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The Variable Pressure Scanning Electron Microscope (VPSEM) has become a valuable tool for a 
number of applications in imaging and microanalysis of electrically insulating samples [1].  The 
environmental gas in the VPSEM chamber is ionized upon electron impact and the effects of surface 
charge on secondary electron (SE) imaging are minimized through the action of positive gas ions.  
There has been a significant amount of work to investigate the impact of the chamber gas on primary 
beam scattering and the charge-balance mechanisms as these questions have implications for 
applications in microanalysis, metrology and electron beam induced deposition [2].  Recently, we 
have applied the charge-balance mechanism of the VPSEM to the fabrication of nanometer-scale 
features on insulating substrates with a technique called variable pressure electron beam lithography 
(VP-eBL) [3-4].  The characterization of this process relies on the use of cross-sectional polymethyl 
methacrylate (PMMA) samples to visualize the shape and size of the electron interaction under 
varying exposure conditions.  We present a general method for fabrication of cross-sectional PMMA 
samples and propose the extension of their use to study the general mechanisms of primary beam 
scattering and charging in the VPSEM. 
 
The sample preparation process is outlined in Figure 1 and begins with spin coating clean, (100) 
oriented, lightly doped (>8 ohms-cm) silicon wafers with 950 PMMA (9% solids in anisole) at a 
speed of 2000RPM to achieve a uniform film with thickness exceeding 1 µm.  After spin coating, the 
silicon wafer was cleaved into rectangular fragments and a pre-crack was scribed normal to the edge 
of the fragment using a diamond stylus and a straight edge.  Electron beam exposure was carried out 
in a FEI Quanta 600F ESEM with an integrated NPGS lithography system under varying conditions 
(accelerating voltage, chamber pressure, etc.).  After exposure, the samples were developed in 3:1 
mixture of isopropanol and methyl isobutyl ketone for various lengths of time.  The developed 
samples and two pairs of tweezers were then immersed in liquid nitrogen.  The samples were 
cleaved by placing the wafer on a fulcrum (e.g. paper clip) aligned with the pre-crack and pressing 
down on either side with the tweezers.  The samples were then sputter coated with a 5-6 nm film of 
Au/Pd prior to imaging in a high-resolution LEO Gemini 1525 SEM.   
 
The resulting cross sections provide fracture surfaces through the exposed PMMA areas without 
distortion or smearing of the PMMA.  A relatively low magnification image of one such cross 
section is shown in Figure 2.  Analysis of the cross sections shows decreasing trench size as a 
function of increasing gas pressure due to primary beam scattering in the chamber gas.  A 
modification of the trench shape can also be visualized with increasing gas pressure, indicating a 
modification of the sub-surface space charge distribution.  By increasing the developing time or 
developer concentration, regions of lower electron dose are exposed.  A collection of cross section 
images are shown in Figure 3 and show qualitatively that primary electron scattering, while 
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responsible for attenuation of the primary beam, results in a broad distribution of electrons, and no 
appreciable change in the probe size.  In combination with a rigorous Monte Carlo or analytical 
model, these cross sections could be used to determine the distribution of primary electrons in close 
proximity (e.g. within 1 micron) to the electron beam as well as dynamic charging effects.   
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FIG.1. Schematic representation of sample 
preparation:  a) clean silicon substrate b) spin coat 
with PMMA, c) scribe pre-crack along cleavage 
direction, d) electron beam patterning at end of pre-
crack e) cleavage under liquid nitrogen 

FIG. 2. SEM image of Au/Pd coated 
cross sectional sample showing lines of 
different spacing (400 and 800nm) 

FIG. 3. Cross sectional samples prepared under different conditions: (a-c) 15kV, 1.0 nC/cm 
dose, 120 sec. develop and a) high vacuum, b) 0.5 Torr and c) 1 Torr water vapor; (d-f) 5kV, 
0.5 nC/cm dose, 120 sec. develop and d) high vacuum, e) 0.5 Torr and f) 1 Torr water vapor. 

 

silicon (100) 

PMMA 

(a) 

(b) 

(c) 

(d) 

(e) 

1499 CDMicrosc Microanal 12(Supp 2), 2006

https://doi.org/10.1017/S1431927606063756 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927606063756


<<
  /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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


