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A new JEOL 2200FS 200kV field emission STEM/TEM with a hexapole Cs-corrector (CEOS
GmbH) for the probe-forming lens and an in-column Omega-type energy filter has recently been
installed at the Advanced Microscopy Laboratory (AML) at Oak Ridge National Laboratory
(ORNL). The microscope is intended primarily for high-resolution imaging of catalyst systems that
are of interest to the U.S. Department of Energy for increased energy efficiency and energy security.
In this paper we report on the high-resolution imaging characteristics of our microscope for both
conventional high-resolution TEM and STEM imaging.

The TEM Scherzer point resolution for our objective lens polepiece (Cs = 0.5 mm) is 0.19 nm, but
more significantly the information limit has been demonstrated to be better than 0.09 nm, as shown
in Fig. 1. This figure shows a Young’s fringe experiment carried out on an amorphous Ge specimen
which was estimated to be 10 nm thick. The thickness of the sample damps out the Thon rings to
some extent, but the information transfer to sub 0.1 nm resolution is clearly evident. The electron
wave at the specimen exit surface with resolution out to the information limit of a microscope may
be reconstructed via computational processing of a focal [1] or tilt series of images. The extension
of the TEM information limit to the sub-0.1 nm range in our microscope can be attributed primarily
to the improved objective lens and high tension power supply stabilities provided by JEOL Co. to
satisfy our instrument specifications. A contrast transfer function (CTF) calculated using the
parameters for our microscope is shown in Fig. 2, computed at the alpha-null defocus condition used
for FSR processing [2]. The CTF closely matches the demonstrated Young’s fringe pattern,
indicating the ability of the microscope to achieve ultimate performance in TEM mode.

Characterization of catalyst systems will be a primary focus of the aberration-corrected JEOL
2200FS and therefore high-resolution STEM high-angle annular dark field (HA-ADF) imaging will
be applied to understand the atomic-scale arrangement of supported catalyst clusters. By correcting
for the primary resolution-limiting aberration of a round electromagnetic lens - the third-order
spherical aberration - smaller electron probes with greater probe current can be formed, with
resulting improvements in both the point-to-point resolution for HA-ADF imaging and the signal-to-
noise ratio. Both benefits are important for the study of the atomic arrangement of catalyst clusters.
Figure 3 shows initial HA-ADF imaging images of very small Pt clusters on a 1.1 nm thick
amorphous carbon film. Individual Pt atoms are clearly visible with a high signal-to-noise, as is
shown in Fig. 4 [3].
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FIG. 1. Young’s fringes experiment on
amorphous Ge film demonstrating 0.09 nm
information limit for the ORNL JEOL
2200FS-AC in TEM mode. Spot pattern is a
superimposed power spectrum from a 110 Si
single crystal taken at the same magnification

1.0 =

024
0.24 CTF computed for best case
074 2200FS-AC, info-limit-at-0.08n
0.6
0.5
0.4
034

921 n I

-0.14
-0.24

-0.34

-0.4
-0.5
064

0.7

054

-0.94

-1.0 ——
o 2 4 & ] 10 12 14 16 18 20
1/nm

FIG 2. Phase contrast transfer calculation at
the alpha null defocus with the parameters of
our JEOL 2200FS-AC. Red curve is spatial
coherence samping function, while green
curve is the temporal coherence damping
function.
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FIG. 3. HA-ADF STEM image of Pt clusters
on a 0.11 nm thick amorphous carbon support
film. Note the excellent signal-to-noise ratio
for imaging individual atoms.
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FIG 4 Line trace oven; an individual atom
(inset) in Fig. 3. (FWHM =~0.1 nm.)


https://doi.org/10.1017/S143192760551050X


<<
  /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


