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Close-up view of KIT’s new multifunctional electron microscope. (M. Balzer/KIT) 

Looking with atomic precision may be crucial to a materials re-

searcher, no matter whether she/he wants to study organic solar 

cells, cement, or optical circuits. Hence, microscopes using 

electrons instead of light are the tool of choice, for robust mate-

rials at least. Sensitive materials, however, are damaged by illu-

mination with energy-rich electrons. At Karlsruhe Institute of 

Technology (KIT), an electron microscope has now started oper-

ation, which reaches a high resolution with “soft” electrons.  

“The new multifunctional electron microscope complements existing 

instruments at KIT and opens up new research horizons,” says Pro-

fessor Dagmar Gerthsen, Head of the Laboratory for Electron Micros-

copy (LEM) of KIT. “The new microscope combines various tools in 

one instrument and can be used to obtain complementary information 

about a sample in a few working steps.”  

Usually, the resolution of electron microscopes is improved by in-

creasing the energy of electrons. As a result, however, the electrons 

may modify or even destroy structures in the sample to be investi-

gated. The new microscope uses electrons of comparably low energy 
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of about 30 keV and can be operated as a scanning electron micro-

scope (SEM) or scanning transmission electron microscope (STEM). 

Hence, it is suited for studying both the structure inside a sample as 

well as its surface topography. Nominal resolution of the instrument 

is about 0.3 to 0.6 nm (STEM and SEM, respectively), which corre-

sponds to 3 to 6 atomic radii. In this way, structural properties in ma-

terials can be characterized and correlated with important functional 

properties in order to improve or understand major functions, such as 

the efficiency of solar cells, chemical activity of catalysts, or potential 

toxicological impacts of nanoparticles in biological cells.  

The microscope allows for the simultaneous investigation of samples 

with different detectors. “This yields new degrees of freedom in our 

investigation, which help us more than resolution alone,” explains Dr. 

Erich Müller of LEM at KIT. Various interactions of the electrons with 

the sample are used to provide experts with new findings relating to 

surface or volume properties of the sample. By X-ray analysis, also 

chemical composition of the samples can be determined. A special 

camera for imaging the diffracted transmitted or backscattered elec-

trons allows conclusions to be drawn with respect to the crystalline 

structure of the material studied. “With a single instrument, we can 

now determine chemical and physical properties of samples much 

more comprehensively and are given insight in the atomic structure.” 

In the past years, the scientists of LEM configured the new micro-

scope together with the manufacturer FEI. It is now the first instrument 

of this type delivered worldwide.  

An integrated milling tool opens up additional research options for the 

nanoworld: A focused ion beam, FIB for short, can dig nanometer-

sized trenches into the sample and, thus, uncover “hidden” layers be-

low the sample surface. At interesting points, cross sections can be 

produced with high accuracy. The combination of high-resolution 

SEM or STEM with FIB and chemical analysis in one instrument 

makes the new microscope a key technology for fundamental and ap-

plied research to study the effects of nanoscale structures on material 

properties.  

The Laboratory for Electron Microscopy of KIT executes own re-

search projects, but also offers electron microscopy services to cus-

tomers from industry and research. It operates a range of nine elec-

tron microscopes that offer optimum insight for a variety of problems. 

The flagship is an FEI Titan with a resolution of up to 0.07 nm. Re-

search activities focus on the areas of solid-state physics, materials 

sciences, nanotechnology, chemistry, and biology. Another main ac-

tivity is the development of methods for electron microscopy and elec-

tron optics.  

 

 

Inner structure of carbon nanotubes 

with catalyst particles (top) and surface 

topography (bottom). (Photos: Cheng 

Sun/KIT) 
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More information:    

https://www.lem.kit.edu/192.php (in German only) 

Video on the LEM of KIT:   

https://www.youtube.com/watch?v=7sFynh5TnAM (in German only) 

Being “The Research University in the Helmholtz Association,“ 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to the 

global challenges in the fields of energy, mobility and information. 

For this, about 9,300 employees cooperate in a broad range of dis-

ciplines in natural sciences, engineering sciences, economics, 

and the humanities and social sciences. KIT prepares its 26,000 

students for responsible tasks in society, industry, and science 

by offering research-based study programs. Innovation efforts at 

KIT build a bridge between important scientific findings and their 

application for the benefit of society, economic prosperity, and the 

preservation of our natural basis of life. 

 

Since 2010, the KIT has been certified as a family-friendly university. 

This press release is available on the internet at 

http://www.sek.kit.edu/english/press_office.php. 

The photos in the best quality available to us may be downloaded 

under www.kit.edu or requested by mail to presse@kit.edu or phone 

+49 721 608-47414. The photos may be used in the context given 

above exclusively. 
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