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1. Introduction 

Emission from nanometer-sized semiconductor 
particles and localized structures was dominated by their 
size, external shape and defects, in particular, for excitonic 
stimulated emission in addition to their crystal structure and 
chemical elements. These structural factors have been 
investigated by electron microscopy since materials 
themselves are in less than micrometer or nanometer scale. 
The emission spectra from in integrated nanometer 
structures in films and aggregates of the particles have been 
compared with statistical structural features, e.g. average 
size, common external shape and diffractively analyzed 
orientational relationships. While such statistical evaluation 
retains the reliability, we need microscopic analyses of 
optical properties of individual nanometer structures to 
design their integrated systems. Scanning near-field 
microscopy (SNOM) is an innovative method to perform it 
[1, 2]. The spatial resolution has reached to a few tenths 
nanometers [3]. We expect the progress in SNOM, on the 
other hand, we know that the resolution and new functions 
can be developed by combination with other microscopy. 
In this paper, we demonstrate individual cathode 
luminescence spectroscopy of nanometer-sized particles 
based on in situ transmission electron microscopy by 
optical fiber probes as used in SNOM. We selected a wide 
band gap semiconductor, zinc oxide (ZnO) as a specimen. 
 
2. Experimental method 

The experimental method in this study was developed 
based on in situ high-resolution TEM combined with 
functions of atomic force microscopy (AFM) and scanning 
tunneling microscopy [4]. Figure 1 shows the experimental 
setup of the present study.  First we prepared ZnO 
particles by an inert-gas evaporation method; Zn was 
heated in He gas of 13 kPa in a vacuum chamber. ZnO 
particles of 10 – 50 nm in diameter formed and moved up 
to a stainless sheath cooled at 77 K. The particles were 
scraped and dispersed on a nanometer-sized tip of Si 
cantilevers, as used in AFM. The cantilever was attached to 
the front of a tube piezo on a cantilever holder of the 
transmission electron microscope in University of Tsukuba. 
An optical fiber probe was attached in another holder. Both 
the cantilever and fiber holders were then inserted into the 

microscope. The particles on the cantilever-tip were 
manipulated to approach a tip of the opposing fiber by 
piezo-driving. We selected the particles and irradiated 
electron beam accelerated to 200 keV and resultant cathode 
luminescence was detected by a spectrometer. A series of 
these manipulations were performed at room temperature 
and at 102 K in a vacuum of 10-6-10-5 Pa. The structure of 
the particles and their dynamics during the procedure were 
observed in situ by bright-field imaging and lattice imaging 
of high-resolution TEM using a TV capture system. We 
confirmed that the spatial-resolution in the lattice imaging 
was 0.14 nm and the time-resolution of the image 
observations was 17 ms. The high-resolution imaging and 
signal detection in this system were coincidentally recorded 
and analyzed for every image using our own software. 
 
3. Results and discussion 

Figure 2 shows a bright-field image of the 
configuration of the specimen and fiber probe. An 
aggregate of ZnO particles is observed in the upper left of 

Fig. 1 Experimental setup of the present study based on in situ 

TEM. 
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Fig.2. The width in shorter direction is ~ 50 nm. The tip of 
the fiber, which is a part of aperture, is observed in the 
bottom. We irradiated electron beam in areas indicated with 
A, B and C. The diameter of area A is 300 nm. In area A, 
seven particles are included at the irradiation. The diameter 
of areas B and C is 30 nm. In these areas, the electron beam  
irradiated one particle. The distance between the particles 
and aperture is 300 – 500 nm. Thus, as shown in here, it is 
easy to observe the size, external shape, and distance 

between the probe and specimens, which are essential 
parameters in SNOM.   

Figure 3 shows cathode luminescence spectra from 
areas A at room temperature and 102 K, and B and C at 102 
K. In area A, a broad spectrum appears around 3.31 eV at 
room temperature. As the temperature decreases to 102 K, 
three peaks are observed. The peaks of these components 
were found to be 3.28, 3.35 and 3.41 eV from the Gaussian 
fitting. These components are the near band-edge emission 
[5]. The peaks, 3.35 and 3.41 eV are attributed to excitons 
bound to neutral acceptors and free excitons, respectively. 
The peak at 3.28 eV is caused by the phonon replica of the 
bound excitons. In area C, which is contained in area A, the 
spectrum shows the same peaks with those in area A, while 
no peak is observed in the spectrum from area B, which is 
also a part of area A. Selected-area electron diffraction 
showed similar patterns in areas B and C. This implies that 
the crystal structure and orientational relationship of the 
particle in area B is the similar to those in area C. Since the 
difference in the spectra in Fig. 3 is clear, it is deduced that 
defect concentration in area B is higher than that in area C 
although the concentration hardly contributes to the 
diffraction pattern. 
 
4. Conclusion 

The optical fiber probes as used in SNOM were 
installed in high-resolution TEM. Cathode luminescence 
from ZnO particles of 10 – 50 nm in the diameter was 
measured at room temperature and 102 K based on TEM 
imaging. It was found that the excitonic stimulated 
emission from the ZnO particles with the same crystal 
structure and orientational relationship at 102 K were 
deduced to be influenced significantly by defects that 
amount was not detected by the selected-area electron 
diffraction. 
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Fig. 3 Cathode luminescence spectra from area A at RT and at 
102 K, and area B and C at 102 K. 

Fig. 2 Bright-field image of the configuration of the specimen 

and fiber probe. Circles of broken lines, A, B and C represent 

areas of electron irradiation to stimulate cathode luminescence. 



<<
  /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 /Subsample
  /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.)
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	typ_page1: -187-


