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WelcomeAddress

The Conference continues tradition to bring together scientists involved in research focused on
solid state physics and photonics.
¢tKS O2yFSNBYyOS KIa &adGFNISR Fa | aeyYL]aadzy

years in Vilnius sincE971. The event was initiated and hosted by the Semiconductor Physics Institute.
P FAOSNI [ AGKdzZl yAlF NBIFAYSR Alda LYRSLISYRSYOS Ay
Symposium on Ultrafast Phenomena in Semiconductors (UFPS), Vilnids,\ithl € @
In 2010 the Semiconductor Physics Institute became a part of the Center for Physical Sciences an
Technology. The year of 2016 highlighted particular changes in the Cgihterinstitution moved to a
new building located in Salikkis (Sunrise) avele. Modern technological and scientific laboratories
opened novel facilities for science and innovations. Therefore, the conference also gained new scientific
dimension and new name 6Advanced Properties and Processes in Optoelectronic Materials and
Sysems APROPQS

APROPOS Ianifests optoelectronics and nanotechnolagipased scope covering topics of

w {SYAO02yRdzO(G2NJ yIy2a0iNHzOGdzZNBa ' yR | RGIYyOSF

w hNABFYAO YFGSNARFfa F2NJ 2LI2St SOGNRYyAOax

w ' tGNFFFrad FyYyR GSNI} KSNIT LKSy2YSyl =

w [ keéhBolddies & light emitting diodes,

w b }aydDiophotonics.

This year APROPOS conference will be coupled with the Jubilee Conferante & S| NA 2 F
excellence and higtechA yy 2 @l A2y a¢ RSRAOIFGSR (2 thél KOSyeaF A NE
Anniversary of the Center for Physical Sciences and Technology (FTMC)

Prof.Dr. HabD A y (i I NI & +

Chair of the APROPOS 17


https://www.ftmc.lt/news/714/139/10-years-of-scientific-excellence-and-high-tech-innovations
https://www.ftmc.lt/news/714/139/10-years-of-scientific-excellence-and-high-tech-innovations
https://www.ftmc.lt/news/714/139/10-years-of-scientific-excellence-and-high-tech-innovations

Ladies and Gentelmen,

| am very happy to note that the Lithuani®oland collaboration develops and this workshop is
a clear signature of this fact. Thank to efforts of our governments, national and European financing we
managed to establish worldclass technological centers which serve countries on scientific, industrial
and educational levels. We highly appreciate the idea of our national financing agencies to establish &
common scientific program Daina which is developing well and brings comenaiits. | think that the
next good step would be lounching a scholarship program for students and young researchers who coulc
travel between laboratories, exchange ideas, learn and make our efforts more complementary.

I wish you a fruitful and successfadinference and | hope that this meeting will bring you a great
scientific satisfaction.

t NEFO5NID | Fod WSNIie _dzaal 1264a1A
Chair from Poland dfithuaniaPoland Workshop on Physics and Technology



Gerbiamas Pirmininke, gerbiami profesoriai, mokslinirRd& ND A YA S2A aOBSGEA L A

alby JFENDT FGARINE SV IRICMWIAOHIYIAY 2[aF SNAzABDOKyY 2 §
1 Nldz &dz [ ASGdz@24a dzOaASyrAz NBA|lIfa& OAOSYAYA&AGN
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12YTSNBYRAEDHE O2ROAI A CAT AYA diehlLNdkijpSrQikwpdirudes 2 2 &
jos metu.

~AS 1StA O2ROAIFAST {dzNAdz2a 3l fAdz 2dzya LI al ]
Y21atAyAyle OFEARYSYyq AN Fdariz2yeots ySa OAlAa
ginti mokslo pasiekius nuo iracionalaus puolimo. COMiIDP LJ Y RSYA 2 0dz@2 LldzA
RSTAYTF2NXYIOA2NET 2 Wna AN Wnae {(2ftS32a RIOYyLA
AOSA1TFGIA 0SA &a20ALfAYyTYAE LI aSiyTyrao

+ SNIF LI ONJFOGAZZAE RAHVBYERRIZAE INA ([ IANSHz2d2 dz Y S
GASYylLa AO (2 qNRRéYe&ed ¢2RTt ROALFdAAdz2zaAI 1R
Y214a4t2 OSYUiUNR AN awSaSkNOK [/ 2dzyOAtf 2F [ AlKdz
mol &t AYVAY 1l A 3JIFfA adwASyeiAir 2T3IFra o0SYRNR2S Y2
ddzaAR2YT2AYdz AN Sadz qaAiAidA]AydiamS] K RY HYyhrale NGyt
Y2l aft e GAS] a2 @hbushdugingas abietIdzi T a 4 NING &2 (0 A LINA vy &
Y21aftAyAyle NBEOA& GAYyl1ENO®

5FNJ1FNIN RT122dz dzO { GASGAYND AN fAYylAdz qR2Y

(@]

Urszula Doroszewska
Ambassador, Embassy of Poland
{TrLy2sye tIFyAS tNISG2RYAOI NORNBRIIRY 2 4 ZA (l0RE

alYy T &l ol ed 2 i ¢-ritthisiedVaisRaty §idyyze i Teehhaodicne. Kiedy rok
GSYdz aLRd1lrftATY® &aAt ¢ tI OFOdz 2ASt{A0K Y&aanosn
spraw zagranicznych Litwy Nerisem Germanaséth,S a DR 1 )\ tfATYez S 2dz 11|
pandemii Covim > 1 G5 NI T YASYA ylal alLlaso (12YdzyyAll 02
dzRI 02 &aAt 2SRyl {1 T 2NBFYyAI élzll 00 A ' YNBgS/RN 1 2NTTF SINEY
Hzycznych i Technologjijak i polskditewski panel w jej ramach.
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Center for Physical Sciences and Technology (FTMC), Vilnius, Lithuania
Venue: FTMC at Sunrise Valley, Saulatekio Ave. 3, Vilnius, Lithuania
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CONFERENCE OPENING CEREMONY
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' ' Director of Center for Physical Sciences and Technology
Chair of Apropos 17 conference
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imaging applications
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9:45-10:15 Inv2 disorderinduced localization on hole diffusion in highly excitgulane
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based devices
13:00-14:00 Lunch
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Inv1l

Review of innovative diffractive elements for Terahertz
Imaging applications

Linas Minkevil i %yBomas Jokubauskis!, Si monas | hYimcasgi I na:
T amo g iR Sexgej Orlov?, Irmantas Kag a | yYnaGedi mi nastaridal i
Gintarasg Valugi s

1 Department of Optoelectronics, Center for Physical Sciences and Technology,
Saul at e ki d40257Wilnius3 Lithuanit
2Institute of Photonics and Nanotechnology, Vilnius University,
Saul at e ki d40257Wilnius3 Lithuanig.
Email: linas.minkevicius@ftmc.It

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
integrated band-pass filters [3], high efficiency

multilevel silicon phase Fresnel zone plates [4] for X (mm)
advanced THz optics up to 4.7 THz [5], are Fig. 1 The photo of innovative terahertz
discussed. Focusing performance of these imaging system (a) containing thin silicon-

elements are investigated both, theoretically and  based Bessel zone plates (b) for the 0.6 THz.
experimentally. Routes of thick objects THz imaging Bessel beam electric field reconstr_uction at 0.6
with inconvenience of precise positioning of the THz along the beam propagation path.
sample using silicon-based Fibonacci [6] and

Bessel diffractive elements [7] providing a P dpatial resolution will be also discussed (Fig.
1).

REFERENCES

[1].X. Yang et al. Signal Processing, 160 (2019) pp.202i 214.

[2].B. Voisiat et al. Proc. of SPIE, (2017) 10091(10 1117/12.2253634) pp. 100910F

[ 3] . L. Mi n klelnfrarédj Millaneter tTerahértz Waves 35(9) (2014) pp. 699-702

[ 4] L. Mi n kOptics Lettens 42(1@) (201&)Ipp. 1875-1878

[5].S. Indrisiunas et al. Optics Letters 44(5) (2019) pp. 1210-1213

[6] D. Jokubauskis et al Optics Letters 43(12) (2018) pp. 2795-2798

[ 7] L. Mi nkevil i us27@3) (2@l9) pp. BB i cs. Express
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Inv2

Impact of alloy disorder induced localization on hole
diffusion in highly excited c-plane and m-plane InGaN
guantum wells

Rami nas Al e KavimierasiNonaeika,! Oleg Kravcov,! Saulius
Nargelas,! Leah Kuritzky,? Cheyenne Lynsky,? Shuji Nakamura,? Claude
Weisbuch,??® and James S. Speck?

Vil nius University, |

United States

nstitute of Photonics
LT-10257, Vilnius, Lithuania
2 Materials Department, University of California, Santa Barbara, California 93106,

SLaboratoire de Physique de | a Matie re
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

L Perlcolation and I Overflow c;f
| Coulomb blockade localized states
101}

100 F

Diffusivity D (cm2s~1)

Carrier density N (cm™3)

Fig. 1. The dependence of diffusion
coefficient D on carrier density N in thick m-
plane and thin c-plane MQW structures

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 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 10%° 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. Schul z, M. A. Caro, C.
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O1

MoTe: transition metal dichalcogenide grown by
molecular beam epitaxy T polytypes, structural and

electrical properties

Janusz Sadowskil?®, Bart gomi ej!, SEuedn@EakDgDFJ avaanit
Kret?, Raf a§ MaBtaGhalas-Borysiewicz! and Wojciech Pacuskil

1 Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland.
2 |Institute of Physics, Polish Academy of Sciences, Aleja Lotnik- w 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

MoTe: 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 & - = 2ME-2H; MoTe,
molecular layers of semiconducting TMDs,
makes them suitable for applications in GaAs (111)B
flexible optoelectronics. The high sensitivity of
electric properties of ultra-thin layers of
semiconducting and metallic TMDs to
external factors such as electrical gating, TR LALLM
pressure, chemical environment enables their *
use for numerous applications. Constantly new TMD materials are synthesized and
extensively investigated [2].

Here we report on the growth of MoTez - 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 i 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:2 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) p. 116.

[2] Xiao ZhangZhuangchai LaiQinglang Ma and Hua Zhan@hem. Soc. Rev. 47 (2018) pp. 3301-3338.
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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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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 | arge r | SC &sd)t Wesfabcatgd vacuum dnd $olutio® 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 Di A-type blue/deep-blue TADF emitters in terms of EQE
and efficiency roll-off properties of their devices.

455 nm

SEL intensity

:E-IJ dél.'l SI;HJ EEU =] E'I'.JEJ 00
Wawvelength {nm})
Fig. 1 Electroluminescence spectra of deep-blue and sky-blue TADF OLEDs

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

stry, Center f

o

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
layer on top of Si substrate. Since the
first layer strongly interacts with a wafer,
itds characteristi
of this reason, the third sample is made
with two graphene layers on Si.

Using THz frequency-domain
spectrometer, transmittance spectra is
measured, an example of which is
depicted in Fig. 1. Results show that
after photoexcitation modulation
maximum depth for the sample with two
graphene layers goes up to 42%. It is
showen that application of the second
graphene layer can increase the depth
of optical modulation.

Photomodulation features of
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o
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Fig. 1 Transmittance spectra of samples. Inset depicts the
principal experiment scheme

graphene-on-silicon prepared using different technological approaches will be discussed.
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Neutrophils are key players in a 25 =
phagocytosis, during which foreign objects _20} &
are encapsulated by cells and destroyed in 51, 83%
phagolysosomes with the help of reactive e sm
oxygen and chlorine species, and cytotoxic, v 7=
proteolytic enzymes of granules. Multi-walled
carbon nanotubes (MWCNT) are promising
nanomaterials ~ for  nanotheranostics. g} PN AN
MWCNTs administration may lead to the - ;W 00 1400, 1500
immune system response and cause e 00 2500 =00
inflammation. Using Raman spectroscopy, SRE)
we demonstrate the neutrophil activation ~of &
after exposure to MWCNTSs. Fig. 1a shows 260 13 3 i
the Raman spectrum of a neutrophil adhered 230 %
to the glass. The lines at 1465 cm™ and 1669 ¢ - 15boG T P
cm'* correspond to myeloperoxidase (MPO) Fig. 1 Raman spectra zhfm(g)m'.l')neutrophil (b) T
with an oxidized redox (_:enter of the enzyme_’ activated with MWCNTSs neutrophil, (c) T N’ET with
and lines 1167 cm? and 1399 cmt MWCNTs
correspond to cytochrome bssg 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 CNTs, 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 MWCNTSs with neutrophils initiates the formation of neutrophil extracellular
traps, consisting of chromatin fibers, including the enzymes neutrophilic elastase and MPO
[1].
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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~1011x 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 hanotube 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 (S/12) of nanotube networks under UV illumination and at elevated
temperature.

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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(2007).
[3] G. Sassine, F. Martinez, M. El Khoury, F. Pascal and A. Hoffmann, IEEE transactions on electron
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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.Z 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). Technigue 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 Il1-VI semiconductors.

Experiments wer e done usi ng-typeSGaSe shmetstcleaved krompthe
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 excitation
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Ur b e

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 (complex
dielectric constant and refractive index dispersion) 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 AlIGaN/GaN high electron mobility transistor (HEMT) structures grown
on a 500 ¢ nZhick semidnsulating 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 AIGaN/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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The structured luminescence band with a zero-phonon line (ZPL) at 4.1 eV in
hexagonal boron nitride is known for many decades. Recently observed single-photon
emission associated with this band made its explanation even more important. In this
contribution we show that the carbon dimer CB-CN accounts for all known facts about the
4.1 eV band: the involvement of carbon, the energy of ZPL, the Huang-Rhys factor
(quantifying the strength of electron-phonon coupling), and the radiative lifetime.
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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
. . i GaN/sapphire substrates. Inset

We mvest_lgated the MOCVD growth pf 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/llI-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 L
properties of depend on QW widths. For thin quantum wells, 118K
conduction band forms by s-orbitals functions resulting from ol V

E1l 4
deep penetration of the wave function from CdTe side. ]
Valence band is formed by p-type functions. With increasing /\m !
of dow , an energy gap decreases, and when QW width reach 457 1
critical thickness dc, conduction band and valence touch each i [
other at k = 0, i.e. the energy gap is equal zero. In case of e T e WA T

H . . Pressure (kbar)
neavy-hole ke subban H placed above the frst slecron. 7% 1The evolon of e bt 1
. ) A and H1 sub-bands at k=0 against
like E1 subband. Such band inversion in HgTe QWS suggests  ygrostatic pressure for 8nm of
the existence of nontrivial topological insulator phase [1]. HgTe QW grown in (031)

For normal band ordering (d < dc), an energy gap has crystallographic direction. Blue and
tendency opens with applying of pressure [2]. The situationis red colors correspond to the
distinguish in case of WQs with inverted band sequence. For  electron-like E1, the light hole H1
example, in 8 nm of WQ, pressure increasing lead towards Subbands
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.

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 B¢ for various temperature and pressure
values. By following the pressure (temperature) dependence of B, we define a critical points
Pc, Tc, 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. 1lI-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-p h ot ol u mi n €k) mmeasuwements.sObtained
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-r e s o | WPk theasurements 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.

REFERENCES
[1]W. G. Biand C. W. TAppl. Phys. Let70(1997) pp. 16081610.
[2]W® D NJetyalj JIApal.(PRy4.06(2009) pp. 053508.
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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 sandno e
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 4 Mutiayer IR W mp Laser
peculiarities that made them suitable for different Bregg miror HE”""ﬁ" " E[i“ -
application. Some of the parameters that define i g P

the possible applications of laser in different fields Quaram T Surface

are emission wavelength, beam quality, operation sy e
temperature, output power, methods of region

excitation, power consumption, speed of Valenoe band |
modulation and device size and the range of - Semiconductor . =

tunability of all of this characteristics. Vertical
external cavity surface emitting lasers (VECSEL)
do combine many different interesting properties
and were designed 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. VECSELs 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.

REFERENCES

[1] Mark Kuznetsov, VECSEL Semiconductor Lasers: A Path to High-Power, Quality Beam and UV to IR
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Fig. 1. Energy levels across the VECSEL
structure [11.
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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 f i ber communi cat i ons urddrse® spécm aral high- 1. 5
data-rate applications (780 nm i 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 crystal.

35 i The comparative study of LDs
EOSZZ.S(SV,I=OA08A,T=25A9C 787 nm Containing PQW and RQW
30| ——U=556V,1=007A T=16.00 structures was performed to

o ——U=5.56V, |1=0.07A, T=20.4C . .
= clarify the role of architecture
g 2 and to establish the key

8 ol parameters.

> ik Laser diodes were
@ 15 i characterized by
% measurements of RT-PL,
= 10—+ ' i ' o - | current-voltage  (I-V) and
5 current-power (I-P) behaviors.
,ﬂ | The electroluminescence (EL)
0 4 . spectra measured in
1.560 1.565 1.570 1.575 1.580 temperature range of 15 °C -
Energy (eV) 30 °C for laser diode with

Fig. 1.EL spectra of laser diode containing GaAs QW with  single PQW exhibiting lasing
parabolic AIGaAs barriers measured at different temperatures properties in near infrared

region are presented in Fig. 1.
The authors gratefully acknow-ledge support from the Central Project Management Agency grant 01.2.2-
CPVA-K-703-03-00109.
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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: 6 f ast & o
hundreds of microseconds and o6sl owd which
was demonstrated that the oOfastod pr oAvaEmis
Fatuzzo model [3], taking into account the reorientation of the magnetic domains into their
equilibrium state, Tiahyde KohlruschisMilliamsdWaitts 4 madlal
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, techniqgues which are essentially free from this
disadvantage, such as molecular beam epitaxy (MBE), have to date yielded 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 optical propertles with variation of the
exciton energy as small as 0.16 meV over a — SE— N
distance of tens of micrometers. Our recipe for s e S o
MBE growth [1,2] is presented for MoSe2 and - - —
: MBE MoSe, j CX
includes extremely slow growth rate, the use 2
of atomically flat hexagonal boron nitride on hEN
(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, 1.60 1.65 1.70
dimensions _and hom_ogenelty required for Photon Energy (eV)
optoelectronic applications. Fig. 1. Crossesciton and low temperatBiespectrum with excitonic
REFERENCES resonances for MoSenonolyaer 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/AIGaN Schottky barrier found
from current-voltage characteristics were G, = (1.0 - 1.26) eV and (1.7 - 2.5), respectively.

10°F Drain current — Do,
E — 4 - —n— =
10°f V= 50 MV 10 L=20mn
7 S Im L=10nmm ]
:,/10’7 ] ; [ .lf\‘: —m—| =5m |
c 3 ;] L alm
o 108 il c H
S7F - S10% =2
9L -
O 10°} D] g | i
107} ‘ o E é !
10»11'.|.|.||.|:. 10.6 | I I I B P
-1.4-1.2-1.0-0.8-0.6-0.4-0.2 0.0 -1.4-1.2-1.0-0.8-0.6 -0.4 -0.2 0.0
Gate voltage(V) Gate voltage(V)
Fig. 1. Transfer characteristics of FinFETs with GR gate, Fig. 2. Response of GR gate FinFETs with different gate
channel width wW=40m and gate | ength length L = 5, 10, 20 Om ¢

photo of the device active area is present on insert. W=40m at the frequency f =

Characteristics of GaN/AlGaN FIinFETs 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 pm, 96.5 um, 118.8 ym, 163 pm,
186 um and 454 pm. i

Performed measurements were used to extract the velocity ¢ and rest mass 171 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 determined from the technological parameters of growth. Relationships of those values
are E; = 2mc” 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 111 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
(DOESs) 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 DOEs, 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/NWHz 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 7 phase contrast and dark field 7 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 1 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 Bright’eld  Positve phase  Negative phase  Dark field S(i;gé)'
objects, to enhance their edges resolution and % | 1
thus reveal advantage in respect to direct

imaging (bright field). P —-‘A
B S

Introduced spatial filtering methods @ ]
allowed to enhance image contrast up to 30 dB ] |
and to increase signal-to-noise ratio by an °4‘”"”'“"“"‘
order of magnitude in detecting weakly R s |
absorbing objects. It extends THz imaging «~ 7 = ‘
applications in biology and medicine, where g -
mostly weakly absorbing objects are underthe ¢ . j»
interest. i | .
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