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Monday, 29.V, sessioh

Stretching Magnetism with anElectric Field in a
Nitride Semiconductor

D. Sztenkiet, M. Foltyn?, G. P. Mazur', R. Adhikari?, K.Kosiel®, K. Gas"*, M.
Zgirski!, R. Kruszka!, R. J'arkLi’eAgRiotrowska®, A. Bonann?, M. Sawicki,
and T. Diet"*®
lnstitute of Physics Polish Academy of Sciences, Warsaw, Poland,
2I'nstitut -funrd Haelsbtlke®irtpeerr physi k, Johannes K
3 Instituteof Electron Technology, Warsaw, Poland,
“I'nstitute of Experimental Physics, Uni v
® Research Foundation MagTop,, Warsaw, Poland,
5 WPLAdvanced Institute for Materials Research, Tohoku University, Sendai, Japan
Contacte-mail: gmazur@ifpan.edu.pl

Interplay between magnetic and electric properties of magnetic layers is of @
considerable interest owing to possibility of lepower information storage and
processing. Several diffent ways have been exploited for agile control of magnetization
vector by an electric field including gating of thin ferromagnetic layers [1], electric and
magnetic coupling in multiferroics [2] or strain in hybrid magnetic/piezoelectric devices. In
this paper we show that the application of an electric field along a polar axis in a wurtzite
magnetic semiconductor leads to a sizable change of its crystalline magnetic anisotropy \
the inverse piezoelectric effect. We investigate this new phenomenonnaxpidly and
theoretically in an insulating paramagnetic-@a, 7gMng 29N as a function of temperature,
magnetic, and electric field, sé@. 1

Fig. 1: Left panel: Sample structure and-gptfor magnetization measunents in phase withn
applied electric field. Ri gihducegpby anelectriield bfa n g
0.47 MV/cm applied to (Ga,Mn)N at selected temperatures as a function of the mégteetic
applied along the hard axis. Red curvesictesults of theoretical modeling employikgown
values of the piezoelectric constant and parameters of sogn®* anisotropy. To takénto
account ferromagnetic MRNIn interactions, simulations have been performed for lower

temperatures (shownnmea cur ves) . I nset pwitht@eweratare. decr eas
References

[1] D. Chiba, M. Sawicki, Y. Nishitani, Y. Nakatani, F. Matsukura, and H. Ohno, Nature 455,

515 (2008).

[2] W. Eerenstein, N. Mathur, and J. F. Scott, Nature 442, 759 (2006).
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Monday, 29.V, sessiomh

Entanglement Dynamics of NV Centers Coupled to a Bath of @3
Nuclear Spins
D. Kwiatkowski’, &. Cly wi Es ki

Ynstitute of Physics Polish Academy of Science§8® Warsaw, Poland
Contact email: kwiatkowski@ifpan.edu.pl!

The ms= 0 and 3= 1 levels of nitrogetvacancy (NV) center in diamond form a qubit
that can be initialized, controlled, and read out at room temperature, and which
intensively researched in the context of nanoscale magnetic imaging app$iddf. The
main source of decoherence of this qubit is its interaction with the bath18frTiclei.
Recently, entanglement between two NV centers (separated by ca. 20 nm) was createc
We present an extension of calculation of decoherence due tmdhear bath (using the
stateof-the-art ClusterCorrelation Expansion method [3,4]) to the case of two qubits. We
also include the presence of magnetic field gradient which is helpful for separate addres:
of the two qubits, but which modifies the ne&t dynamics.

Entanglement of twajubit Bell states calculated in pudephasing approximation is
simply related to twayjubit coherences 01 ; 10 and J} 00; 11. Whaen
partially common bath (as is the case for two nearby NV centers), the decay of the
coherences can be slower or faster than the decay of product ofcibgleoherences,
depending on whether the bashsource of correlated/anticorrelated noise, respectively.

We investigate the nature of effective magnetic field noise generated by the bath
nuclear spins coupled by dipolar interaction. flgpping nuclear spin pairs can either
accelerate or slow dawthe twequbit decoherence, depending on their position and
orientation relative to the two qubits.of- moderate NWV distance {0 nm) the
decoherence acceleration dominates, but at shorter distances the noises experienced t
two qubits become coilated, and decoherence is suppressed.
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Monday, 29.V, sessioh

Ferromagnetic and Structural Properties of SntxMnxTe Layers
M. 71 0 M  Wo §'kB Tabashvild, £. Dziawd, R. Minikayev®, A. Reszkd,
K. Dybko®, M. Sawicki', T. Story*
Ynstitute of Physics, Pol i sh -/AG8a&Vdrsam,Poland Sci
Contact email: zieba@ifpan.edu.pl

SnMn,Te is a IMVVI diluted magnetic (semimagnetic) semiconductor exhibiting
ferromagnetic, spin glass or paramagnetic properties depending on conducting ho
concentration and Mn content [1]. In bulk crystals growntliy Brigdman method the
thermodynamic solubility limit of Mn in rockalt SnTe crystals is x=0.12. The
corresponding ferromagnetic Curie temperature is about 20 K for optimal hole doping [1]
In the early studies of thi8n_Mn,Te layers grown by molecat beam epitaxy (MBE) the
single crystal rocls a | t phase was observed only fo
Recent renewal of interest in Snbased semiconductor alloys is related to the discovery of
topological crystalline insulator states at (Oamy (111) surfaces of bulk SnTe crystals [3],
with a variety of new theoretical proposals concerning ultrathin SnTe layers and SnTe
based materials with nonzero magnetization [4]. In this work, we study the growth of
Sn.xMn,Te layers by MBE under varioustoichiometry regimes known to determine
carrier (hole) concentration and magnetic properties.

SnMn,Temonocrystalline |l ayers with the M
1 micron were grown by MBE on fresh cleaved andrepdy BaF2 (111) substrate. Apart
from SnTe and Mn fluxes we used additional Te flux to control variation from
stoichiometry in Igers. The Xr ay di ffraction analysis of
expected (111) growth direction and the reclt crystal structure with the lattice
parameter following the Vegard law. For the layer with the highest Mn content (x=0.09]
additionaldiffraction peaks were found and assigned to inclusidBnpfMn, Te with (001)
crystal orientation and inclusions of afgrromagnetic MnTe. Magnetic properties of the
layers were examined over temperature region-38@3 K by electron paramagnetic
resonace (EPR), SQUID magnetometry and anomalous Hall effect measurements. Tt
layers grown under close to stoichiometry regime revealed -@¥giss paramagnetic
properties with the EPR angular dependence indicating only a weak magnetic anisotroj
effects. ForSm.Mn,Te layers grown under excess tellurium regime a ferromagnetic
transition was observed at helium temperatures.

References
[1] P.J.T. Eggenkamp, H.J.M.Swagten, T. Story et al, Phys. Rev. B 51, 15250 (1995).
[2] A. Nadolny, J. Sadowski, B. Taliashet al, J. Magn. Magn. Mat. 248, 134 (2002).
[3] Y. Tanaka, Z. Ren, T. Sato et al, Nat. Phys. 8, 800 (2012).
[4] J. Liu, T.H. Hsieh, P. Wei et al, Nat. Mat.13, 178 (2014).
[5] S. Safaei, M. Galicka, P. Kacman, R. Buczko, New J. Phys. 17, 063041 (2015).
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Monday, 29.V, sessioh

Towards Imaging Current-Induced Switching of Single
Antiferromagnetic Domains in CuMnAs

M. J. Grzybowski®, P. Wadley, K. W. Edmonds’, R. Beardsley, V. Hills?,
R. P.Campion?, J. S. Chauhan, B. L. Gallagher’, M. Majewicz®, T. Dietl**,
V. N o v Tk Jungwirth**, F. Maccherozzt, S. S. DhesjM. Sawicki*

Ynstitute of Physics, Pol i sh &G3a&VdreamPoland Sc
2school of Physics and Astronomy, University of Nottingham, Nottingham NG7 2RD, UK

3Diamond Light Soure, Chilton, Didcot, Oxfordshire, 0X11 ODE, UK

4 nstitute of Physics, Academy of Sciences

Praha 6, Czech Republic

SWPIAdvanced Institute for Materials Research, Tohoku University, Send&%8Q Japan

®InternationalResearchCentre MagTop,-B2-668 Warszawa, Poland
Contact email: grzybowski@ifpan.edu.pl

Antiferromagnetic materials are of increasing interest for potential applications i
spintronics. Their z® net magnetic moment, resulting from alternating directions of
neighboring moments, makes them insensitive to quite strong external magnetic fie
However, magnetic order in antiferromagnets can be manipulated by staggered curre
induced fields resultig from relativistic spirorbit coupling in materials with local
inversion asymmetry, which was shown for CuMnAs [1]. A study of electrical switching o
CuMnAs thin film devices with simultaneous electrical (anisotropic magnetoresistance
AMR) and photoerission electron microscopy (PEEM) measurements was reported [2
Together, the applied techniques allow observation of the domain pattern of the mater
identification of pronounced changes of the domains under the influence of éndweced
torques, ad determination of the dependence on current magnitude. The spat
inhomogeneity of the effect is observed. Here, we present experiments leading to
observation of single antiferromagnetic domain switching, showing the current status of 1
work, chalenges to overcome and perspectives.

2 um CuMnAs

thin
layer
Wi
(x)
contact switching
pads region

Fig.1 PEEM image of CuMnAs Fig.2 Micrograph of the 1.5mm size cross
surface with domain structure visibli shaped device defined by separation trenc
(dark regions) etched down to the substrate

References
[1] P. Wadley et al.Science351, 6273 (2016).
[2] M. J. Grzybowski et alPhysical Review Lettetkl8 057701 (2017).
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Monday, 29.V, sessioh

Magnetoelastic Properties of the Epitaxially Grown layers of
CoFepsMno6Si and CoFeGa sGey s Heusler Alloys
O.M. Chumak’, A. NabR a §#,lbreBaeéwski, |. Radelytskyi', H.
Szymczak, T. Yamamotd, T. Sek??® K. Takanash??
Ynstitute of Physics Polish Academy of Science8® Warsaw, Poland
2|nstitute for Materials Research, Tohoku University, SeA88i8577, Japan

SCenter for Spintronics Research Network, Tohoku University, Send&3@0 Japan
Contact email: chumak@ifpan.edu.pl

The outof-plane magnetocrystalline anisotropy and magnetoelastic pepeftiseries
of epitaxially grown layers of GBe qMngeSi (CFMS) and CgreGasGeys (CFGG)
Heusler alloys thin films [1] deposited on MgO with chromium buffer layer were
investigated by means of the ferromagnetic resonance, SQUID magnetometer and by t
strain modulated ferromagnetic resonance technique [2].

The change of the anisotrof

is caused mainly by the surfa = For series of CFMS without Ag buffer:

effects [3]. However, for some ¢ 5 .| gy =-85 10° ergicm?

the samples series the change ? Bi111,5 = 7.5 erglem? _o -
chemical ordering with the § | Bun=Bunv+2Bunslt _-~"
change of the magnetic lay: E -7

thickness wasalso observed. Ar 5 | o0

additional silver buffer layer § L --" /A R

influence on the properties of tt g | —o— CFMS with Ag
magnetic layer was als g —a—CFGG
investigated. For all three of th g .| o

investigated series of the Heus| %

alloys, i.e. CFMS without Ag & _

CFMS with Ag and CFGG, the 000 00L ©0®R 003 00 005 006 007

experimentally obseed
magnitude of the magnetoelast
constant [4] increases with tF
increase of the magnetic lay:
thickness.

Rediprocal of magnetic layer thickness, t{nmi')

Fig. 1: Magnetoelastic constants of the three serie
CFMS or CFGG samples studies at room tempera
as a function of the inverse of magnetayer
thickness.

References

[1] T. Yamamoto, T. Seki, M. Kotsugi, and K. Takanashi, Applys.Lett. 108, 152402 (2016).
[2] K. Nesteruk, R. Zuberek, S. Piechota, M.W. Gutowski and H. Szymczak, Meabe&unol. 25,
075502 (2014).

[3] L. Neel, J. BRys. Radium 15, 225 (1954).

[4H. Szymczak, R. tuberek, R.
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Magnetic and Magnetocaloric Properties of Cobalt 8bstituted
Fe;Sg Single Qystals
Y. Konopelnyk®, I. Radelytskyi', P. Iwanowskt, D. J. Gawryluk®, M. Berkowski', R.
Diduszkd?, J. Fink-Finowicki*, and H. Szymczak

nstitute of Physics PAS, Warsaw, Poland,
2Tele and Radio Research Institute, Warsaw, Poland
Contad e-mail: konopelnyk@ifpan.edu.pl

The main purpose of this researshtd determine magnetocaloriceet (MCE) in iron
selenide FeSe; (3¢ type) single crystals doped with 2% of cobalt atoms. The singlalsryst
have been grown applying modiyed Bridg
have been carried out using magnetometer SQUID MPMS 7XL. MCE has been determir
based on M(H,T) measurements.

The compound is ferrimagnetic metal with high Neel tempezafiite 3c type structure
derives from the hexagonal (NiAsy p e ) by introducing ord
order phase transition of the spin reorientation type from easyscto easy -plane has
been observed near the temperafiyréd 1 3 2 Coiventioml magnetocaloric et related
to the metamagnetic transitions has been found abowhile belowT, inverse MCE was
identiyed. The magnetization and magnet
been measured and discussed in relation to theredd rotational magnetocaloritect.

This study was partially supported by the National Center for Research and
Development, research project RBS2/A5/36/2013.
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Tuesday, 30.V, sessiorll

Magnetic Properties of Ge.xMn,Te 1 Multiferroic Semiconductor

A. Grochot’, G. SpringholZ, A. Ney, G. Baue?, W. Jantscl¥, and H. Przy

Ynstitute of Physics, Pol i sh /633Mirsamypoland Sc i
2Institute for Semiconductor and Solid State Physics, J. Kepler University, Altenbergerstr. 69,
A-4040 Linz, Austria
Contact email: grochot@ifpan.edu.pl

Amongst single phase multiferroics, materials which are simultaneously ferroelectric
(FE) and ferromagnetic (FM) are very rare. One of them ig, /@& Te, a multiferroic
semiconductor, in which F&nd FM orders coexist at low temperatures up to Mn content of
x = 0.5. As demonstrated previously with use of ferromagnetic resonance (FMR), in MBE
grown Ge,,Mn,Te layers deposited on (111) BaBubstrates the ferromagnetic and
ferroelectric moments areoupled to each other, leading to reversal of ferroelectric
polarization under relatively low externally applied magnetic fields [1].

In the present study we demonstrate that magnetic field induced ferroelectrit
polarization reversal can be even entiralpmessed in the presence of exchange Bias.
series of 500 nm thickse, «Mn,Te layers (with x ranging from 0.18 to 0.3) grown at the
same conditions as those usedRaf. 1 but terminated with a thin Te/Se cap layer to
prevent sample degradation (Mn odffusion and oxidation) was investigated using the
FMR technique. In contrast to previous studies where two FMR signals were observel

corresponding to two FE domains differing by rotation of obliqlJé-1<> axes by
around the [111growth direction, in the capped samples only one dominant FMR signal is
detected. Also, whereas previously the intensities of the FMR signals could be switche
between the two domains by appropriate rotation of the magnetic field, in the capped laye
no dmain switching occurs. At the same time, in all layers we detect a significant
(exceeding 300 G at 3 K) internal, unidirectional magnetic field Hint. This field is tilted
with respect to the [111] growth axis (which is the easy magnetization directitme in
investigatedse,_,Mn,Te composition range) and points towards the substrate. The tilt angle
depends on Mn composition x and temperature T. A similar exchange field, but oppositel
directed (out of the layer surface) is observedGay,Mn,Te grown ona 20 nm thick
PbEuSe buffer. We attribute Hint to exchange field induced by uncompensated and pinn
Mn spins at the interface between the antiferromagnetic (AFM) cap (or buffer) anc
ferromagneticGe Mn,Te layer.

In contrast to typical FM/AFM structureshere the direction of the bias field can be
set by cooling below the N®el temper at u
samples the exchange field appears spontaneously with no field cooling and its directic
cannot be reversed with field dow up to 1 T available in the experimental setup.

Acknowledgement:
Work supported by National Science Centre grant URIQ4/15/B/ST3/03928.

References
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and G. BauerPhys.Rev. Lett. 112, 047202 (2014).
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Universality of d-mode Gates

Tuesday, 30.V, sessiorll
K. Karnas®, A. Sawicki®

Center for Theoretical Physics PAS-6@8, Warsaw, Poland
Contact email: karnas@cft.edu.pl

We consider the probin of deciding if a set of quanturmabde gates = {919k} =G
is universal, i.e. if the group generated by S, which we denote by <S>, is dense in G, wh
G is either the special unitary group SU(d) or the special orthogonal group SO(d). In ott
words weask if every dmode gate can be constructed with an arbitrary precision using th
elements of S. Such a set is called universal.

In order to answer this question we assign to every &afe’ the orthogonal matrix

Adghat is the image off under the adjoint representatidi: ¢ = S0(Lie(6)) \yhere
Lie(G) is the Lie algebra of G. As we have shown using theory of Lie groups and L
algebras, the necessary condition for the universality of S is that the only matrices t

commute with all the matres 49z, are proportional to the identity. Next we will briefly
present the conditions for S providing that <S> is an infinite group. Using these results
provide a simple algorithm that allows deciding the universality of any setrmfde gats

in a finite number of steps. and present it on examples of universal andhivensal sets

of 2-mode gates.

References

[1] A. Bouland, S. Aronson, Phys. Rev. Lett. 102, 253904, 2009
[2] M. Reck et. al., Phys. Rev. Lett. 73,-68, 1994
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Tuesday, 30.V, sessionl

Growth and Properties of Type Il ZnTe/CdSe Radial
Nanowire Heterostructures

J . P & McSzotf,A. Kaleta®, A. Petruchik® L.T. Baczewskt, G Karczewskf,
T. Wojtowicz*? J. Kossut and P.Wojnar*
nstitute of Phyics, Polish Academy of Sciences, Warsaw, Poland
2International Reseatt Centre MagTop, Warsaw, Poland

Contact email: plachta@cft.edu.pl

The most common design of a quantum well involves a band alignment poosiglirtential
minima for holes and electrons in the same part of a sample, so the probabéitprabination
is maximized. This configuration is often called type | junction, as opposed tdl tifpig 1a),
where both conduction and valence band of @misonductor are situateshergetically below
(or above) the other one. This layout allows for charge separation emehisonly found in g
diodesThanks to such a band alignment, anisfiin
formed after an exi t at i on. The behavior of such a
interesting properties and grants access to some emission energies, which woulvadable
with ordinary bandgap engineering.

a) type | type I This kind of stfucture was realized in madial
I I ZnTeCdSe nanowire heterostructure  cappety
(Zn,MQg)Te or (Cd,Zn)Se shell. ZnTe and Cd8e nearly
v lattice matched, so it is almost strainfrddwe nanowires
b) were grown by moleculdseam epitaxy (MBE) in vapour
- Excitation power increase liquid-solid (VLS) mode. They were about 1.5uonh and
3 EETE— 60-70nmin diameter. CdSe layer is estimated to be less
z '(,IW‘V/\ than10 nm.
£ /"\ \ The chosen band alignment should resultaimear
E ',/‘J / infrared emission, at approximately 1.1€Mhis emission
E J / m . has indeed been observedasgrown nanowires as well
s Wﬁ/ NW":\%« as t_he_ referencsample_containing a quantum well (QW).
s . :m; Emission fromnanowire samples and a QW exhibit a

o
w

strong (tens of meV at 5K) blueshift as a function of
excitation power increasd-ig 1b). This effect isdue to
coulomb interaction between same sigmarges, which
from an asgrown nanowire S(,jlmpleraises the energy of the transititwith. a_charge bgi_ldup
as a function of excitation IDOWEI[1]. Another |ntgrest|ngeature_ of t_he indirect transition is
Excitation powers were 4:12.5 mw @ lowerprobability of recombination because of a charge
from | eft t g=473iny Separation. This results in a longer exciton lifetiamel a

different decay chacteristics [2].For radial structures
where charge iseparated, yet another effect has been predictad optical AharonoaBohm
effect, observation of which is the main motivation directing tieisearch. It was initially
investigated in columnar quamudot ensemble [3] and quantum rirjgs Our plan is to check
if it can be observed in nanowires as well.

Enerav (eV)

Fig. 1 a) type | versus type Il banc
alignment; b) normalized emissiol
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In our project we want to verifgxperimentally theoretical prediction about large spin
filtering capabilities of spin filters and resonant tunneling diodes involving insulating
ferromagnetic barriers. The tunneling sfilter effect in a metal/ferromagnetic
insulator/metal tunnel junicn takes place when electrons with randomly oriented spins
tunnel from the Fermi level of the nonmagnetic metal through thedggiendent barrier.
The spintsplit conduction band of the ferromagnetic part creates a lower barrier height f
spinupelectrms ¢§ ) and higher baowneel éeti ghins f Oz
highly spin-polarized current, as depictedrig. 1a[1].

Fig.1a o,
0’\t}znsex

e

The barrier material which we use is (Ga,Mn)Md ferromagnetic insulator whose long
rangeferromagnetic ordering has dxe confirmed at the low end of cryogenic temperatures
[2]. In our first fabrication attempt to prepare the spin filter structure a few hundre
micrometerscontacts were defined. Such structures turned out to be good conductors &
showed linear IVcharactéstics. It was concluded that the structures were shorted b
highly conductive sapphireGaN misfitrelated threading dislocations (TDD). Two
solutions have been propostxeliminate the detrimental influence of TDD: i) a use of
structures grown homoepiially on GaN substrates, and ii) a reduction of the structures tc
a submicrometer size. While thiermer structures have not been obtained yet, the latte
approach has been exercised recevely intensively Fig. 1b shows an example of a test
structureof ebeam lithography obtaineu A a i ri amwuital eleghendof the structure
required to connect a micrometer siartical structure with external experimental setup.
This technological effort is the first stefpwards elaboration of fully operatiah
submicrometer devices.

Fig.1b

Er
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Generation of pure spin current is one of the important steps during engineering of ne
semiconductor devices leading to dmpment of spintronics and quantum computing. |
concentrate on creating spin filters as a devices based on electron spin splitting a
separation of flowing electrons into two oppositely polarized branches. One way to realiz
this kind of device istoorduce #AYO shape nanostructu
quantum structure using multtep electron beam lithography, etching and metallic gate
deposition. In this presentation | will focus on demonstrating how to modify edge state
using quantum point coatts and to fulfill condition necessary for spin filtration. | will
show first result on sample preparation and magnetotransport measurements at n
temperatures.

Our material, modulated doped GW¥n,Te quantum wells, is particularly well suited to
succesfully realize this project because of the strong exchange interaction between spins
localized magnetic ions and spins of high mobility #thmensional electron gas, resulting
in a very large electronfgctor [3]. Large ¢factor allows to obtain a lge spin splitting at
the Fermi level already at low external magnetic fields, favorable for effective spin

separation.
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Fabrication of the ZnO/n-GaAs heterojunction solar cells was the aim of this research
Photovoltaic structures were prepaveéith the use of ALD and RTP methods.

Both GaAs single crystal (100) substrates chosen for this test were mainly characteri;
by their low resistivity as well as low donor concentration that @fak0"® [cm®] for the
undoped GaAs and 10[cm®] for GaAs doped with tellurium. After the bottom contact
structure Ni/Ge/Au/Ni/Au was evaporated, the GaAs wafers underwent the ALD process
n-ZnO layer deposition at 2@C. Then the obtained-ZnO/nGaAs structures were
annealed (RTP) in the one of five diffetéemperatures within the rangé 550 7504C.
High temperature of annealing resulted in enhanced arsenic diffusion from the substr
into the AZnO layer, what in turn changed its native conductivity type to the opposite on
Such pZnO:As converted laye effectively created -p heterojunction solar cells
structures with the underlying gallium arsenide substrates within most of the appli
annealing temperatures.

We observed clear photovoltaic effect for such devices with the highest efficiencit
gainedfor annealing temperature of 680 In particular efficiency of 2.3% was reported
for the undoped GaAs substrate, while the highest one for the GaAs:Te reached 0.7
Performance of such designed solar cells can be further improved by optimization of 1
and bottom contact, thickness of ZnO layer and GaAs substrate, temperature and time
annealing as well as by optimizing their electrical properties.

I Fig. 1: Comparison of the current
N rzomcasszn enenmh voltage  light  characteristics
001 5 S _ezmonsats] - petween the nO/nGaAs (green
] n-AZOIp 51 and red arves) anch-ZnO/p-GaAs
£ solar cell structures. Symmetry
£ iead N with respect to the X=0 axis points
© ] 7 that if the devices on the left side
559 Y are based on-p junction then the
6] ones on the right side work on the
E basis of pn junction (consequently
187 a — — IEI — it also indirectly poves the ZznO
-1.5 -1.0 -05 0.0 0.5 1.0 15 .
Valtage [V] layer existence).
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In the last years, W1 semiconductor materials are actively studied because many of them
belong to a new class of the-salled 3dimensional topological crystalline insulators (3D TCI)
[1,2]. This state of matter is charagted by the presence of conducting surface states, which
are protected against backscattering by the symmetry of the crystal lattice. However, transpc
studies of 2D surface states in this system are strongly hindered by the intritygie p
conductivity of bulk material. In order to separate both contributions, we have performed the
nonlocal transport measurements on mtétiminal Hall bar structures, patterned from
CdTe/SnTe/CdTe quantum well. Another approach is to measure capacitance of sudace stat
By utilizing gate to limit bulk carriers it is possible to probe primarily the top surface [3].

Our devices have been prepared from a 20 nm thick SnTe epilayer that was grown on (10
GaAs substrate with 4 em CdTe buffer and
samples have been patterned using thettmperature electron beam lithographytmoel [4].
Additionally we prepared three gated samples dedicated to capacitance measurements. Each
was covered with 160 nm thick SiSi;N, layer under 50 nm Cr/Au gate. First one iefminal

Hal | bar with channel of sihzhesamé)sﬁr@cﬁ)miswithGQ
channel divided into stripes of size 1000C
oneis8 er mi nal mi crostructure with channel 7 (

We have analised the loeand norlocal quantum transport using aMdrequency lockin
technique and compared it to what was reported in [5,6]. We have observed a very strong nac
local magnetoconductance signal for several cuveliige contact configurations. Moreover
we plan to control carrier density and probe capace of surface states with gates samples.
The measurements have been performed in 3He cryostat at temperatures down to 250 mK ¢
magnetic fields upto 7 T.

Fig. 1: Microscope picture of one sample dedicated
capacitance measurements. The area utdegatewas
divided into long stripes of width @m and depti55 nm
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In the presentation the resulis spectroscopic study of GaN / AlGaN mulguantum
wells series with the same geometry and different Al content in the barriers will be show
The structure of the samples was determined usingyXdiffraction and transmission
electron microscopy imagin The characterization of optical properties of the samples wa
made using a variety of optical methods. The influence of high pressure on the quant
confined Stark effect and the internal electrical fields resulting from spontaneous a
piezoelectric plarization will be discussed.
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Fig. 1. Dependence of photoluminescence energy
and photoluminescence pressure coefficient on Al content in the barriers
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The curreritvoltage characteristics of planar Ni/Au Schottky diodes fabricated on top of
AlGaN/GaN structures with two different surface miscut, 0.5 aaff2 were measured at
elevated temperatures of up to 580 K and then discussed. The Schottky contact paramet
such as ideality factom) and barrier height(if), were extracted by a commonly used
thermionic emission appr lod énthjs stady, mdshowahdt w
the temperature shift of the Scdffastequilyo b ¢
0.5V/100 K, which is close to the value obtained for the temperature dependence of tt
energy band gap for GaN. We found that foth types of structures the ideality factor
decreases with the temperature increase, while the barrier height increases. Finally,
observed some differences in the leakage current mechanism and thermionic behavi
which we attribute to differences surface homogeneity of diodes fabricated on different
surface miscut.
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Nitride optoelectronics is currently the most important and the fastest developing bran
of semiconductor optoelectronics. Its economical impact consists among other fact
achievements related to efficient emission of the white light and in an oppprafni
demonstrating LERype emitters. In our work we are focusing on two matters. First is
answer to a question: if we could make modern LED even more efficient by varying thi
dimension. Second: if by proper change in third dimension we could fabdieaize with
completely new properties, like single photon emission.

In this work we applied topown strategy to MOVPE grown, efficienayise
optimized LED structuresF{gure 1: A). Later by application of different approaches:
photo, electronolitography (Figure 1: C,D,E), hard masking with nanoparticles
(Figurel:B), we prepare our sample for RIE plasma etching through upper layers down
n-contact. After etching, our microcolumns can be exposed to various agents which goa
to improve outside surfacd our columns. After this stage we planarize and isolate etchet
columns by applying Spion-Glass, which has other advantage that our sample gain
rigidity. Also difference in refractive
properties. Lasstep is to fabricate upper electrical contact.

So far we were able to obtain single,
and characterized electrically and opticallyRigure 2). They show diode IV curve with
opening voltage around 3 volts igh is typical for bulk structure. Spectrum also does not
show any deviations from bulk LED s. This conclude that we were able to achieve one
our goals. Next step will be to measure how fast our micro LED can be and if by simp
reducing dimensions weoald produce very fast device. We believe small and fast device
would find application in communication market.

Int. [a.u]

/0 370 380 30 400 410 420 430 440 450

Wavelenght [nm]

FiggI. Schematic showing various approach:t
single columnar OLED
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Coumarin is a naturally occurring organic compound having a broad spectrum o
biological activity. Thereby it can be used in the design of synthetic compoundstitut ex
extensive pharmacological activity, i.e. amflammatory, antioxidant, anticoagulants,
antiviral, antibacterial, antihyperlipemic, hepatoprotective and anticarcinogenic or cytotoxic
[1]. Schiff bases are the condensation products of carbonyl cordpa@nd primary amines
often used in the design of new therapeutic substances due to the formation of stal
complexes with metal ions [2]. Their complexes with transition metals are the subject ©
interest due to antimicrobial as well as anticancer &gtj8i. Particularly complexes with
copper ions exhibit cytotoxic activity against tumor cells. By use of suitable chelating
compounds of copper ions the control of angiogenesis, tumor growth and metastasis may
achieved [4, 5].

The unique properties dhese compounds make their complexes perfect as potential
pharmacological agents. Knowledge of their structure is extremely important in the
planning of chemical reactions, intended to obtain the compounds of the assumed physi
and chemical propertieslowever, quite often it is impossible to obtain a complex in a
crystalline form. The use of aggressive solvents, in order to force crystallization, may caus
structural changes. Therefore, to determine the geometry of complesags absorption
spectroscop (XAS) technique is needed. This method gives information about the local
structure around the specific element and is ideal to study compounds regardless of th
crystal form or state.

Our studies were focused on a novel bioactive complex of copptresized from 7
hydroxy-8-[1-(4-methoxyphenylimino)ethylfi-methyt2H-chromen2-one and copper(ll)
chloride. XAS measurements at Cuedge were performed at XAFS beamline of the
Elettra storage ring (Trieste, Italy). Spectra were collected using tranemigstection
mode. EXAFS analysis (performed using Demeter software) gave information about th
type and quantity of atoms around the copper cation as well as the average distan
between absorbing and the neighboring atoms. In our case it revealec thetrtbnuclear
complex is formed and the first coordination sphere of Cu is composed from five oxygel
atoms. These information were used to construct structural models of studied comple
Next models were optimized with DFT algorithms (available in the dmdde version 7.0
software) and XANES calculations were performed (with FEFF 9.6 code).
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SnTe is one of currently studied topological crystalline insulatedq.[Eor our studie
we selected the samples with SnTe(001)
investigated them by mean of XRD and AFM techniques.

The obtained results shows that the surface of the sampéspedinto ridgeand
valley structures. The studiestructures exhibit orientations close to the two possible
crystallographic directions: <110> or <100>, despite the fact, that all of the samples he
the same GaAs miscut direction and comparkdylers misorientation. We suppose that the
differences beteen the grooves directions are relatedT&dSnTe molecular flux ratio
which is considered to be a factor influencing the SnTe layer growth mechanism.

References

[1] T.H. Hsieh et al., Nature Communicatidhd (2012).

[2] P. Dziawa et al., Nature Mdtl, 1023(2012).

[3] J.E. Moore, Naturd64,194 (2010).

[4] R. Ishikawa et al., Journal of CrystalGrowih3,124 (2016).

9% PhD Students Symposium, Kazimierz Dolny, 2017



Wednesday 31.V, sessionlV

Structural Investigations of Core-Shell Il -V Semiconductor Nanowires
by TEM Methods

AKaleta', S. Kret', B. Kurowska', J. Sadoveki'*?

Ynstitute of Physics Polish Academy of Sciences, Warsaw, Poland
2MAX-IV laboratory, Lund University, Sweden
SLinnaeus University, Kalmar, Sweden
Contact email: kaleta@ifpan.edu.pl

Nowadays semicondtor nanowires offer a promising technological solution for a wide
range of devices in many fields starting from-hiedicine and ending with electronics.
Particularly, the nanowires (NWs) combining the ferromagnetic metals with
semiconductors are now venteresting nanostructures [1] which can be used, for example
in the nonvolatile memory devices containing magnetic information storage. We report th
transmission  electron  microscopy (TEM) analysis of the -shsdl
semiconductor/intermetallic hybrid NWsith ferromagnetic properties. The NWs were
produced using a molecular beam epitaxy (MBE). Firstly, the wurtzite (WZ) structured
(Ga,In)As cores were grown on the GaAs(111)B substrates with Au catalyst, then they we
covered by (Ga,Al)As, (Ga,Mn)As (0iGh,Al)As again) and the low temperature (LT)
GaAs shellsKig. 1a,b [2]. Subsequently, the NWs were annealed at high temperatures
(450 UC or 600U0UC) inducing f or rhigtlicoe) of
The (Ga,Al)As and LIGaAs shells wereised to confine holes to the (Ga,Mn)As shell,
moreover the (Ga,Al)As shells also acted as diffusion barriers for manganese ar
determined the size and the shape of the MnAs nanocrystals. In this research v
investigated the crystal structure quality of @®wn NWs by HighResolution TEM
(HRTEM), HighResolution Scanning TEM (HRSTEM), Energy Dispersivera}
spectroscopy (EDX) and Geometric Phase Analysis (GPA).

a ) GaAlAs

GaMnAs
LT-GaAs

c)
A
4

b)

“ “—— B R : 5nm

Fig. 1: a) Schematic visualization of the NW cresection before annealing b) STEM
HAADF image in [0001] zone axis (ZA). c) Scheme of the NW crsesestion after
annealing d) HRTEM image in [0001] ZA in circles MnAs nangarticipations. €)
HRSTEM image in [1420] ZA with visible MnAs nangparticipations and f) magnification
of the hexagonal MnAsrpcipitattion.
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Due to tioeteteatbromati ons present i n
single image does not allow f or dinarderaa
recover exact inforation about the specimen structw@me additional image refinement
needs to be donBy combining a series of differently defocused images (i.e. focal series)
is possible to recover both amplitude and phase of the exit electron Tias/garoblem is
known as the idine electron holography or exit wave reconstruction (EWR) and (wher
connected with correction of aberrations) it allows for expanding the image resolution a
verifying the specimen structuréhe inline electron holography can be a compéenary
method for offaxis holography in terms of determination of magnetic field distribution in
the sampleln this case two focal series from the same area are required, each one recor
at the same electric, but different magnetic conditions.

By adaping the parallel architecture of GPU we were able to significantly accelerate tf
computations needed for solving the EWR problem. The procedure known as the W
(iterative wave function reconstruction) was implemented innthi@e electron holography
software and applied to focal series of two different specimens: (1) ~100 nm in si
amorphous acrylic polymer particles, and (2) MnAs nanocrystals (=20 nm in siz
embedded in GaAs matrix. In the former case the EWR refinement revealed tsaelbre
strudure of amorphous particles, sé@y. 1b. In the latter case two focal series were
recorded in order to determine phase changes related teobpeuds’ magnetic state. Phase
image restored from one of those focal serigg.(1f) shows a great improvemeirt
contrast and resolution in comparison with the experimental infragel(d).

Fig. 1. Experimental TEM im@es (a,d) and—tFe results efin@ electron holography,
including restored amplitude images (b,e) and restored phase images (c,f), for tsvofkind
specimens
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Aromatic oligoamides are intensively explored since they form an amazing variety of
discrete architectures such as helixes, tapes and molecular electrets. The main driving fo
respasiblefor the stacking of such systems was digiplol and” -* interactions. The mode
of tethering in that cases was always hemabead i.e. BA-linker-A-D. There is no case of
floding of the aromatic compound where moieties or linked iB-Anker-A-D fashion,
which may result in a large polarization of the system.

Recently, it was theoretically predicted, that in ferroelectric columnar assemblies th
exceptionally high polarizability of the structure provides a driving force for the splitting of
excition and he separation of the electric charge [1]. Such mechanism could potentially b
used to construct photovoltaic devices made of organic ferroelectric struct#tesSiich
ferroelectric assemblies have not been investigated yet in respect to the poséitliliyge
separation and its influence of the structure. We wanted to design and synthesis a dye b
of two, structurally similar coumarin units linked with amide bond as a model chain of the
simple ferroelectric systemS¢heme L

mcozH mcoza PYCIU, DIPEA /@\/rk m
Et,N EtHN reflux, 24h, 55% Et,N

Scheme 1Synthesis of coumarin dimer.

CO,Et
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We observe a remarkable progress in experiments with ultra cold gases. In all of ther
measurement of properties characterizing gaseousmeéfeeis based on atetight
interactions i.e. light absorption. Present theoretical description does not fully accounts
the influence of spatial and temporal properties of a light beam in diagnosing ebowny
state of cold atoms. We present a sinthkoretical model concerning these issues. Within
our model we show how an analysis of statistical properties of an ultra cold gas like den:
fluctuations and higher order correlation functions may be biased by using a light be:
improperly.
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Experimentally Accessible Invariants Encoded in Interparticle
Correlations of Ultra-Cold Fermions
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A system of two species of fermions of differemasses (fnand n¥) trapped in a one
dimensional harmonic potential of frequeneyis studied with an exact diagonalization
approach. The Hamiltonian of the system of &hd N particles interacting viailike
contact potential reads:

7 Z Tan n i h? 82 mq-w n NgT 5( ).

: Q"mL 81‘ Z'mT d_,l 2 J& gip ) Ti i
We show how to filte out the center of mass excitations (see left and middle panel of
Fig. 1) from the spectrum of the total Hamiltonian which was presented in [1]. Then we
show how to experimentally determine and classify internal excitations by calculating
appropriate paicorrelation function. In this way, we define the quantity | which depends
only on the relative excitations, i.e., it is insensitive to the excitations of the center of mas

of the system.

Qente( of Mass Frame

Laboratory Frame
e —

N W A O N ®
S TN VX R

-1 0 1 -1 0 1
Interaction g (osc. u.) Interaction g (osc. u.) X {oscl) X {osc-ui)

Fig. 1: The mass imbalanced %¥mZ=40/6) system of {=2, NZ=1 particles.

The spectrum of the Hamiltonian after (left) and before (middle) filtering out the excitation
of the center of mass motion.

Right: paircorrelation functions for two different maipdy eigenstates of the
Hamiltonian with the same state of the center of mass and different relative excitation:
Although the pair correlations seem to be the same, the quantity | calculate
straightforwardly is completely different.
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Colloidal Quantum Dot Doped wth Copper
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Colloidal nanocrystal semiconductors are a class of materials with great potential 1
applications in lowcost optich magnetic and electrical signal processing devices (e.g.
photovoltaic cells, light emitting diodes, as well as new advanced equipment making use
"zerothreshold" optical gain). Nickel, manganese, cobalt are the most common ions us
as magnetic dop#ém From this point of view the possibility of using copper remains
relatively unexplored.

Here we report on the synthesis of colloidal based zinc oxide and cadmium selen
nanoparticles doped with copper ions. The synthesis used chemigedajpitationfrom
homogeneous solution. The sizes (as measured by absorption edge position at r
temperature after the first stage of the reaction) are below 10 nm. Then, during the sec
stage of the growth process nanoparticles were covered by shells composatdrixls
having small mismatch of lattice parameters, also by precipitation. In the case of Cd
samples checked with-ray diffraction we observed clear peaks corresponding to the zin
blende shells. In the case of ZnO samples we did not see any glhess siorresponding to
the shells because they were either identical with those of wurtzite cores or because t
thickness was too small.

An attempt was made to observe the electron paramagnetic resonance and from tt
measurements it was deduced that i@ as grown ZnO nanocrystals is in the second
oxidation level while in CdSe nanocrystéls the first oxidation leveM/e did not observe
any changes of the charge state of Cu ions by illumination with blue light, as sometirnr
suggested in the literate

The bandgap is determined from the edge of the absorption band position, which in
case of nanocrystals strongly depends on particle size. Photoluminescence spectra o
nanoparticles with various concentration of Cu doped were examined. Inds&$, ZnO
and CdSe, increasing the copper content leads to quenching of the luminescence origine
in the interband transitions.

The results of luminescence measurement of ceggeed nanoparticles in the
magnetic field are unequivocal. The key issueehseems to be related to the way of
embedding the copper ions into the host crystal lattice (or in their charge state) which,
the end, results in a material either exhibiting either strong or weak magnetooptit
properties.
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The ability to selforganize is a very important feature of biological structures. It makes
possible to create very complex structures within living organisms or organisms
themselves. Sometimes, molecules appear to create complexes in improper way. It can
dangerous for organisms especially when the formed aggregates are more stable tt
proper complexes.

Here, we focus on the study of the smifjanization and aggregation of virus capsids.
They are typical examples of the formation of large structures siogie simple proteins.

In our studies, the simulations are performed using the streohsed coarsgrained
model of virus proteins [1] and it has been applied to the virus capsids with well knowr
structure [2].

We have studied thermal denaturation wiis capsids phenomena and their ability to
return to the native state in presence and absence of genetic material. First, we he
performed simulation in order to characterize the thermal stability of full capsid and ther
separate capsid proteins. Basedabtained results, we conclude that proteins in capsids
and capsids itself are more stable at high temperatures than the single proteins, especi
the transition from globular structure to random coil is observed at higher temperatures ft
capsids.

However virus capsid requires longer time to-seianize even in the low temperature
range, but the aggregated naattive structures are also observed in high concentrations.
Especially, when additional namative contacts are introduced to our model. Resoi
self-organization of capsids and aggregation of capsid proteins will be presented.
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The main aim of our research was to create multifunctional system based on connecting
two types of nanoparticlédsNaYF4 nanocrystals doped with ragarth ions with ugonverting
properties and R®, nanoparticles with supermagnetic properties.

The proposed system allows to prepare nanomaterials for theranostic applicatic
(diagnostics and therapeutics). Optical part of the nanoconstruct, usirgpfread light as a
excitation source, has potentially huge applicationiological studies because of relatively
low absorption by water and low autofluorescence level of organic components in this region.
addition, the nanomaterials can be applied in photodynamic therapy as an energy donor
organic molecules able tcegerate on demand toxic Reactive Oxygen Species. The surfac
modification of the nanoparticles can be used as targeting factor in cancer diagnosis (to ider
the location and area of tumor, occurrence of circulating tumor cells). Second type odirhateri
iron oxide nanoparticlesi is suitable for magnetic hyperthermia. Superparamagnetic
nanoparticlesexposed to alternating magnefield, generate heat thus lead to damage of
cellular membrane. Additionally, the nanoparticles could be used astsastoagent for
Magnetic Resonance Imaging.

Coating presented materials in a single silicon oxide shell further expands possibility f
their surface modification thus generation of biologically specific, multitask materials.
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