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One of the most oft-confronted challenges in materials sci-

ence, when using scanning electron microscopy, is the limitation 
of the size of the sample being examined, as well as the analysis 
application planned. Normally, only small samples in the order of 

ten to a hundred millimetres in diameter may be investigated. In 
addition, until now, conventional high-load fatigue 
testing inside a scanning electron microscope (SEM) 
seemed impossible. Nevertheless, SEM testing is a 
very valuable method in the fields of material and 
biological science as well as in quality control and 
failure analysis. For many technological interest-
ing applications, conventional scanning electron 
microscopy is not possible because the specimens 
that need to be investigated cannot be destroyed for 
the SEM investigations for one of several reasons. It 
may be that the specimen must be kept whole so that 
it can be returned to a production line or perhaps 
the specimen is an object of historic and/or artistic 
interest and value.
Focusing on Scanning Electron Microscopy

Although SEM testing is a well established tech-
nique in industry and research, many of the technical 
features, in particular the maximum resolution, of a 
standard SEM have been increasing enormously dur-

ing the last decade, 
mainly because 
of the introduc-
tion of the Field 
Emission gun and 
the increase of the 
quality of the lens-
es. In addition to 
the advancements 
in electron optics, 
analytical systems 
like Energy Dis-
persive Spectrom-
etry (EDS) and Electron Backscattered Diffraction (EBSD), and 
their software systems, have improved their quality and ability to 
perform and deliver better analysis and give better quality results. 
These systems have been improved through engineering to have 
much better handling and control of the complete system. 

The first step in overcoming the challenge of specimen size 
limitation, was taken by VisiTec Microtechnik in Germany, when 
in 1994, the Large Chamber SEM was introduced and accepted 
within the scientific community. The large chamber, which can 
accommodate samples up to 1000mm in diameter, is equipped 
with an innovative positioning system that allows views from dif-
ferent angles by moving the electron gun and detectors, as well as 
the sample (fig.1) identical to the behaviour of human beings. If 
humans look at a small object, they will turn the object around, with 
the human eye fixed. When looking at a larger object, the human 
moves around the fixed object in order to observe it completely 
(fig. 2). The first case is similar to the situation in standard SEM’s, 
while the latter reflects the situation for the LC-SEM.

In addition to the investigation of large samples, the LC-SEM 
also has a great potential for in-situ observations of the deformation 
behaviour of materials, as well as for relatively small production 
processes in the field of micro-system techniques. The Large Cham-The Large Cham-
ber SEM also makes it possible to perform “interrupted in-situ” 
experiments for larger engineering parts. As an example, testing 
the tribological behavior of highly loaded parts from high-pressure 
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pumps can be investigated by interrupted monitor-
ing. The parts can be in service for a period of time, 
followed by an investigation of the loaded surfaces 
in the LC-SEM, returning them to service immedi-
ately after the investigation is completed. This way 
of monitoring a system will open a broad field for 
engineering applications that will allow the investiga-
tor to get a closer and a more detailed understanding 
of the running-in and damaging processes.
A breakthrough application 

To meet the need of performing in-situ investi-
gations of deformation behaviour, a new design of 
the LC-SEM was created, where a servo-hydraulic 
fatigue-testing frame from MTS was integrated 
into the chamber. Thus creating new possibilities 
for materials testing and overcoming the challenge 
of performing large specimen fatigue testing in an 
SEM. The idea of combining these two large com-
ponents seemed impossible. Just the integration of the hydraulic 
components inside a vacuum environment was the beginning of 
many design related challenges to overcome. In fact, the integration 
of detectors and analytical equipment in a vacuum environment 
represent a challenge for the design and precise operation of the 
system. Integrating an EDS system brings many benefits to complete 
the analysis. Incorporating an EBSD system allows the investigator 
to have the ability to determine relevant crystallographic analysis 
of engineered parts, which can have a strong input for solving 
technological problems as well as for quality control.

The fatigue-testing equipment is mounted on a steel frame and 
introduced inside the vacuum chamber. For this process there is an 
opening left in the chamber, that will allow the use of the fatigue 
testing equipment by itself not under vacuum and subjected to SEM 
analysis, or the opening can be closed with a flange to create the 
vacuum and use the two devices at the same time (fig.3). In this 
combined test, not only the force and break point of the material is 
determined but also the crack is available to be viewed and studied 
thanks to the microscope. By these means, the microscope trans-
forms itself into a complete testing device; since the properties of the 
materials crystal grains can be studied in-situ after the fatigue testing 
is performed, delivering complete test results. This system increases 
the researcher’s ability to record material structural changes that 
precede crack nucleation and allows observation of the influences of 
microstructure on the early stages of crack propagation. The design 
of the system includes a node control mechanism that will create a 
still observation node at any location on the specimen as the fatigue 
cycling occurs, allowing a point of interest to remain within view. 
The exceptional stability of this machine enables improved in-situ 
study of the fatigue-cracking phenomenon. 

The combination of the LC-SEM and the Servo-hydraulic 
Fatigue Testing Machine facilitates mechanical tests on standard 
specimen geometries. Moreover, under cyclic loading, all the classic 
control channels–stroke, stress and strain–of a standard fatigue-
testing machine are available. For the first time, a real closed looped 
controlling and cyclic deformation test under plastic strain control 
can be realized for an in-situ test rig. Since many tests require high 
temperatures in order to be performed, it is also possible to heat 
the specimen up to 1100°C, which when combined with the EBSD 
integrated in the chamber, makes it possible to obtain relevant 

crystallographic data with respect to the applied deformation at 
temperature. Furthermore, this complete system will allow, for 
the first time, in-situ observations in the SEM of metal forming 
processes that might provide valuable data not only in the field of 
micro-system forming processes, but also for many other techno-
logically interesting sheet-forming processes. (fig. 4)

More generally, this system provides a great potential to gain 
more insight on relevant deformation mechanisms for many inter-
esting problems. One example is the investigation of the mechanisms 
responsible for the so-called “Paradox of Ductility and Strength,” 
as it is observed in ultra-fine grained materials. Basic deformation 
or metal forming processes within the context of shifting limita-
tions of currently 
used materials 
or technological 
processes may be 
studied.

The LC-SEM 
with the integrat-
ed fatigue-testing 
machine devel-
oped by VisiTec 
M i c r o t e c h n i k 
GmbH and in-
stalled in Univer-
sity of Erlangen-
Nürnberg in Germany, is perfect for any application where stress 
of a specific material needs to be measured and also the study of 
the crack and crystal grain behavior properties are important. In 
addition, the main advantage of the integration with the LC-SEM is 
that the standard part can be tested, instead of using a small sample. 
In this way, a sample can be fully examined with only one instru-
ment, without cutting the sample and introducing new anomalies 
to the microstructure.   n
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EDS Analysis and Crankshaft

SEM of defect in surface of Crankshaft seen in fig. 4.
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Development, Manufacturing, 
and Customer Service since 1970
What have we achieved in this period?

ultra 45˚ the first diamond knife with an
absolutely score-free, hydrophilic cutting edge.

semi the first diamond knife for alternating
sectioning ultrathin/semithin.

cryo the diamond knife for sectioning at low
temperature.

histo the first diamond knife for semithin
sections for light microscopy.

ultra 35˚ the diamond knife for optimized
sectioning results in almost all applications.

STATIC LINE II the ionizer for
eliminating electrostatic charging in
ultramicrotomy.

cryo-P a cryo knife with a patented platform
for section pick up.

cryo immuno the optimized cryo
diamond knife for the Tokuyasu technique.

ultra sonic the oscillating diamond knife
for room temperature sectioning.

cryotrim 45 and 25 optimizing trimming
with diamond blades.

ultra AFM & cryo AFM the first
diamond knives for AFM at room and low
temperatures.

cryo 25˚ for sectioning frozen hydrated
specimens.

What services can we offer you? 

Technical assistance in all fields of
ultramicrotomy. 
Free sectioning tests for all types of samples. 
Make use of our many years of experience 
in perfecting our knives.
Custom knives, tools, and boats.
Special purchase programs.
Workshops and training.

For more information, 
please call or write us today,

or visit us online at:
www.emsdiasum.com

diamond knives

for all your sectioning requirements
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Exacting Research
demands only the
Highest Quality Products.
Introducing the 2007–2010 EMS Catalog, your
comprehensive source for chemicals, supplies,
accessories, and equipment for Microscopy,
Histology and all fields of biological and 
materials research.

Featuring new and
revolutionary products,
including:

C-flat™ Holey Carbon Grids for cryo-TEM  

Ilford Photography Papers and Photochemicals  

WETSEM™ Capsules for Hydrated SEM
Samples   

DuraSIN™ Substrates for TEM & X-ray

Diatome Oscillating Diamond Knife

PathScan Enabler III

Ultra-Thin Carbon Tabs

Plunge Freezer

EMS 9000 Precision Pulsed Laboratory
Microwave Oven 

State-of-the-Art Oscillating Tissue Slicers

NioProbe and TipCheck for AFM

Aurion ImmunoGold Reagents and Accessories

EMS LYNX Tissue Processor

MAG*I*CAL®

EMS Carbon Coaters and Sputter Coaters

To request our new catalog, please call or write us today, 
or visit us online at www.emsdiasum.com

Application Notes More Technical Support Enhanced Product Lines Revolutionary Products

QuantomiX WETSEM™ AURION Newsletters Diatome Diamond Knives C-flat™ Holey Carbon Grids

The new 2007-2010 EMS CATALOG is now available!The new 2007-2010 EMS CATALOG is now available!

Your one-stop shop for the
latest products and solutions
for Microscopy and Histology!
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