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New Trend in Electron Microscopy

Aberration-Corrected Low Voltage TEM

This article gives an overview on world-wide activities in Low-
Voltage Aberration-Corrected Transmission / Scanning Trans-
mission Electron Microscopy (TEM/STEM) research evaluated
on the basis of scientific publications until the end of 2011. At
present, Low-Voltage is predominately referring to TEM/STEM
<100kV [1]. However, there are three projects, which address
the development of microscopy at even lower voltages: SAL-
VE (Germany, with Zeiss NTS, down to 20 kV), Triple-C (Ja-
pan, with JEOL Ltd., down to 30 kV), Sof TEAM (US, with FEI
Electron Optics, project start not yet defined [2]). Our current
challenges in low voltage microscopy are 1) Optimization of all
microscope components for low-voltages <80 kV including the
Cs/Cc aberration corrector; Il) Applied research, to solve ma-
terials science problems, which could not be solved at higher
voltages because of radiation damage; Ill) Basic research, to
address questions related to the low voltage TEM instrument
on the one hand and imaging, spectroscopy and diffraction
modes on the other; IV) Specimen preparation for low voltages;
V) Scattering theory at lower voltages; VI) Fulfillment of room
requirements (see also in the main menu the topic ,Research’).
Such development has been enabled by the achievements on
aberration-correction at the end of last century (see our related
News articles: ,Wolf Prize* and ,Historical Aspects of hardware
aberration correction’). For studies on similiar topics by others
see [3-5].

Europe

With 51% of Europe’s papers published on Hardware Low-
Voltage Aberration-Corrected TEM/STEM topics, Germany is
an important partner country for application and development

of this topic today. The three main institutions in Europe
are Ulm University, Electron Microscopy for Materials
Science (EMMS) (21%); Leibniz Institute for Solid State
and Materials Research (IFW) Dresden (16%); and
University of Oxford, Oxford Materials (OM) (14%). It is
interesting to note that Germany’s and Great Britain’s in-
stitutions all together comprise 79% of Europe’s contri-
bution to Low-Voltage Aberration-Corrected TEM/STEM
research. The remaining 21% are distributed as follows:
Holland (7%), Finland (5%), Switzerland and Belgium
(3%), Austria and ltaly (1%), and others (5% all together,
see the map).

World-Wide

Europe’s proportion on the total number of Low-
Voltage Aberration-Corrected TEM/STEM publications
evaluated is 55%. The European SALVE project alone
contributes 15%. North American’s proportion on the to-
tal number of Low-Voltage Aberration-Corrected TEM/
STEM publications evaluated is 30%. The American
TEAM project alone contributes 6%. Asia‘s proportion
on the total number of Low-Voltage Aberration-Cor-
rected TEM/STEM publications evaluated is 15%; The
Japanese Triple-C project partners alone contribute 8%.

The global country ranking (of the number of publica-
tions in Low-Voltage Aberration-Corrected TEM/STEM
until 2011) is: USA (29%); Germany (28%); Great Britain
(15%); Japan (11%); Netherlands, Finland (3% each);
Switzerland (2%); Belgium, Canada, Taiwan, lIsrael,
Austria, China, Australia, Italy, Others (1% each).



The global facility ranking is: Ulm University (12%); Lawrence Berkeley National Laboratory (10%); IfW Dresden (9%);
Oxford University (8%); AIST (6%); Harvard University (4%); University of California, JEOL Ltd. and FEI Electron Optics
(3% each); University of Helsinki, University of Nottingham, Max Planck Institute for Solid State Research Stuttgart, CEOS
GmbH and Nion Corp. (2% each); others (34%), for more details see the world map.

Currently, the most common measurement methods in Low-Voltage Aberration-Corrected Electron Microscopy are: TEM
(78%); TEM-STEM (12%); and STEM (10%) (see Fig. 2).
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Figure 2: Global distribution of applied methods in Low-Voltage Aberration-
Corrected Electron Microscopy.

In Europe TEM is applied most often (87%); STEM (7%); and TEM-STEM (6%) are used less often. In North-America,
TEM is used in 70% of Low-Voltage Aberration-Corrected studies; TEM-STEM in 17%; and STEM in 13%. In Asia TEM is
used in 58% of LV AC studies; while TEM-STEM and STEM are used in 22% and 20% respectively (see Fig. 3).
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Figure 3: Low-Voltage Aberration-Corrected methods applied in Europe, North America and Asia. The areas of the Pie-
charts correspond to the number of publications.

The most studied materials by Low-Voltage Aberration-Corrected TEM/STEM in 114 publications (note that publications
using test-specimen are not included): Low-D Carbon Materials (48%); Functionalized graphene/CNT/fullerene including
Metallo-Fullerenes (22%); Low-D Inorganic Materials (12%); Nanocrystals (8%); Oxydes, Biological Materials (4% each);
Semiconductors (2%) (see Fig. 4).
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Figure 4: Investigated materials in Europe, North America and Asia. The areas of the Pie-charts correspond to the number
of publications.

The most studied materials in the three low-voltage development projects (including test-specimen) are: SALVE (48%
Low-D Carbon Materials, 25% Functionalized graphene/CNT/fullerene, 16% Test-Specimen, 11% others); TEAM (35%
Low-D Carbon Materials, 29% Test-Specimen, 12% Functionalized graphene/CNT/fullerene, 11% Nanocrystals, 13%
others); and the Triple-C Project (48% Test-Specimen, 24% Low-D Carbon Materials, 17% Functionalized graphene/CNT/
fullerene, 8% Low-D Inorganic Materials, 3% others) (see Fig. 5).
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Figure 5: Materials that are examined in Low-Voltage Aberration-Corrected development projects. The areas of the Pie-
charts correspond to the number of publications.

For evaluation we have used literature until the end of 2011, see in the website-section ,publications” on pages ,by
SALVE authors® and ,by other authors®.

*For more information about the study shown here, please contact Prof. Ute A. Kaiser or EFP Berlin.
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Image information:

Figure 1 shows the evaluation of published papers on Low-Voltage Aberration-Corrected TEM/STEM topics
until the end of 2011 with respect to their originating institutions and their location on the world map. You can
find the underlying low-voltage publication list under the main menu ,Publications’ >> by SALVE authors‘ and
,by other authors‘*.



