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Review of innovative diffractive elements for Terahertz
Imaging applications

Linas MinkeviCius!, Domas Jokubauskis!, Simonas IndriSiGinas?, Vincas
Tamositnas! ?, Sergej Orlov?, Irmantas Kasalynas?!, Gediminas Radiukaitis® and
Gintaras Valusis!

1 Department of Optoelectronics, Center for Physical Sciences and Technology,
Saulétekio av. 3, LT-10257 Vilnius, Lithuania
2Institute of Photonics and Nanotechnology, Vilnius University,
Sauletekio av. 3, LT-10257 Vilnius, Lithuania.
Email: linas.minkevicius@ftmc.lIt

Miniaturization of terahertz (THz) imaging
systems is a key-factor for increasing applicability in
mobile unattended package inspection systems in
airports or public places [1]. Practical potential of
THz imaging systems for non-destructive testing
encourage a search for a compact and practically
convenient solutions. One of the most lucrative
solutions is the development of compact diffractive
optics for the THz frequency range in order to boost
the evolution of practical hand-held terahertz
imaging systems applications in real time.

In a given communication, variety solutions of
compact diffractive optics, produced with laser
direct writing technology [2] are considered. .
Molybdenum film-based THz zone plates with 0 TR — 0
integrated band-pass filters [3], high efficiency s 05w
multilevel silicon phase Fresnel zone plates [4] for "
advanced THz optics up to 4.7 THz [5], are
discussed. F_OCUSII’_\g performance (_)f these zone plates (b) for the 0.6 THz. Bessel beam
elements are investigated both, theoretically and electric field reconstruction at 0.6 THz along the
experimentally. Routes of thick objects THz imaging beam propagation path.
with inconvenience of precise positioning of the
sample using silicon-based Fibonacci [6] and Bessel diffractive elements [7] providing a 2x\
spatial resolution will be also discussed (Fig. 1).

Fig. 1 The photo of innovative terahertz imaging
system (@) containing thin silicon-based Bessel
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Impact of alloy disorder induced localization on hole
diffusion in highly excited c-plane and m-plane InGaN

guantum wells

Ramunas Aleksiejlnas,! Kazimieras Nomeika,! Oleg Kravcov,! Saulius Nargelas,*
Leah Kuritzky,?> Cheyenne Lynsky,? Shuji Nakamura,? Claude Weisbuch,?® and

James S. Speck?

L Vilnius University, Institute of Photonics and Nanotechnology, Saulétekio Ave. 3,

LT-10257, Vilnius, Lithuania

2 Materials Department, University of California, Santa Barbara, California 93106,

United States

3 Laboratoire de Physique de la Matie 're Condense e, Ecole Polytechnique, CNRS,
IP Paris, 91128 Palaiseau Cedex, France
Email: ramunas.aleksiejunas@ff.vu.lt

A mystery remains how internal quantum efficiency of
InGaN can reach 90% despite a typical dislocation density
exceeding 108 cm [1]. It was proposed that this may be due
to carrier localization [2]; however, the detailed mechanism of
this phenomenon remains undisclosed. Since holes are
strongly localized in InGaN [3], new knowledge may be
attained by measuring their diffusion coefficient, D. Here, we
investigate the dependence of D on direction and carrier
density in c-plane and m-plane InGaN structures by
employing the light-induced transient grating technique. We
show that D is anisotropic in the m-plane structures due to
hole effective mass anisotropy in biaxially strained layers.
Also, D changes non-monotonously with photoexcitation
(Fig. 1), this dependence being different in thick and thin
layers. We argue that unexpectedly high diffusion coefficient
at low carrier densities in thick QWs can be a signature of
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Fig. 1. The dependence of diffusion
coefficient D on carrier density N in
thick m-plane and thin c-plane
MQW structures

efficient hole transport via percolative paths occurring due to compositional disorder. In turn, a
decrease of diffusivity with excitation can reflect the effect of Coulomb blockade of these paths.
Finally, we demonstrate that disorder impacts carrier diffusivity even at carrier densities above
101° cm~3, where the overflow of localized states must be included to explain the observed

increase of diffusion coefficient with carrier density.

REFERENCES
[1] C. Weisbuch, ECS J. Solid State Sci. Technol. 9, 016022 (2019).

[2] S. Chichibu, T. Azuhata, T. Sota, and S. Nakamura, Applied Physics Letters 69, 4188 (1996).
[3] S. Schulz, M. A. Caro, C. Coughlan, and E. P. O’Reilly, Physical Review B 91, 035439 (2015).
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MoTe: transition metal dichalcogenide grown by molecular
beam epitaxy — polytypes, structural and electrical
properties

Janusz Sadowskil?3, Barttomiej Seredynski!, Zuzanna Ogorzatek?!, Stawomir Kret?,
Rafat Bozek!, Marta Gryglas-Borysiewicz! and Wojciech Pacuskit

1 Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland.
2 Institute of Physics, Polish Academy of Sciences, Aleja Lotnikow 32/46, 02-668 Warsaw, Poland.
3 Department of Physics and Electrical Engineering, Linnaeus University, 391 82, Kalmar, Sweden.
Email: Janusz.sadowski@fuw.edu.pl

MoTez belongs to layered transition Fig.1. Cross-sectional transmission electron
metal dichalcogenides (TMD) which, due to microscopy images of AlOx capped MoTe: bilayer
their unique optoelectronic properties, gained grown by MBE on GaAs(111B) substrate.
a tremendous attention of condensed matter
research community over the last few years

[1]. Excellent optical properties of single o - = 2ME-2H; MoTe,
molecular layers of semiconducting TMDs, 10
makes them suitable for applications in GaAs (111)B SR

flexible optoelectronics. The high sensitivity of
electric properties of ultra-thin layers of
semiconducting and metallic TMDs to _
external factors such as electrical gating, VIRRTRITTRNL
pressure, chemical environment enables their I——
use for numerous applications. Constantly new TMD materials are synthesized and extensively
investigated [2].

Here we report on the growth of MoTe:z - a representative of semiconducting, (metallic)
TMD (depending on the crystallographic phase). We have grown thin MoTe2 layers by molecular
beam epitaxy (MBE) - a technique, widely used both for research purposes and in the
optoelectronic industry. MBE enables growth on large area substrates — up to 3-inches in our
case. The growth proceeds in ultra-clean ultrahigh vacuum environment and is controlled in-situ
with reflection high energy electron diffraction (RHEED). In contrast to other TMD materials
MoTez is quite sensitive to oxidation on exposure to ambient conditions. We show how to protect
very thin MoTe: films (bilayers) against degradation by in-situ deposition of thin capping layers.
Using this method we obtain large area ultrathin MoTez layers (monolayers, bilayers) stable in
air [3]. We have investigated structural and electrical properties of MoTe: bilayers MBE-grown
on GaAs(111)B substrates and capped with thin (~5 nm) AIOx (see Fig.1).

REFERENCES

[1] W. Choi, N. Choudhary, G. H. Han, J. Park, D. Akinwande and Y. H. Lee; Mat. Today 20 (2017) pp. 116-130.
[2] Xiao Zhang, Zhuangchai Lai, Qinglang Ma and Hua Zhang; Chem. Soc. Rev. 47 (2018) pp. 3301-3338.

[3] Z. Ogorzatek, B. Seredynski, S. Kret, A. Kwiatkowski, K. P. Korona, M. Grzeszczyk, J. Mierzejewski, D. Wasik,
W. Pacuski, J. Sadowski and M. Gryglas-Borysiewicz. Nanoscale 12, (2020) pp.16535-16542.
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Direct synthesis of the graphene on Si(100) substrate
for solar cell applications

Rimantas Gudaitis, Andrius Vasiliauskas, Asta Guobiené, Sarlnas Jankauskas,
Sariinas Meskinis

Lnstitute of Materials Science of Kaunas University of Technology, BarSausko 59,
Kaunas, Lithuania

2D nanomaterial graphene is at the top of the considerable interest due to the giant electron
and hole mobility, charge carrier multiplication, flexibility, optical transparency, chemical
inertness. Graphene is already considered as a new transparent conductor, monolayer
alternative to the Schottky contact metals and even as an active layer of the semiconductor
devices. Particularly graphene is intensively explored as a new photovoltaic material for the
fabrication of the various solar cells. The list is pretty long: monocrystalline silicon, inorganic
chalcogenide thin film, organic, perovskite, dye sensitized solar cells can be mentioned.

One of the main limitations stopping the wider application of the graphene in semiconductor
device technology is a complex graphene transfer procedure. In this case, graphene is
synthesized on the catalytic Cu or Ni foils. Afterward, follows the long process of the graphene
transfer onto the targeted semiconductor or dielectric substrates. During that process, graphene
can be contaminated by different adsorbents. Transfer causes wrinkles or ripples to form on
graphene. In such a case control of the graphene layer or graphene-semiconductor contact
properties is complicated. Recently there were shown that direct synthesis of the graphene on
semiconducting or dielectric substrates is possible. However, the development of this technology
is the very beginning.

In the present research graphene layers were directly synthesized by microwave plasma
enhanced chemical vapor deposition on the semiconducting monocrystalline Si(100) substrates.
The structure of the films was investigated by Raman scattering spectroscopy and atomic force
microscopy. A number of the graphene layers was evaluated by using Raman scattering
spectroscopy and optical reflectance spectra. Graphene/Si(100) Schottky diodes were
fabricated.

The effects of the deposition conditions on the structure of the graphene layers were
studied. The influence of the nitrogen and fluorene doping was considered. There were revealed
that both vertical graphene flakes and planar graphene layers can be synthesized by setting
appropriate deposition conditions. Graphene grown on textured silicon surface was studied.
Current-voltage characteristics, as well as photovoltaic and photoelectric properties of the
different graphene/Si(100) diodes and solar cells, were investigated.
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Naphthyridine-based deep-blue TADF OLEDs with low
efficiency roll-off

Dovydas Banevicius®, Gediminas Kreiza!, Justina Jovaisaité!, Saulius Jur§énas?,
Tomas Javorskis?, Vytenis Vaitkevi¢ius?, Edvinas Orentas? and Karolis Kazlauskas!?

lnstitute od Photonics and Nanotechnology, Vilnius University, Sauletekio av. 3, Vilnius, Lithuania
2Department of Organic Chemistry, Vilnius University, Naugarduko 24, Vilnius, Lithuania
Email: dovydas.banevicius@ff.vu.lt

Thermally activated delayed fluorescent (TADF) emitters are extremely attractive due to
their potential to harvest all triplet excitons via reverse intersystem crossing (rISC) process into
the singlet manifold thereby ensuring 100% internal quantum efficiency [1]. However, due to
pronounced charge-transfer character of TADF compounds, there are difficulties in achieving
deep blue emission. Additionally, TADF-OLEDs suffer from early efficiency roll-off associated
with high long-lived triplet exciton population. Therefore, TADF emitters with large rISC rate
facilitating triplet up-conversion are required.

To this end, we designed new TADF emitters based on 1,8-naphthyridine acceptor (A) and
differently substituted carbazole donor (D) groups [2]. Photophysical characterization of the
compounds revealed high photoluminescence quantum yield (up to 86%) in mCP host with large
rISC rates (up to 1.1x108 s1). We fabricated vacuum and solution processed TADF-OLEDs
employing 7% naphthyridine-doped emissive layer. Devices exhibited deep blue emission with
CIE colour coordinates (0.14, 0.16), external quantum efficiency of up to 17.6% and high
brightness (up to 23000 cd/m?). Most importantly, due to the large rISC rates TADF OLEDs
demonstrated weak efficiency roll-off. The demonstrated emitters are among the best-performing
conventional D—A-type blue/deep-blue TADF emitters in terms of EQE and efficiency roll-off
properties of their devices.

L intensity
w et 1

300 450 500 550 600 650 700
Wavelangth {nm})

Fig. 1 Electroluminescence spectra of deep-blue and sky-blue TADF OLEDs

produced utilizing naphthyridine-based emitters. Inset: picture of such working

REFERENCES
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[2] G. Kreiza, D. Banevi€ius, J. Jovai8aité et al, J. Mater. Chem. C 8, 8560-8566. (2020).
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All-optical modulation of graphene layers
Rusné lvaskeviciuté-Povilauskiené?, Dalius Seliutal, Domas Jokubauskis?, Linas

Minkevicius?, leva Matulaitiené?, Zilvinas Andrius Kancleris®, Natalia Alexeeval,
Gintaras Valusis?

1Department of Optoelectronics, Center for Physical Sciences and Technology, Saulétekio ave. 3
Vilnius, Lithuania
2 Department of Organic Chemistry, Center for Physical Sciences and Technology, Saulétekio ave.
3 Vilnius, Lithuania
3 Department of Physical Technologies, Center for Physical Sciences and Technology, Saulétekio
ave. 3 Vilnius, Lithuania
Email: rusne.ivaskeviciute@ftmc.It

Attractive graphene optical properties make it a desirable material for terahertz (THz) range
optics. Since it is almost completely transparent in this frequency region, it has to be modulated
in order to make it suitable for a functional optical element. It is known that graphene
transmittance can be controlled by using electrical, chemical, thermal or optical doping [1].

In this work all-optical modulation is chosen as contactless approach.

In order to investigate the optical modulation of graphene, three types of samples are
fabricated. The first one is a high resistive silicon (Si) wafer, which serves as a reference. The
second sample is a single graphene

T 7T T T T T

layer on top of Si substrate. Since the rabing
first layer strongly interacts with a wafer, laser |
it's characteristics worsen [2]. Because 08 S -
of this reason, the third sample is made g
with two graphene layers on Si. § 0.6

Using THz frequency-domain  §
spectrometer, transmittance spectra is 50,4_
measured, an example of which is -
depicted in Fig. 1. Results show that Graphene
after photoexcitation modulation %2 I
maximum depth for the sample with two 1=+ Si wio laser 1Gr/Si wlo laser —-~--2Gr/Si wio laser]
graphene layers goes up to 42%. It is 0.0 AW laser_——— 10| W lasel, - 200y ke

0.1 02 03 04 0.5 06 07 08 09 10 11 1.2

showen that application of the second
graphene layer can increase the depth
of optical modulation.

Frequency (THz)
Fig. 1 Transmittance spectra of samples. Inset depicts the
principal experiment scheme
Photomodulation  features  of
graphene-on-silicon prepared using different technological approaches will be discussed.
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and chemical properties, CRC Press (2016).
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Raman spectroscopic investigation of multi-walled carbon
nanotubes mediated neutrophil activation

Lena Golubewa?, Tatsiana Kulahava?, Renata Karpics?, Mikhail Shuba? and Polina
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phagolysosomes with the help of reactive

Neutrophils are key players in g, =
phagocytosis, during which foreign objects 2o} - &
are encapsulated by cells and destroyed in ~ 51°[.  8g% &8 ‘A

oxygen and chlorine species, and cytotoxic,
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inflammation. Using Raman Spectroscopy, ¢, ~ it ol -

we demonstrate the neutrophil activation - g G =

after exposure to MWCNTSs. Fig. 1a shows  Zeof3 3 A .

the Raman spectrum of a neutrophil adhered =30} = s &

to the glass. The lines at 1465 cm™ and 1669 1 2 .S 2g9,0ﬂ( . = m
I cm

cm correspond to myeloperoxidase (MPO)
with an oxidized redox center of the enzyme,
and lines 1167 cm? and 1399 cm®
correspond to cytochrome bsss with an
oxidized redox center. As a result of the neutrophil interaction with MWCNTSs, a shift of
characteristic lines in the spectra occurred, indicating the reduction of the redox center of both
MPO and cytochrome bsss (Fig. 1b). Near to the neutrophils adhered to the glass, structures of
smaller sizes are registered, the Raman spectrum of which is shown in Fig. 1c. In addition to the
characteristic lines of CNTSs, the 1632 cm™ line indicating the presence of MPO with a reduced
redox center in these structures, and the lines indicating the presence of other structural
components of neutrophils (proteins: 1133 cm™, 1165 cm, 1244 cm™, 2338 cm™; DNA: 1379
cm?; lipids: 2901 cm) are determined. This designates, that interaction of MWCNTs with
neutrophils initiates the formation of neutrophil extracellular traps, consisting of chromatin fibers,
including the enzymes neutrophilic elastase and MPO [1].

Fig. 1 Raman spectra of (a) — neutrophil, (b) —
activated with MWCNTSs neutrophil, (c) — NET with
MWCNTs
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Modulation of electrical and noise characteristics of carbon
nanotubes based devices
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Noise originating from electronic devices has significant importance and plays a vital role to
understand the general physics behind the device operation. Here, we investigate the low-frequency
noise characteristics of carbon nanotubes based devices. Raman, UV-Vis-NIR and scanning
electron microscopes are employed for structural and optical characterization of nanotube networks.
The noise amplitude (A) in most of our devices is smaller than predicted by Collins relation (i.e.
A~101x R) [1]. Our results also reveal that quality of nanotube networks can significantly affect the
noise amplitude of the devices. This implies that noise spectroscopy can be used to study the defects
or distortion in nanotube networks.

The resistance and noise characteristics of carbon nanotubes devices are modulated via back-
gate voltages and UV illumination. It is observed that UV illumination increases the device resistance
and noise amplitude, while preserving the spectra shapes. The possible effect of temperature
increase under UV illumination is excluded by measuring the resistance and noise spectra at
elevated temperature. We propose an equation (1) to explain the change in the spectral noise
density (Si/I?) of nanotube networks under UV illumination and at elevated temperature.

S1 _ __Ro  Srn
12 (Ro+Rp) R2

Here, Ro and Rn denote noiseless and fluctuating resistors, respectively whereas Srn/Rn?
represents spectral noise density of the resistance Rn fluctuations. Our study conclude that there
are at least two important components of the resistance that contribute into total resistance of
nanotube networks rather than generally accepted only tube to tube interconnects [2, 3].
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Efforts in understating the ultrafast processes of charge carriers in photovoltaic materials
have greatly contributed in the design of solar cell devices that led to higher power conversion
efficiency. Early time dynamics such as charge generation, injection and recombination are now
almost well-described in most photovoltaic devices. However, the interaction between lattice
motion, or vibrational modes of molecules, with charge carriers has not been explored until
recently. In this talk, the role of this interaction, i.e. vibronic coherence will be presented on two
solar cell materials; ternary organic solar cells! and single crystal organo-metal halide
perovskites.? We surmised that despite the short coherence time between charge carriers and
phonons/vibrations, this ultrafast interaction is enough to influence the lifetime and/or charge
separation processes.
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Lead halide perovskites (LHP) have been highly spotted as promising optoelectronic
materials for one decade. Derived from their bulk counterparts, low-dimensional LHP
nanostructures introduced new photophysical advances that may break the bottlenecks set by
the conventional LHPs. For instance, two-dimensional Roddlesden-Popper LHPs are believed to
provide high stability towards moisture that used to be the main issues for the solar cell
application of LHPs. LHP nanoparticles, on the other hand, can achieve almost unity
photoluminescence quantum vyield with tunable emission wavelength. However, the low-
dimensionality would also drastically change the electronic structures of the LHPs, and
consequently modify the photophysics. There always remains a trade-off between the two sides.
Therefore, obtaining a systematic picture on the excited state dynamics as well as its
dependence on the structures of the low-dimensional LHPs become vital for their device
application. We utilized a variety of time-resolved spectroscopic technics with wide range of time
windows and probe wavelengths to investigate some crucial photophysical processes of low-
dimensional LHPs including their charge carrier transport and recombination, defect trapping and
de-trapping, hot electron cooling, polaron formation, inter-phase charge transfer or energy
transfer, etc. These helps to rationalize the underlying mechanism when they are applied in
specific devices. We also put special focus on the systematic comparison between low-
dimensional LHPs and bulk LHPs. We expect this would provide new guidance for further
material engineering and device optimization.
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Gallium selenide is a layered IlI-VI semiconductor crystal, and the layers are stacked
together by a weak van der Waals force. GaSe is widely used as non-linear optical crystal for
infrared and THz generation and electrooptic sampling [1]. Also recently it has attracted interest
as it has potential application as photoelectric devices that operate in the visible range [2].

One of the methods to study band structure of a semiconductor is THz emission
spectroscopy (TES). Technique was already used to determine band structure parameters such
as subsidiary valley position [3] and heterojunction offset value. Many materials were already
investigated most of them IlI-VI semiconductors.

Experiments were done using ~50 um thick p-type GaSe sheets cleaved from the Bridgman
grown crystal. TES spectras of these crystals were measured with different excitation
polarizations (fig. 1). THz generation starts near the bandgap (~2eV) of GaSe, then generation
efficiency increases up to ~ 2,3 eV, the later efficiency drop could be explained by scattering to
subsidiary  valleys. When
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Exclusive electrical robustness and relatively high electron mobility make IlI-nitride
heterostructures an excellent candidate for the development of plasmonic terahertz (THz)
devices [1, 2]. Excitation of 2D plasmons in grating-gated heterostructures has been studied by
a Fourier transform infrared spectroscopy only [2, 3]. Meanwhile, THz time domain spectroscopy
is a powerful technique used to investigate the material properties measuring both signal
amplitude (power) and phase spectra in transmission and reflection geometry [4].

In this work, the power and phase spectra of THz pulses transmitted through the 2D electron
plasma in grating-gated AlGaN/GaN structures were investigated in the frequency range
0.1-4 THz by using the T-SPEC 800 spectrometer (from TeraVil). The samples were fabricated
of standard AlGaN/GaN high electron mobility transistor (HEMT) structures grown on a
500 pm-thick semi-insulating SiC substrate. Periodic metal grating of 2x2 mm size and 50% filling
factor was used for efficient radiation coupling with 2D plasmons. Samples with three different
grating periods of 600, 800, and 1000 nm were investigated at 80K.

Resonant excitation of the 2D plasmons was experimentally observed for all samples in the
frequency range of 1-3 THz. The features were perceived as the emergence of distinctive
minimum and inflection point in the power and phase spectra, respectively. In the case of the
samples with grating period of 1000 and 600 nm, the resonance position was found at 1.4 THz
and 2.2 THz, respectively. The latest is the largest value of fundamental 2D plasmon mode that
has been observed experimentally so far in AlIGaN/GaN HEMT structures [5]. Due to resonant
THz radiation coupling, the deviation from a nominal value of transmitted power and phase was
found up to 30 % and 8 deg, respectively. The quality factor of 2D resonances was estimated to
be up to 4. Comparative analysis of amplitude and phase spectra revealed that the phase signal
was less sensitive to the defects of the grating-coupler. The resonant features were also
simulated in the framework of the rigorous solution of the Maxwell equations [6, 7].
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Group-lll nitrides are promising materials for next
generation optoelectronic devices. Extensive effort has been
made to optimize group-lll nitride heteroepitaxy for many
years. However, inherent lattice mismatch and thermal
expansion difference between nitrides and foreign substrates
is still a limitation for GaN quality. On the other hand,
homoepitaxy is still economically rarely viable. Remote
epitaxy via two-dimensional (2D) materials such as graphene
would enable facile layer release from 2D surfaces preserving
expensive bulk nitride substrate[1, 2]. Growth via graphene
on the foreign substrates could potentially solve inherent Fig. 1 The scheme of remote
problems of heteroepitaxy allowing relaxation of epilayer. epitaxy of GaN via graphene on

. . ) GaN/sapphire substrates. Inset
We investigated the MOCVD growth of GaN via shows TEM micrograph of
graphene on different substrates GaN/sapphire and SiC GaN/graphene/GaN interface.
substrates. We investigated wet and dry transfer of graphene
onto GaN/sapphire substrate. The quality of transferred
graphene was investigated by Raman spectroscopy using 535 nm laser, which confirmed the

presence of monolayer graphene with low defect density.

Afterward, a close-coupled showerhead metalorganic chemical vapor deposition reactor
(MOCVD) was used to grow GaN on graphene in several growth campaigns. Growth conditions
such as temperature, pressure and V/lll-ratio were varied in order to optimize GaN layer quality.
The structural and optical properties of the grown epitaxial layers were investigated by X-ray
diffraction, scanning and transmission electron microscopies, atomic force microscopy and
photoluminescence techniques. Developed multi-step growth method ensured the successful
growth of GaN films on GaN/sapphire templates with the presence of the graphene layer after all
growth steps confirmed by Raman measurements.
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In HgTe quantum wells (QWSs), band structure S ey y
properties of depend on QW widths. For thin quantum wells, 15} E1
conduction band forms by s-orbitals functions resulting from
deep penetration of the wave function from CdTe side.
Valence band is formed by p-type functions. With increasing
of dow , an energy gap decreases, and when QW width reach
critical thickness dc, conduction band and valence touch each
other at k = 0, i.e. the energy gap is equal zero. In case of ‘ ’P,essf,e(kbar')
dow > dc sequence of the energy states is inverted, first Fig. 1 The evolution of the both E1
heavy-hole like subband H1 placed above the first electron- and H1 sub-bands at k=0 against
like E1 subband. Such band inversion in HgTe QWs suggests  hydrostatic pressure for 8nm of

the existence of nontrivial topological insulator phase [1]. HgTe QW grown in (031)
crystallographic direction. Blue and

For normal band ordering (d < dc), an energy gap has red colors correspond to the
tendency opens with applying of pressure [2]. The situation is  electron-like E1, the light hole H1
distinguish in case of WQs with inverted band sequence. For  subbands
example, in 8 nm of WQ, pressure increasing lead towards
vanishing of Eg. At certain value of pressure, denoted as Pc, system is tuned to the band structure
with massless Dirac fermions. Further pressure increasing yield to the band gap opening and
system has the normal band sequence (see Fig.1). A temperature also can be regarded as
external parameter that allow convert the band ordering.

=

Energy (meV)

In this work, we report on the clear observation of topological phase transition in HgTe QWs
induced by temperature and hydrostatic pressure. Magnetotransport measurements allow us
accurately extract critical magnetic fields Bc for various temperature and pressure values. By
following the pressure (temperature) dependence of B¢, we define a critical points Pc, T,
corresponding to the topological- trivial phase transitions.
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Core-shell nanowires (NWs) attract research attention because of their peculiar properties
such as flexibility in growth substrates and alloy contents, controllable density of states, large
surface-to volume ratio, and in-built potential for strain engineering. IlI-V nanowires investigated
in this work are chosen because of the possibility of efficient variation of the bandgap owing to
the giant-bandgap bowing effect observed in the dilute nitrides [1].

GaAs/GaNAs core/shell nanowires MBE-grown on Si substrates were investigated by
means of polarization-resolved micro-photoluminescence (u-PL) measurements. Obtained
photoluminescence spectra of NW ensembles demonstrated broad peaks corresponding to
nitrogen content of 2% in GaNAs active shell with exponential tails at low temperatures attributed
to the localized exciton emission. Post-growth annealing resulted in increase in PL intensity
owing to annealing-out of non-radiative defects. A change in localization potential was also
observed that was attributed to improvement of long-range uniformity of GaNAs alloy.

Core-shell structures experience global strain owing to the lattice mismatch of core and
shell materials [2]. This strain results in the splitting of hole subbands of the active shell that can
be probed by means of polarization-resolved u-PL measurements of single NWs mechanically
transferred onto another Si substrate. The value of strain in the studied structures was estimated
theoretically and experimentally along with the effects of annealing. The resulting emission from
single NWs was predominantly polarized orthogonally to NW growth axis. The decrease in heavy
hole-light hole splitting was observed in PL spectra of annealed NWs at room temperature
demonstrating the reduction of global core-shell strain in the NWs.

Low-temperature PL spectra of single NWs contained sharp emission lines attributed to
QD-like areas in NWs forming due to the nitrogen clustering in the GaNAs shell. The changes in
fine structure of these sharp lines with annealing demonstrated the reduction of local strain in
these areas as well.

As post-growth annealing is a frequent method of treatment of the semiconductor structures
the observed effects of annealing should be considered when attempting the strain engineering
approach to the device fabrication.
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Laser devices find many different
application in various technologies, such as
optical fiber communication, optical digital Laser optical
recording, material processing, spectroscopy sandng ve
analysis and many others. Since when in 1960
the first laser was build, many different types of

Conduction band

lasers where developed each of them with some - I U0 | e =
peculiarities that made them suitable for different Bragg miror Epurp | Elser
application. Some of the parameters that define 1 L] = e
the possible applications of laser in different fields Ouanh/rm T smfce

are emission wavelength, beam quality, operation "I pymp  are
temperature, output power, methods of excitation, ot

power consumption, speed of modulation and Valence band

device size and the range of tunability of all of this - | >
characteristics. Vertical external cavity surface Semiconduclor Ar
emitting lasers (VECSEL) do combine many Fig. 1. Energy levels across the VECSEL
different interesting properties and were designed structure [1].

to overcome some of the key issues of

conventional semiconductors lasers, mainly low power output, output beam profile with unusual
shape and big beam divergence. VECSELSs are able to produce high optical output power with
circular beam quality.

In this work we investigated the growth parameter of VECSEL shown in figure 1 on a GaAs
(001) substrate optimizing the structure for the emission at a wavelength of 976nm. Multiple
InGaAs/GaAs quantum wells (MQWSs) and AlAs/GaAs Distributed Bragg reflector (DBR) grown
by solid MBE system were used for VECSEL architecture. During the optimization process In
content, the width of QW and the width of barriers were changed. The reflectance of DBR was
modelled for 25-30 GaAs and AlAs periods to obtain higher than 97% at central DBR wavelength
of 976 nm. All grown layers and VECSEL structures were characterized by Atomic Force
Microscopy, Reflectance and Photoluminescence measurements.
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A3-B5 family semiconductors, especially Bi containing GaAs compound, are currently
under investigation because of important role in various optoelectronics devices, including lasers
for optical fiber communications (1.3 um and 1.55 ym), undersea, space, and high-data-rate
applications (780 nm — 830 nm).

In this work, laser diode structures were grown by molecular beam epitaxy (MBE) using
Veeco GENxplor R&D reactor on n-GaAs substrate. To optimize the multiple quantum well
(MQW) structure for applications as an active area in infrared laser diodes, the complex
investigation of influence of structure geometry (QW number, thickness, QW and barrier material)
on LD parameters was performed. Since our previous work revealed that room temperature
photoluminescence (RT-PL) can be increased by more than 50 times in the GaAsBi QWs using
parabolic graded barriers, compared to standard rectangular quantum well (RQW) structures [1],
two-design structures were epitaxially grown and characterized. Laser diodes were fabricated by
a UV photolithography. The metal contacts were deposited by e-beam on top and bottom of laser
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Fig. 1. EL spectra of laser diode containing GaAs QW with
parabolic AlGaAs barriers measured at different temperatures
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crystal. The comparative study of
LDs containing PQW and RQW
structures was performed to clarify
the role of architecture and to
establish the key parameters.

Laser diodes were
characterized by measurements
of RT-PL, current-voltage (I-V)
and current-power (I-P) behaviors.
The electroluminescence (EL)
spectra measured in temperature
range of 15 °C - 30 °C for laser
diode with single PQW exhibiting
lasing properties in near infrared
region are presented in Fig. 1.
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Recently, it was demonstrated that nanostructured lanthanum manganite films which exhibit
the colossal magnetoresistance effect (CMR) can be successfully used for the development of
CMR-B-scalar sensors [1]. These are able to measure the magnitudes of high-pulsed magnetic
fields of millisecond duration in very small volumes. Such sensors have been used at room
temperatures to measure the magnetic diffusion processes during railgun operation and the
distribution of transient magnetic fields in non-destructive pulsed-field magnets. However, for
condensed matter physics and other special applications sensors operating at cryogenic
temperatures and measuring magnetic fields in a wide range of amplitudes are required. In such
cases, it is important to avoid or minimize the magnetic memory effects [2] which limit the speed
of such sensors.

In this study, we present the results of an investigation of magnetoresistance (MR) and
resistance relaxation in nanostructured lanthanum manganite films grown by the pulsed injection
MOCVD technique onto polycrystalline substrates.

It was found that the dynamics of resistance relaxation in nanostructured manganite films
upon removal of the external magnetic field has two components: ‘fast’ occurring in hundreds of
microseconds and ‘slow’ which takes place longer than several milliseconds. It was
demonstrated that the ‘fast’ process can be analyzed by the Kolmogorov—Avrami—Fatuzzo model
[3], taking into account the reorientation of the magnetic domains into their equilibrium state, and
the ‘slow’ process — by the Kohlrausch—Williams—Watts [4] model considering the short-range
interaction of the magnetic moments in disordered grain boundaries as having spin-glass
properties. The dependences of the time constants and remnant amplitudes of these processes
on ambient temperature and magnetic field are presented and analyzed. The relation of
relaxation processes with microstructure of manganite films will be demonstrated and discussed.
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Monolayer transition metal dichalcogenides (TMDs) are two-dimensional materials with
exceptional optical properties such as high oscillator strength, valley related excitonic physics,
efficient photoluminescence, and several narrow excitonic resonances. However, above effects
have been so far explored only for structures produced by techniques involving mechanical
exfoliation and encapsulation in hBN inevitably inducing considerable large-scale inhomogeneity.
On the other hand, techniques which are essentially free from this disadvantage, such as
molecular beam epitaxy (MBE), have to date vyielded only structures characterized by
considerable spectral broadening, which hinders most of interesting optical effects.

We report for the first time on the MBE-grown TMD exhibiting narrow and fully resolved
spectral lines of neutral and charged exciton (see Fig. 1). Moreover, our MBE-grown TMD
exhibits unprecedented high spatial homogeneity of optlcal propertles with variation of the
exciton energy as small as 0.16 meV over a ML : : T ey
distance of tens of micrometers. Our recipe for  yose, B e = o =
MBE growth [1,2] is presented for MoSe2 and y - -
: MBE MoSe, j CX
includes extremely slow growth rate, the use 2
of atomically flat hexagonal boron nitride on hBN
(hBN) substrate and the annealing at very high
temperature. Importantly, good optical
properties are achieved for as-grown sample,
without any post growth exfoliation and
encapsulation in hBN. This novel recipe opens
a possibility of MBE growth of TMD and their : .
heterostructures  with optical quality, 160 165 170
dimensions and homogeneity required for
optoelectronic applications.

Photon Energy (eV)

Fig. 1. Crossesciton and low temperature PL spectrum with excitonic
REFERENCES resonances for MoSe, monolyaer grown by MBE on hBN.
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Graphene (GR) is transparent for electromagnetic radiation in the very wide spectral range,
including sub-terahertz and terahertz frequency ranges. Particularly, at frequency of 1 THz,
graphene transmittance is ~ 96 percent [1]. This makes graphene very promising for such
applications like opto-transistors and terahertz devices with transparent electrodes.

We report on GaN/AlGaN fin-shaped field-effect transistors (FInFETs) with GR gate. Small
gate area and narrow channel make this transistors promising for terahertz applications. FInFETs
structures were fabricated using the technology described in details in Ref. [2]. GR gates were
formed by high-speed electrochemical delamination method (see insert in Fig. 1) on pre-deposited
metal pads which were used as the contacts to GR. Barrier height and ideality factor of GR/AlGaN
Schottky barrier found from current-voltage characteristics were ¢p= (1.0 - 1.26) eV and (1.7 - 2.5),

respectively.
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Fig. 1. Transfer characteristics of FinFETs with GR gate, Fig. 2. Response of GR gate FinFETs with different gate
channel width W =4 ym and gate length L = 5, 10, 20 length L =5, 10, 20 ym and constant channel width
pum; photo of the device active area is present on insert. W =4 pm at the frequency f = 120 GHz and RT.

Characteristics of GaN/AlGaN FinFETs with GR gate are shown in Fig. 1. The devices were
characterized by 6 order of magnitude on/off ratio and subthreshold slope ~ 1.1. Aging during 6
months did not indicate noticeable change in the current voltage characteristics. Measurements of
the low frequency noise allowed us to extract the effective trap density responsible for noise, which
was similar as for Ni/Au gate FinFETs. Results of detection at the frequency f = 120 GHz by
FINFET with GR gate at room temperature are shown in Fig. 2. The signal peaks are located near

the threshold voltage of investigated FinFETSs.
To summarize, we have demonstrated GR gate GaN/AlGaN FinFETs. Combined properties

of high transmittance in THz frequency range of GR, high sheet density of two-dimensional
electron gas in GaN/AlGaN, and fin shape of these devices make them promising for plasmonic

THz detection.
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The constant development of science and industry requires inventing novel methods
and techniques of THz radiation detection, therefore the search for new detectors and research of
new materials is still a vital part of THz studies. Additionally improvements in techniques of
growning crystals such as HgCdTe have brought back the interest of the scientific world for these
materials due to their Dirac properties.

Four HgCdTe samples were chosen for the experiments, each with different cadmium
content: 15.1 % Cd, 15.2% Cd, 16.2% Cd and 17.5% Cd. Transmission experiments were carried
out at pumped LHe at T=2 K and carbon bolometer was used as a THz radiation detector. As a
THz radiation source FIR laser was used, with its six lines: 70.6 ym, 96.5 ym, 118.8 ym, 163 um,
186 um and 454 um. i

Performed measurements were used to extract the velocity ¢ and rest mass 71t of
carriers. Both of those values were obtained after fitting of the simplified Kane model described in
[1]. The rest mass value increased with the cadmium content, while the velocity of carriers
remained roughly the same throughout the measurements of various samples.

It has to be noted that the obtained values of velocity and rest mass were compared
with values detgrmined from the technological parameters of growth. Relationships of those values
are £y = 21m¢” and due to the fact that obtained results are in agreement with expected values of
E_, it can be concluded that the simplified Kane model can be used to determine the pseudo-

relativistic Kane fermion parameters of the velocity ¢ and rest mass 171 of carriers as a function of
cadmium content.

This research was partially supported by a Polish National Science Centre
UMO-2017/27/N/ST7/01771 grants and the Foundation for Polish Science through a TEAM/2016-
3/25 and the IRA Programme co-financed by EU within SG OP grants No. MAB/2018/9.
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Diffractive  optical elements
(DOEs) are capable of reshaping of
incoming radiation within very thin
structure (often referred as single
surface). It results not only in much
lighter, compact and cost-effective
structures, but also gives opportunity
of obtaining light distributions
unattainable by refractive approach.
So far, DOEs have most commonly
been designed with utilization of
numerically  calculated  diffraction Fig. 1 Comparison of the focal spots obtained from the
integrals as discrete Fourier unoptimized (left) and optimized (right) Fresnel lenses.
transforms or convolutions [1], which
is usually time and memory consuming, especially for bigger matrices.

Here, we propose application of convolutional neural network for emulation of light
propagation, which can be utilized for optimization of DOESs, realizing focusing of light into
arbitrary shapes. Learnable parameters of the net correspond to the phase distribution of
designed element. Therefore, proper network training results in ready to use, optimized structure.
This method is especially appealing for designing structures, working in the terahertz spectral
range. It comes from the fact, that size of the smallest details of the structures depends linearly
on the wavelength, which here is in order from hundreds of microns to single millimeters.
Therefore, structures designed for sub-THz frequencies can be easily manufactured with 3D
printing techniques and with proper production and design methods [2] also higher frequencies
are attainable.

Results of the optimization of the structures for different applications as well as comparison
with other methods will be presented during the conference. As an example, results of the
optimization of the simple, convergent Fresnel lens are shown in Fig. 1.
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Here we report on
comprehensive investigations of
receiving antenna characteristics of
monolithically integrated field-effect-
transistor-based terahertz detectors
with patch antennas which are often
used for a variety of applications [1,
2]. Devices are implemented using a
standard 65-nm CMOS process
technology. Furthermore, we
investigate a set of devices coupled
to the antenna with same
geometrical parameters but
connected to a device with a different
channel length thus allowing to vary
the impedance of antenna load not
only through the bias voltage.
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Fig. 1. Dependence of the response of the CMOS on its

angular orientation relative to the polarization of the radiation:

a) azimuthal, b) vertical or E-plane and c) horizontal or H-

plane. Measurements are performed at 0.62 THz

rectified voltage as a function of the tilt in E- and H-planes which are presented in Fig. 1 and
through the thorough comparison with the results of electromagnetic simulations using CST
software. Considering the amount of input radiation power impinging to the determined effective
area of the detector, we report a room-temperature cross-sectional noise-equivalent power of
17.1 pW/WHz at the resonant frequency of 0.62 THz. This value represents the state of the art
for electronic detectors operating at room temperature in this frequency range.
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Terahertz (THz) imaging becomes a handy tool to identify the contents of various packages [1].
Additional attention is needed when objects have low absorption in THz frequencies. It induces a
poor signal-to-noise ratio and small contrast images. To overcome those problems comprehensive
imaging techniques is needed [2].

In this contribution, spatial filtering methods — phase contrast and dark field — will be
demonstrated both experimentally and theoretically to resolve weakly absorbing objects in THz
imaging at 0.3 THz. Imaging was performed using sensitive, working at room temperature, antenna-
coupled titanium-based microbolometer [3]. Phase contrast techniques were implemented via
employment of two different THz imaging setups — using focused and collimated beams. Figure 1
presents images recorded for 0.3 THz obtained by setup 1 (upper panel) and setup 2 (bottom panel),
without and with different spatial filters. Application of phase filters improves the image contrast and
allows to discriminate low-absorbing objects from the background and from each other. Also, filtered
image enables to resolve nearly transparent
objects, to enhance their edges resolution and Bright field Positve phase  Negalive phase  Dark fed Si'fﬂa)'
thus reveal advantage in respect to direct
imaging (bright field).

R
-

Introduced spatial filtering methods
allowed to enhance image contrast up to 30 dB
and to increase signal-to-noise ratio by an
order of magnitude in detecting weakly
absorbing objects. It extends THz imaging
applications in biology and medicine, where
mostly weakly absorbing objects are under the
interest.

Setup 1

Setup 2

0
REFERENCES o xom wom wom
Fig. 1. THz images recorded at 0.3 THz by setup 1 (upper panel)
[1] I. Kasalynas, R. Venckevicius, and G. Valusis, IEEE and setup 2 (lower panel), without and with different filters.
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Contents of the sample are marked by gray squares: (1) - gauze
cloth with different number of layers, (2) - a low density
polyethylene bag, (3) - piece of a rubber glove, (4) - aluminum
foil, (5) - a T-shaped aperture, (6) - paper sheets. THz image
pixel size: 0.3 mm x 0.3 mm; images consist of 165 x 273 pixels.
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One of multitude of terahertz (THz) range imaging applications is investigation of solar
modules, solar cells and their structures. For example, THz imaging previously was successfully
applied to study profiles of contacts on silicon solar cells [1], etched wafers, complete cells and
encapsulation materials [2]. In these terahertz-time domain spectroscopy (THz-TDS)
experiments, time-of-flight information was used to reveal precise positions of surfaces of interest
with sub-wavelength resolution, approaching micron range precision. Simultaneously, small
pyramid-like etched structures on the surfaces of silicon (Si) wafers were investigated by studying
amplitude information of THz-TDS pulses. Combination of THz-TDS, successive etch-back and
numerical calculations can even reveal doping profiles and carrier lifetime within highly doped Si
layers of several hundred nm thickness, as it was recently demonstrated by M. Lenz et. al. [3].

Silicon solar cells industry also underwent both impressive quantitive and qualitive changes
during last decade. These changes include both exponential growth of shipments and dramatic
changes to dominating device structures [4]. Once dominating so-called back-surface field (BSF)
design with uniform emitter doping is now rapidly being replaced with advanced novel structures
based on selective doping technologies. Free carrier absorption and refractive index changes in
doped layers are two of the most important mechanisms of interaction between THz radiation
and solar cell structures. Therefore, possible novel applications have to be reassessed due to
changing (sometimes by orders of magnitude) typical doping levels.

In this contribution, we present simulations of propagation of THz waves within silicon solar
cell structures. Novel low-doped selective emitter structures were investigated in series of Finite-
Difference Time-Domain (FTTD) simulations. Revealed new potential THz spectroscopy
application limits will be discussed. Simulation results were supported by series of
measurements.
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The high-frequency conductivity (0.1 THz to 1.1 THz) of
composite nanomaterials is substantially impacted by the lengths,
diameters, densities, and thickness of the constituent materials.
We have fabricated and experimentally characterized thin layers of
silver nanowires in the terahertz frequency range. In particular, the
samples of different densities of nanowires and two different
nanowire lengths were measured in a transmission geometry by
terahertz spectroscopy, both in time and frequency domains. The
results obtained in time and frequency domains are in a very good
agreement and prove a high reflectance of the metallic nanowire
layer. We extracted the conductance, reflectance, transmittance,
and absorbance of the samples from the measurements. We have
shown that all these characteristics can be tuned by varying the
density and geometry of the nanowires. The experimentally v '
observed dependencies were successfully described/fitted by the ”4’ 85 5
theory establishing the relation between the nanowire layer —Zaiibi AR, T
structure and the electromagnetic response of the composite. The ~ SEM images of AQNWs sample B
relatively constant conductance of the nanowire layers in a broad (35 nm x 25 um) with a) the lowest

. . . density — 67 ma/m? and b) the
frequency range is of particular interest, as tunable transparent
coatings are distinctly demanded for high-frequency applications. Our results pave the way toward the
application of silver nanowires as a perspective material for nanoelectronic circuits, transparent and
conductive coatings and printable THz antennas, important for future 5G wireless communication
systems and above.
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As it is well-known, a transient photocurrent arising near the semiconductor surface, after its
illumination with femtosecond laser pulses, can generate terahertz radiation. When analysing this
effect, it is generally assumed that the transient photocurrent is directed perpendicular to the
illuminated semiconductor surface, along the direction of the surface electric field that is built-in or
can be induced by spatial separation of photoexcited electrons and holes. However, the optical
alignment of electron momenta (the optical momentum alignment effect in semiconductors manifests
itself in the anisotropic momentum distribution of photocarriers excited by linearly polarized light)
can result in the appearance of a lateral (parallel to the illuminated semiconductor surface)
component of the transient photocurrent.

Recently, we developed a technique for determining the direction of transient photocurrent in a
semiconductor [1]. Using this methodology, it was found that upon excitation of p-polarization light,
a transient photocurrent component parallel to the surface appears in the GaAs LIPSS structures.
This lateral component is very small when exciting the semiconductor near the absorption edge.
However, as the excitation photon energy continues to increase, the surface photocurrent grows
very rapidly and becomes the dominant source of THz emission (Fig.1). These results suggest that
the cause of lateral photocurrent is the ballistic photogalvanic effect [2]. The influence of this effect
on THz radiation was mentioned in [3] work, but it has not been observed experimentally so far.
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Fig.1 Relative contribution of lateral photocurrent to THz radiation generation. Red circles — experimental results,
green line — quadratic dependence. THz, and THzy — amplitudes of THz pulses generated by lateral and normal
transient photocurrents accordingly.
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The accurate evaluation of the two-dimensional electron gas (2DEG) parameters in
AlGaN/GaN heterostructures is essential for the development of the device based on this
materials system, such as high electron mobility transistors, Schottky diodes, THz plasmonic
detectors, ultraviolet detectors, piezoelectric and pyroelectric sensors. Cyclotron resonance (CR)
and magnetotransport measurements proved themselves as the powerful techniques for 2DEG
study in AlIGaN/GaN system [1, 2].

We report on high magnetic fields (up to 16 T) magnetotransport, Shubnikov-de-Haas
(SdH), CR and photovoltage measurements in AlGaN/GaN high frequency transistors with a dual
grating gate (DGG) of large squared area (2x2 mm?). This kind of DGG device was developed
for THz plasmonic detection. Ni/Au grating of symmetric and asymmetric structure was
evaporated on AlGaN surface. The epilayer structure for the samples of this study consisted of
1um-thick undopedGaN and a 25nm-thick undoped AlGaN barrier layer grown on 500um-thick
SiC and bulk GaN substrates using metalorganic chemical vapor deposition (MOCVD).

' . ' ' - ¥ The analysis of magnetotransport
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Fig. 1. CR measurements used a VDI source (660GHz) and dlsord_ered pOtentl_al or may be attrlbutgd toa

CO, pumped far infrared laser (1.6THz) weak inhomogeneity of the 2DEG density.

The CR measurements used a VDI source, CO2 pumped far infrared laser and 18 T
superconducting coil. The results of the experiments are shown in Fig. 1. In this case, two nicely
resolved, interference-free lines were found in transmission for the 660 GHz and 1.6 THz
incoming radiation frequency. CR measurements allow us to determine the in-plane effective
mass of the free electrons.
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Emerging versatile applications of sub-terahertz and terahertz electromagnetic waves
stimulate development of miniature, solid-state sources and amplifiers which can operate at room
temperature.

Since the pioneer work of Esaki and Tsu [1], semiconductor superlattices attract much
attention as unique platform for the studies of various high-frequency effects related to an
existence of the negative electron mobility in the band transport.

Parametric generation and

amplification at harmonics and low- B — _—
order sub-harmonics in 1 WZIV
superlattices, biased by DC and AC =~ Xex w2 W =12

electric fields, and the physical VNV AN
processes behind the phenomenon W= PIG - W, P,G=1,2 ...
have been rather well understood | VVVVVVWV

theoretically ([2,3] and references
cited therein). Additionally, there
exist a few publications that predict
the parametric generation at fractional frequencies [4,5]. To the best of our knowledge neither
generation at sub-harmonics nor at fractional frequencies was observed in experiments so far.

Fig. 1 Sketch of the superlattice frequency response

In this work, we present an analysis of experimental data on the spectral response of
moderately doped GaAs/AlGaAs superlattices to a microwave pump (Fig 1). It is shown that the
frequencies generated in the superlattice are linked to the pump frequency wexc by the relations:

NWexc = %wexc + Z_iwexc
where n, p12 and qi,2 are integers. The effects are explained by using the notion of Esaki-Tsu
nonlinearities in the superlattice.
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Strong and broadband light absorption in

graphene allows one to achieve high carrier densities 247 /\ :

essential for observation of nonlinear optical ps \7’ g

phenomena making graphene a unique playground 5 . OIS

for studying many-body effects. Being of strong T U ~—
fundamental importance, these effects also open a mji:z o ] | 2 Na— A
wide range of opportunities in photonics and 8 ] 1 g."/\"\/‘,\
optoelectronics. Here, we make use of strong photon- ~ 2« i m
drag effect to generate and optically manipulate %f;z - E“/\"/“‘
ultrafast photocurrents in graphene at room % 150 0 § e L——
temperature. In contrast to the injection of 2 o & 2| AN ——
photocurrents in graphene due to external or built-in £ :: 3 2 _‘/\/'—A
electric field [1] and by quantum interference [2], we %] "y e
force the massless charge carriers to move via direct °j6 VY B 0:0 )
transfer of linear momentum from photons of incident Time, ns Time, ns

laser beam to excited electrons in unbiased sample
[3]. Direction and amplitude of the drag-current
induced in graphene are determined by polarization,
incidence angle and intensity of the obliquely incident
laser beam. We also demonstrate that the irradiation
of graphene with two laser beams of the same
wavelength offers an opportunity to manipulate the

Fig. 1 The photocurrent (a) induced by two
10 ns pulses arriving at the graphene
simultaneously at mirror-reflection angles
(b) measured as a function of the
polarization of the first pulse (c). Two pulses
of the same intensity produce currents of
opposite sign that cancel one another at
zero time delay (d).

photocurrents in time domain. At the femtosecond
excitation, the interplay of the ultrafast photon drag currents enables control of the polarization
and amplitude of the THz emission from graphene [4].

All-optical control of photocurrent was demonstrated in the two-beam experiment when
sample was irradiated with two mirror-reflected beams (see Fig.1b). At a zero time delay between
the excitation pulses of the same intensity, the photocurrents completely compensate each other
resulting in a zero net current. Since the drag current strongly depends on the polarization of the
excitation beam, the net current was tuned by rotating the polarization plane azimuth of the first
beam. The net current signal waveforms as a function of the first beam polarization azimuth
obtained at nanosecond excitation is presented in contour plot on Fig.1c.
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An important area in medicine, pharmacy and biotechnology is the study of
interacting molecules, which allow the knowledge gained to be used to develop more
effective drugs for the treatment of diseases. Most of these studies are in artificial
systems, and there is a huge need for models that enable studies of the interaction
between biomolecules on the cell surface under natural conditions. The 32-adrenergic
receptor (B2ADR) is a widely studied protein, with a particular focus on interactions with
various ligands, which is often the starting point for other receptor interactions, but little is
known about their interaction. The interaction of the granulocyte colony stimulating factor
receptor (GCSFR) with the ligand has been much less studied. Physical methods such
as Forster resonance energy transfer (FRET) and total internal reflection fluorescence
(TIRF) microscopy enable the study of monomer interactions in the presence or absence
of a ligand, changes in receptor monomer interactions following ligand binding in a cell.
During the work, the effect of glass coating with poly-I-lysine, APTES, BSA, peptide
containing RGD sequence or fibronectin on cell attachment and background signal was
investigated. The lowest background signal was found to be achieved by coating the glass
surface with fibronectin or 20% NHS-PEG-COOH and 80% NHS-PEG-O-CHs and
immobilizing at 0,2 mg 44 a.a. length peptide with RGD sequence. Using the FRET
method, it has been investigated that f2-adrenergic receptor interactions occur without
ligand binding. Also, stimulation with agonist ISO increases the interactions between the
receptors and the interacting receptors are internalized after 20 min. stimulation. Inhibition
of cell endocytosis increases the number of interacting receptors on the cell membrane,
even in the absence of an agonist. By the same method, ligand stimulation for 5 minutes
resulted in a 10-fold increase in GCSFR interactions compared to ligand-unstimulated
cells. Peak internalization of the complex was observed after 15 minutes of ligand
stimulation. The results show similarity between receptors in the ability to interact without
ligand binding, and the interaction is seen inside the cell after internalization during long-
term incubation with the ligand.
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Protein aggregation is associated with more than 30 different human diseases including
Alzheimer's, Parkinson's, and others. Each of these diseases is caused by the aggregation of a
particular protein and accumulation of aggregates at the cell’'s membrane. The most recent
studies showed that the membrane has an immense effect on protein aggregation and
adsorption. Thus, structure characterization at the liquid surfaces, especially at the model
Lipid/Water interface, remains a major subject of the protein aggregation research.

Here, we use vibrational sum-frequency generation (VSFG) spectroscopy to understand
and compare the structure and adsorption behavior of hen egg-white lysozyme (HEWL) and its
aggregates at Air/Water and Lipid/Water interfaces. In addition, we applied Fourier transform
infrared spectroscopy and atomic force microscopy (AFM) to verify the structure and the
morphology of lysozyme aggregates formed in bulk solution.

In our study, we found that HEWL aggregates with different molecular structures, such as
small unordered aggregates, and larger aggregates with a parallel and antiparallel 3-sheet
structure were adsorbed to both interfaces. We identified that the main driving force for
adsorption to the Air/Water interface is hydrophobicity. Meanwhile, adsorption to the Lipid/Water
interface is mainly determined by electrostatic interaction between the lipid’s headgroups and the
charged protein groups, though it is also influenced by hydrophobicity. Moreover, we
demonstrate that varying the pH of the solution has a substantial effect on the intensity of VSFG
spectra at Lipid/Water, which we attributed to changes in the vibrational dipole orientation of
adsorbates.

IR VSFG Air/Water Lipid/Water
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Fig. 1 (A) Schematics of the VSFG experiment (B) The VSFG spectra of HEWL and its aggregates adsorbed at
different interfaces in Amide | vibrational region. Different spectra correspond to aliquots that were heated for various
times (see the legend).
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Currently, the microbial biofilms are responsible for
a wide variety of infections in the human body, reaching
80% of all bacterial and fungal infections [1]. The biofilms
presents specific properties which increase the
resistance to antimicrobial treatments. Thus, the
development of new approaches is urgent, and
antimicrobial photodynamic therapy (aPDT) have been
shown as a promising candidate. aPDT basically
involves the synergistic combination of a photosensitizer
(PS), molecular oxygen and visible light of appropriate
wavelength in order to produce highly reactive oxygen
species (ROS), which leads to the oxidation of several
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Fig. 1. aPDT mechanism of action

cellular components (Fig. 1) [2]. Several studies have demonstrated a substantial biofilm
inactivation once the aPDT promotes damage to non-specific target [3-5]. This therapy attack
many components of the biofilm, including proteins, lipids, and nucleic acids present within the
biofilm matrix; causing the inhibition even in the cells that are inside the extracellular polymeric
substance (EPS) [6]. So, the presentation aims to show the progress of aPDT against the biofilms

and the several applications of this therapy.
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Visualizing on the atomic scale the full extent of the electronic and structural changes that
are triggered by charge separation and subsequent charge transport is crucial for developing the
rational design of next-generation solar cells. The rapid progress of ultrafast X-ray techniques,
both at synchrotrons (100 ps) and at X-ray free electron laser facilities (sub-ps) have equipped
the scientific community with novel analytical tools that are capable of delivering unique feedback
with spin and elemental sensitivity about the highly-correlated nonadiabatic dynamics that follow
photoabsorption. The present talk will review the technical state-of-the art and the ongoing
developments that are currently taking place. The talk will also highlight several of the recent
results that have been obtained for intramolecular and interfacial processes of relevance for the
function and optimization of solar cells.
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Bismide-based material systems r
are an attractive candidate to develop t  GaAsBi/GaAs:Be
GaAs-based applications for long ] M e
wavelength optoelectronics, such as L —/’sz‘—
infrared lasers [1], photodetectors [2], z s ) \ ‘éﬂ'é:
solar cells [3], terahertz devices [4] etc. B B— e
In order, to design and optimize these g t 120K
devices it is essential to know their gt TeoK
optical properties, electronic structure, T ;gg'é
nature of defects, the emission a 220 K
channels, and the efficiency of carrier ] /\ Zon
recombination. In recent years, — _— 280K
luminescent properties of GaAsBi - . . e
guantum wells (QW) are extensively 0.8 0.9 1.0 11 1.2 1.3
studied. Though, not all questions are Photon energy, eV
clearly answered. Fig. 1 Temperature-depenedent photoluminescence spectra of

. GaAsBi/GaAs:Be multiple quantum wells.
This work presents a

temperature- and excitation- dependent photoluminescence (PL) study of GaAsBi/GaAs,
GaAsBIi/AlGaAs and GaAsBIi/AlAs QWs grown by molecular beam epitaxy (MBE) and migration
enhanced epitaxy (MEE).

Temperature-dependent PL measurements revealed that PL band associated with radiative
transitions in GaAsBi QWs has an inner structure, which for some samples can be clearly seen
at low-temperatures (Fig. 1). Moreover, temperature-dependence of PL peak energy position
was analysed using Varshni expression [5]. A broad PL peak at room temperature together with
S-shape character of PL peak position variation with temperature indicated effect of carrier
localisation. As further matter, activation energies derived from PL measurements provided
insight into thermal quenching of luminescence processes. Finally, the influence of the barrier
layer on the optical emission from electronic states in the GaAsBi QWSs are also presented in this
work.
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