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ABOUT NANORES

Nanores is a hi-tech, independent research and development laboratory, set to provide the highest quality
service and improve standards of cooperation between science and business. Through the use of state of
the art equipment and by creating a team of specialists in various fields (physics, mathematics, chemistry,
materials science), we are able to efficiently identify needs and provide the best solutions for our partners.
We are specialized in analysis and modification of structure of hard materials, both conductive and nonconductive. Our laboratory is equipped with electron and ion Dual Beam microscopes (SEM/PFIB, SEM/FIB),
and Atomic Forces Microscope (AFM) with multiple advanced 2d and 3d imaging modalities. We offer
unique ability of surface and volume imaging and analysis in nanometric scale including the identification of
the atomic composition. Beforementioned services allow to reveal manufacturing micro and nano defects
along with verification of their causes, supporting production optimization processes. We provide services
for the production and design of micro and nano prototypes of photonic, mechanical, electronic and other
structures.

OUR EQUIPMENT

1. DualBeam SEM/Xe-PFIB system (1st in Poland, 2nd in Europe) FEI Helios G4 PFIB
2. DualBeam SEM/Ga-FIB system FEI Helios NanoLab 600i
3. AFM Nanosurf FLEX Axiom
4. EDS detector Bruker XFlash 630 mini
5. High vacuum coater Quorum Technologies Q150T E
6. Plasma Cleaner PDC-32G-2
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Xenon plasma focused beam technology enables performing new research not possible with other testing
methods. Together with an ultra-high resolution electron microscope (SEM/Xe-PFIB FEI Helios PFIB
Microscope) and a fast EDS detector by Bruker, it is the only such analytical system in Europe. The energy of
focused ion beam enables selective removal and modification of a specimen in a nano-scale. Microscopes
in the research and development laboratory of Nanores enable ultra-high resolution imaging of the surface
of specimens. At the same time, it is possible to create elemental maps, as well as point and linear analyses
with EDS detectors. This technology enables creating cross-sections, 3D reconstructions and performing
quick, maskless prototyping processes in nano- and micro-scale. Electron microscopy, as opposed to
optical microscopy, is characterised by exceptionally large depth of field and enables extremely high
magnification (up to 1 000 000 times). It is possible to obtain a substantive amount of information on
material's phases and to show the material contrast of a specimen depending on the configuration of the
electron microscope detectors. SEM microscopes enable specifying the characteristics of a wide spectrum
of conductive and non-conductive materials without modifying them. They also enable fast production of
micro-scale prototypes of spatial structures. The following are the main advantage of using a Xenon beam
(Xe-PFIB):
•

50 times faster operation in comparison with the Gallium technology (Ga-FIB),

•

lack of ion implantation in specimens during polishing processes and ion etching,

•

thinner amorphous layer.

Comparison of technical parameters of dual beam microscopes owned by Nanores.
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SEM/Xe-PFIB

SEM/Ga-FIB

Accelerating

SEM: 350 V - 30 kV

SEM: 350 V - 30 kV

voltage

Xe-PFIB: 2 kV - 30 kV

Ga-FIB: 500 V - 30 kV

SEM: 1 nm

SEM: 1 nm

Xe-PFIB: <25 nm

Ga-FIB: 2.5 nm

Resolution

diameter: 150 mm with full rotation of the sample

Specimen

height: 100 mm

limitations

maximum weight: 500 g
ETD (Everhart-Thornley Detector)
TLD (original secondary electron detector by FEI)
ICE (secondary electron detector)

Detectors

CBS (original semiconductor detector of backscattered electrons by FEI)
EDS
(Bruker XFlash 630 mini)
with a thickness below 100 nm

Lamellas

compatibility with materials based on
aluminium, and gallium
three-dimensional reconstruction of a

3D

specimen based on SEM images and EDS
elemental maps (volume of approx. 1
000 000 μm3)

Etching

no beam material implantation

gallium implantation

Ion etching technique enables the analysis of samples not only on the surface but also enables imaging a
sample inside. Fig. 1 presents an analysis of the morphology of the porous structure of copper and
antimony.
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Fig. 1. SEM/FIB images of foam Cu, Sb, presenting the porosity of sample's surface (A) and FIB cross-sections (B-E) presenting the
pore size distribution and their morphology.

Figure 2 presents the sample’s cross-section, showing the polycrystalline structure of copper.

Fig. 2. SEM image of copper grains cross-section obtained using the
ion etching technique.

2. EDS (EDX) elemental composition analysis
EDS elemental composition analysis takes place inside the electron microscope chamber. During imaging of
a specimen with an electron beam, the atoms of the specimen emit characteristic x-ray radiation, which is
unique for each element. An advanced EDS detector collects the signal emitted by a specimen and
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performs an elemental composition analysis. An elemental map of the scanned surface is created when the
scanning strategy is changed and the spectrum is generated from each consecutive point independently.
The spectrum enables creating a table presenting mass and quantity based elemental composition of a
specimen with high accuracy. The XFlash 630 detector by Bruker has a very good energetic resolution (123
eV for Mn Kα, 45eV for C Kα and 53 eV for F Kα) and exceptional efficiency. The cooling system, which does
not generate vibrations, makes this detector one of the most advanced devices on the market for high
resolution analysis. Our detector enables the detection of elements from 4Be to 95Am. Fig. 2 presents an
example of an EDS spectrum with a table specifying the type of detected elements and their percentage by
weight in the specimen.

Fig.2.
Sample EDS spectrum with quantitative results of the measurement

What is more, the EDS analysis enables more than just a measurement which yields a spectrum from a
single point/line or the entire area. It also enables creating maps of element distribution in a specimen and
determining their percentage.
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a

b

c

Fig.

3.

Element distribution maps (b-c) in a specimen (a)

3. BSE, EBSD material analysis
With the use of a CBS backscattered electron detector (BSE), it is possible to obtain images of material
contrast. Such images enable qualitative presentation of phase/chemical differentiation of a specimen's
surface. The third generation of the four-segment CBS detector by FEI is equipped with four miniature solid
state scintillators in the shape of concentric rings. Signal from consecutive segments can be displayed
individually or can be stacked (mixed) and signal input from each segment can be adjusted. This detector
enables advanced imaging in the topographical/composition mode and obtaining other effects such as, for
instance, 3D imaging. Data collected from segments A and D confirm the material homogeneity. Images
from subsequent rings provide additional information about the topography of the sample.

Fig. 4. BSE image of a pollen sample with the use of individual segments of the CBS detector (a) and (b) optimal segment
combination
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4. Xe-PFIB/Ga-FIB as complementary technologies to the XRD and EBSD crystallographic analyses.
SEM/Xe-PFIB/Ga-FIB imaging enables supplementing the crystallographic studies aimed at analysis of
crystalline composition of materials. Fig. 5 presents the results of XRD tests and SEM images of crosssections of analysed samples. In both cases, the XRD analysis only provides information on the orientation
of the crystallographic plane in one dimension. Analysis of cross section of the sample presenting the
differences in other dimensions completes this study.

Fig. 5. Cross-sections of a Cu layer made with an FIB (a) and (b) and their corresponding XRD characteristics (b) and (d)

An EBSD analysis performed with the SEM/Xe-PFIB FEI microscope produces a better image than an analysis
performed with standard SEM/Ga-FIB microscopes. Figure 6 presents a comparison of images of the same
material obtained with two microscopes.
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a

b

Fig. 6. EBSD images of the surface of the same sample modified with an Xe-PFIB microscope (a) and a Ga-FIB (b) microscope
obtained at the same voltage and their corresponding phase maps (PM) and band contrast (BC).

5. Local micro-section made with the Xe-PFIB or Ga-FIB technology.
With the ion etching and polishing technique it is possible to analyse samples not only at the surface, but
also inside of them. Our devices enable creating local micro-sections due to the qualities of an ion beam. It
allows for a selective removal of material and enables creating local micro-sections with roughness which
does not exceed single nanometres. An SEM image is created after removing the material and after ion
polishing. It is also possible to create an element map of the surface of a micro-section.

Fig. 6 Examples of local micro-sections made by ion etching
with the use of the Xe-PFIB

What is more, the Xe-PFIB technology enables much faster processing comparing to the Ga-FIB
technology. This directly translates not only into a significant reduction of the test duration, but also
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allows for the optimisation of measurement costs and yields better results.

Fig. 7 3D cross sections of stainless steel using PFIB-SEM and FIB-SEM techniques over a similar time period

6. 3D reconstruction with elemental composition analysis
Advanced software and the features of the DualBeam system enable making a 3D reconstruction of a
selected area of a specimen. During these tests, hundreds of images of consecutively stripped layers are
made, which are then converted into a 3D model.

Fig. 8. FIB cross-section of a tempered graphite sample (a), 3
D shape reconstruction with the Amira software (b)

A 3D model can be also created not only based on SEM images, but also on the basis of EDS maps,
providing valuable information on the spatial distribution of elements in the material.
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Fig. 9 Three-dimensional representation of element distribution (3D EDS) with the FIB/SEM technology: NiTi alloy laser welded with stainless
steel.

7. Micro-compression tests
Additional supplementary services are micro compression tests and imaging of effects of the force acting
on specially prepared samples. Figure 14 presents SEM images of micro-columns previously subjected to a
load. Preparing a micro-section of micro-columns enables observing the propagation of cracks. These tests
can be carried out anywhere in the specimen, showing mechanical properties of the area subjected to the
study.
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Fig. 14. SEM images of Cu/Cu-Zr nano-layered micro-columns before (a) and after (b) uniaxial compression tests. Crosssection through the compressed object (c) presenting the layered structure and evenly weakened layers of Cu. Stress-strain
characteristics (d)

8. Preparation of samples for Transmission Electron Microscopy
TEN samples prepared using the Xe-PFIB technology are characterized by a thinner amorphous layer
created as a result of ion polishing compared to the Ga-FIB technology. Thinner amorphous layer
guarantees better quality of TEM images. Physical properties of plasma beam enable preparing samples
containing materials based on aluminium, lead, zinc, and other materials incompatible with the Ga-FIB
technology. It is due to the lack of gallium ion implantation in the material. A comparison of TEM samples
made with both technologies is presented in figure 4.
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Using the Xe-PFIB technology enables obtaining a uniform, undamaged and revealed spatial structure of a
system. When preparing ultra-thin TEM samples, a plasma-ion microscope guarantees the highest quality
surface in a much shorter period, without the need for polishing with very low energy (fig 5 and 6).
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Fig. 5. Silicon lamella size 900 x 14 x 27 μm made using an Xe-PFIB microscope.

Fig. 6 Silicon lamella size 20 x 12 x 0.1 μm made using a Ga-FIB microscope.

With our devices, we are able to prepare a TEM sample with a thickness below 100 nm from the area of
interest indicated by the client.
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9. AFM surface diagnostics
Surface diagnostics using an AFM microscope (atomic force microscope) enables presenting hight
differences in atomic scale. These studies provide information on, inter alia, material roughness and
porosity. They also enable to verify the correctness of processes involving application of layers at any stage
of production. (figure 4).

Fig. 4. TiO2 layer structure: (a) view of the layer surface structure – magnification 5 000x, (b) view of layer surface nano-pores –
magnification 20 000x, (c) AFM observation of layer surface pore walls. [Sample image]

Thank you for reading our offer. Please contact us should you have any questions.

Nanores Team
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OUR PARTNERS

1. CERN, the European Organization for Nuclear Research, Geneva, Switzerland
2. Wroclaw University of Science and Technology, Wrocław, Poland
3. Labsoft, Warszawa, Poland
4. PIK Instruments, Piaseczno, Poland
5. University College London (UCL), London, Great Britain
6. uAvionics, Warsaw, Poland
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