processibility
and physical driving forces, such as surface energy effects and non-covalent bonding. This presents an immense opportunity for ‘off
roadmap’ technologies based on structured and self-organized molecular materials — achieving molecular scale devices with optimized
nanostructure by harnessing the inherent properties of these materials instead of relying on of extrinsic lithography efforts and complex
process control. Of further interest are new devices and applications made possible by these new materials that are outside of, or comple-
mentary to, the capabilities of conventional Si. This includes new technologies in printed electronics, optoelectronics and sensors which are
enabled by specific electronic, optical and chemical activity which can be built in to molecular organic and nanoscale semiconductors which
can be fabricated using non-conventional means.

In this talk, some of the fundamental principles and motivations behind this new class of materials and processes will be introduced.
Following this, will be a series of materials sets and process approach examples from the presenter’s research which shows the interesting
materials science of this new class of electronic materials and the exciting research, education and applications potential for these materials
and device process approaches. This will include examples of structure property relations and ‘text book’ phase transformations in semicon-
ducting polymer blend thin films. Moving on from this, some more advanced modifications of this concept with surface controlled phase
separation and high performance molecular semiconductor materials will be discussed. Finally, research in printed nanoscale transistors
which utilize surface energy modification to achieve molecular scale junctions will also bet presented. These examples will seek to show how
these new materials allow investigation of fundamental materials science principles, elegantly structured semiconductor thin films and de-
vices, and the potential for new applications in simple, inexpensive and scaleable process approaches.

BIO

Dr. MacKenzie is currently the Director of Technology at Add-Vision, developing printed flexible OLED technology and is responsible for all
research, development and external technical projects including extensive collaborations with Merck OLED, Sumitomo Chemical, Lawrence
Berkeley National Labs and a number of technology development partners. He is an internationally-recognized expert in the field of organic
and printed electronics and has served as IP contributor and technical consultant to a number of leading companies in the field. These have
included the International Roadmap for Semiconductors, Carbon Valley, Konarka, Kovio, and Cambridge Display Technology. Prior to enter-
ing industry, he was a research staff member in Professor Sir Richard Friend’s group at the University of Cambridge investigating polymeric
and molecular semiconductors, with particular focus on solution-derived nanostructures for the processing of OLEDs, photovoltaics, and
photonics. At the University of Cambridge, he co-founded Plastic Logic, a leading company in printed polymer transistors. He has also
worked extensively in Si-based nanotechnology with the MIT Media Lab spin-out, Kovio. Dr. MacKenzie is the author of over 120 technical
publications and patents in nanoscale devices, RFID, printed TFT’s, OLEDs, and photonics. Mr. MacKenzie earned his doctoral, masters and
undergraduate degrees in Materials Science and Engineering at the University of
Florida and the Massachusetts Institute of Technology.

el il

L HI [ B ] i ue s - al gl

funclivnaliral nudifie oSl in feed alecl rosde by
o ale ooitical  surfees energy
lealuw e J

,J-.
?f ”“*“"h s ol
f

Professor Naresh Thadhani





<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


