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LABORATORY OF ANALITICAL ELECTRON MICROSCOPY (L-2)

Authorisation: 
Accredited activity is defined in the Scope of Accreditation No. AB 120

Quantitative and qualitative analysis of elements in alloys and ceramic materials, 
identification of phases, analysis of chemical composition and shape of precipitates, 
examination of structure of grain boundaries, 
High resolution analysis (atomic scale)
determination of surface morphology, shape and size of inclusions. 
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High-vacuum deposition processes

Pulsed Laser Deposition (PLD)

Magnetron sputtering (MS)

Anode Layer Ion Source treatment 
and assisted deposition (ALS)

PLD: KrF & Nd:YAG multi-beam evaporator

MS: DC, DC-pulsed, RF on 1-4 sputter 
magnetrons

ALS: Veeco ALS 340

Usable chamber volume: 
planetary diameter 560 
mm, 450 mm

Gas pressure: 10-4 to 10-2

mbar



Surgical tools/ Application
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Industrial partner
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The role of the multilayer coating
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Biomimetics (
Biomimetics

Study and simulation of biological systems with

desired properties

Transformation of the underlying principles into
man-made technology









In order to see the element in the size of „d” it is a need to have
λλλλ <<<< d. For example the length of visible light is → 0.5 µm

In general, to receive information about atomic structure 

it is necessary to apply λ< 0.1 nm

λ=√150/V, where
λ- wavelength in Angstroms,
V- accelerating voltage in volts







λ=√150/V, where
λ- wavelength in Angstroms,
V- accelerating voltage in volts







Comparing SEM and TEM
TEM SEM

Imaging
Electrons must pass through and 

be transmitted by the specimen

Information needed is 

collected near the surface 

of the specimen

Electron Beam Broad, static beams
Beam focused to fine point;

sample is scanned line by line

Voltages Needed
TEM voltage ranges from 

60-300,000 volts

Accelerating voltage much lower; not 

necessary to penetrate the specimen

Image Rendering
Transmitted electrons are 

collectively focused by the 

objective lens and magnified to 

create a real image

Beam is scanned along the surface of 

the sample to 

build up the image

Interaction of the

beam electrons
Specimen must be very thin

Wide range of specimens allowed; 

simplifies 

sample preparation





Parameters

� Bench top system

� Two opposite arranged ion guns

� Ion energy: 1 keV to 10 keV

� Gun tilt: ± 45° (each gun)

� Sample tilt: 0° to 180°

� Milling angle: 0° to 90°













CORE TECHNOLOGY: Electromagnetic Lenses
electron beam

soft iron pole piece

electrical coil



spherical aberration

• arises because a simple lens is more powerful at the edge than   

at the centre

• is not a problem with glass lenses (can be ground to shape)

• disc of minimum confusion  results instead of point focus:

• is not correctable for electromagnetic lenses



chromatic aberration

• light of different λ brought to different focal positions

• λ for electrons can be controlled by fixed KV and lens currents

• but λ of electrons can change by interaction with specimen !

• rule of thumb: resolution >= (specimen thickness)/10



astigmatism

• arises when the lens is more powerful in one plane

than in the plane normal to it

• causes points to be imaged as short lines, which ‘flip’ through

90 degrees on passing through ‘focus’ (minimal confusion)











Coatings deposition
TEM microstructure 

characterization

Micromechanical analysis

Dr hab.eng. Marcin Kot

Dr hab.eng. Łukasz MajorDr hab. eng.Jürgen Lackner

Dr hab.eng. Zbigniew Nawrat 

Cardiosurgical robots

Dr eng. Marcin Dyner



Approach for coatings design 
- Advanced deposition techniques
- Detailed microstructure characterization 
- Micro- mechanical tests + finite elements modeling
- Bio- compatibility tests



Coatings were selected by:

Mechanical test

-Ball- on- disc wear test

- Scratch adhesion test

Bio- compatibility test

-Test by smooth muscle cells

- Confocal microscopy

Coatings were characterized by:

Transmission Electron

Microscopy

Bio- tribological tests
Microstructure characterization
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Standard, ex- situ tests

In- situ tests







General goal



- Project NCN nr: 3066/B/T02/2011/40- FINISHED

- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED

- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress

- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED



Title: Development and diagnostics of multifunctional ceramic/ hydrogenated 

amorphous carbon coatings for elements of pumps of ventricle assist pumps 
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Single layer a-C:H coating

Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)

Microstructure characterization
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Single layer TiN coating

As deposited coating (Before mechnaical tests)

Microstructure characterization



TEM BF 

Substrate- austenitic

steel





Miller indices of major cystal planes of the regular system



TEM BF 

Substrate- austenitic steel



Single layer TiN coating

Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)

Microstructure characterization



SEM



TEM BF;

Coating after mechanical tests



Atomic structures images of brittle cracking along particular crystallographic planes: 
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Soft Ti phase
+
Hard Ti2N phase

Microstructural characterization of the coatings by TEM after the wear test



TEM BF;

Coating after mechanical tests
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As deposited coating (Before mechnaical tests)

Microstructure characterization

Multilayer 8x TiN/Ti/a-C:H coating
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Multilayer 8x TiN/Ti/a-C:H coating

Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)

Microstructure characterization
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SEM

8x TiN/Ti/a-C:H (1:1) mono a-C:H

mono TiN





TEM BF;

Coating after mechanical tests
Wear mechanisms:

1) by cracking 
2) by layer by layer remove + tribo-film formation  



TEM BF

cracking



TEM BF
cracking



cracking



Layer by layer remove + tribo-film formation

TEM BF
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Microstructural characterization of the coatings by TEM after the wear test
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EDS

Layer by layer remove + tribo-film formation
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Layer by layer remove + tribo-film formation
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Summary part: I

Observed after the wear test



- Project NCN nr: 3066/B/T02/2011/40- FINISHED

- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED

- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress

- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED



Title: Development of wear resistant multilayer protective coatings 

for carbon/ fiber composites
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Tribological test– ball- on- disc
(EN 1071-3:2003.)

Parameter:
indenter – Al2O3 ball, d=1 i 6mm, 

Low stress state
Load FN=1N
Ball diameter R=3mm
Cycles number n= 20.000
Friction radious r=5mm,      
Linear speed            v=0,06m/s 

High stress state
Load FN=5N
Ball diameter R=3mm
Cycles number n= 5.000
Friction radious r=4mm,      
Linear speed v=0,05m/s 

σσσσH=0,45 GPa σσσσH=0,8 GPa
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Soft Cr phase
+
Hard Cr2N phase

Microstructural characterization of the coatings by TEM after the wear test
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- Project NCN nr: 3066/B/T02/2011/40- FINISHED

- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED

- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress

- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED



Title: Biomechanical and microstructure analysis of multilayer- nano-

composite protective coatings on metallic substrates for tissue
interaction
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„nano- machining”



- Project NCN nr: 3066/B/T02/2011/40- FINISHED

- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED

- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress

- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED



Title: Biomimetic, self-healing, multilayer structures elaboration on 

thermoplastic polymer materials
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Title: Bio-compatibile, wear resistant, decorative coatings for biological, 

corrosive fluids interaction- development and their multiscale research 



As deposited coating (Before mechnaical tests)

Microstructure characterization

Multilayer Zr/Zr2N coatings
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Microstructural characterization of the as-deposited coatings by TEM

Ratio 1:1
Zr : ZrN
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Microstructural characterization of the as-deposited coatings by TEM

Ratio 1:1
Zr : ZrN
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Microstructural characterization of the as-deposited coatings by TEM

Ratio 1:4
Zr : ZrN
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The coherent interface The semi- coherent interfece The incoherent interface

Coherency in between Zr and ZrxN

Microstructural characterization of the as-deposited coatings by TEM
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Interface
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Multilayer Zr/Zr2N coatings

Coating after mechanical tests

Microstructure characterization
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Micromechanical tests results
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Micromechanical tests results

reference



198

Microstructural characterization of the coatings by TEM after the wear test
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Microstructural characterization of the coatings by TEM after the wear test

Ratio 1:1
Zr : ZrN
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Microstructural characterization of the coatings by TEM after the wear test

Ratio 1:1
Zr : ZrN
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Ratio 1:4
Zr : ZrN
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Microstructural characterization of the coatings by TEM after the wear test
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Soft Zr phase
+
Hard Zr2N phase

Microstructural characterization of the coatings by TEM after the wear test
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Ratio 1:1
Zr : ZrN
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Microstructural characterization of the coatings by TEM after the wear test

Ratio 1:4
Zr : ZrN



206

Mechanical in situ tests performed in the SEM chamber
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Mechanical in situ tests performed in the SEM chamber
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Mechanical in situ tests performed in the SEM chamber

Ratio 1:1
Zr:ZrN

Ratio 1:4
Zr:ZrN



Multilayer Zr/Zr2N coatings

Coating after corrosion tests

Microstructure characterization
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Corrosion test results

(Bio- corrosion in body fluids)

Corrosion is the destructive attack of a metal by its reaction with the environment



Linear Sweep Voltammetry – LSV

The nature of potentiodynamic curves indicates that the tested coatings and substrate (316L steel) underwent pitting corrosion
in Ringer's solution. The sharp increase in the anode current, at potentials above 0 mV, indicates the formation of pitting on the
surface of coatings and steel. In the cathodic area, the highest currents were recorded for the substrate (pink continuous and
dotted curves). Coated substrates with all coatings showed much lower currents in the cathodic region, which indicated that the
cathodic reaction (oxygen reduction reaction) was slower than on the uncoated substrate (316L). The course of the polarization
curves in the anodic area of the uncoated substrate and of the samples with the coatings were very similar. They showed a
passive area, and then there was a breakthrough of the passive layer, which was manifested by a sharp increase in the anode
current.

The exception was the blue curve, recorded for sample B378 (with the carbon layer), on which a continuous increase in the anode
current was visible without a clear passive area. Such character of the polarization curve indicated that the B378 sample exhibited
the lowest corrosion resistance in the Ringer solution. Fig. 2 showed the corrosion potential changes registered within 24 hours in
Ringer's solution. The corrosion potentials recorded for the sample Zr / ZrN_B378 (blue curves) deserve attention. They showed
very large potential oscillations. In 24 hours it was impossible to achieve a steady state (stable value of corrosion potential).
These results suggested that the sample showed the worst corrosion resistance in the Ringer fluid environment.
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Microstructural characterization of the coatings by TEM after corrosion
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Title: Anti- bacterial optimization of high-strength, severe-plastic-deformed 

titanium alloys for spinal implants and surgical tools
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