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Focused Ion Beam Lithography (IBL) is able to have significant advantages 
over electron beam lithography (EBL), like direct, resistless, and three-
dimensional patterning, while at the same time delivering the in-situ process 
control by cross-sectioning and inspection that a focused ion beam (FIB) instru-
ment typically affords. We have improved the IBL instrumentation specifically 
for nanometer scale patterning over large areas. The beam current distribution for 
Raith ionLiNE shows a narrow and large central spot and low tails with rele-
vance for different methods and compared to different data of conventional FIB 
technology (Fig.1). 

 Beam current distribution for Raith ionLiNE. Reference results A to C can be 
found in [1-3], respectively.  

These system features enable high resolution, large area patterning over long 
times for IBL applications such as X-ray zone plates [4], large area gratings [5], 
and wafer-level nanopore devices, tasks which are impossible with an analytical 
FIB-SEM microscope platform.  

With the appreciation that the ion type has dramatic consequences on the 
physical and chemical nature of the resulting nanostructures, we have extended 
the Gallium IBL tool’s unique ion column and source towards the long-term 
stable delivery of multiple species for a nanometer-scale focused ion beam em-
ploying a liquid metal alloy ion source (LMAIS). The IBL system is equipped 
with an ExB filter capable of selecting single and multiple charged ion species 
[6, 7]. Nearly half of the elements of the Periodic Table are in principle available 
in FIB technology [8]. We present a progress report demonstrating the capabili-
ties and applications of the multiple-species IBL instrument including excellent 



long term current stability (Fig.2) and sub-10 nm beam resolution for various 
ions like Be, Si and Au.  

 Results on the stability measurements of a AuGe liquid metal alloy ion source over 
25h, (a) high voltage at tip including 1V compensation at 35 kV and (b) probe current 
with settings for Au++ ion beam of 7 pA. 

Employing the multi-species IBL system nanostructures with dimensions be-
low 20 nm can be achieved with Si and other ion species. In addition to the mo-
tivation for potentially minimizing chemical contamination by using a Si focused 
ion beam, we also work towards 10 nm feature sizes with Si and Be (Fig. 3). 

. Minimum feature size results for milling of a gold layer on a bulk sample: 7 nm 
features with the Be ion beam (left), 13 nm features with the Si ion beam (middle), and 19 
nm features with the Au ion beam (right). 
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M. Neklyudova, H.W. Zandbergen 

Electromigration is a phenomenon in which the electrical current flow of 
high density through a solid can lead to intensive atomic motion due to the high 
speed electrons transfer part of the momentum to the atoms (or ions) by colli-
sion. This phenomenon can lead to morphological and structural instabilities not 
only in metallic interconnections but also in semiconductor nanowires [1,2]. 
Since semiconductor nanowires are the subject of active study in virtue of their 
usage as low-dimensional systems, as building blocks for future nanoscale cir-
cuits [3,4], the electromigration becomes the key issue that controls the lifetime 
and stability of a nanoscale device.  

In this work the process of electromigration in a single InAs nanowire was 
investigated by in situ TEM technique using a FEI Titan microscope operating at 
300 keV. The electromigration experiments were carried out in a bias-ramping 
mode which allowed performing accelerated experiments for electromigration 
process visualization in-situ TEM. The voltage applied for all cycles of elec-
tromigration experiments was set to 1200 mV. The resistivity calculated for the 
nanowire diameter 221 nm was 2*10-2 ·cm. The current density for electromi-
gration activation was about 3.6*104A/cm2. It was found that the electromigra-
tion in nanowire starts at a position close to the cathode with formation of the  
 

 Snapshots from the real-time TEM movie showing the first cycle of electromigra-
tion process in InAs nanowire. (a) Initial con guration of InAs nanowire before first cycle 
of electromigration. (b)-(e) Images of the nanowire part pointed by blue square on (a) and 
taken at B- E times on I-V curve respectively. (f) Typical I–V curve for one loop in the 
bias-ramping mode. The red arrows indicate the bias-ramping. 



cubic-shaped nanoparticles in the place of failure. The EDX analysis of the nan-
owire after electromigration experiments showed that the particle which formed 
near anode part is indium. In the presentation all structural and chemical evolu-
tions of the InAs nanowire will be discussed. 
 

 
 Snapshots from the real-time TEM movie showing the second cycle of electromi-

gration process in InAs nanowire. (a) Configuration of the InAs nanowire after first cycle 
of electromigration. (b)-(i) TEM snapshots showing morphological changes during second 
cycle of electromigration and corresponded to B-I times on I-V curve (l) respectively. (j) 
TEM image of the nanowire part marked by green square on (i). (j) Magnified TEM im-
age of the nanowire part marked by red square on (j) and showing the morphological and 
structural changes after second cycle of electromigration. (l) I–V curve for the second 
cycle of electromigration. The red arrows indicate the bias-ramping direction. 
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Quantitative microanalysis at low voltage with a WDS 
electron microprobe equipped with a FE column 
E.D. Norman, C. Hombourger, M. Outrequin 
CAMECA, 29 Quai des Grésillons, 92622 Gennevilliers Cedex, France 

Thanks to its precision, its reproducibility and its stability, Electron Micro-
probe is a well suited technique for accurately analyze nearly all chemical ele-
ment to concentration level down to few 10’s ppm with a spatial resolution of 
about 1 m, which is relevant to microstructures in a wide variety of materials 
and mineral specimens.  

With the development of the Schottky emitter and its implementation as elec-
tron source in Electron Microprobe, small features are commonly analyzed own 
to sub-micrometer scale. Thanks to the high brightness of the Schottky emitter, 
fine focused electron beam can be achieved with both high and stable beam cur-
rents even low accelerating voltages ( 10 keV). 

Since X-rays are generated from a much larger diameter than the diameter of 
the incident electron beam, it is necessary to optimize the two interdependent 
parameters, accelerating voltage and beam diameter, in order to take full ad-
vantage of the FEG electron source for X-ray analysis. The electron beam diame-
ter increases with decreasing the electron beam energy as shown on Figure 1. 
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Fig. 1. Beam diameter versus beam accelerating voltage at 2 beam currents (blue = 10 nA, 
red = 100 nA). 

 



The interaction volume - within which scattered electrons generate X-rays – 
decreases with the electron energy as shown on Monte Carlo simulation run with 
the program CASINO [1] on Figure 2. Thus, a small beam diameter is not al-
ways synonym of a small interaction volume and optimized conditions are ob-
tained when the analytical spatial resolution is primarily limited to the diameter 
of the X-ray emission volume in a specific material. 

 

Fig. 2. Monte Carlo simulations of electron trajectories beneath the specimen surface as 
calculated by CASINO [1]. Note the decrease in the interaction volume for Al as the beam 
energy decreases by about 50% from 10 keV to 5 keV (red = backscattered electrons, 
yellow = other electrons of high energy, blue = electrons of low energy).  

 
The ability to accurately quantify precipitate phases on the micrometer and 

sub-micrometer scale when working at low beam energy with high spatial reso-
lution will be illustrated in examples as Dunite, igneous rock locally enriched in 
Platinum acquired on the CAMECA SXFiveFE. The analytical resolution deter-
mined from X-ray maps will be presented.  
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Exposure of lymphocytes with low-energy laser irradiation (LELI) results in 
synthesis of cytokines, participating in immunological response [1].  It was sup-
posed that light sensitive reactions were evolved due to increasing mitochondria 
energetic metabolism through primary absorbing photons by cytochrome c oxi-
dase [2]. Subsequent ATP synthesis activation as well formation of some other 
signals in mitochondria results in modulation of gene expression [3]. Electron 
microscopic study of lymphocytes, exposed by He-Ne laser (  632.8 nm) is use-
ful in interpretation of else unanswered mechanisms of low intensive laser thera-
py. The lymphocytes, isolated from human peripheral blood by Ficoll-Paque 
gradient, were irradiated at 56 J/m2 and analyzed 1 h after exposition. The dose- 
and time- regimes were taken on the basis of our lab data. Mitochondria, nucleus 
condensed chromatin, nucleoli and cytoplasm polysomes were well distinguished 
on thin cell sections, treated with heavy metal salts (dispersed chromatin is not 
revealed [4]). Changes of these organelles under LELI are presented below. 

Changes of mitochondria. Exposed cells contain ~10 lengthened mitochon-
dria (to 1.2 ), whereas control cells have ~40 short mitochondria; in both cases 
total mitochondrial volume per cell is the same. Thus, LELI induces fusion of 
mitochondria.  Similar process was linked by some investigators to increase of 
ATP synthesis giving rise to activating cellular functions [5]. Thus, observed 
changes may be consequence of the activation of electron transport chain. In 
addition, a comparison of experimental and control cell populations shows that 
more 50% irradiated lymphocytes contain mitochondria with “light” matrix, 
while ~90% control cells have mitochondria with “dark” matrix. It was sup-
posed, that turnover of proteins in light mitochondria was accelerated due to de-
creasing matrix viscosity resulting in oxidative phosphorylation activation [6].  

Loosening of condensed chromatin. The protein complexes and transcrip-
tional factors were demonstrated to have the property of penetrating within inter-
phase condensed chromatin to cause global unfolding high-order (30 nm) chro-
matin fibers [7]. We demonstrate that LELI result in reducing optical density (by 
8.5%, p<0.01) of the bulk of chromatin masses (adjacent to nuclear membrane) 
occupying ~87% of total condensed chromatin in the nuclear section. This shift 
reflects loosening majority of mentioned chromatin which may be consequence 
of unfolding DNP- fibers, constituting the chromatin areas. The irradiation also 
results in dispersion and decrease of condensed chromatin clumps in the centre 



of nucleus. These changes may be connected with unfolding chromatin fibers in 
clump-nucleoplasm interface. We cannot also exclude unfolding chromatin fi-
bers in the perichromatin regions of the main condensed chromatin masses, as 
theoretically their loosening have to be result in increasing of chromatin masses. 
In actuality this fact was not supported. Absence of increase of the chromatin 
may be consequence unfolding chromatin fibers on boundary of the condensed 
chromatin masses with nucleoplasm. It was established that unfolding DNP-
fibers in perichromatin region was responsible for pre-mRNA synthesis [4]. So 
unfolding chromatin fibers under LELI may take place not only outside but in-
side of condensed chromatin areas as well.   

Change of nucleolus. It was known that resting lymphocytes have ring-
shaped (inactive) nucleolus with one fibrillar centre (FC) involving DNA- fila-
ments; the FC is surrounded by dense fibrillar components (DFC). The nucleolus 
has a few of pre-ribosomes. In such nucleoli pre-rRNA synthesis is extreme low. 
Proportion of control lymphocytes with ring-shaped nucleolus is ~90%. Laser 
irradiation brings into appearance two or more FCs, fragmentation of DFC and 
increasing pre-ribosomes content. Proportion of exposed cells with such nucleoli 
is ~ 60%. Loss of ring-shaped structure of nucleolus in significant part of irradi-
ated cells may be associated with active formation of pre-ribosomes. 

 Increase of cytoplasm polysomes. Two types of polysomes are usually found 
in eukaryotic cell: aggregates of ribosomes in cytoplasm and ribosomes attached 
to endoplasmic reticulum membranes. The former synthesize intracellular pro-
teins, the latter synthesize excreted proteins. About 90% lymphocytes in the con-
trol are predominantly contained free ribosomes (no capable to protein synthesis) 
and only ~10% cells have a few polysomes. Contrary, 70-80% of irradiated lym-
phocytes are characterized by presence of considerable content of polysomes, 
involving polysomes attached to ER. So, enhancing protein synthesis for early 
post irradiation period is inherent for substantial proportion of the cells.  

Thus, LELI results in increasing ATP synthesis in mitochondria, raising 
DNA transcription to mRNA (in the nucleus) and DNA transcription to rRNA 
(in nucleoli) as well elevating mRNA translation to proteins (in cytoplasm). Re-
taining high ATP level for 1 h may be essential for activation of gene expression, 
regulated on transcription and translation levels.  

1.  E.G. Novoselova, O.V. Glushkova, D.A. Chernenko, V.M. Chudnovsky, E.E. Fesenko. 
Photodermatol. Photoimmunol. Photomed. 2006, 22, 33-38. 

2.  T.I. Karu. Photochem. Photobiol. B: Biol. 1999, 49, 1-17. 
3.  T.I. Karu.  Photochem. Photobiol. 2008, 84, 1091-1099. 
4.  S. Fakan. Histochem. Cell. Biol. 2004, 122, 83-93. 
5. H. Chen, A. Chomyn, D.C. Chan. J. Biol. Chem. 2005, 280, 26185-26192. 
6.  B.A. Scalettar, J.R. Abne. Proc. Natl. Acad. Sci. USA. 1999, 88, 8057-8061. 
7.  G.L. Hager, J.G. McNally, T. Misteli. Cell. 2009, 35, 741-753.  
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On processing field samples of the desmids  
(Desmidiales, Viridiplantae) for scanning electron  
microscopy 
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119071, Moscow, Leninsky Prospekt 33, Russia 
2 Mordovian Natural Reserve named after P.G. Smidovich,  
431230, Pushta, Lesnaya 9A, Temnikovskii raion, Republic Mordoviya, Russia 

Desmids (Desmidiales, Viridiplantae) are beautiful microscopic green algae 
which occur in freshwaters all around the world. Desmid cell size ranges from 10 

m to more than 1 mm. For over 150 years desmids were fascinating the profes-
sional microscopists and amateurs because of elegant shape, complex symmetry 
and elaborate ornamentation of their cellulose cell wall. During this period more 
than 6000 species of the desmids have been described based only on light mi-
croscopy. However most desmid genera have been regarded as artificial and need 
a taxonomic revision [1]. Difficulties with definition of taxa slow down devel-
opment of important applied hydrobiological and ecological researches. 

It is well known that scanning electron microscopy (SEM) allows to solve 
some taxonomic problems. For example, modern taxonomy of diatoms is estab-
lished mainly on the observations with SEM. It is very likely that SEM (in com-
bination with other methods) will be the useful tool for taxonomic revisions of 
some large and presumably artificial desmid genera. So far in the western litera-
ture there are few publications dedicated to the techniques for processing field 
samples of desmids for SEM. Russian desmidiologists use SEM in the investiga-
tions very rarely as well. Therefore the aim of our study is to test different meth-
ods of the desmid preparation for SEM. 

As a material for our study we used several formaldehyde-fixed samples of 
squeezings from Sphagnum mosses with high abundance of the desmids. We 
tested three techniques: air drying of cells from water (AD) [2], critical point 
drying (CPD) [3] and hexamethyldisilazane drying (HMDS) [4]. For AD the 
drop of field material was dried simply on the aluminum stub. For CPD and 
HMDS, the material was placed on the square pieces of filter paper covered by 
thin sticky layer of gelatin to ensure better adhesion of desmid cells. Foreign 
desmidiologists commonly use glass coverslips coated with poly-L-lysine in or-
der to increase adhesion of desmids [5]. We replaced this commercial reagent on 
more accessible and cheap gelatin. Then the samples were dehydrated in the 
graded ethanol series (30, 50, 70, 96%, 10 min each) and transferred to 100% 
acetone. Further operations for CPD and HMDS respectively were conducted 



following previous articles [3, 4]. Dried specimens were coated with Au-Pd in 
Giko IB-3 Ion Coater. SEM observations were conducted using a CamScan mi-
croscope. 

AD is the most rigorous method, leading in obvious artifacts. Many deformed 
cells are observed. Large delicate cells are always damaged. However some 
small species are found to be in a good state. AD allows us to avoid lack of rare 
taxa (with low abundance in the samples) during the multi-step procedures de-
scribed for CPD and HMDS. This method also takes little time. AD does not 
require expensive reagents or chemical substances that are dangerous for human 
health as well. CPD and HMDS yield good stable results without artifacts both 
for large and small desmid cells, although a small amount of damaged cells is 
usually found in each sample. Nevertheless preparation using these two methods 
occupies much time and requires special reagents and instruments. CPD is the 
most frequently used method for desmid preparation [3]. HMDS is rarely used in 
the work with a plant material. In general, HMDS is more usually applied for 
animal specimens [4]. In our work we revealed that HMDS can be used success-
fully for desmids. 

Thus CPD and HMDS allow to achieve the best quality of specimens, while 
AD is quite suitable only for small-sized desmids. The choice of method depends 
on tasks of a researcher, accessibility of the reagents and instruments for CPD 
and HMDS. In total, all three tested methods are not difficult and we hope that 
SEM will become a common tool in the investigations of the desmids. 

We are much indebted to Alfred van Geest (Amsterdam, the Netherlands) 
and Marien van Westen (Assen, the Netherlands) for assistance with search of 
references; to Dr. A.A. Kotov and Prof. N.N. Smirnov (Laboratory for Ecology 
of Aquatic Communities and Invasions, A.N. Severtsov Institute of Ecology and 
Evolution) for improving the manuscript. 
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3.  S.B. Gough, T.W. Garvin, W.G. Woelkerling. Br. phycol. J., 1976, 11, 245-250. 
4.  C. Laforsch, R. Tollrian. Arch. Hydrobiol., 2000, 149, 587-596. 
5.  J. Š astný. Fottea, 2010, 10 (1), 1-74. 
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