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streszczenia 
artykułów 
ME 2016 - 44 - 3 

Optymalizacja procesu syntezy jednofazowych  
materiałów LiFePO4 o nanometrycznych  

rozmiarach ziaren 
ME 2016, 44, 3, s. 4

Próbki materiału LiFePO4 przygotowano zmodyfikowa-
ną metodą zol - żel. Otrzymany kserożel został roztarty 
w moździerzu i kalcynowany w piecu rurowym w atmosfe-
rze ochronnej, w przepływie azotu. Główny cel pracy jakim 
było obniżenie temperatury i czasu trwania procesu, został 
osiągnięty. Potwierdzono, że materiał ten składa się tylko  
z tryfilitowej fazy LiFePO4. Dowiedziono, że węgiel obecny  
w próbce, pochodzący z rozkładu pirolitycznego wyjściowych 
soli organicznych nie wpływa na formowanie się fazy krysta-
licznej.

Badanie metodami wysokorozdzielczej  
dyfraktometrii rentgenowskiej monokryształów ZnO 

bombardowanych jonami Ar
ME 2016, 44, 3,  s. 9

Za pomocą wysokorozdzielczej dyfraktometrii rentgenow-
skiej (HRXRD) badano tetragonalizację komórki elemen-
tarnej  monokryształu tlenku cynku powstałą pod wpły-
wem bombardowania jonami Ar. Objętościowe monokrysz-
tały ZnO o orientacji (00∙1) były bombardowane jonami  
o energii 300 keV, w przedziale dawek od 1 x 1014 cm-2 do  
4 x 1016 cm-2. Zarejestrowano profile dyfrakcyjne otrzymane 
metodą radialnego skanowania 2Teta/Omega, w otoczeniu 
węzła 00∙4, sieci odwrotnej ZnO i w oparciu o założenia dy-
namicznej teorii dyfrakcji promieniowania rentgenowskiego  
w ujęciu Darwina, wykonano ich symulacje numeryczne. Na tej 
podstawie określono, w zależności od dawki, profil zmiany od-
ległości płaszczyzn prostopadłych do osi c monokryształu ZnO. 
Stwierdzono, że  dla niskich dawek, w ściśle określonej objętości 
kryształu, powstaje dodatnie odkształcenie równoległe do osi c, 
wraz ze wzrostem dawki jonów to odkształcenie wzrasta,  
a po osiągnięciu pewnej krytycznej wartości ulega nasyceniu. To 
prowadzi do wniosku, że w implantowanej objętości kryształu 
powstaje wówczas odkształcenie plastyczne.

Rezonator z poprzeczną falą powierzchniową na 
krysztale tantalanu litu do zastosowań w czujnikach 

lepkości i temperatury cieczy
ME 2016, 44, 3, s. 17

Celem pracy były obliczenia i pomiary parametrów poprzecznej 
akustycznej fali powierzchniowej w rezonatorze na krysztale tan-
talanu litu o orientacji 36°YX oraz pomiary lepkości i temperatu-
ry cieczy. Odpromieniowanie energii akustycznej od powierzchni 
do objętości kryształu zamodelowano wprowadzając współczyn-
nik tłumienia fali różny od zera. Przyjęto najnowsze dostępne  
w literaturze stałe materiałowe tantalanu litu. Obliczono prędkość 
i współczynnik sprzężenia elektromechanicznego, współczynnik 
odbicia od pojedynczej elektrody, współczynnik tłumienia przy 
powierzchni swobodnej i metalizowanej oraz współczynnik 
anizotropii. Z wykorzystaniem rezonatora synchronicznego wy-
konano pomiary trzech pierwszych wielkości. Uzyskano dobrą 
zgodność pomiarów z obliczeniami. Skonstruowano dwukana-
łowy rezonator czuły na iloczyn lepkości i gęstości cieczy osa-
dzonej na metalizowanej powierzchni międzyprzetwornikowej. 
Zbadano temperaturowy współczynnik częstotliwości (TWCz) 
kanału przeznaczonego do pomiaru temperatury.

the articles 
abstracts
ME 2016 - 44 - 3 

Optimization of synthesis of single phase  
nanostructured LiFePO4 materials

ME 2016, 44, 3, p. 4

LiFePO4 samples were first prepared by a modified sol - gel 
process and then the resulting LiFePO4 xerogel was ground and 
calcined in a tube furnace in an inert atmosphere in nitrogen 
flow. The main goal of this research work which was lowering 
the temperature and the time of synthesis of LiFePO4 was achie-
ved. It was confirmed that the material contains only a LiFePO4 
triphylite phase and that the presence of carbon resulting from 
pyrolysis of initial carbonaceous reagents does not affect the 
crystalline structure of the material.

HRXRD study of ZnO single crystals bombarded  
with Ar ions

ME 2016, 44, 3, p. 9

High resolution X-ray diffraction methods (HRXRD) were used to 
study the tetragonalization of a unit cell in a zinc oxide single cry-
stal resulting from the Ar-ion bombardment. Bulk ZnO (00∙1) sin-
gle crystals were bombarded with ions with the energy of 300 keV 
and  a dose range between 1 x 1014 cm-2 and 4 x 1016 cm-2. Diffrac-
tion profiles, obtained by radial 2Theta/Omega scans in the vici-
nity of the 00∙4 ZnO reciprocal space node were measured and 
fitted to the curves calculated by means of a computer program 
based on the Darwin’s dynamical theory of X-ray  diffraction. 
On the basis of these numerical simulations, the profile of the 
interplanar spacing between planes perpendicular to the c axis 
of the ZnO single crystal were determined as a function of the 
Ar ion dose. It was found that positive deformation parallel to 
the c-axis appeared for the low doses in the bombarded crystal 
volume. When the dose is increased this deformation gets pro-
nounced, and after reaching a certain critical value, it becomes 
saturated. This observation leads to the conclusion that the plastic 
deformation appears in the implanted volume of the crystal.

Resonator with transverse surface wave on lithium 
tantalate crystal for applications in viscosity  

and temperature sensors
ME 2016, 44, 3, p. 17

The purpose of this work was to calculate and measure transverse 
surface acoustic wave  resonators on 36°YX oriented lithium 
tantalate crystal as well as to measure of viscosity and tempe-
rature of liquids. An attenuation coefficient was used to model 
the leak of acoustic energy from surface into bulk of the crystal.  
The latest materials constants were used. Velocity, electromecha-
nical coupling coefficient, reflection coefficient, attenuation coef-
ficient under free and metallized surface, anisotropy coefficient 
were calculated, the first three of which were measured using 
synchronous resonator. A good  agreement between measure-
ments and calculations were obtained. Double-channel resonator 
was sensitive to viscosity and density multiplication product of 
liquid deposited on the metallized area between transducers.  
The temperature coefficient of frequency (TCF) of the tempera-
ture channel was measured.
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Numerical design of Metal-Organic Vapour 
Phase Epitaxy process for gallium nitride 
epitaxial growth
Skibinski J.1, Caban P.2, Wejrzanowski T.1, Oliver G.J.3, 
Kurzydlowski K.J.1

1 Warsaw University of Technology, Faculty of Materials 
Science and Engineering Woloska 141, 02507 Warsaw, Poland

2 Institute of Electronic Materials Technology, Wolczynska 
133, 01919, Warsaw, Poland

3 Cape Peninsula University of Technology, PO Box 1906, 
Bellville 7535, South Africa

Crystal Research and Technology, 2016, 51, 12, 762 - 770

The paper presents the results of numerical simulations and 
experimental measurements of the epitaxial growth of gallium 
nitride in Metal Organic Vapor Phase Epitaxy within a AIX-
200/4RF-S reactor. The aim was to develop optimal process 
conditions for obtaining the most homogeneous crystal 
layer. Since there are many factors influencing the chemical 
reactions on the crystal growth area such as: temperature, 
pressure, gas composition or reactor geometry, it is difficult 
to design an optimal process. In this study various process 
pressures and hydrogen volumetric flow rates have been 
considered. Due to the fact that it is not economically viable 
to test every combination of possible process conditions 
experimentally, detailed 3D modeling has been used to 
get an overview of the influence of process parameters. 
Numerical simulations increased the understanding of the 
epitaxial process by calculating the heat and mass transfer 
distribution during the growth of gallium nitride. Appropriate 
chemical reactions were included in the numerical model 
which allowed for the calculation of the growth rate of the 
substrate. The results obtained have been applied to optimize 
homogeneity of GaN film thickness and its growth rate.

High Q-Factor Millimeter-Wave Silicon Re-
sonators
Krupka J.1, Kaminski P.2, Jensen L.3

1 Warsaw Univ Technol, Inst Microelect & Optoelect, PL-
00662 Warsaw, Poland

2 Inst Elect Mat Technol, PL-01919 Warsaw, Poland

3 Topsil Semicond Mat AS, DK-3600 Frederikssund, Denmark

IEEE Transactions on Microwave Theory and Techniques, 
2016, 64, 12, 4149 - 4154

Resonators made of high-resistivity silicon (HRS) have been 
manufactured, and their characteristics were measured at a 
frequency range from 20 to 50 GHz. To study the influence 
of the material resistivity on Q-factor values, two HRSs were 
used. The first one was as-grown high-purity floating zone 
(FZ) silicon with a resistivity of ~70 kQ · cm. The second 
was FZ silicon irradiated with high-energy protons. The 
resistivity of the irradiated silicon was essentially the same 
as that of intrinsic silicon with a resistivity of ~400 kQ · 
cm at room temperature. Several whispering gallery modes 
were identified and measured on disk shape samples made on 
both materials. At room temperature and at a frequency of 50 
GHz, the Q-factor values for the resonators made of the as-
grown and the irradiated silicon are up to 1.8 × 104 and up to  
6 × 104, respectively.

Ultrafast photocurrents at the surface of the 
three-dimensional topological insulator Bi2Se3

Braun L.1, Mussler G.2, Hruban A.3, Konczykowski M.4, 
Schumann T.5, Wolf M.1, Munzenberg M.5, Perfetti L.4, 
Kampfrath T.1

1 Max Planck Gesell, Fritz Haber Inst, D-14195 Berlin, 
Germany

2 Forschungszentrum Julich, PGI 9, D-52425 Julich, Germany

3 Forschungszentrum Julich, JARA FIT, D-52425 Julich, 
Germany

4 Inst Elect Mat Technol, PL-01919 Warsaw, Poland

5 Univ Paris Saclay, CEA, CNRS, Lab Solides Irradies,Ecole 
Polytech, F-91128 Palaiseau, France

6 Ernst Moritz Arndt Univ Greifswald, Inst Phys, D-17489 
Greifswald, Germany

Nature Communications, 2016, 7, 13259,

Three-dimensional topological insulators are fascinating 
materials with insulating bulk yet metallic surfaces that 
host highly mobile charge carriers with locked spin 
and momentum. Remarkably, surface currents with 
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tunable direction and magnitude can be launched with 
tailored light beams. To better understand the underlying 
mechanisms, the current dynamics need to be resolved 
on the timescale of elementary scattering events (similar 
to 10 fs). Here, we excite and measure photocurrents 
in the model topological insulator Bi2Se3 with a time 
resolution of 20 fs by sampling the concomitantly emitted 
broadband terahertz (THz) electromagnetic field from 0.3 to  
40 THz. Strikingly, the surface current response is dominated 
by an ultrafast charge transfer along the Se-Bi bonds. In 
contrast, photon-helicity-dependent photocurrents are found 
to be orders of magnitude smaller than expected from 
generation scenarios based on asymmetric depopulation 
of the Dirac cone. Our findings are of direct relevance for 
broadband optoelectronic devices based on topological-
insulator surface currents.

Negative Kerr Nonlinearity of Graphene as 
seen via Chirped-Pulse-Pumped Self-Phase 
Modulation
Vermeulen N.1, Castello-Lurbe D.1, Cheng J.1,2,  
Pasternak I.3, Krajewska A.3, Ciuk T.3, Strupinski W.3, 
Thienpont H.1, Van Erps J.1

1 Brussels Photonics Team, Department of Applied Physics 
and Photonics, Vrije Universiteit Brussel, Pleinlaan 2, 1050 
Brussel, Belgium

2 Department of Physics, University of Toronto, 60 St. George 
Street, Toronto, Ontario M5S 1A7, Canada

3 Institute of Electronic Materials Technology, Wolczynska 
133, 01-919 Warsaw, Poland

Physical Review Applied, 2016, 6, 4, 044006

We experimentally demonstrate a negative Kerr nonlinearity 
for quasiundoped graphene. Hereto, we introduce the method 
of chirped-pulse-pumped self-phase modulation and apply it to 
graphene-covered silicon waveguides at telecom wavelengths. 
The extracted Kerr-nonlinear index for graphene equals  
n2,gr = −10−13  m2/W. Whereas the sign of n2,gr turns out to be 
negative in contrast to what has been assumed so far, its 
magnitude is in correspondence with that observed in earlier 
experiments. Graphene’s negative Kerr nonlinearity strongly 
impacts how graphene should be exploited for enhancing the 
nonlinear response of photonic (integrated) devices exhibiting 
a positive nonlinearity. It also opens up the possibility of 
using graphene to annihilate unwanted nonlinear effects 
in such devices, to develop unexplored approaches for 
establishing Kerr processes, and to extend the scope of 

the “periodic poling” method often used for second-order 
nonlinearities towards third-order Kerr processes. Because 
of the generic nature of the chirped-pulse-pumped self-phase 
modulation method, it will allow fully characterizing the Kerr 
nonlinearity of essentially any novel (2D) material.

Toxicity of different forms of graphene in  
a chicken embryo model
Szmidt M.1, Sawosz E.2, Urbańska K.1, Jaworski S.2, 
Kutwin M.2, Hotowy A.2, Wierzbicki M.2, Grodzik M.2, 
Lipińska L.3, Chwalibog A.4

1 Department of Morphological SciencesWarsaw University 
of Life Sciences, Warsaw, Poland

2 Department of Animal Nutrition and BiotechnologyWarsaw 
University of Life Sciences, Warsaw, Poland

3 Institute of Electronic Materials Technology, Warsaw, Poland

4 Department of Veterinary Clinical and Animal Sciences, 
University of Copenhage, FrederiksbergDenmark

Environmental Science and Pollution Research, 2016, 23, 19, 
19940 – 19948

In the present work, the toxicity of three forms of graphene: 
pristine graphene (pG), graphene oxide (GO), and reduced 
graphene oxide (rGO) was investigated using a chicken 
embryo model. Fertilized chicken eggs were divided into 
the control group and groups administered with pG, GO, 
and rGO, in concentrations of 50, 500, and 5000 μg/ml. The 
experimental solutions were injected in ovo into the eggs, 
and at day 18 of incubation, the embryo survival, body and 
organ weights, the ultrastructure of liver samples, and the 
concentration of 8-hydroxy-2′-deoxyguanosine (8-OHdG) 
in the livers were measured. Survival of embryos decreased 
significantly after treatment with all types of graphene, but 
not in a dose-dependent manner. The body weights were only 
slightly affected by the highest doses of graphene, while the 
organ weights were not different among treatment groups. 
In all experimental groups, atypical hepatocyte ultrastructure 
and mitochondrial damage were observed. The concentration 
of the marker of DNA damage 8-OHdG in the liver 
significantly decreased after pG and rGO treatments. Further 
in vivo studies with different animal models are necessary to 
clarify the level of toxicity of different types of graphene and 
to estimate the concentrations appropriate to evaluate their 
biomedical applications and environmental hazard.
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STEM study of Li4Ti5O12 anode material mo-
dified with Ag nanoparticles
Andrzejczuk M.1, 5, Roguska A.2, Michalska M.3, Lipin-
ska L.3, Czerwinski A.4, Cantoni M.5, Krawczynska A. 
T.1, Lewandowska M.1

1 Faculty of Materials Science and Engineering, Warsaw 
University of Technology, Warsaw, Poland

2 Institute of Physical Chemistry, Polish Academy of Sciences, 
Warsaw, Poland

3 Institute of Electronic Materials Technology, Warsaw, Poland

4 Faculty of Chemistry, University of Warsaw, Warsaw, Poland

5 Ecole Polytechnique Federale de Lausanne, EPFL, CIME, 
Lausanne, Switzerland

Journal of Microscopy, 2016, 264, 1, 41 – 47

Comprehensive scanning transmission electron microscopy 
(STEM) analysis of Li4Ti5O12 (LTO) powder modified by 
deposited Ag nanoparticles was performed. Nanocomposite 
powders with Ag content of 1 wt.%, 4 wt.%, 10 wt.% were 
fabricated in a chemical process from suspensions of Ag and 
LTO. Apart from the STEM results, the presence of pure 
silver on the surface of the ceramic powder was confirmed 
by XRD and XPS analyses. The silver particles deposited on 
the LTO particles were characterized using the EDS mapping 
technique. The quantified results of the EDS mapping showed 
a relatively homogenous distribution of silver nanoparticles 
on the powder surface for every metal content. The mean 
diameter of the nanoparticles deposited on the LTO powder 
was about 4 nm in all cases. An increase in the Ag content 
during chemical surface modification did not cause changes 
in the microstructure. Focusing on an analysis of the metallic 
nanoparticles on the ceramic powder, electron tomography 
was used as an investigative technique. A very precise 
analysis of three-dimensional nanostructures is desirable for a 
comprehensive analysis of complex materials. The quantified 
analysis of the Ag nanoparticles visualized using electron 
tomography confirmed the results of the size measurements 
taken from the two-dimensional EDS maps.

Roadmap on optical metamaterials
Urbas A. M.1, Jacob Z.2, 3, Dal Negro L.4, Engheta N.5, 
Boardman A. D.6, Egan P.6, Khanikaev A. B.7, Menon 
V.8, Ferrera M. 3, 9, Kinsey N.3, DeVault C.3, Kim J.3, 
Shalaev V.3, Boltasseva A.3, (...) Pawlak, D. A.20, 21, ...

1 Materials and Manufacturing Directorate, Air Force Research 

Laboratory, Wright Patterson Air Force, Base, Ohio 45433, 
USA

2 Department of Electrical and Computer Engineering, 
University of Alberta, Edmonton, AB T6G 2V4, Canada

3 Birck Nanotechnology Center, School of Electrical and 
Computer Engineering, Purdue University, West Lafayette, 
IN 47906, USA

4 Department of Electrical and Computer Engineering & 
Photonics Center, and Division of Materials Science and 
Engineering, Boston University, 8 Saint Mary Street, Boston, 
Massachusetts 02215, USA

5 Department of Electrical and Systems Engineering, University 
of Pennsylvania, Philadelphia, PA 19104, USA

6 Joule Physics Laboratory, Institute for Materials Research, 
University of Salford, Manchester, M5 4WT, UK

7 Queens College and The Graduate Center of The City 
University of New York, Queens, New York 11367, USA

8 City College and The Graduate Center of The City University 
of New York, New York, New York 10031, USA

9 School of Engineering and Physical Sciences, Heriot-Watt 
University, David Brewster Building, Edinburgh, Scotland 
EH14 4AS, UK

20 Institute of Electronic Materials Technology, ul. Wolczynska 
133, 01-919 Warsaw, Poland

21 Centre of New Technologies University of Warsaw, ul. 
Banacha 2C, 02-097 Warsaw, Poland

Journal of Optics, 2016, 18,9, 093005, 53pp

Optical metamaterials have redefined how we understand 
light in notable ways: from strong response to optical 
magnetic fields, negative refraction, fast and slow light 
propagation in zero index and trapping structures, to flat, 
thin and perfect lenses. Many rules of thumb regarding 
optics, such as μ = 1, now have an exception, and basic 
formulas, such as the Fresnel equations, have been expanded. 
The field of metamaterials has developed strongly over the 
past two decades. Leveraging structured materials systems 
to generate tailored response to a stimulus, it has grown to 
encompass research in optics, electromagnetics, acoustics 
and, increasingly, novel hybrid material responses. This 
roadmap is an effort to present emerging fronts in areas of 
optical metamaterials that could contribute and apply to other 
research communities. By anchoring each contribution in 
current work and prospectively discussing future potential 
and directions, the authors are translating the work of the 
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field in selected areas to a wider community and offering an 
incentive for outside researchers to engage our community 
where solid links do not already exist.

Stopping and straggling of H and He in ZnO
Fadanelli R. C.1, Nascimento, C. D.1, Montanari C. C.2, 3, 
Aguiar J. C.4, Mitnik D.2, 3, Turos A.5, 6, Guziewicz E.7, 
Behar M.1

1 Laboratorio de Implantação Iônica, Instituto de Física, 
Universidade Federal do Rio Grande do Sul Porto Alegre 
Brazil

2 Instituto de Astronomía y Física del Espacio (CONICET-
UBA), and Departamento de Física, Facultad de Ciencias 
Exactas y Naturales, Universidad de Buenos Aires, Buenos 
Aires, Argentina

3 Autoridad Regulatoria Nuclear, Av. Libertador 8250, 
C1429BNP, Buenos Aires Argentina

4 Institute of Electronic Materials Technology, Warsaw, Poland

5 National Centre for Nuclear Research, Soltana 7, Otwock, 
Poland
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The European Physical Journal D, 2016, 70, 9, 178

We present experimental and theoretical values for the energy 
loss of H and He ions in Zinc oxide, in mean value (stopping 
per unit path length) and mean square value (energy loss 
straggling). The measurements were carried out using the 
Rutherford Backscattering technique for (300–2000) keV 
H ions and (300–5000) keV He ions. Present experimental 
data are the first set of stopping and straggling values in this 
oxide. The theoretical research was encouraged considering 
the molecular description of ZnO as crystal solid using the 
density functional theory. The energy loss calculations for 
H and He ions with different charge states were performed 
with the shelwise local plasma approximation (SLPA). 
The molecular versus the Bragg-rule description is also 
discussed. The equilibrium charge state of He inside ZnO is 
analyzed based on the present stopping measurements, and a 
semiempirical charge state distribution is proposed. Present 
experimental and theoretical values show good agreement for 
both the stopping and the straggling. We also compare our 
data with the SRIM2013 and with CasP5.2 values.

Optical and X-Ray Topographic Studies of 
Dislocations, Growth-Sector Boundaries, and 
Stacking Faults in Synthetic Diamonds
Moore M.1, Nailer S. G.2, Wierzchowski W. K.3

1 Department of Physics, Royal Holloway University of 
London, Surrey, TW20 0EX Egham, UK
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Liechtenstein

3 The Institute of Electronic Materials Technology, 133, 01-919 
Warsaw Wólczyńska, Poland

Crystals, 2016, 6, 7, 71

The characterization of growth features and defects in various 
high-pressure high-temperature (HPHT) synthetic diamonds 
has been achieved with optical and X-ray topographic 
techniques. For the X-ray studies, both characteristic and 
synchrotron radiation were used. The defects include 
dislocations, stacking faults, growth banding, growth sector 
boundaries, and metal inclusions. The directions of the 
Burgers vectors of many dislocations (edge, screw, and mixed 
30 degrees, 60 degrees, and 73.2 degrees), and the fault vectors 
of stacking faults, were determined as < 110 > and 1/3 < 111 > 
respectively. Some dislocations were generated at metallic 
inclusions; and some dislocations split with the formation 
of stacking faults.

Aqueous biological graphene based formula-
tions for ink-jet printing
Dybowska-Sarapuk Ł.1, 5, Rumiński S.2, 3, 4, Wróblewski 
G.1, Słoma M.1, Młożniak A.5, Kalaszczyńska I.2, 3, Le-
wandowska-Szumieł M.2, 3, Jakubowska M.1, 5
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The aim of the study was to produce heterophasic graphene 
nanoplatelets based formulation designed for ink-jet printing 
and biomedical applications. The compositions should meet 
two conditions: should be cytocompatible and have the 
rheological properties that allow to apply it with ink-jet 
printing technique. In view of the above conditions, the 
selection of suspensions components, such as binder, solvent 
and surfactants was performed. In the first stage of the 
research the homogeneity of the dispersion of nanoplatelets 
and their sedimentation behaviour in diverse solutions were 
tested. Subsequently, the cytotoxicity of each ink on human 
mesenchymal stem cells was examined using the Alamar 
Blue Test. At the same time the rheology of the resulting 
suspensions was tested. As a result of these tests the best 
ink composition was elaborated: water, polyethylene glycol, 
graphene nanoplatelets and the surfactant from DuPont 
company.

Development of x-ray and ion diagnostics of 
plasma obtained with a 10-TW femtosecond 
laser
Ryć L.1, Dobrzański L.2, Dubecky F.3, Jabłoński S.1, 
Parys P.1, Słysz W.4, Rosiński M.1
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Physica Scripta, 2016, 91, 7, 074008

Several x-ray and ion semiconductor detectors have 
been developed for the diagnostics of femtosecond laser 
plasma generated by a 10-TW laser which was recently 
commissioned for operation at the Institute of Plasma Physics 
and Laser Microfusion, Warsaw. A range of detectors has 
been employed including a CdTe detector for hard x-rays 
and four detectors for proton detection. These four are SiC 
and GaN employing a sandwich structure, an interdigitated 
M-S-M InP detector and finally a silicon photo-diode 
equipped with an aluminium filter (to shield against scattered 
light). The detectors presented are innovative as they are not 
commonly used for the diagnostic of laser plasma. The details 
of the internal structures of the detectors are presented. The 
immunity of the detectors to the noise coming from the laser 
system and the femtosecond plasma is discussed. Lastly, the 

possibility for further modifications and improvements are 
considered and discussed.

Characterisation of graphene-based layers for 
dye-sensitised solar cells application
Lukaszkowicz K.1, Pawlyta M.1, Pasternak I.2, Do-
brzanski L. A.1, Prokopowicz M.1, Szindler M.1, Drygala 
A.1, Sitek J.1, 2

1 Silesian Tech. Univ., Inst Engn Mat & Biomat, Konarskiego 
18A, PL-44100 Gliwice, Poland

2 Inst. Elect. Mat. Technol., Wolczynska 133, PL-01919 
Warsaw, Poland

Surface Engineering, 2016, 32, 11, 816-822

The influence of the graphene-based counter electrode on the 
structure, optical properties and electrocatalytic activity of 
dye-sensitised solar cells (DSCC) was analysed. The graphene 
and reduced graphene oxide were deposited by CVD and 
spin-coating method on the FTO glass substrate, respectively. 
HRTEM investigation confirms the crystallographic structure 
of graphene. The investigated layers show flat transmittance 
spectra across the visible and near-infrared region. The charge 
transfer resistance of the graphene-based film was analysed 
by electrochemical impedance measurement. The obtained 
results show the possibility of replacing expensive platinum 
in DSCC by using graphene-based counter electrode.

InP nanowires quality control using SEM and 
Raman spectroscopy
Grodecki K.1, Dumiszewska E.2, Romaniec M.2, Stru-
pinski W.2

1 Military University of Technology, 2 Kaliskiego St., 00-908 
Warsaw, Poland

2 Institute of Electronic Materials Technology, 133 Wolczynska 
Str., 01-919 Warsaw, Poland

Materials Science-Poland, 2016, 34, 4, 851 - 855 

Three different types of samples of InP nanowires, i.e. 
undoped, doped with Si and doped with Te, were grown and 
measured using SEM and Raman spectroscopy. Scanning 
Electron Microscope (SEM) images showed differences in 
the length, homogeneity and curvature of the nanowires. The 
most homogenous wires, grown most perpendicular to the 
surface, were those Si doped. They were also the shortest. 
Raman spectroscopy showed that the nanowires doped with 
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Si had the lowest Full Width at Half Maximum (FWHM) 
TO band, which suggests the highest crystal quality of 
these wires. For the wires doped with Te, which were the 
most inhomogeneous, a low energy acoustic band was also 
observed, which suggests the lowest crystal quality of these 
structures.

Optical properties of transparent electrodes 
based on carbon nanotubes and graphene 
platelets
Wroblewski G.1, Swatowska B.2, Dybowska-Sarapuk L.1,  
Jakubowska M.1, 3, Stapinski T.2

1 Institute of Metrology and Biomedical Engineering Warsaw 
University of Technology, Warsaw, Poland

2 AGH University of Science and Technology, Kraków, Poland

3 Institute of Electronic Materials Technology ,Warsaw, Poland

Journal of Materials Science: Materials in Electronics, 2016, 
27, 12, 12764 - 12771

Composite transparent electrodes based on carbon 
nanostructures such as multiwalled carbon nanotubes and 
graphene platelets were spray coated onto glass substrates 
and characterized by spectrophotometry and spectroscopic 
ellipsometry measurements. The dispersion relations of 
the ellipsometric angle rate, i.e. I<spacing diaeresis> and 
Delta versus wavelength lambda were measured in spectral 
range from 190 to 1700 nm. On the basis of these results, 
it was possible to estimate the value of the refractive index 
and extinction coefficient. Effective medium approximation 
model was chosen to calculate the optical constants of a 
mixed material. The average surface roughness and the 
average thickness of spray coated transparent resistive layers 
were also determined. The materials have a heterogeneous 
structure as confirmed by scanning electron microscopy and 
optical measurements (changes of depolarisation). From the 
Tauc plot it was possible to determine the energy gap. The 
influence of the coating process and the paint preparation on 
the optical properties was observed.

Impact of Different Conditions of Technolo-
gical Process on Thermoelectric Properties of 
Fine-Grained PbTe
Krolicka A.1, Materna A.1, Piersa M.1, Mirowska A.1

1 Institute of Electronic Materials Technology, Wólczyńska 
133, 01-919 Warsaw, Poland

Acta Physica Polonica A, 2016, 130, 5, 1255 - 1258

The aim of this work was to obtain PbTe material in the 
desired way in order to control the combined impact of 
lattice disorder, nanoscale precipitates and reduced grain 
sizes on the thermoelectric properties of this material. To 
achieve this, PbTe ingot doped with Ag was obtained by the 
Bridgman method, followed by ball-milling, cold pressing 
and sintering. In order to estimate crystallites diameters 
grain size measurements were carried out using the optical 
microscopy. Studies of electrical and thermoelectric properties 
of fine-grained material were performed. In order to analyze 
the morphology and the composition scanning electron 
microscopy and energy-dispersive X-ray spectroscopy were 
performed. Energy-dispersive X-ray spectroscopy analysis 
also revealed presence of Ag-Te precipitates.

Effects of Carbon Allotropic Forms on Mi-
crostructure and Thermal Properties of Cu-C 
Composites Produced by SPS
Pietrzak K.1, Sobczak N.2, Chmielewski M.1, Homa M.2, 
Gazda, A.2, Zybala R.3, Strojny-Nedza A.1

1 Institute of Electronic Materials Technology, Warsaw, Poland

2 Foundry Research Institute, Kraków, Poland

3 Faculty of Materials Science Engineering Warsaw University 
of Technology, Warsaw, Poland

Journal of Materials Engineering and Performance, 2016, 
25, 8, 3077 – 3083

Combination of extreme service conditions and complex 
thermomechanical loadings, e.g., in electronics or power 
industry, requires using advanced materials with unique 
properties. Dissipation of heat generated during the operation 
of high-power electronic elements is crucial from the point 
of view of their efficiency. Good cooling conditions can 
be guaranteed, for instance, with materials of very high 
thermal conductivity and low thermal expansion coefficient, 
and by designing the heat dissipation system in an accurate 
manner. Conventional materials such as silver, copper, or 
their alloys, often fail to meet such severe requirements. 
This paper discusses the results of investigations connected 
with Cu-C (multiwall carbon nanotubes (MWNTs), graphene 
nanopowder (GNP), or thermally reduced graphene 
oxide (RGO)) composites, produced using the spark 
plasma sintering technique. The obtained composites are 
characterized by uniform distribution of a carbon phase and 
high relative density. Compared with pure copper, developed 
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materials are characterized by similar thermal conductivity 
and much lower values of thermal expansion coefficient. The 
most promising materials to use as heat dissipation elements 
seems to be copper-based composites reinforced by carbon 
nanotubes (CNTs) and GNP.

The Influence of Al2O3 Powder Morphology 
on the Properties of Cu-Al2O3 Composites 
Designed for Functionally Graded Materials 
(FGM)
Strojny-Nedza A.1, Pietrzak K.1, Weglewski W.2

1 Institute of Electronic Materials Technology, Warsaw, Poland

2 Institute of Fundamental Technological Research, Warsaw, 
Poland

Journal of Materials Engineering and Performance, 2016, 
25, 8, 3173 – 3184

In order to meet the requirements of an increased efficiency 
applying to modern devices and in more general terms 
science and technology, it is necessary to develop new 
materials. Combining various types of materials (such as 
metals and ceramics) and developing composite materials 
seem to be suitable solutions. One of the most interesting 
materials includes Cu-Al2O3 composite and gradient materials 
(FGMs). Due to their potential properties, copper-alumina 
composites could be used in aerospace industry as rocket 
thrusters and components in aircraft engines. The main 
challenge posed by copper matrix composites reinforced by 
aluminum oxide particles is obtaining the uniform structure 
with no residual porosity (existing within the area of the 
ceramic phase). In the present paper, Cu-Al2O3 composites 
(also in a gradient form) with 1, 3, and 5 vol.% of aluminum 
oxide were fabricated by the hot pressing and spark plasma 
sintering methods. Two forms of aluminum oxide (αAl2O3 
powder and electrocorundum) were used as a reinforcement. 
Microstructural investigations revealed that near fully dense 
materials with low porosity and a clear interface between 
the metal matrix and ceramics were obtained in the case of 
the SPS method. In this paper, the properties (mechanical, 
thermal, and tribological) of composite materials were also 
collected and compared. Technological tests were preceded 
by finite element method analyses of thermal stresses 
generated in the gradient structure, and additionally, the role 
of porosity in the formation process of composite properties 
was modeled. Based on the said modeling, technological 
conditions for obtaining FGMs were proposed.

The Influence of the Particle Size on the  
Adhesion Between Ceramic Particles and 
Metal Matrix in MMC Composites
Jarzabek D. M.1, Chmielewski M.2, Dulnik J.1, Strojny-
-Nedza A.2

1 Institute of Fundamental Technological Research, Warsaw, 
Poland

2.Institute of Electronic Materials Technology, Warsaw, Poland

Journal of Materials Engineering and Performance, 2016, 
25, 8, 3139 – 3145

This study investigated the influence of the particle size 
on the adhesion force between ceramic particles and metal 
matrix in ceramic-reinforced metal matrix composites. The 
Cu-Al2O3 composites with 5 vol.% of ceramic phase were 
prepared by a powder metallurgy process. Alumina oxide 
powder as an electrocorundum (Al2O3) powder with different 
particle sizes, i.e., fine powder < 3 µm and coarse powder 
of 180 µm was used as a reinforcement. Microstructural 
investigations included analyses using scanning electron 
microscopy with an integrated EDS microanalysis system and 
transmission microscopy. In order to measure the adhesion 
force (interface strength), we prepared the microwires made 
of the investigated materials and carried out the experiments 
with the use of the self-made tensile tester. We have observed 
that the interface strength is higher for the sample with coarse 
particles and is equal to 74 ± A 4 MPa and it is equal to 68 ± 
A 3 MPa for the sample with fine ceramic particles.

Extending of flat normal dispersion profile in 
all-solid soft glass nonlinear photonic crystal 
fibres
Siwicki B.1, 2, Kasztelanic R.1, 2, Klimczak M.1, Cimek J.1, 2, 
Pysz D.1, Stepien R.1, Buczynski R.1, 2

1 Institute of Electronic Materials Technology, Glass 
Department, Wólczyńska 133, 01-919 Warsaw, Poland

2 University of Warsaw, Faculty of Physics, Pasteura 7, 02-093 
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Journal of Optics, 2016, 8, 6, 065102

The bandwidth of coherent supercontinuum generated 
in optical fibres is strongly determined by the all-normal 
dispersion characteristic of the fibre. We investigate all-
normal dispersion limitations in all-solid oxide-based soft 
glass photonic crystal fibres with various relative inclusion 
sizes and lattice constants. The influence of material 
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dispersion on fibre dispersion characteristics for a selected 
pair of glasses is also examined. A relation between the 
material dispersion of the glasses and the fibre dispersion 
has been described. We determined the parameters which 
limit the maximum range of flattened all-normal dispersion 
profile achievable for the considered pair of heavy-metal-
oxide soft glasses.

Rheology of inks for various techniques of 
printed electronics
Dybowska-Sarapuk Ł.1, 2, Szałapak J.1, Wróblewski 
G.1, Wyżkiewicz I.1, Słoma M.1, 2, Jakubowska M.1, 2
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2 Faculty of MechatronicsWarsaw University of Technology, 
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Advanced Mechatronics Solutions, 2016, 393, 447 - 451

The inks and pastes with carbon nanoparticles, such as 
graphene nanoplatelets and carbon nanotubes, for diverse 
printed electronics techniques were produced. These 
composite materials, dedicated for screen printing, inkjet 
printing, spray coating and gravure printing were tested in 
context of their rheological properties. After comparing the 
obtained values of viscosity with standard values found in 
literature, it was confirmed that the tested suspensions may 
meet rheological requirements of particular techniques and 
can be transferred correctly on the substrate in the form of 
good quality pattern.

Assessment of Graphene Coatings Influence 
on Tribological Properties of Surfaces
Missala T.1, Szewczyk R.1, Winiarski W.1, Hamela 
M.1, Kaminski M.1, Jus A.1, Tomasik J.2, Nowicki M.2, 
Pasternak I.3
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Advances in Intelligent Systems and Computing, 2016, 440, 
781 - 788

This paper presents results of experiments carried out to 
determine influence of graphene coating on tribological 

properties of surfaces of friction pairs. Within these experiments 
series of 24 h tribological tests of sliding friction between 
examined surfaces on specially designed measuring stand 
were conducted. Subject of study in these tests were electrolytic 
copper plated steel samples, additionally covered with 
graphene and, as a reference, identically prepared samples 
without the graphene layer. As a result of these experiments 
characteristics of coefficient of friction and temperature between 
surfaces, as well as changes in mass and roughness before  
and after tests were obtained. Based on these results 
improvement of tribological properties of sliding surfaces 
was shown.

Early stages of irradiation induced disloca-
tions in urania

Chartier A.1, Onofri C.2, Van Brutzel L.1, Sabathier C.2, 
Dorosh O.3, Jagielski J.3, 4
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Appl. Phys. Lett., 2016, 109, 181902

The early stages of nucleation and growth of dislocations by 
irradiation in urania is clarified based on the combination of 
experiments and atomistic calculations. It is established that 
irradiation induced dislocations follow a five stage process: (i) point 
defects are first created by irradiation, (ii) they aggregate into 
clusters, (iii) from which nucleate Frank loops, (iv) which 
transform into unfaulted loops via Shockley that in turn grow, and  
(v) finally reorganize into forest dislocations. Stages (i)-(iii) 
participate in the lattice expansion while the onset of lattice 
contraction starts with stage (iv), i.e., when unfaulted loops 
nucleate. Irradiation induced dislocations operate in the 
spontaneous recombination regime, to be opposed to the 
thermal diffusion regime. Body of arguments collaborates to this 
statement, the main one is the comparison between 
characteristic distances estimated from the dose rate (V-at/(K-0 
x tau))(1/3) and from the diffusion coefficient (D x tau)(1/2). 
Such a comparison identifies materials under irradiation 
as belonging either into the recombination regime or not. 
Published by AIP Publishing.
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