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Innovation Sector

Dear Colleagues,

The Institute of Physics was created in 1945 as a part of the Azerbaijan National Academy of Sciences. It comprises over 35 laboratories and departments with about 750 employees in total, including scientists, engineers, laboratory assistants, support and administrative stuff. Our Institute is a
leading research organization in physical sciences in Azerbaijan. It has recognized achievements in research during the soviet part of its history. Traditional fields of our research activities are experimental and theoretical
semiconductor physics, materials science, device physics and technology,
high energy physics and others. Nowadays, the Institute is getting a new
life to become high-standard research center in Azerbaijan and in the region. Recently, we have established an Innovation Sector within the Institute to support research studies on frontier topics and facilitate international collaboration. We are open for cooperation at domestic and international
levels, for research on mutually interesting topics, student and employee
exchange, knowledge share and dissemination with the ultimate goal to
contribute into the building of knowledge-based economy in Azerbaijan, in
the Europe and globally.

N. Mammadov
Deputy Director on innovations and international relations
on behalf of Management Board of the Institute of Physics

Ab-initio simulation and computational materials design are important
parts of research of the innovation sector. The ultimate goal is to correctly
predict and reproduce properties of bulk materials, thin films, nanowires
and nanodots. Building realistic DFT-based theoretical models is ensured
through close collaboration with experimental groups. The results of simulations are tested at domestic experimental facilities as well as at international centres such as SPring-8, Japan and HZB neutron centre, Germany.

Objects


Materials

Spin-dependent electronic
band structure



Lattice dynamics



Bulk and surface defects



Topological electronic surface states

Phenomena


Optical properties



Thermodynamic properties



Atomic structure relaxation



Tunnel magnetic resonance



Spin transmission



Semiconductors



Semimetals



Magnetic semiconductors



Topological insulators

The Crystal Growth group specializes in synthesis of high purity materials
and high quality crystals of complex compounds with variety of modifications and polytypes. Recently, synthesis method of some polytypes of TlInS2 compound has been developed and patented. Single crystals of PbSb2Te4,
PbBi2Te4, PbSb4Te7, PbBi4Te7 ternary topological insulators have been synthesized.
Single crystals of TlInS1-xSex

Single crystal of TlGaSe2

Polycrystalline Synthesis


Gas-phase synthesis



Solid-phase synthesis



Heterophase synthesis

Single crystals of TlInS2 polytypes

Orthorombic TlInS2 crystals

Tetragonal TlInS2 crystals

Single Crystal Growth


Bridgman



Bridgman-Stockbarger



Zone melting



Gas-transport reaction



Sublimation

The main research activities of the group are focused on fabrication of
thin film structures for high efficiency solar cells. The research topics include study and optimization of structures and device parameters of CuInGaS(Se) (CIGS), CdTe, CdS, transparent conducting oxides (TCO), etc.
Fabrication Techniques


Close-spaced sublimation



Electrochemical Deposition



Chemical Bath Deposition



Multiple-source evaporation



Magnetron Sputtering

Characterization Techniques


Transmission Electron Microscopy



Atomic Force Microscopy



Scanning Probe Microscopy



X-ray analysis



Solar Cell I-V Measurement System

Ellipsometry measures changes in the polarization state of the light reflected (or transmitted) from the sample surface. The technique is indispensable for precise and accurate determination of optical parameters
and dielectric function of bulk substrates and thin film structures.
M2000DI (Woollam)

IR-VASE (Woollam)

Spectral range: 190 -1700 nm

Spectral range: 2 - 33 m

Capabilities

Materials



Optical constants (n and k , ε1 and ε2)



Film thickness (single and multilayers)



Surface roughness and void fraction



Material composition (alloy fraction)



Chemical bonding - molecular vibrations



Anisotropy - uniaxial and biaxial



Free carrier absorption



Doping concentration (resistivity)



Surface and interfacial layers



Phonon absorption - crystalline materials



Low and high temperatures

Metals, semiconductors, dielectrics

Confocal Raman Microscopy has proven to be powerful analytical tool
with unique capabilities of outstanding chemical differentiation, great
spatial resolution, mapping and 3D imaging. Combined with timeresolved photoluminescence it provides unique ability for nondestructive structural and optical characterization of different materials.

Nanofinder 30
(Tokyo Instruments)



High spatial resolution—250 nm



High spectral resolution— 0.5 cm-1



High sensitivity, high speed 3D imaging—
4th order Si Raman peak with 1 min exposure



Simultaneous optical and spectral image



Wide spectral range— 40 cm-1 ~ 5000 cm-1



Low laser excitation power— μW ~ mW



Fast 2D and 3D imaging, mapping



Low temperature measurements— down to 4K



Time-resolved photoluminescence—fs laser source



Single molecule fluorescence detection

Biophysics is a fast growing multidisciplinary field with high potential
of social impact. Study of relationship of protein structure, dynamics
and functions in biopolimers is of current interest. EPR, time-resolved
fluorescence and circular dichroism spectroscopy are powerful techniques utilized in the group.
Electron Paramagnetic Resonance
ELEXSYS E580 (BRUKER)

Fluorescence Spectroscopy



Multifrequency and multiresonance EPR



FT-EPR and Electron Spin Echo



Spin density distribution and distances (ESEEM, 2DHYSCORE)



Correlation and exchange rates (SECSY, EXSY)



Electron-electron spin dipolar coupling (P-ELDOR, DEER)



Hyperfine interaction and nuclear spin relaxation (P-ELDOR)

FluoTime 300 (PicoQuant)



Fluorescence correlation



Lifetime correlation



Lifetime imaging



Single molecule spectroscopy



Picosecond time resolution

Circular Dichroism Spectroscopy
J-815 (Jasco)


Protein secondary structure



Circular dichroism/ UV/VIS absorbance



Linear dichroism/ oriented molecules



Optical rotation dispersion



Stopped flow circular dichroism

Device design group specializes in development and fabrication of
functional materials and devices at micro and nanoscale. Diamondlike coatings as protective layers, nanostructured window layers for
solar cell applications, multilayer nanoporous structures for nanosensors and others are the topics of current interest.
Techniques

Devices



Photodetectors, photoreceivers



Duoplasmatrons



Kaufmann ion sources


Liquid metal ion source



Carbon plasma generator



Plasma accelerator



Photodiodes



Electron beam evaporation



Thermal (ion-assisted) evaporation



Magnetron sputtering



Resistive and electronic evaporation



Liquid phase epitaxy

X-ray analysis group is equipped with modern high-standard instruments from leading manufacturers. Single crystal and powder X-ray
diffraction, and wavelength dispersive X-ray fluorescence machines
are in use for structural characterization of different materials. Besides
standard characterization the group is also involved in the state-of-theart research studies in the field of topological insulators and multinary
complex semiconductors.
X-Ray Diffraction
D8 ADVANCE (BRUKER)
D2 Phaser (BRUKER)

Capabilities

Analysis



Phase identification



Indexing (LSI and LP)



Crystal structure



Pawley and LeBail fitting



Crystallite size



Rietveld structure refinement



Microstrain analysis



Ab-initio structure simulation



Residual stress analysis 



Preferred orientation

X-ray Fluorescence
S8 TIGER (BRUKER)


Wavelength dispersive analysis



Elements from Be to U



Totally unknown samples



Ultrafast analysis



Wide variety of sample types



3D Fourier analysis
Microstructure analysis

Transmission Electron and Scanning Probe Microscopies are important
techniques for surface science, topological studies as well as standard thin
film characterization. Instruments available at the IPA are the high quality
modern machines providing accurate information and high quality surface images.
Transmission Electron Microscope JEM 1400
(JEOL, Japan)


CCD camera for high definition images



High-accuracy auto focus



High contrast and high resolution at all magnifications



Image orientation system



Magnification x 200— 1 200 000



Resolution 0.20 nm

Scanning Probe Mircoscope
SmartSPM (AIST-NT, Japan)


High scanning speed



True non-contact scanning mode



Tip-to-surface cantilever landing



Scan range 100 x 100 x 15 μm



Ambient, liquid and
controlled atmosphere



Beam sensitive samples
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