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Abstract - Microfabrication is a critical area to many engineering education

branches of science and engineering. In this work-in-

progress paper, we describe our plan to introduce INTRODUCTION
microfabrication technology in a comprehensive, cross-
curricular way through lectures, demonstrations and
experiments from freshman through junior -classes
across four disciplines (Electrical and Mechanical
Engineering, Chemistry, and Physics). Immediately
following, in the senior year, will be an opportunity for
students in these disciplines to take a multidisciplinary
microfabrication capstone course that will serve as a
complete introduction to clean room theory and practice.
This approach will fundamentally show microfabrication
as being based on many disciplines and vital to most
modern technologies. Assessment will be done for each
level of the project, and assessment results will be used to
continuously improve the course over time and gauge the
success of attracting students into this area.

Microfabrication, the processes for fabricating miniature
structures of micrometer sizes and smaller, is a critical area
to many branches of science and engineering. It is heavily
used to make both electronic devices like integrated circuits
and semiconductor chips, and other sorts of devices like
accelerometers, lasers, and miniature microphones. Since
microfabrication is such a broad and multidisciplinary
activity, the conventional approach of presenting this topic
in a single course in one department seems inappropriate.
Many approaches have been presented to develop
appropriate educational material in microelectronics [1]-[4].
In this work-in-progress paper, we describe our plan to
comprehensively integrate microfabrication education into
the engineering and science curriculum.

Binghamton University has recently made the
substantial investment in tools and architecture to create a
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we have the opportunity and challenge of introducing them
to the student body and integrating these facilities into the
educational fabric of the institution.

PROCEDURE

Our approach is pictured in Figure 1. Lectures,
demonstrations and even experiments in freshman through
junior classes across four disciplines (Electrical Engineering,
Mechanical Engineering, Physics and Chemistry) will be
integrated into current courses. Junior level courses from
four departments will integrate a ‘microfabrication
experimental module’ into the existing syllabi. This module
will expose the students to what a clean room is, what
microfabrication is, and attract and interest them in the
microfabrication side of their discipline. Some example
modules are characterizing a thin film transistor or
fabricating an organic light emitting device. In the senior
year there will be an opportunity for students to take a
multidisciplinary microfabrication capstone course that will
serve as a complete introduction to clean room theory and
practice.

Both general knowledge and attitudinal surveys will be
conducted at various levels to refine the course activities and
measure the effectiveness of this broad microfabrication
approach. A detailed knowledge inventory is planned before
and after the capstone course to refine its effectiveness and
teaching methods and activities. In addition, a longitudinal
survey of graduates who take the capstone class is planned
to track the level of involvement of these students in careers
involved with microfabrication.

PRELIMINARY RESULTS

The current activity (in the first half-year of the project)
is in development of the course materials and in assessing
the current level of knowledge of the students at all levels on
microfabrication. These results will establish a baseline by
which the effectiveness of this educational plan can be
measured when the educational activities are implemented.
A general knowledge assessment device has been developed
and is being administered to the freshman through junior
classes currently. A sample question along with responses is
given in Fig. 2; the survey spans questions of size, scale, as
well as materials and methods for microfabrication, and

Rank these in order of size, from
largest to smallest:

1) Diameter of a human hair

2) Influenza virus

3) State of the art memory transistor
4) Width of a strand of DNA

FIGURE 2
SAMPLE QUESTION AND RESPONSES FROM MICROFABRICATION
ASSESMENT INSTRUMENT; CORRECT ANSWER IS A)
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materials characterization. The advanced survey for senior
students will be a detailed knowledge inventory of the
material in the class and the specifics of microfabrication.

SUMMARY

A plan for a comprehensive approach for
integration of microfabricaiton activities into an engineering
and science curriculum is outlined. Assessments will be
used to continuously monitor its effectiveness and improve
the approach. It is our hope that this multidisciplinary
activity will not only expose students to the art of
microfabrication, but will also enhance their appreciation for
the need of interdisciplinary research early in their
engineering and scientific careers.

ACKNOWLEDGMENT

This project is supported by the National Science
Foundation under grant number DUE-0942672.

REFERENCES

[1] Lin, L, “Curriculum Development in Microelectromechanical Systems
in Mechanical Engineering ”, [EEE Transactions on Education, v. 44,

February 2001, pp. 61-66.

[2] Parent, D., Basham, E., Dessouky, Y., Gleixner S.,Young, G. Allen,
E., “Improvements to a microelectronic design and fabrication
course”, IEEE Transactions On Education, v. 48, Aug. 2005, pp.:
497-502.

[3] Kim, C., Watkins, S.“Work in Progress - Balancing Prescribed and
Project-Based Experiences in Microfabrication Laboratories” 38th
ASEE/IEEE Frontiers in Education Conference, October 22 — 25,
2008, Saratoga Springs, NY

[4] Zhang, X., Fisher, T., Shin, Y., Hirleman, E., Pfefferkorn, P, *
Integration of microscale fabrication in an undergraduate
manufacturing elective”, International Journal Of Engineering
Education v. 22,2006, pp. 343-349.

AUTHOR INFORMATION

Weili Cui, Research Professor, Mechanical Engineering
Department, Binghamton University, wcui@
binghamton.edu

Wayne Jones, Professor and Chair, Chemistry Department,
Binghamton University, wjones@binghamton.edu

David Klotzkin, Associate Professor, Electrical Engineering
and Computer Engineering Department, Binghamton

University, klotzkin@binghamton.edu

Greta Myers, External Evaluator, Center for Learning and
Teaching, Binghamton University, gmyers@binghamton.edu

Bruce White, Associate Professor, Department of Physics ,
Binghamton University, bwhite@binghamton.edu

October 27 - 30, 2010, Washington, DC

40™ ASEE/IEEE Frontiers in Education Conference
T3E-2




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


