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Foreword

The Center for Solid State Physics and New Materials (CSSPNM) is a part of
the Institute of Physics at the University of Belgrade. Our research interest is
mainly concerned with the study of optical, transport and magnetic properties
of a wide group of materials (from semiconductors and high-temperature
superconductors to insulators and magnetic materials). The principal interests
of the Center are the vibrational properties of these materials. The present
experimental methods include the Brillouin and Raman scattering,
photoluminescence, ellipsometry, optical reflectivity and transmission
measurements (from far-infrared to UV spectral range) AFM and STM

measurements, as well as other optical measurements in a wide spectral range

under high pressure and low temperatures. In addition, magnetic and
transport properties are investigated using the 14 tesla cryogenic free magnetic system and the Hall-effect set-up,
respectively. There is also a substantial theoretical effort in computing the phonon and magnon dispersions of the

materials under investigation.

The CSSPNM also uses different techniques for the synthesis of samples including sintering methods, sol-gel
technology, single crystal growth techniques (Bridgman, Czochralski, floating zone, etc.) thin-film technology
(thermal evaporation and spattering) including photolithography and impurity doping.

The topics in the focus of recent activities are the theoretical and experimental studies and numerical simulations
of various properties of nanostructured systems like high-R wide band gap semiconductors and insulators (such as
Ce0;, TiOz, ZnO), nanosized ferroics as BiTFeOs doped with different rare earth elements such as Nd, Gd, Sm and
Y. The vibrational, magnetic and electronic properties of strongly correlated electron systems (vanadates, titanates,
manganates), the light scattering by spin waves in oxides, impurity effects in semiconductors and high T;
superconductors, to mention just a few of them, are subject of our permanent interest. Properties of photonic and

meta-materials are also some of the main investigation directions in our research.
In this booklet we will shortly present our mission and strateqy, current projects, as well as our resources.
Belgrade, May 2009. Prof. Dr Zoran V. Popovic,
Director of Center for solid state physics and new materials
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Short history

The Institute of Physics was co-founded in 1961th®y University of Belgrade and the Government afbie The
Institute of Physics was established with the felfy principal objectives in mind:

1. Investigations in all research field in physics,

particularly:

* Research in solid state physics.
» Research of gas discharge processes.
* Nuclear physics research.
» Theoretical research, particularly the research
into the history and philosophy of physics.
¢ Finding a proper way for the application of
research results.
2. Taking care of the organization and conductidn o
postgraduate studies.

In 1973 one part of the Institute of Physics becaame
independent Institute for applied physics. The next
transformation of the Institute of Physics was 871, when Institute of Physics -view from Danube
the Institute was divided into four departmentsg, Brepartment for solid state physics being ondefrt In the first 20
years of existence, the research activities ofitisétute of Physics were performed at the Facaft$cience and the
Faculty of Electrical Engineering in Belgrade.

July 1983 was an important date in the historyhaf tnstitute of

Physics. It was then decided to move the Instiaft€hysics to a
beautiful new location in Zemun, a quiet part ofigdéade, located
on the Danube river bank. Everything else exceptréocation was
a far from ideal: the building (an old leather fagtbombed in the
World War Il) lacked a proper roof, there were peohs getting

telephone lines to the site, there were no projeetrecity, water and
heating facilities, etc. Step by step, the prattimablems were
solved in the next few years. In 1977 the neighizphbuilding of old

brick factory with a huge piece of land became péithe Institute

property. This made it possible to conduct extemnsixpansion and
renovation. After a while the Institute library laece the largest -
repository of books and journals from physics ia tountry. In 1993 Backyard of the Institute of Physics
a new reorganization of the Institute of Physidsoduced Centers instead of Departments. The Largréor Solid
State Physics became part of the Center for Expertiah Physics.

In May 1995 the Laboratory for Solid State Phydiesame the Center for Solid State Physics and Netefidls. At
the beginning 6 researchers, 10 PhD students arehdiheers and technicians were employed in thdr€ehhree
experimental techniques (far —infrared spectromd&aman scattering system, Hall-effect set-up) vetreur disposal
at that time.

The most important day in the history of the Cemtas June 2006 when the OPSA project, with a buoigé400.000,
was signed. The aim of this project was to imprthes level of scientific and technological reseairctthe Centre for
Solid State Physics and New Materials in order thahould become the European Centre of Excelléoc@®nptical
SpectroscopyApplications (OPSA) in Physics, Material Science Bndironmental Protection. This project allowed for
an up-grade of existing experimental set-ups tedructed, as well as acquisition of new equipnaict laboratory
space renovation.

Substantial improvements of experimental conditimese carried out in 2007. Thanks to the Nationakktment Plan
of the Republic of Serbia we have acquired soméalagquipment, such as a AFM and a STM variabteperature
microscopes, a variable angle spectroscopic elingger, a 14 tesla magnetic measurement systentra Raman set-
up, etc. In the same year we signed two new prjeithin FP6 and FP7 Programme of the European Qormityn
which further accelerated our development.

B
— Center of Excellence faDptical SpectroscopyApplications in Physics, Material Science end Envinental Protection
OPSAs,



Intitute of Physics, Center for Solid State Physics and New Materials

Mission and strategy

A general mission of our Center is, according ® tlonstitutional act, to perform research in the
field of solid state physics and condensed materernlly. Particularly, to help universities in
organizing master and doctoral studies, to collateowith corresponding scientific and professional
institutions all around the world, and to make awmtions between research and commercial
opportunities. Having this in mind we are tryingfitad a way to increase mutual interaction within
the knowledge triangle: education, research anoviation.

Firstly, in order to contribute to the highest lewé education, almost all of our researchers are
engaged at the Faculty of Physics or the Faculslextrical engineering, as well as at the Doctoral
school of the University of Belgrade, as lectur€n.the other side, a lot of PhD students are doing
their doctoral studies in our Center.

Secondly, we promote excellence in basic and appieearch as a very important component in
the development of our Center. The scientists eygul@t the Center have published more @&
scientific papers in well reputed international rjuals. We organize training courses for the
implementation of optical characterization metadsc¢ience and industry. Up to now, the Center
for Solid state physics and new materials becameEilropean Center of Excellence for Optical
Spectroscopy Applications (OPSA) in Physics, MaleBicience and Environmental Protection and
also the National centre of excellence for nanomaeand nanotechnology. We maintain our
competitiveness working on European projects inabaolration with many European centres and
universities as well as with universities from th8A, Japan and Russia.

Thirdly, to overcome a gap between the researchttamépplication of our knowledge in industry
and to support the collaboration with small and imedsize enterprises we have founded two spin-
off companies: the Spektroskopija-Infiz and theskai-Infiz. TheSpektroskopija-Infianostly deals
with the application of spectroscopic techniquesarth observation research (remote sensing) and
applied spectroscopy. Thé&istal-Infiz produces various kinds of single crystals for samductor

and optical industries.

Finally, all our activities are focused on the peof@he knowledge everyone is talking about is
their knowledge, the spirit of entrepreneurshiphisir spirit, the ability and willingness to bring an
idea to market artheir skills.
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Research potentials

Optical, transport and magnetic property technigeegh as photoluminescence, ellipsometry,
reflectivity and absorption measurements (fromifidrared to far-UV), Raman and Brillouin
scattering spectroscopy, Hall-effect measurememtagnetic susceptibility and magnetization
measurements, are practical, cost effective mettiodgshe non-destructive characterization of
materials, thin films and real device structurelse§e methods are versatile and can be used on a
wide variety of the advanced materials (also oroseed materials together with AFM and STM
techniques) and structures.

The main research activity in the Centre for S@tdte Physics and New Materials of Institute of
Physics concerns optical, transport and magneéticacherization of a wide group of materials, from
metals, superconductors, semiconductors, insula®msell as materials with magnetic properties.
In total, 37 people are employed among them 1l4arekers, 12 PhD students and 11 engineers and
technicians.

The Centre for Solid State Physics and New matedanhsists of several laboratories:

« Laboratory for material synthesis and crystal grbwt

» Laboratory for nanoscopy (STM, AFM, SNOM)

» Laboratory for FT-infrared spectroscopy and ellipsetry

e Laboratory for Raman scattering and photolumineseen

» Laboratory foru-Raman scattering spectroscopy

e Laboratory for Brillouin scattering spectroscopy

» Laboratory for transport properties measuremental(léffect set up)
» Laboratory for magnetic and magneto-optic measuregse

The current projects of the Centre for Solid SRltgsics and New Materials are:

« OPSA 026283 SSA Project supported within FP6 Programe of ECt

! The aim of this project is to improve the levelsaientific and technological research in the Gefor Solid State
Physics and New Materials of Institute of Physit®ider that it should become the Centre of Exne#eforOptical
SpectroscopyApplications OPSA) in Physics, Material Science and Environmentaitéution. The OPSA Centre
should contribute to improving the existing andabBshing new links with European Centers in theldfi of
applications of the advanced spectroscopy techridquediverse fields of the natural science, throdbé active
exchange of scientists between OPSA Centre andpEaroinstitutes and universities, international kgbops and
training of young scientists.

The main objectives of the Centre of excellencedBISA are as follows:

« To promote long term research into understandirgnpmena, mastering processes and developing rhsearc
tools in the field of Nanoscience and Nanotechnie®dghrough an upgrade and renew of our experirhenta
techniques.

* To develop human potential by educational anditmgiactivities.

« To promote cooperative research and technologiodl @ducational activities between research centers,
universities and industry in the field of Micro-caNano-technologies and Microsystems.

The OPSA project addresses the following thema&ia af FP6 Programme: 3.A\Bknotechnologies and nanosciences
In particular this project contributes to: 3.4.1.4ng-term interdisciplinary research into undersiémg phenomena,
mastering processes and developing research tools.

Data about project: OPSA 026283 project signed®A&2006; Duration of project is 3 years; Budge€0.000 Euros
Head of Project: Prof. Dr Zoran V. Popévi
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« CoMePhS STREP Project No. 517039 supported withirhe FP6 Programme of EG

« NanoCharm project no. 218570 supported within the P7 Programme of EC

« NIM_NIL project No. 228637 supported within the FP7Programme of EC'

+ COST Action P16, “ECOM”"- ‘Emergent behavior in celated matter.”

e COST Action 539 ELENA - "Electroceramics from Naoemlers Produced by Innovative
Methods"

* Raman scattering and photoluminescence from sewhimbor nanoparticles, Common project
with ISSP Bulgarian Academy of Sciences.

» Optical, magnetic, and transport properties of ssmginetic semiconductors, Common project
with the Institute of Physics, Polish Academy ofeBces.

» Electronic structure and properties of carbon- atiter nano-materials, Common project with
Institute of Science of Materials, Ukrain AcadenfiySgience.

* lonic conductor with perovskite structure in the $tg- doped LaGa®system for SOFC-
intermediate temperature, Common project with tati of vy Romanian
Academy of Science.

* High pressure Raman spectroscopy of low-dimensiomadnetic structures, Common project
with NTU Athens, Greece

* Interplay of orbital, spin and lattice in strongiprrelated electron systems, Common project
with ISSP, Tokyo University, Japan

» Spectroscopic and galvano-magnetic properties ofgar@ates, Common project with IMSUV,
Valencia, Spain

» Solid State Physics Methods in Study of Medievalt@al Heritage, Common project with
Institute for Applied Physics, University of Flom Italy

+ Physics of low dimensional and nano-sized strustarel materiafs

« Spectroscopy of elementary excitations in semimagsemiconductofs

For more details and results of our activities @@eweb sitehttp://www.solid.phy.bg.ac.rs

2 CoMePhS 517039 project is FP6 STREP project@mtrolling MesoscopichaseSeparation. It belongs to thematic
priority: Nanotechnologies and Nanosciences: Kndg#ebased Multifunctional Materials and New Prothrct
Processes and Devices. The main objective of thdePhS project is precisely to understand, manipuaid control
the phase competition to a level that allows masgesf the resulting mesoscopic texture.

Duration of project: 42 months; Budget: 207400 Bufour share in a 24 month period, EC contribu66f6). Our
group leader: Dr Zoran V. PopéviProject ended in November 2008.

NanoCharm is a Europen FP7 project on Multifunction@hnanaterialsChaacterization Exploiting Ellipsometry

and Polarinetry. Objectives of NanoCharm project are:

» to characterize the nanoworld, using ellipsometry polarimetry

» to provide a platform for nanomaterials and nangliagtions exploiting ellipsometry

» to develop and refine the nano measurement todfseduture

e to promote education, communication, dissiminatdrknowledge, networking, research and innovation i

characterization of nanomaterials.

Project started on 01. January 2008. Duration ofegt is 3 years; Budget: 111.000 Euros (our shade) group
leader: Dr Rado$ Géji
*NIM_NIL is a Europen FP7 project on Large Area Fabricaifd3D Negative Index Materials by Nanoimprint
Lithography, which should start on 01. Septemb&2®@uration of project is 3 years; Budget: 420.&000s (our
share). Our group leader: Dr RadoS Gaji
® Project N0.141047s supported by the Ministry of Science and Tedbgioal Development of the Republic of
Serbia.This project consists of several topic areas: tid@pand magnetic properties of nanosized mateeat
structures, 2. Investigation of strongly correlagdettron systems (vanadates, titanates, mangae#d®s3. Research of
photonic and meta-materials. Duration of projed igars; Budgets aHead of project: Dr Zoran V.
Popovt.
® Project N0.141028s supported by the Ministry of Science and Tedbgioal Development of the Republic of
Serbia.The optical and transport properties of narrow bgeqa semiconductor alloys based on the lead andumerc
halchogenides, undoped and doped with the elenoétite |1l group or transitional elements with diefil d-orbital are

investigated within this project. Duration of prciés 5 years; Budge?: aHead of project: Dr Nebojsa
Romevic.
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Experimental facilities

The Center for Solid State Physics and New Matedahsists of several laboratories:

sty of Excolience for Doticsl Spectrosigy Apolicitions
WOPSA" ¥ reyim, miverss sciece an Emwvonmmcs Fovein

Laboratory

for
~Material synthesis and.
Crystal growth

2= HAUHOHAAHK WHBECTMLIMOHK MAAH

Laboratory for material synthesis and crystal growh consists of several crystal growth
techniques such as Czochralski, Bridgman or flgatione, thin film technology methods (thermal
evaporation, spattering, laser ablation), sol-gehhology, sintering, etc. Here we will show only
two crystal growth techniques.

Crystal growth using floating zone technique: FouMirror Lamp Image Furnace.

The floating zone technique is a powerful tool iee fabrication of high quality single crystals as
well as for the purification of materials. A newufomirror optical floating zone furnadeZ-T-
1000-H-HR-I-VPO-PC (Crystal System Co.) consists of four ellipsoiddfrors made of Pyrex
glass coated with highly reflective aluminum. Therrors are air-cooled in order to prevent
moisture condensation on the ellipsoidal surfadég principle of this technique is that radiation
from the Halogen lamps is reflected and focusedhasy mirrors onto the bar sample to form a
molten zone at the tip of the feed rod. Then thééenqfloating) zone is translated along the sample
length by moving the mirror stage with respect he sample. The crystal is grown on the
solidifying end of the floating zone. In additioa, rotation movement of the rod improves the
microstructural homogeneity during directional dification.

In the crucibleless floating zone technique theterokone is kept together by capillary forces. The

optical heating is the optimal way to bring a narone of the sample to melting. FZ-T-1000-
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H-HR-I-VPO-PC optical furnace the maximum operating temperatard200C in atmosphere
(air, nitrogen, oxygen, argon, etc) within the tee range from 5x10up to 10 bars. Crystals can
be obtained up to 150 mm in length and 10 mm imdiar, with a growing rate of 0.05-27 mm/h
and a 5-60 rpm rotating rate.

‘*“-‘M*’
o, M

Four mirror optical furnace model FZ-T-1000-H-HRAPO-PC (Crystal System Co.)
with vertical molysili furnace model VF1800 (right)

Advantages of the four mirror floating zone furnace

1) Stable molten zone YUsing high quality four glass mirrors and aluminframe, a stable molten
zone can be achieved;

2) Small size -Mirror stage moving system can diminish the scélédhe furnace, so that crystals as
long as150 mm can be grown;

3) Remote monitor and remote control system Connect a PC to LAN system, monitoring and
controlling of the furnace can be done from anywharthe world,;

4) PC control - All the parameters for growing single crystals danset and controlled by the
personal computer;

5) High quality glass mirror - Suitable for a long-term use, and optimal condgi@re easily
maintained. The surface is easy to clean, no dameges;
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6) Variety of halogen lamps -The most suitable lamp can be selected from vanpaweer lamps
(150w, 300W, 500w, 1,000W and 1,500W lamp are atiég));
7) Monitoring by the CCD camera - High quality color CCD camera and monitor can gigel

time control of the growth;
8) Phase research by the slow cooling float zone methe Stable molten zone by the four mirror
system can give the phase relation using the stmhng float zone method.

Growth of congruently melting compounds  The growth of incongruently melting or peritectic @mpounds

“U o O
I 1ine

(b) (c)

1) First stage Set the solvent zone chip on the top of the sedd
(a) At the initial stage of the heating, both the A small amount of starch paste can be used td.fikhe starch
feed and seed rod are set apart by a will be burnt off as the temperature increases, ansmall
distance of a few mm,; amount of smoke will appear.
2) Second stageBoth the top of the solvent zone chip and the end
(b) As the heating progresses, both ends of the of the feed rod are partially melted, and conneactéithout
feed and seed rod will begin to melt; rotation of either the upper or lower shafts. Aftennecting,
the lamp power is slightly decreased and the uppaft is
(c) At this stage, the upper feed rod is moved to retracted to separate the solvent zone.
downwards until it touches the seed ro®) Third stage: Both the end of the solvent zone chip and the top
Finally, the length of the molten zone is of the seed rod are partially melted, and brougtd tontact
adjusted so that its diameter is almost the with rotation of both shafts.
same as that of the feed and seed rod  4) Final stage: Adjust the lamp power to keep the molten zone
stable and to melt a few millimeters of the toptjpor of the
seed. After a few minutes, the crystal growth wébin.

Advantages of Floating zone in comparison with th€zochralski method
1) High purity crystals can be grown without cantaation from the crucible;
2) Can be applied to grow oxide, metal and othatenmals;

3) Can grow single crystals of incongruently nmgjtmaterials;

4) Low cost of the crystals growth;

5) Can be applied in phase research by the slow
cooling float zone method.

thermocouple
position

Crystal growth by the Czochralski method

The Czochralski processis a method of crystal
growth used to obtain single crystals of many
semiconductors (e.g. silicon, germanium and galliun
arsenide), optical materials (e.g. ruby, sapphirG,

Bi1,GeQy), metals (e.g. palladium, platinum, silver———— ‘ J
7\

and control
computer system _

—

system

2004 Encyelopadia Britannics, Ine.
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gold), salts and some hand made, (or "lab") genaston

High-purity starting materials or polycrystals anelted down in a crucible, which is usually made
of quartz, platinumiridium or molybdenumA seed crystalmounted on a rod, is dipped into the
melt. The seed crystal rod is pulled upwards artdted at the same time. The dopant impurity
atoms can be added to the melt. By precisely climgothe temperature gradients, the rate of
pulling and speed of rotation, it is possible ttrast a large single-crystal cylindrical ingot frahe
melt. This process is normally performed in an tirmosphere, such as argon, or in an inert

chamber, such as quartz.

Occurrence of unwanted instabilities in the meit ba avoided by investigating and visualizing the
temperature and velocity fields during the crygtawth process.

The process is named after Polish scientist Jarct@atski, who discovered the method in 1916,
while investigating the crystallization rates oftais.

Czochralski crystal growth system (Metals Rese&@wh Crystal ingot is BiGeOy.
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Single crystals of several semiconductors and aptiaterials obtained in our laboratory using
the Czochralski, Bridgman and floating zone techag

Laboratory
for

Nanoscopy
(STM, AFM, SNOM)

Laboratory for nanoscopy is equipped with state of art equipment for measurihe
properties of materials at nano-level (Omicron afale temperature SPM and AFM, model
B002645 SPM PROBE VT AFM 25 with MATRIX control dgsn, SNOM, model TwWinSNOM R).
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Scanning Probe Microscope

The scanning tunneling microscopy (STM) is basedhenconcept of quantum tunneling. When a
conducting tip is brought very near to a metallicemiconducting surface, a bias between the two
can allow electrons to tunnel through the vacuumween them. The tip to sample distance is 3-
10A. For low voltages, this tunneling current is adiion of the local density of states at the Fermi
level, B, of the sample. The variations in current as ttodb@ passes over the surface are translated
into an image. This technique is used for the daitarzzation of the conducting and semi-
conducting samples.

An atomic force microscope (AFM) was invented in8@%y Gerd Binnig, Calvin Quate and

Christoph Gerber. The AFM consists of elastic damér with a sharp tip (probe) at its end that is
used to scan the sample surface. When the tipoisght into proximity of a sample surface, the
forces between the tip and the sample lead to ledliein of the cantilever according to Hooke's
law. Depending on the situation, the forces that measured in the AFM include a mechanical
contact force, Van der Waals forces, capillary ésrca chemical bonding, etc. The deflection is
measured using a laser spot reflected from thestoface of the cantilever into an array of
photodiodes.

The two basic modes of operation of the AFM techei@re contact and non-contact mode. The
distance between the tip and the sample in theacomtode AFM is 28 A repulsive interaction

is dominant in this area. The reconstruction of sheface topography is done by measuring the
deflection of the cantilever. In the non-contactM\ode the tip is in the region of the attractive
forces, at the distance of 10-100 nm from the sarapiface. These forces are not strong enough to
measure the static deflection of the cantileveedlly. It is necessary to induce the oscillatiohs o
the cantilever near its resonance frequency. Ttegdotion between the tip and the sample surface
leads to frequency shifting (frequency modulatidrje reconstruction of the surface topography is
effected by measuring the frequency shift.

The SPM techniques have a wide range of uses i sthte physics, surface science,
nanotechnology and biology.

Omicron UHV VT AFM/STM, model B002645 SPM PROBE VTAFM 25

Omicron UHV VT AFM/STM Microscope SPM head
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Technical data
e Matrix control system
e Three modes of operation:
= Contact mode AFM
= Non-contact mode AFM
= STM
These modes provide force/distance and currentiyelspectroscopy measurements. The STM mode
provides an atom manipulation facility.
e Scan (and offset) range X/Y/Z: 1 x 1Qum x 1.2um
e Coarse movement X/Y/Z: 10mm x 10mm x 10mm; Step:A®nm — 500nm
«  Z-resolution: 0.4
e Measurements with atomic resolution
» Vibration isolation: Internal eddy current dumping
e Tunneling current: < 1pA — 300nA
* Gap voltage: £5mV to +10V; applied to tip/cantileysample grounded
+  Ultra High Vacuum (UHV) chamber: fo10*'mbar
*  Working temperature range: 25K - 750K; with LHelLd¥, cryostat
« Sample heating in preparation stage through daerdiative methods up to 1000K

Some results

Highly oriented pyrolitic graphite Atomically resolved 7x7 reconstruction

(HOPG), atomically resolved, AFM Si(111) (new surface atom rearrangement

contact mode obtained by heating the sample to high
temperatures under UHV conditions), STM
mode

TwinSNOM system

The TwinSNOM system consists of a room-temperatureé air-condition Scanning Near-
Field Optical Microscope (SNOM) and an Atomic Forb&icroscope (AFM). The optical
microscopy is limited in resolution by the difframt barrier. The SNOM overcomes this resolution
barrier and significantly increases the resolutbthe optical microscopy. For a SNOM operation a
tapered and metal coated optical fiber is used.filee aperture diameter is much smaller than the
optical wavelength and this size determines theluéisn of the obtained image. In this case, there
is no field propagation so the light from the filzgrerture is evanescent and the fiber tip should be
brought into the optical near-field of the sampleface. The fiber tip is held in position at thels
of the optics (the reflection objective) for ligigtection. The sample is then moved with a scanning
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motion to perform the imaging. A negative feedbbp should be used in order to control the tip
to sample distance. l
I

The TwinSNOM is designed around a stable univers
microscope stage equipped with a mechanically deedu
Zeiss Axiotech Vario microscope. The upright micase

is used for reflection mode SNOM and control of tig
positioning. The shear-force AFM technique is uged
solve the problem of distance regulation. In additiit
provides topographical AFM images together with rgve
SNOM image.

The SNOM fiber tip and the shear-force detector a - :

integrated into a single magnetically mounted aadily Ih. Omicron TwinSNOM system
exchangeable sensor module. A precise positiongg i

provided by the use of piezoelectric stepper mofbinese motors are used for the remote controlled
positioning of the microscope table as well astfar precise positioning of the sensor unit at the
focus of the objective. The scanner unit is integganto the microscope table.

The SNOM control unit contains the laser and thectebnics required for light detection. It
includes the signal conditioning for the photornpliér detector as well as a video input selector fo
the sensor approach monitoring. A highly efficidight collection is achieved in the reflection
mode by a specially designed reflection objective.

The TwinSNOM system is placed on a vibrationlesdetan order to protect the system from the
surrounding mechanical vibrations. The table iatial using the air from a high-pressure cylinder.

The needle sensor completes the functionality ef iwvinSNOM. The needle sensor allows for a
high resolution non-contact mode atomic force nscapy to be used.

Technical data

Sample scan: lateral: 100 x 10Qm?, vertical: 20um, capacitive x/y/z linearisation, 1 nm resolution.

Sample positioning: 30x30 mni, remote controlled precision piezo drives, stee siown to 70 nm.

Tip positioning: remote controlled x/y/z piezo drives, 15x15x10 fstep size down to 50 nm.

Aperture diameter: 50 nm nominal.

Shear-forceresolution: z: 1 nm, x/y: 10 nm,

Laser: current maximum: 50 mA, max. operating temperatB8°C, max. radiation flux=1 mW, emission
wavelength: 635 nm

Optical microscope: objectives: 50x, 10x (long distance), 10x binocutamventional mode: upright (bright/dark field),
spectral range: 350 nm to 750 nm, detection patb0hm.

Footprint: 55 cm x 55 cm; 60 kg.

Some results

Fiber sensor.
The sample is
latex projection obtained by the
pattern. shear-force AFM

" SNOM image. ' " technique

Topography
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Laboratory
for

FT-IR spectroscopy
and.Ellipsometry

2% HAUNOHAAHW WHBECTULMOHN RAAH @:)

Laboratory for the Fourier transform Infrared (FTIR) spectroscopy and

ellipsometry is equipped with two FTIR systems: a Bomem DA-8,daa SPECAC
spectrometers. The former system allows for thesomeanents in the wide frequency range (30-
25000 cnit) at temperatures between 4 and 300 K. The lageus provides the excellent
conditions for the measurements to be conductatiddow-frequency region (1-250 Enwithin

the 77-300 K temperature range.

The High Resolution Variable Angle Spectroscopitipgbmeter (SOPRA GESS5E - IRSE)
can measure the dielectric functions of differeatenials and thin films in the wide spectral range
from 190 nm to 28 um at temperatures between 1Md&K 400 K using ARS Inc. low vibration
closed cycle cryostat, Model CS204SE-X20(OM).

Bomem DAS8 Fourier-transform spectrometer

The Bomem DAS8 is a research grade Fourier-transform |[R-PLAN

spectrometer for the range 4 to 50 000*crfihe term Microscope o
‘research grade’ refers to an instrument operatinder ‘ s —
the vacuum, having high resolution, high scannin q .
stability and an access to several input-outputspfor

several different experiments. It has a vertical
conventional Michelson interferometer with a pagent
dynamical alignment system keeping the exact alegmm
of the mirrors during each scan. The average angula
deviations from an optimal alignment are less théf
radians in normal laboratory environments and a6t
radians under severe vibration conditions. A specia
advantage of the instrument is a unique far inttare
Hypersplitter that covers a broad spectral rangenfd0

to 700 cn-

Fig. 1. The Bomem DAB8 spectrometer (to the righitt) the
InSb and Si detectors and Spectra-Tech IR-PLANramhd analytical microscope mounted to the left.por
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The configuration of the instrument is given in .F&y It consists of three sections: the upper one
containing the source and the beamsplitter commartmthe middle section with the beam
switching compartment, the sample compartment éeddetector modules, and the lower part
containing the vacuum leads, the power suppliestaeddata processing and control electronics.
Depending of the moving mirrairavel the resolution ranges from 0.06 to 0.0026'crihe
instrument has two focused output beams in a sacguigartment and three parallel output beams
as shown in Fig. 2. In the present configuration DA8 system operates within the 10 to 25 000
cm® range with a maximal resolution of 0.02 tnAs sources we use a Hg lamp, a Globar (SiC)
and a Quartz lamp. The beamsplitters are ar@Bnylar film (10-125 ciif), a Hypersplitter (40-700
cm™®) KBr (500-5000 crit) and a Quartz (4000 — 25 000 ¢mThe following detectors are used:
DTGS (far IR), MCT (77K, mid infrared), InSb (77Kear infrared) and Si photodiode (visible).
The spectrometer is equipped with two cryostatdealow Janis STDA 100 (LNand a LHe, 4-
400 K) and an ARS DMX 20 closed-cycle low vibratrcryostat (4.5-300K) with vibration
amplitudes in the nanometer range. The system a@ntly upgraded from far IR and MID IR to
the NIR and VIS ranges, namely, a NIR L. MSb detector (IPH5000L) for the range 1800-8500
cm?, a visible Si (IPH5600L) detector for the range0®%0 000 crt and a Quartz visible
beamsplitter (IMB2100L) for the range 4000-25 0®@'c For data acquisition and processing, the
DA 8 uses the latest working version of the BomeRABIS/Al 7.0 software. In addition, a
suitable IR-PLAN advance analytical microscope rf@asuring samples down to 7 um in size is
used as shown in Fig. 1.

Fig. 2 The DA8 system with 5 output portsJanis STDA 100 flow ARS DMX 20 low vibration
There are two focused output beams in a cryostat closed-cycle cryostat
sample compartment and three parallel

output beams. This model is appropriate

for simultaneous installation of several

experiments
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Figs 3 and 4 present the polarized reflectivitycsizeof the NayOs single crystalsn the far and
mid infrared range.

1.0 , 1.0
NaV, O,
2s NaVv,0O,
0.8 0.8
2
~ o6 S 06-
z 3]
= o
8 0.4 T 0.4
© @
2
0.24 0.2+
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1
Wavenumber (cm™) Wavenumber (cm™)

Fig. 3. Polarized FIR reflectivity spectra of N&% Fig. 4. E||]a polarized FIR and MIR reflectivity
spectrum of Na)Ds

IR-PLAN analytical microscope

IR-PLAN analytical microscope is a visible light enbscope equipped with a high performance
infrared sampling accessory designed for operatiith FT-IR spectrometer. The microscope
performance is directly related to the detectiostay because usually the analyzing samples are
small so it is necessary to use MCT (mercury cadmtelluride) detector. IR-PLAN enables
viewing of the exact sample area that will be anedlyand offers the best resolution available in
FT-IR microscopy in order to obtain the highestgiole quality spectra with the least stray light.
IR-PLAN can be mounted, depending on the type efsjpectrometer, in the primary compartment
or in an external sample compartment or alongsideeospectrometer (Fig.1). IR-PLAN analytical
microscope is equipped with a standafd2 manual stage with a stage clip which provides the
movement of the sample along the x, y and z-axasug adjustment). Usage of two circular,
rotatable masking apertures above and below thelsamduces the stray light and other unwanted
spectral contributions. The upper aperture is k&t the infrared path between the infrared source
and the sample whereas the lower aperture is lbdatéhe infrared path between the sample and
the infrared detector. IR-PLAN analytical microseagan operate itransmissionandreflectance
mode.

Instrument specifications

Viewing optics Standard 15X Reflachromat IR/VIS objective of fbassegrainian type design for 150X viewing and
10X D-plan achromat glass objective for 100X viegvand visual identification of the sample area witlarger field of
view.

Viewing attachments: Binocular viewer has paired 10X eyepieces withsshair measuring reticle. In combination
with the standard 15X objective, provides over 15ual magnification.

Detection: use of the spectrometer’s detector optics ancctieter a dedicated MCT detector.

lllumination: High intensity reflected and transmitted lighuiflination with variable light intensity and fieldhé
aperture stops.

Objective positioning: 4 position rotatable nosepiece.

Sample positioning: Standard 23" travel rectangular rotatable manual stage withestaig.

Sample masking: Two circular variable apertures for masking capatl being used simultaneously to mask the
sample, anywhere in the field of view.
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Field of view& sampling area: Nominal 1.3mm field of view with a 15x objectivBampling area depend on the
detector, detector optics and the collecting objedteing used.

Purge: the spectrometer’s purge system can be used opavge system depending on the instrument and aupl
Sampling mode: Transmission or reflectance.

Microscope support: Rolling work station/table.

Polarising Fourier Transform Spectrometer SPECAC 4000 for FAR IR

The instrument is designed for operation in thecBpérange between 3 and 25090 GHz to

7.5 THz). It is configured as a polarisation intedmeter using a single pair of wire grid polaisser
acting as a beamsplitter and operates with eitl@rage or an amplitude modulation in a step-scan
mode.

collimator

¥ source
sample or mirror <

Y 1 e Wire-grid
polarizer

E «—- MOVing mirro

fixed or vibrating mirror —_— ’ \ Wﬁe-glif_l
beamsplitter

detector

SPECAC 40000 FAR IR spectrometer. Configuration of SPECAC 40000 spectrometer
Inset: LN cryostat for reflectance measurements

The interferometer is based upon the polarising wiiid configuration developed by Martin and
Puplett. The wire grids that are made fronurd diameter Tungsten wire spaced 12.5 (25)
centre-to-centre. The first grid acts as a ,,
polariser to the collimated beam from the InSb
quartz-encapsulated mercury vapour arc _| T=300K
lamp, producing two orthogonally plane
polarised beams. The wires of the secorid
grid are oriented at an angle of°4®lative
to the first one, acting effectively as
beamsplitter.

0.6 -

04

Reflec?‘)ance

The moving mirror has a mechanical path of
50 mm which in the case of a two-sided
interferogram, gives the best resolution of
0.4 cm'. The instrument is assembled with *°t————— 1
either a transmission or a reflection module

0.2

Wave number [cm"]

for measurements on solid state specimen. Fig.5. FIR reflectivity spectrum of InSb measured

An advantage of this spectrometer is a phase using Specac system at 300 |K
modulation which has a better signal-to=
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noise ratio comparing to amplitude modulation.He tase of the phase modulation the fixed mirror
vibrates with the frequencies between 10 and 20A4za consequence we have an asymmetric
interferogram with the zero-leveled background tas ishown in the inset of Fig. 5. For both
modulations a lock-in amplifier must be used. Thstiument works under the vacuum and is
equipped with a Lhlcryostat. In Fig. 5 the reflectance spectrum &hms presented.

GESS5E-IRSE Variable Angle Spectroscopic Ellipsomete

The GES5E-IRSE Spectroscopic
Ellipsometer is a combined systerri1
consisting of: DUV-Visible-NIR
Spectroscopic ellipsometer (SE) and
Fourier Transform Infra-Red |
Spectroscopic Ellipsometer (FTIR-SE);
The polarizer and analyzer arms of both
ellipsometers are mounted on a hig
resolution goniometric bench, made o

are driven by computer controlled
stepper motors. The incidence angle c
vary from 7 to 90in DUV-Visible-NIR
range, and from 20 to 90° in MIR range
with a theoretical resolution of 0.0005

GESS5E-IRSE Spectroscopic Ellipsometer

The DUV-Visible-NIR Spectroscopic ellipsometer(SE) is working in a rotating polarizer
configuration. It operates on the principle of meagical modulation of the incidence light
polarization by rotation of the polarizer at a dam$é angular frequency of 9 Hz. The analyzer
remains in a fixed position, preparing the sigral the detector, insensitive to polarization. The
precision of the ellipsometer for both weak andragr absorbing materials characterization is
significantly enhanced with an automatically adpisé¢ compensator. The light source is one 75 W
Xe arc lamp, directly adapted to the polarizer dtremits a continuous spectrum of light, ranging
from ultraviolet, trough visible to infrared (18®@0 nm). The light spot on the sample in parallel
beam configuration is 1-10 nfirdepending on the aperture. There is also aniadditmiscrospot
option for focusing the beam with a spot size d 8&70um, for an incidence angle of 75°. The
light is introduced from the analyzer arm to thepmeter using optical fiber making the light
beam more stable. By combining the spectrometdr thi¢ photomultiplier tube (PMT) detector in
UV-VIS range (190-900 nm), and InGaAs detector iR Mange (750-2000 nm), a high resolution
spectrum is obtained by scanning the ellipsometriage at many discrete wavelengths. The
spectrometer contains two dispersive elementsifgraind prism) in collaboration with each other,
separated by an intermediate fixed slit. The ggattblazed at optimum wavelength in order to
obtain a maximum efficiency and the prism refrabtsincoming wavelengths to act as a filter for
higher order of diffraction produced by the grating

The Fourier Transform Infra-Red Spectroscopic Ellipsometer (FTIR-SE)is a combination of a
rotating analyzer configuration and a Fourier tfama spectrometer. The basis of the FTIR
spectrometer is a Michelson interferometer, whichdutates each wavelength by a different
frequency. The light leaving the Michelson intedimeter enters the ellipsometer and successively
passes the polarizer, the sample, the analyzefiraaity hits the detector.
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The light source for this IR ellipsometer is ach carbide (SiC) globar. Our system uses two
different detectors: MCT in a range 580 tmo 7000 crit, and DTGS in a range 385 ¢no 6500
cm™. There is also an optional compensator in ordé@nfove the accuracy of the measurements.

The ARS DX204 closed cycle low vibration cryostatvith
additional DMX-20 interface allows for the low teprpture
measurements up to 4.5 K. This cryostat is moumeda
specially designed SOPRA stage and SOPRA chamliar
three possible angles of incidence (60°, 75°, 90°).

The spectroscopic ellipsometry measuresthe changthd
polarization of light upon oblique light reflectioon the
surface of the sample to be studied. The incidagitt lis
linearly polarized, in general, it becomes elliptig polarized
upon reflection. The polarization state of incideright can
be decomposed in® andp- components, one perpendicular
and the other parallel to the plane of incidenceese two
components reflect in a different manner, dependingthe
reflection properties of the surface. The ellipstaneneasures
w andA, which represent the ratio of reflection coeéfifsr,

andrs, written as:p= rplrs = tar(%e'". Thus, tang) is the
amplitude ratio upon reflection, ardis the phase difference.

The spectroscopic ellipsometry can provide infoioratibout
very thin layers, even down to a single atomic taye less.
The measurements of the complex refractive index
dielectric function tensor give access to fundamephysical
parameters that are related to a variety of sappperties,
that include morphology, crystal quality, chemica
composition, or electrical conductivity. It is coramly used to
characterize single layer thin films or complex titayer
stacks ranging from a few parts of nanometers ters¢é  ARS DX204 closed cycle cryostat

micrometers with an excellent accuracy. with SOPRA vacuum shroud
0.30 $i0,(4.47+0.57)nm
0.25
g LAY SizN, (39.74+3.26)nm
=015
0.10
1.00 18% SisN,
0.95 82% glass
g: 0.90 (56.77+2.86)nm
Q
© 085
0.80
- - - glass
15 20 25 30 335 40 4
Energy (eV)
Measured ellipsometric parameters Best-fit model sketched

(circles) of thin films on a glass
substrate and the best fit (full line)
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Laboratory
for

Raman spectroscopy
~and ~
Photoluminescence

-

Laboratory for Raman scattering spectroscopy and pbtoluminescence is
equipped with double grating U1000 Jobin Yvon mdmomator, Ar, Kr, He-Ne and He-Cd ion
lasers, and Peltier effect cooled photomultiplieoflel RCA 31034A) as a detector (single photon
counting detection system). For low-temperaturesueaments (10 K-400 K) there is the Leybold
closed cycle helium cryostat. This experimentatugetas an excellent stray-light rejection and
allows for the measurements close to the lasetdit® made.

Jobin Yvon U1000 Raman spectrometer

The main part of the Raman scattering spectrostaipyratory is thelJobin Yvon U1000 double
monochromator, which contains two holographi@00 groovesmm gratings, whose synchronized
rotation leads to the light dispersion. The Ul0@dkde Raman spectrometer has a long 2 x 1 m
focal length with a high precision drive mechanisithe double additive mode of the
monochromator is ideally suited tery high spectral resolutiof@bout 0.15 ci at 579.1 nm - Hg
line) and very high stray light rejection (¥Dat 20 crit from the Rayleigh line) applications,
allowing the collection ofow-frequency Raman spectra down2& cm'. The dispersion of the
monochromator is 9.2 ¢hmm (0.243 nm/mm) for 514.5 nm, whereas its quanéifficiency is
greater than 40% in the range (440—720) nm.

100
a0
80 B
®
= m = ===
: 60 Pt
ﬁ &0 ™
o X ™~
: 40 v
w 30
20 T
10
, -
Us 0,4 0,5 0,6 0,7 0,8 p
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Wavelength (pm} \; y .‘,.._...._,..\!HE
Jobin Yvon U1000 double monochromator Quantum efficiency of U1000 gratings.
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After leaving the monochromator, the light entdrs tletector system consisting of RCA-C31034A
photomultiplier (detection system which counts photon by photait) Wwousing cooled by Peltier
element, amplifiers and counte#s., Kr, He-Ne andHe-Cd ion lasers are used as light sources.

A detailed scheme of the Raman scattering specpysand photoluminescence experiment is
shown in figure below. The laser spot is focusedheycylindrical or dichromate lens at the sample
surface with a very small angle of incidence. Scwhfiguration corresponds to the so-called quasi-
backscattering geometry. The laboratory is alsapgea with the helium closed cyclé eybold
cooling system, which allows for the Raman scatterheasurements at low temperatures down to
10 K.

COUNTER |
MICRO-RAMAN = Q
< 9,
% e XL
PREAMPLIFIER 8 s
T > %
HIGH ; 5
VOLTAGE N----e N
— S°R°® | bETECTOR : |
- TN ANALYZER | CONFOCAL
| LENSE
— MIRROR, 1 VACUUM [T
DETECTOR PUMP
COOLING SAMPLE
SYSTEM
CYLINDER LENCE x
POLARYZER LI'_J
] <
TEMPERATURE =
CONTROLER O]
SLITS z
L swiTcH 6
o
VACUUMMETER O
MONOCHROMATOR LASER I —
U 1000 POWER L
LASER SUPPLY HIDROFOR
Ar, Kr
VENTIL
WATER
FLOWMETER [
COMPUTER D

Detailed scheme of the Raman scattering and phoiokscence experiment.

The spectra acquisition is controlled IhybSpec software, which provides for a choice of
measurement spectral range, step and integratite iti s a
each step, by taking into account a laser waveterpy =~ -
illustration of the Raman spectru(excited by 442 nm: _
line of He-Cd laser), measured in 4 regions witl: .
different resolution is presented in figure 6. g 1=

The U1000 double monochromator allows f . N/\j 9
simultaneous measurements of the Raman and the-pl | “ = ¢ = = =.r = o s
luminescence spectra. As a rule, the photolumimesce: - *

. . o :
spectra are measured with a lower resolution an Figure 6. Raman spectrum of mechanic
wider spectral range compared to the Raman spe :

- activated ZnO powd.
The spectral range of the instrument depends ar las
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wavelength (max range is 350-850 nm).
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Raman (insets) and photoluminescence spectra
of Hgy sCh 14T € single crystal Raman scattering experiment

Laboratory

for
p-Raman
spectroscopy

Laboratory for micro-Raman scattering spectroscopyis equipped with triple Jobin
Yvon T 64000 spectrometer (gratings with 1800 gesémm), a Coherent Ar- Kr mixed gas ion
laser, and a CCD detection system. The set-up icenta confocal microscope and an x-y-z
microscope stage. For variable temperature measumtsrthere is hinkam THMS 600heating and
cooling microscope stage, which allows for the miBaman measurements to be performed within
the 77 to 900 K temperature range. Another micrmy®aset-up is a TriVista 557 spectrometer. A
Konti liquid helium microscope cryostat is alsotparthis laboratory.

Jobin Yvon T64000 Raman spectrometer

The Jobin Yvon T64000 Raman system is equipped withple Jobin Yvon T64000
spectrometer, Coherent mixed Ar*/Kr* ion gas laser andCCD detector system. The experimental
set-up also includes @nfocal microscope and a XYZ stage. The Cryovac Konti cooling cryostat
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for low temperature measurements makes it possibidtain the micro-Raman spectra within the
temperature rangieom 4 to 300 K. Through appropriate neutral filters of the T64@98tem, the
laser spot is driven by the mirror combination e tmicroscope system, which focuses a spot on
the sample surface. Th®nfocal microscope permits experiments on small size samples, with
improved spatial, lateral and depth resolutionse Tight scattered from the sample surface is
redirected to the microscope and than orientatednbyors to the triple monochromator. The
spectral dispersed light from the monochromatorersnthe CCD (Charge Coupled Device)
detector.

Cryovac Konti
Liquid helium
Microscope cryostat

Liquid helium
container

Vacuum

turbo pump iii

Jobin Yvon T64000 Triple Stage Raman system.

Jobin Yvon T64000 Raman scattering system withv@g/&onti microscope cryostat.

The T64000 monochromator system consists dbuble pre-monochromator (stage 1 and 2, see
figure 7) and aspectrograph stages (stage 3 in the same figure). The pre-nfwopwtor is a twin
monochromator working in a subtractive mode. Itsaa$ a tunable filter in the spectral range
defined by the scanning mechanism and

Ar'/Kr" LASER

gratings. The spectrograph stage is used

disperser. The T64000 system can be utiliz S:,Ec,‘,,

in a triple additive or in atriple subtractive B ) st it
modes. Its unique optical design allows fc ~ Spectrometer 1

easy switching between additive ar
subtractive modes. An additive mode givi
the highest spectral resoluti@nd high linear
dispersion, whereas a subtractive mode gi' Additive mode
a high stray light rejectionand allows for 2lage

collectinglow-frequency Raman spectra dow

I - i Pre-monochromator S, , . Is. |%
to 5 cm™. The optical diagrams for these tw X 3

modes are shown in figure 7. Stage 1 G; % | E
In the triple subtractive mode, which is ust et S L

Axial exit

|
- 1
@‘1&2.3
N
Is,

Ny T

Stage 3 G3
GZ

&Z

™ 7

I

1
more often than the additive one, + 2
polychromatic radiation enters the fir Lateral entrance Micrﬂ
monochromator through the entrance slit P

and is dispersed by the grating.@he exit Fig.7. Optical diagram of JY T64000 monochro-
slit of the first monochromator (entrance smator in a triple additive and subtractive mode.
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of the 2% monochromator) ;§, selects a bandpass betwetrand ,. The grating G in the 2°
monochromator recombines all the dispersed radigtion the exit slit i3 giving again a
polychromatic radiation, but limited to only theespral range betweet andA,. In that manner,
the elastic radiation remains outside this rangéjchv is the main purpose of the pre-
monochromator. The polychromatic radiation seledigdhe pre-monochromator is dispersed by
the grating G of the spectrograph and is directed by mirrorthlateral exit of the spectrograph.
The T64000 is equipped with three holograpt800 groovessmm gratings defining a mechanical
range of0-950 nm.

The Symphony 1024 x 256 Cryogenic Open Typical Speciral Response @ 25°C
Electrode CCD detector, cooled by nitrogen dowr
to 140 K, is mounted in the plane of the exit ima | % *
of the T64000 monochromator. With an avera| .
quantum efficiency o#80% from 200 nm to 900 nm E »f— P o B
and its relatively flat response (Fig.8), this dete | £ = I S
is the optimal choice for general purpo:| & S o n o m;‘““lm
spectroscopic measurements. o e )

The processes of measurement and acquisition are .
controlled by alabSpec software. With regard to  F19-8. Quantum efficiency of CCD detector.
the efficiency of its detection, the T64000 systerakes it possible to gather weak signals. The
exposure time and the accumulation number are ohioserder to obtain the best signal to noise
ratio.

System technical specification:

Focal length: 3 x 640 mm (triple additive) Step size:0.00066 nm
(with 1800 grooves/mm gratings)

Low frequency: typically 2 — 5 crit Reproducibility: better than 1 pixel

(double filter stage)
Stray light rejection: 10*at 20 crit (514 nm laser) Gratings: 3 x 1800 grooves/mm
Resolution: better than 2 pixels of the CCD, i. e. 2tm  Precision: 1 cni in the range
(for 514,5 nm laser) (450 - 850) nm
Dispersion 17,68 crit/nm (at 600 nm) Spectral range:0 - 950 nm

Jobin Yvon T 64000 system allows for the measurdsneihhigh resolution Raman spectra to be
made in a relatively short time, which makes itgilole that a small content of highly disordered
phase in materials be registered, as it is illtstrén the case of anatase 7@ Pr doped Cef)
see below.

60000 o o
sol-gel synthesized Tio, Ce, ,Pr.O,;

50000
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g

brookite modes

Intensity [cnt/s]

30000+
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Intensity

10000

has A \__.. x=0.10
) PRamananitomy
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extrinsic vacancies
T intrinsic vacancies

/

o x=0.20
; : \ 1 : Oxygen
. 200 400 600 800 1000 d
Raman spectra of anatase TiO Raman shift [cm™] yacancy modes
Mode of brookite phase can be also detected in Ce.Pr.0;
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TriVista TR557 Raman spectrometer

The TriVista 557 (S& GmbH) is a triple spectrognawhich offersthe highest spectral resolution
andextreme stray light rejection required for theRaman and photoluminescence measurements
in UV, VIS, and NIR spectral ranges. Its unique optical design (patent pending) all@mseasy
switching betweeradditive and subtractive modes and it can be easily reconfigured to work as a
double or a single spectrometer.

In the heart of the TriVista are industry leadingtén Research Corporation spectrometers. They
are known for superb resolution, stray light ratt excellent imaging and ruggedness. The
TriVista can operatérom 185 nm to 2.2um. The spectratesolution can reach 4 picometers in the

VIS spectral range (500 nm). The extreme strayt lighection allows Raman spectra to be

measured ag ose as 5 wave numbers from the Rayleigh line.

3rd stage 2nd stage 1st stage
| | P P [ e I | P

1st light
entrance

=
3
]

PMTI LRI I R l IR

: Chamber

[ o | [ o | .
CCD Y
1st light entrance Macro
(alternative) Chamber
TriVista 557 system (S& GmbH) Fig.9. Triple Rang@pectrometer in additive or

subtractive mode with Macro- or Micro-Chamber
and PTM and CCD detectors

The TriVista is the most flexible system for s¢iBo use on the markefNine gratings
(three in each stage) with different numbers of grooves per mm (from 362400 grooves/mm)
ensure the collecting of the Raman spectra in iifferanges and with different resolutions just by
applying software commands. The TriVista 557 mdaed 500 nm focal length in the first and the
second stages and 750 mm in the third stage. It bmarused insingle, double and triple
configurations. A single configuration means all three stages lbanused simultaneously and
independently for three different experiments taloe at once. Most often the TriVista is utilized
as a double or triple system. In these casesjgheldeam sequentially passes through 2 or 3 stages
and the gratings of the involved stages coherantbye together with very high precision. Two
most common reasons for using a double or a tep&em instead of a single spectrometer are a
high spectral resolution and a high stray lightecépn. These two effects can be achieved in
different modes of the TriVista operation:

1. The Additive mode gives a high spectral resoftuaind high linear dispersion.

2. The Subtractive mode gives a high stray ligfgation.

The TriVista software offers an easy way to switetween additive and subtractive modes
just by mouse-clicking. The physical mechanism behhis switch is changing the direction of the
grating rotation. In the additive mode both gragimg the first and the second stages synchronously
rotate clockwise adding dispersion to each otherthe subtractive mode the grating in the first
stage rotates clockwise but the grating in the mg@&bage synchronously rotates counter- clockwise
precisely cancelling dispersive action of the gigiin the first stage.
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As it can be seen from the figure above, in trigafiguration the Double monochromator stage is
used together with the last stage as a Triple sy$te Raman spectroscopy. However, it can be
also used as an excitation stageFtworescence and Photoluminescence and the emission can be
detected by the last stage of the system.

The S& | software was written to obtain an optimized access tohaitd stages of the TriVista (Fig.
9). It is programmed in "Visual Basic" and runscio-operation with the Princeton Instruments'
WinSpec software package, which is designed to operate a multinfdéCD detector and allow
access to exclusive detector functions. The S&wsae controls spectrometer functions while the
WinSpec is used as a DLL and provides data actunisand setup functions for multi-channel
detectors.

The TriVista spectrometer is equipped wilte Princeton Instruments Spec-10: 28étector (Fig.10),
which is a fully integrated spectrosco@i€D system. A choice of industry standard, spectroscopic-
format E2V sensors are offered. The Spec-10: 25@Brporates an open electrode sensor which
offers a broadband response over a wide specgiaire from 200 to 1050 nm, as can be seen from
the quantum efficiency curve in the Fig. 11. Thguid nitrogen cooling of the CCD effectively
eliminates dark noise, even for long exposures.

PIXIS 256E Open Electrode

GQuanturn Efficiency (%)

Df— T
200 00 400 L4ii] &00 700 BOD i} 1000 1100
wavelength

Fig.10. Spec-10: 256E CCD Detector Fig.11. Quantum efficinecy of Spec-10: 256E

To simultaneously obtaifitokes and Anti-Stokes Raman spectra (see Fig. 12), the TriVista
system is equipped by a laser mask (Fig.13) whigh ke installed on®1, 2" or on both
intermediate slits. The laser mask is a very thatahbar positioned precisely in the middle of the
slit which mechanically blocks the laser light. Faore versatility, the laser stop mask has 4 option
- three bars of different width (150, 300, -6@@®) and the open space to allow the Raman signal to
pass unblocked through the intermediate slit. Tdserd stop mask is set on a sliding strip for
changing between 4 options and a precise positionin

5x10°

3x10*

2x10" 4 J I m
4150 -100  -50 0 50 100 150 E
1
)

Raman shift (cm”

IN
X
[y
Q
N

Intensity cnt/s

Fig. 12 Stokes and Anti-Stokes Raman spectra of,GeS Fig.13. Sliding Strip with Laser Stop Mask
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The Micro-Raman assembly is based on the uprigltrascopeBX51 from Olympusand the
Confocal Micro-Raman Interface (CMRI) as an extension for tH@X51to allow for the Micro-
Raman Spectroscopy. CMRI is designed to allow diregupling and fibre coupling for
transmission of a laser beam and a Raman signakigadion dependent measurements are possible
for both direct coupled and fibre coupled lasernm&aTheconfocal Raman microscope has a
spatial resolution on a micron scale.

The TriVista system is equipped with a CCD detectoconfocal microscope, whereas the
software-driven XYZ stagenakes possible an automated 3D mapping with an fastess option.
For variable temperature measurements under mmpeswe have supplied Linkam THMSG600
heating/freezing stage which works in temperatarge -196° to 600°C, up to 130°C/min heating
and temperature stability <0.1°C.

X-scan and Y-scan: Raman spectra of the TiO2 abwampositions on the sample along x-and y-axes
Z-scan: Raman spectra of the Si thin film at vasipositions on the sample along z-axis;

LINKAM THMS600 - System description

The THMS600 is one of the most popular heating fiedzing stages used in many applications
where high heating/freezing rates and 0.1°C acgueaw stability are needed. The LINKAM
THMS600 heating/cooling stage is equipped with &4Ctemperature controller and a LNP94
Liquid Nitrogen Pump.

LINKAM THMS 600 heating/ Cl94 temperature controller LNP94 Liquid NitrogenrRp
cooling stage

Technical data:

Sample area 22 mm diameter.
100Q platinum resistor sensor.

e Light aperture - 2.4mm @.

» Temperature range -196° to 600°C. A= 48 ¢ M ™ b e
e Upto 130°C/min heating. | e
- ° 2890°C Holding at limit 2841 | Stopped
L] < . .
Temperature Stablllty O o~ . Rate C/min Limit *C Hold minz Lnp Delaysecs
e 16 mm X,Y sample manipulation. [ (w3 [0 [T i 1)

L %3] fdaal pusp ooatrel
The Linksys 32 software displays the live tempeeatu
active ramp information and allows ftiie user to hay

g, full control of the rate of heatina. limit and hdiiche
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Silver heating block for high thermal conductivity.

Direct injection of the coolant into the silver blo

Single ultra thin lid window - 0.17mm.

Objective lens working distance - 0.1mm to 4.5mm.

Water cooled stage body for high temperature weg00°C).

Sample side loading without removing the stage lid.

Can be used with all microscope techniques

Controlled heating rates of 0.01°C to 130°C/min.

Controlled cooling rates of 0.01°C to 100°C/min

Displays Temperature to 0.01°C

Hold time 0 - 9999 mins.

RS232 interface to allow programming by Linksystwafe.

A cooling system consists of the 2 Litre dewar armbntrol unit housing the pump which can be cdletddoy
selecting one of 5 manual pump speeds.

* Recycled dry nitrogen gas is used to purge the Eao@mber and upper lid window surface of condiorsa
e The precise control of liquid nitrogen flow allower specific stages controlled cooling rates as fes
130°C/min or as slow as (°C/min.

Heating / Cooling Procedure

Heating Procedure Cooling Procedure

The dewar with a pump inside should bEhe dewar should be 2/3 filled with liquid

approximately 2/3 filled with water. Thenitrogen.The lid must be placed so that the thin

heating is provided using Linksys32 software. capillary tube is pointing upward. The thin
silicon tube carries exhaust nitrogen gas and is
used to prevent the blurring of the top of the
window on the stage lid.

/L—J/\J 200°C
b

100°C

24°C

Raman intensity (arb. units)

:

-150 -100 -50 0 50 100 150 200
Raman shift (cm™)
Stokes and anti-Stokes Raman spectra of fi@asured using Linkam stage in the 24 —®@D@mperature range.
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Laboratory

for
Brillouin scattering

....gpectroscopy

Brillouin scattering (BS) spectroscopy.BS represents an inelastic light scattering
technique, similar to the Raman spectroscopy. Hewethe energies of the excitations probed in
the BS spectroscopy are much lower than thoseepral the Raman spectroscopy and they lie
well below 50 crit. The excitations that can be investigated withsp&ctroscopy include acoustic
phonons, magnons, spin waves, surface ripplesusiii excitations, etc. Acoustic phonons.
produce strain, causing the change of mass deraity,modulate the dielectric constant of the
material. The BS spectroscopy allows for the mainitpof elastooptic properties of the material,
the determination of sound velocities and elastiestants, the investigation of the effects such as
anharmonicity, the phase transitions. It also mtesiinformation on the interaction of acoustic
phonons with different excitations, electronic esatpolaritons, and plasmons. The spectra are
usually recorded in the backscattering geometrgesforward scattering can be performed only on
transparent samples.

Since the energy of the scattered radiation is etwge to the initial, laser line energy, differing
from it often for less than an inverse centimetelgrating monochromator cannot be used as a
spectrograph in this experiment. Insteadhaéry Perointerferometer is used (plane or spherical).
The plane Fabry Perot interferometer consists of parallel disc-shaped mirrors made of glass or
guartz mounted at a constant distabhamne from the other. The flat mirror surfaces arated with
such a material that most of the light incident mploem is reflected and only a small fraction is
transmitted. The interference of light after numeraeflections has maxima for wavelengths:
A=2L/p (pis a non-zero integer) and by transmitting modtit of these wavelengths, the

individual wavelengths are separated from theak#ie scattered radiation.

Our Brillouin scattering system, theandem Fabry Perot Interferometer TF-1 (JRS Sdienti

consists of two interferometers placed with thegimaxes being almost parallel (inset of Fig.14),
with a small offset angle that their mirror distances are almost the samagijnig valued. and

Lcosy. The light is passed three times through eachfertameter (six passes in total) and improves
the contrast drastically. Two interferometers arezgelectrically scanned and their work is
synchronized by mounting their scanning mirrorstfie» common scanning stage. Also, by placing
the interferometers in proximity to each other thgstem is less sensitive to temperature
fluctuations. The mirror spacing can be set in thage (0-50) mm, whereas small mirror
movements with scanning amplitude of up tonm2are made possible by use of deformable
parallelogram beneath the mirrors holder and achéd transducer controlled electronically. Both
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interferometers are isolated from the low-frequenityations (such as building vibrations) with a
vibration free system AVI 350 LP.

Figure 14. Brillouin JRS Scientific spectrometesdt: Tandem Fabry Perot interferometer with a camm
scanning stage

A complete spectrometer is shown in the Fig. 14il@nleft side the beam enters the system
through the aperture, then is reflected from thalbmirror 1, collected and collimated with the
lens, reflected from the mirror 2 and after thisemters the Fabry Perot interferometer 1 (FP1).
After a signal intensity amplification in the FRthe beam is reflected from the mirror 3, passes
through the second interferometer (FP2), is redédand reflected from the prism 1 and returns
through the FP2 and FP1 to the lens and is focosdbe very small mirror 4 (cat’s eye) behind the
first mirror. From the mirror 4, the beam returngaim through the FP1 and FP2, but now is
reflected from the mirror 5, refracted through ghissm 2, reflected from the mirror 6 and through a
small lens is directed to the detector. It is ckbat the beam passes three times through a FP1 and
three times through a FP2. The distance betweemitrers is set by using a control on the front
board that runs a motor that moves the translatiage. The adjustment of the FP1 and FP2 mirrors
positions is performed also with x- and y-positmmtrols on the front board, with a purpose of
making FP1 and FP2 transmit. A fine adjustmentheSé positions is performed with the help of
corresponding controls on the control unit. Thenbéensmission is controlled visually, checking
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that the entire beam spot is viewed on a pieceapiep placed after the FP1 and the FP2, after
mirror 6 etc. The described procedure relates ¢otéimdem operating mode of the spectrometer.
There is one more working mode, the alignment muidid, a slightly changed geometry, which is
characterized by the collection of the light refégtfrom the FP1 and the FP2, which allows for
viewing dips at the positions in the spectra cqoesling to the wavelengths transmitted through
the interferometers. This operation mode makeasieg to do final adjustments of mirror positions
in order to ensure that the interferometers transompletely. After this a measurement is made by
setting the scanning amplitude on the control and collecting the spectra. The signal from the
detector (photon counting module Perkin Elmer MP3)9& analyzed with a MCA Ghost
multichannel analyzer.

Detector incorporated in the experiment is Perkim&l Photon Counting Module MP 983, with
spectral sensitivity in the region (185-650) nmoflsatode used is a low noise bialkali, with dark
counts of 2cps, and maximum counting rate of 10MBletector and the spectral response of the
photocatode (curve signed C983) is shown in therdid 5.

Spectral response

100
5 e ’c’se;\'c 944 \\_
sl S |

1! — - —
s 11— T ~—
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E i }' — ‘\\ ‘\ Clﬁ‘\{
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Fig. 15. Photon Counting Module MP 983, with spalctf Fig. 16. Coherent Compass 315 M laser
sensitivity —curve C983.

Excitation source in the BS spectroscopy experine@t Coherent diode-pumped Nd:YAG laser,
model Compass 315M. It is a single frequency, singbde laser operating at the wavelength of
532 nm with maximum power of 150mW, Fig. 16..
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Laboratory

1{+]8
Hall effect
measurements

Laboratory for transport properties measurements (Hall effect set-up)is equipped
with a conventional electro-magnet (magnetic fiegdto 1.5 T), a Hall effect set-up and an ARS
Displex DE-202N closed-cycle-helium cryostat (fowltemperature measurements between 7 and
300 K).

The transport properties measurements (Hall effecexperiment) consists of:

e The Electromagnet fand madg This
electromagnet can realize a magnetic field of up
1.5 T for pole distance of 1 cm. In case of lo
temperature measurements the pole distance is
cm and the maximum value ofthe magntic field is
05T.

e The Current source for electromagnet is Delta
electronika series 3000, model SMD: 120V-25A.

* The Keithley 220 Programmable Current
Source— (DC current range: 2nA — 100 mA).

* The Keithley 705 Scannerwith Keithley 7065
Hall Effect Card, which is designed to assist in

on several types of semiconductor speciments.

 The Keithley 196 System DMM - is a five
function autoranging digital multimeter. The DC
voltage measurements from 100 nV to 300
Resistance measurements from 100Q to
300 M Q. AC voltage measurements fronu¥ to
300 V. DC current measurement from 1 nA to
A., and AC current measurements from 1 nA t
3A.

» The Close cycle helium gas cryostdARS, model Hall effect measuring system.
Displex DE-202N) for temperature measuremei...
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between 6 and 300 K..
* The Lake Shore DRC91CA Temperature Controller
* A Pfeiffer Vacuum pump for air evacuation from

cryostat. i
* A PC computer for experiment running and data

collecting. 2
Measurements:

Using the Hall-effect set up it is possible to meas

arb. units

1. Specific electrical resistivity using the Vanrdeauw T.=81K
method.

2. The Hall voltage, i.e. the Hall constant. Commigyihis and ~ ° 50 100 150 200 250 300 T(K)

the electrical resistivity data it is possible tetefmine _ o

carriers type, concentration and mobility. Electrical resistivity of YB& 0,

superconducting oxide.

Specific electrical resistivity measurements areedosing the
Van der Pauw method. At first, it is necessary reate 4 electrical contacts on the sample. The
electrical resistivity is measured by applying ttrrent between two adjacent terminals and
reading the voltage at the other two terminals. fOital of 8 measurements is made for all possible
combinations of measurements among the 4 contactpecific electrical resistivity is calculated
according to the Ohms law using values of appliedents and measured voltages, taking into
account the proportionality coefficients basedlmshape of the sample.

Laboratory
for magnetic and

magneto-optic
measurements
(14 tesla magnet)

Laboratory for magnetic and magneto-optic measurem@s is equipped with a 14 T
cryogen free measurement system (Cryogenic Ltcersopducting magnet with a vibrating sample
magnetometer, a resistivity and Hall effect set-apspecific heat system). This system has an
optical window at the bottorof the cryostat for optical connection with theMista TR557 triple
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Raman system so that Raman and photoluminescenasumeenents can be performed at low
temperatures and in high magnetic fields.

High Magnetic Field Measurement System

The High Magnetic Field Measurement Syste
(HMFMS) made by Cryogenic is a very versatilg
system for various experiments and measurements
high magnetic fields up to 14 T, within the
temperature range from 1.6 K to 325 K. Thd
HMFMS is capable of measuring several physicg
guantities:
. Magnetic moment and magnetization
using a Vibrating Sample Magnetomete
(VSM)
. AC Susceptibility
. Electrical resistivity
. Hall Effect constant
. Specific Heat
The HMFMS is a “cryogen free system”,
meaning it does not use liquid helium for coolin
superconducting magnets. Instead, it uses a clo
cycle system of helium gas cooling with a compresofg
The main advantage of a cryogen free system is t
low operating cost. No liquid helium or nitrogen is
required for cooling down or operation; there aoe n
costs associated with storage and transport oidsqu
Safety issues and training for personnel a
minimised. It is also simple to use: switch on thé
cooler and wait for it to reach the operating
temperature; the system is then ready to use.

In the core of the system is a superconducting eadrased on a NbTi/NBn alloy. The magnet is
able to achive magnetic fields of up to 14 T, watmagnet energation rate up to 0.7 T/min, and
with a central field homogeneity of 0.001% over 2bnThe sample is mounted on a probe which is
placed inside the Variable Temperature Insert (Millljch allows for sample temperature variation
in the 1.6-325K range. The temperature stability 3.05 K, and a typical cooldown time for the
entire system is about 28 hours.

By changing a probe holder it can be easily chartpedtype of measurement performed on the
system, i.e. the system can be used in differemigurations for different experiments. The system
is using a LabView based software for monitoringl alata collection which enables automated
multisequence measurements.

Vibrating sample magnetometer

The Cryogenic VSM is a research instrument for mesasents of the DC magnetic moment in the
fields of up to 14 Tesla. In order to generate gnal proportional to the magnetic moment, the
sample is set to vibrate in a constant (or slovagying) applied field. The signal is detected by an
astatic pair of pick-up coils. The coils sense #agiation of magnetic flux due to the sample
movement. The typical frequency of vibration isward 20 Hz, and the amplitude is 1 mm. The
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pick-up coils are located inside the VTI within there of the superconducting magnet. The signal

is detected by a lock-in amplifier.

Specification

Vibration frequencyl — 100 Hz, typically 21 Hz
Maximum sample sizel0 mm

Optimum sample sizé&mm or smaller

Noise base (10 s averaging)0® emu

Dynamic range (standard)é®

Accuracy and reproducibilityd.5%

Magnetization of CgfFe, samples (right).

Magnetization (emu/g)
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AC susceptometer

The AC magnetic susceptibility of a sample
measured by applying a small AC field using a d
(or primary) field coil and detecting the sam
response with an astatic pair of pick-up (or seaoyd
coils.

In the absence of the sample the coils are balaso
that the output signal is zero. When the sampl
positioned inside one of the pick-up coils, theabak
is disturbed, and the resulting output signal

sample response. Therefore the dynamic susceffi
is usually represented in terms of the real
imaginary parts. The real part is the characteristi
reversible processes, and the imaginary
characterises the energy dissipation.

proportional to the sample susceptibility. Gengraf
there is a phase shift between the AC field and {HS

Specific heat measurements
iEhe Cryogenic Ltd. miniature A(
icalorimeter is designed to measure
pleeat capacity of samples weighing
little as one microgram.

. The AC calorimeter is based on an 4
L qghnique that offers unsurpass
e L : T
sensitivity combined with simplicity o
eration. The sample is mounted o
(fhe calorimeter membrane usi
rmally conductive vacuum gred

bmounted in a closed cell with lov

Lpressure exchange gas. The comp
probe is loaded through an airlock in

p%ﬂ‘? VTI.

the
as

Specification

Maximum AC field amplitude: 20 gauss at 100 Hz
Sensitivity: at 1 KHz 18 emu at 4K

Useful frequency range: 1 Hz — 20 KHz
Maximum sample diameter: 5 mm

Specification

Temperature range: 5 — 300 K
Frequency of temp. modulation: 0.1 — 100 Hz
Amplitude of temp. modulation: 0.01 - 0.1 K
Typical sample dimensions: 100 x 200 micro

ns

Sample temperature range (VTI): 1.6 — 325 K

Typical sample mass: 1 -1@.

Electrical resistivity and Hall effect measurements

The Resistivity system is configured for 4-termimakistance measurements and Hall voltage
measurements in the range fro@ to MQ resistance. The resistance is measured by a hafityg
digital voltmeter and a current source. The stashdample platform is typically 15 mm x 50 mm

with 8 electrical connections for two samples.

Specification

DC resistance measurement range* 0108 Q
DC voltage sensitivity: typically 0.4V to 1 V
Accuracy: Higher than 0.1% for 1 — 3@
Resistance frequency range: Normally DC

Probe for Electrical resistivity and Hall-effect agirements Sample size: up to 10 mm
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Human resources

Prof. Dr Zoran V. Popovi¢, corresponding member of SASA
Director of Center for Solid Sate Physics and Neatdvials

Room: A7
Office phone: +381-11-3161 385; +381-11-3713 1¥81#11-3713 101
Fax: +381 11 3160531

e-mail:popozor@phy.bg.ac.rgoran.popovic@phy.bg.as.r

Research interestsArea of condensed matter physics mainly focused| on
following topics: optical properties of solidsfrared and Raman
spectroscopy , lattice vibrations

Dr Goran M. StaniSi¢, research professor

Room: D5

Office phone: +381-11-3713194
Fax: +381 11 3160531

e-mail: stanisic@phy.bg.ac.rs

Research interests
Science of materials; Sintering of Nonstoichione®ixide Materials;
Synthesis of High-temperature Superconducting Nedter

Dr Rados, Gaji¢, research professor

Room: A17

Office phone: +381-11-3713046;
Fax: +381 11 3160531
e-mail:rgajic@phy.bg.ac.rs

Research interests:Metamaterials, Photonic crystals, Ellipsometry,
Nano-optics, High-Tc superconductivity

DrAleksandar Golubovié¢, research professor

Room: A16

Office phone: +381-11-3713047;

Fax: +381 11 3160531

e-mail: golubovic@phy.bg.ac.rs

Research interestsMaterials science, crystal growth, X-ray diffractjo
IR and Raman spectroscopy, imperfections of thetaty, nanopowders
sol-gel and hydrothermal synthesis

Dr Slobodanka Kosti, research professor

Room: Al16

Office phone: +381-11-3713047;
Fax: +381 11 3160531
e-mail:boban@phy.bg.ac.rs

Research interests:
Materials science, kinetic of crystal growth, imfieetions of the crystals
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Dr Nebojsa Rontevi¢, research professor
Director ofKristalografija-Infiz

Room: A13

Office phone:
+381-11-3713026;

Fax: +381 11 3160531

e-mail:romcevi@phy.bg.ac.rs

Research interests:
Vibrational (Raman and IR) spectroscopy and trarispeasurements of
semiconductors and semimagnetic semiconductors.

Dr Maja Séepanovi, associate research professor

Room: D3
Office phone:
+381-11-3713024;
Fax: +381 11 3160531
e-mail:maja@phy.bg.ac.rs
Research interestsRaman, infrared and photoluminescence studies
nanostructured materials. Numerical simulationthefvibrational
properties of nanomaterials.

Dr Zorana Dohéevié — Mitrovi ¢, associate research
professor

Room: D3

Office phone: +381-11-3713024;

Fax: +381 11 3160531

e-mail:zordoh@phy.bg.ac.rs

Research interestsFTIR, Raman and photoluminescence spectrosg
of nanometric non-oxide ceramics, nano compositessemiconducting
nanopowders and thin films. Magnetic propertiesariomaterials.

Dr Radmila Kosti¢, associate research professor

Room: A9

Office phone: +381-11-3713164

Fax: +381 11 3160531

e-mail:rkostic@phy.bg.ac.rs

Research interests: Vibrational spectroscopy of lowdimensional
systems (polymers, nanotubes,...); Infrared, Raamanphoto-
luminescence spectroscopy of semiconductor nariolesrin different
matrices.

Dr Maja Rom ¢evi¢, associate research professor

Room: A13

Office phone: +381-11-3713026
Fax: +381 11 3160531
e-mail:romcevic@phy.bg.ac.rs

Research interests
Vibrational (Raman and IR) spectroscopy and trarispeasurements of
semiconductors and semimagnetic semiconductorkk; thin films, and
nanoparticles
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Dr DuSanka Stojanovi, research assistant professor

Room: A9

Office phone: +381-11-3713164
Fax: +381 11 3160531
e-mail:dusanka@phy.bg.ac.rs

Research interests:
Computer simulation of optical and transport prtipsrof
semiconductors and semiconductor nanoparticles

Dr Jelena Traji¢, research assistant professor

Room: A4

Office phone: +381-11-3713035
Fax: +381 11 3160531
e-mail:jelena@phy.bg.ac.rs

Research interests:

Vibrational (Raman and IR) spectroscopy and trarispeasurements of
semiconductors and semimagnetic semiconductork thin films, and
nanopatrticles.

Dr Zorica Lazarevi¢, research assistant professor

Room: A4
Office phone: +381-11-3713035
Fax: +381 11 3160531 N
e-mail:lzorica@phy.bg.ac.rs A
- 4
!
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[]
Research interestsMaterials science, synthesis of ceramic powders and .
characterization of the new ceramics ferroelectiud piezoelectric O
materials. Electro-deposition of organic coatingd aorrosion protectior]
by organic coatings.
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Dr Mirjana Gruji ¢ —Broj¢in,

Room: D6

Office phone: +381-11-3713023
Fax: +381 11 3160531
e-mail:myramyra@phy.bg.ac.rs

Research interests:
Raman, infrared and photoluminescence spectrosafopgnomaterials.
Numerical simulation of the optical properties ahomaterials.
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