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Why do we need a low voltage 
scanning electron microscope? The 
simple answer is that “higher voltage” 
scanning electron microscopes cannot 
answer adequately some practical 
issues associated with imaging of 
certain types of materials. The latter 
include non-conducting samples 
whether organic (such as polymers, 
enzymes, cells, membranes, etc.) or 
inorganic (such as ceramics, pigments, 
minerals, composite materials, etc.). 
These materials usually manifest one 
or both of these particular problems: 
(i) charging effect due to accumulation 
of electrons on the scanned area of 
sample; (ii) local radiation damage of the 
sample, induced by energetic electrons 
through different mechanisms such as 
decomposition, sputtering, sublimation, 
ionization, diffusion, or transformation. 
These effects lie beyond the scope of 
this note. 

Charging effect leads to a degraded 
image, poor resolution and render 
EDX analysis worthless. It causes the 
incident beam to be repelled from the 
investigated region and gives rise to 
unstable or distorted SEM images [1]. 
In conventional high voltage SEM (up 
to 35kV), charging effects are avoided 
or minimized for non-conducting 
materials by coating the sample with a 
thin conductive layer of gold, carbon, 
platinum, or gold-palladium. A relatively 
thick layer of gold may hide some nano-
scale features of the sample surface. 
Some samples, where specimens 

cannot be cut or broken for SEM 
observation, cannot be coated. As this 
coating can alter the appearance of the 
sample or hinder its reuse or analysis 
by other techniques (e.g. atomic force 
microscopy or Raman). Another option 
that avoids sample coating in high 
voltage SEM is using environmental cell 
conditions which consist in maintaining 
a low vacuum environment in the 
sample chamber by allowing water 
vapor (0–20 torr). E-SEM is particularly 
helpful when studying biological, wet, 
or degassing samples. Nevertheless, 
E-SEM has its own limitations and 
diffi culties. On one hand, there are the 
technical issues of conditioning a large 
chamber and the reduced contrast due 
to the low vacuum the electron beam 
has to travel through. However, the 
presence of water in the E-SEM causes 
more radiation damage to organic and 
biological samples due to ionization of 
water molecules and generation of free 
radicals [2]. 

The other problem is the radiation 
effects or damage caused by a 
high voltage electron beam [2–4].  
Conventional SEMs usually operate at 
an accelerating voltage of 15 kV and 
FE-SEMs at a voltage that can go up to 
35kV. The high energetic and focused 
electron beam can cause serious local 
radiation damage of certain samples. 
The latter include organic and biological 
samples and certain inorganic materials 
such metal sulfi des [5].
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Figure 1.  Images obtained with Agilent 8500 for: (a) bacteria; (b) cells with fl agella; (c) diatoms; 
(d) gray human hair; (e) cells grown on PDMS pillar substrate ; (f) human blood cells, respectively. 

Figure 2.  SE images obtained for the “as is” Fladeland rock sample II. (a and b) with a cold emission fi eld SEM in low voltage 
mode; (c and d) obtained with the Agilent 8500 FE-SEM; (e and f) with Agilent 8500 for the acetone-cleaned sample. 
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To cope with both problems, the 
alternative is to use a low voltage 
scanning electron microscope. FE-SEM 
uses an accelerating voltage as low as 
0.5–2kV. This substantially minimizes 
the charging effect and radiation 
damage, while avoiding coating of the 
sample and maintaining a high contrast 
and high resolution imaging.  Agilent 
8500 FE-SEM in this case is a great and 
appropriate choice [6–7].

In this short application note, we 
show examples where Agilent 8500 
FE-SEM provides high resolution 
images of these very sensitive organic 
and biological samples (Figure 1). 
The 8500 FE-SEM uses a miniature 
electrostatic electron beam column 
combined with a thermal fi eld emission 
electron source. The system’s thermal 
fi eld emission electron source, 
meanwhile, provides high brightness, 
high stability, small virtual source size, 
and low energy spread.

For comparison, we show here SE 
images obtained with a cold fi eld 
emission high voltage SEM, which 
can operate also in low voltage 
mode. In the fi rst case the materials 
investigated with both microscopes 
is a natural rock sample studied “as 
is” without any further preparation. 
It is evident that the images obtained 
with Agilent 8500 (Figures 2c and d) 
are superior in resolution and contrast 
to those obtained with the cold fi eld 
emission SEM instrument (Figures 2a 
and b). A fast sample cleaning with 
acetone has dramatically improved 
the image resolution and contrast 
(Figures 2e and f). 

In the second case, the material 
studied was a quartz sand consolidated 
through “biotically-precipitated” 
calcium carbonate (calcite) using 
an enzyme. Whereas the cold fi eld 
emission SEM (Figure 3a) fails to 
resolve many morphological features 
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of the reaction products (such as quartz 
surface indentation, calcite nucleation 
sites, or growth features), the Agilent 
8500 was able to clearly show these 
features (Figure 3b and Figures 4a–d). 
This gives strong indications to the 
reactions mechanisms. 

Resolution in an SEM is determined 
by the spot size or the electron beam 
size, which is determined by both the 
quality of the lens used for focusing 
and the performance of the electron 
gun (or gun brightness). Smaller 
working distance (WD) in Agilent 8500 
(1.9–3.5mm) also improves resolution 
compared with FE-SEMs operating in 
low voltage mode which operate at a 
WD of 13–20mm. This may explain the 
observed difference between these two 
SEM instruments. 

Using Agilent 8500 FE-SEM, it is 
possible to image, with high resolution 
and excellent contrast, insulating 

Figure 3.  SE images obtained for a quartz 
sand consolidated with biotically-precipitated  
calcium carbonate. (a) SE image obtained with 
a cold fi eld emission SEM in low voltage mode; 
(b) SE image obtained with the Agilent 8500 
FE-SEM. Images are adjusted to the same area 
scale. Quartz surface indentation as a result 
of chemical reaction (red arrows) are visible in 
image (b), but not resolved in (a). 
 

Figure 4.  SE images obtained with Agilent 8500 FE-SEM for a quartz sand sediment consolidated 
with biotically-precipitated  calcium carbonate (calcite): (a) growing calcite crystals; (b) indentation 
of quartz surface (red arrow) and calcite nucleation (blue arrows) where enzyme molecules adhere 
to quartz surface; (c) well grown and cementing calcite crystals; (d) high magnifi cation image 
showing  growing calcite crystals to be layered and porous (green arrows). 



References

 1. Reimer, L., Scanning Electron Microscopy. 2nd Ed., Springer, Berlin (1998).

 2. Egerton, R.F.,  Li, P.,  Malac M., Radiation damage in the TEM and SEM. Micron, 
Volume 35, Issue 6, August 2004, pp. 399–409.

 3. Royal, C. P., Thiel, B. L., and Donald, A. M., Radiation damage of water in environmental 
scanning electron microscopy. Journal of Microscopy, Volume. 204, Pt 3, December 
2001, pp. 185–195.

 4. Grubb, D. T., Radiation damage and electron microscopy of organic polymers. Journal 
of Materials Science. Volume 9, Number 10 (1974), pp. 1715–1736.

 5. Béarat, H. Chizmeshya, A., Sharma, R., Barbet, A., Fuchs, M., Mechanistic and 
computational study of cinnabar phase transformation: Applications and implications 
to the preservation of this pigment in historical painting. In: The 3rd International 
Conference on “Science and Technology in Archaeology and Conservation”, 
(December 7–11, 2004, Jordan). Editor: T.S. Akasheh, Foundation El Legado Andalusi, 
Spain, 2008, pp. 53–70.

 6. Agilent Technologies Inc. Low Voltage FE-SEM Examination of Organic Polymers, 
Application Note # 5990-8931EN.

 7. Agilent Technologies Inc. Use Low Voltage FE-SEM to Overcome Challenges of Imaging 
Biological Specimens, Application Note # 5990-9013EN.

Nano Mechanical Systems from
Agilent Technologies

Agilent Technologies, the premier 
measurement company, offers high-
precision, modular nano-measurement 
solutions for research, industry, and 
education. Exceptional worldwide support 
is provided by experienced application 
scientists and technical service personnel. 
Agilent’s leading-edge R&D laboratories 
ensure the continued, timely introduction 
and optimization of innovative, easy-to-use 
nanomechanical system technologies.

www.agilent.com/find/nano

Americas

Canada  (877) 894 4414
Latin America  305 269 7500
United States  (800) 829 4444

Asia Pacifi c

Australia  1 800 629 485
China  800 810 0189
Hong Kong  800 938 693
India  1 800 112 929
Japan  0120 (421) 345
Korea  080 769 0800
Malaysia  1 800 888 848
Singapore  1 800 375 8100
Taiwan  0800 047 866
Thailand  1 800 226 008

Europe & Middle East

Austria  43 (0) 1 360 277 1571
Belgium  32 (0) 2 404 93 40
Denmark  45 70 13 15 15
Finland  358 (0) 10 855 2100
France  0825 010 700*
 *0.125 €/minute

Germany  49 (0) 7031 464 6333
Ireland  1890 924 204
Israel  972-3-9288-504/544
Italy  39 02 92 60 8484
Netherlands  31 (0) 20 547 2111
Spain  34 (91) 631 3300
Sweden  0200-88 22 55
Switzerland  0800 80 53 53
United Kingdom  44 (0) 118 9276201
Other European Countries:
                   www.agilent.com/fi nd/contactus

Product specifi cations and descriptions in this 

document subject to change without notice.

© Agilent Technologies, Inc. 2012
Printed in USA, June 13, 2012
5991-0736EN 

inorganic materials without the need 
for a metal coating. Furthermore, 
Agilent 8500 FE-SEM allows high 
resolution imaging of organic samples 
without coating or radiation damage to 
the samples. Otherwise, these analyses 
are not as feasible using other FE-SEMs: 
cold fi eld emission SEM operating at 

low voltage and E-SEM, respectively. 
It is expected also that Agilent 8500 
FE-SEM would be even more helpful 
in studying other sensitive organic 
or biological samples such as cell 
membranes, bacteria, biofi lms, and 
biogels, when compared to other 
FE-SEMs currently available.


