


ILM - Bruker Mic Article - Reprint:Seps Science Article 10/3/11 09:16 Page 2

Figure 4. Yeast cell, Os stained, Ag labelled, bright field image and element maps.
Map size 328x289 pixel, dwell time 14ms/pixel, measuring time 23.7min, dead
time 6.3%, beam current ~700 pA. Other elements in the cell

can be found easily by EDS. The following maps show, that much shorter
measurement times are feasible. Data courtesy: P Lasson, Synergie 4, France.

N,-atmosphere and thereby a mixture of NiSi and NiSi, was produced. A 0.12sr, 22°
take-off angle SDD on a conventional STEM was used for the EDS-data acquisition. The
more dense NiSi appears brighter in Z(atomic number)-contrast of the high angle annular
dark field image (HAADF). Unfortunately the Pt content is difficult to quantify by EELS
due to the delayed Pt edge. In the EDS map acquired within 7 minutes however, the Pt is
clearly depicted. The preferred solution of Pt in NiSi was confirmed by this EDS
experiment. Quantification of the Pt content in the marked area using theoretical Cliff-
Lorimer factors delivers the expected 6 at% in case of a mixed NiSi/NiSi, film within an
error of +-3at%. The images show the experimental spectra as black outlines and the
deconvoluted quantified spectra in colours. Point-measurements or line scans with longer
acquisition (dwell) times per pixel would improve statistics and deconvolution results and
thus reduce these error bars still keeping the whole measurement within 7 minutes.
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Figure 5. NiSi(+Pt)/INiSi, epitaxial thin film. Map size 659x298 pixel, dwell time 2msipixel,
measuring time 6.7 min, dead time 1.7%, beam current 210 pA. The more dense NiSi
appears bright in z-contrast of HAADF. The qualitative element maps show the solution of
Pt in NiSi. The marked region was quantified using theoretical Cliff-Lorimer factors and
found to contain 6at% (+-3at%) Pt reproducing the nominal deposition content. The
spectra show the deconvolution and quantification result (coloured/gray) in comparison to
the experimental spectrum (black line).

Finally, two examples of SDD-EDS for llI-V semiconductor nanostructure analysis are
discussed. The data were acquired in conventional STEM using a 0.12sr solid and 22°
take-off angle for EDS. Particularly the combination of Ill-V elements often comprises
a mixture of several heavy and several light elements. It is ambiguous to conclude
the element distribution just from Z-contrast in HAADF images. Thus, IlI-V
semiconductor structures are predestined for spectroscopy and particularly for energy
dispersive X-ray analysis (EDS), which allows distinguishing many elements at once
relatively easily and straightforward. Furthermore, in EDS the signal from the less
delocalised inner-shell ionisations above 2keV can be used with higher efficiency
compared to EELS, allowing atom column chemical analysis as shown recently using
a low noise 0.12sr Bruker silicon drift detector system on an aberration corrected
STEM [5]. It has to be emphasised that atom column EDS is a directly interpretable
important complement to the well-established electron energy loss spectroscopy [6].

Figure 6 shows qualitative element maps of an overgrown 3-D nanostructure consisting
of Ga, In, As, Al'and P used for the development of laser diodes. The maps were
acquired in 7 minutes. This example explains well that it would be ambiguous to deduce
the element combination just from Z-contrast, since light elements (Al and P) and heavy
elements (Ga, As and In) are mixed here. EDS however, after only minutes of mapping
time gives a clear and straightforward picture of the local element combination in this
material on the nm-scale. The spectrum shows which energy regions were used to
display the qualitative element maps. The spectrum of the map has to be evaluated
carefully and care has to be taken choosing the energy regions for qualitative analysis to
avoid ambiguities in case of line overlaps. This includes also overlaps with lines of the
sample support, for example, Cu from the grid, or of carbon contaminants.

As a last example an InAs/InP nanowire heterostructure grown by Au-assisted
chemical beam epitaxy was studied. The thinner P-rich regions of various thicknesses
down to nominally 1.5nm can be clearly distinguished after a few minutes of
element mapping in STEM. A longer measurement time was used for better statistics
in quantification. Figure 7 shows the quantified element distribution. The Au-catalyst
droplet on the nanowire tip appears clearly after deconvolution of all overlapping
lines as shown in the given spectrum. The line scan extracted from this 18 minutes
map after 4x4 pixel binning and quantification shows that As and P substitute each
other whereas the In concentration remains constant at 50 at%.
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Figure 6. Overgrown 3-D-
nanostructure comprising
several lll-V-elements. Map size
195x270 pixels, dwell time
8ms/pixel, measuring time 7
min, dead time 1.7%, beam

current 210 pA. Judging the
chemical composition from z-
contrast in high angle annular
dark field images (HAADF)
would be ambiguous. EDS
reveals the element distribution
correctly if the displayed energy
regions are chosen carefully, as
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Sample courtesy: G. Trankle,
Ferdinand Braun Institite for
high frequency technology,
Berlin, Adlershof, Germany.
Data courtesy: A.
Mogilatenko, Humboldt
University zu Berlin, Germany.

Outlook

EDS using silicon drift detectors is developing into a powerful tool for nano-scale chemical
analysis of electron transparent samples. Large solid angle detectors can be developed,
using this modern technology. SDD systems installed on conventional STEM instruments
provide quantitative data on nm-scale on a routine basis now. These results provide an
idea of what will be possible using this technique combined with aberration correction.
First atom column EDS data have been shown employing a low noise SDD for EDS in an
aberration (Cs-) corrected STEM instrument [5]. Further developments of high solid angle
detectors, suitable for the low signal rates at atomic resolution but also for high speed
data analysis in microscopes with high brightness sources, sample stability provided,
promise exciting opportunities for the future of EDS in electron microscopy.
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Figure 7: Nanowires with InAs/InP heterostructure. Quantified map, 4x4 pixel
binning, map size 755x243, dwell time 6ms/pixel, measuring time 18.4 min, dead
time 2.1%, beam current 200 pA. The HyperMap (a spectrum is saved for each
pixel) was quantified using theoretical Cliff-Lorimer factors after 4x4 binning. The
spectrum part shows the deconvolution result in colours and the experimental
spectrum as a black line. The line scan extracted from the quantified HyperMap as
shown in the HAADF clearly reproduces all P-rich regions, as visible in the HAADF
image, down to the nominal 1.5nm thickness and shows that P and As replace
each other, whereas the In concentration remains at 50at%.
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