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Microscopical point of view

Example: Magnetite (Fe,O,)

@ re (Asite)

Lattice
of positively charged ions

Electrons (-)

Charge, Spin, Mass,
Coulomb interaction
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Physical foundations of material properties with special emphasis

on electronic structure, magnetism and spectroscopy.
Objectives

Research and
reversed design

How do remarkable properties of matter emerge from
complex correlations of the atomic or electronic constituents

of feww materials and how can we predict and control these properties?

1 __!Tm;-:l Tapalogy T

Theoretical
chalenges

of quantum
mechanical
calculations

State of the art

Charge degree _‘.'E
: experiments

_of freedom

State of the art
understanding
of experiments

Directing Matter and Energy:
Five Challenges for Science and the Imagination

qulrt'i‘n‘.lm the Basir? Energy Sciences Advisory Committee
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Understanding and developing
of Experiments and spectroscopy

Development of theoretical
tools

Source Gate I Drain Source Gate I Drain

Pt b ter=——ma\

L,=n/204, : L,=n/20,

Si-based solar cells Magnetically doped semiconductors
Perovskite based solar cells Topological materials and their surfaces

Transparent conducting oxides Magnetic nano-structures
Phosphor-converted LED
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Magnetron sputtering _ ZnO nanorod-based piezogenerator
and electron beam evaporation EDOTRSS .
Zn0O nanorods m

ZnO - seed layer i
ITO - TCO electrode b 4

Au contact

Main Objectives

— Optimization of structure and

electrical properties of ZnO seed layer

— Replacement of usually used indium doped SnO

P. Novak, Thin Solid Films 634 (2017) 169-174 by aluminium doped ZnO films
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Elettrorava ClusterTool PECVD system Prototype of complete solar cell

sun light

Glass substrate

ITO or FTO (~100-200nm)
& P-a-Si:H/p-a-SiC (~15nm)
<—ia-SiC:H (~5nm)
< i-a-Si (~300nm)
| | “n-a-Si:H (~20nm)
'\ Ag grids

P. Calta et al.,
In preparation

P. Calta et al., Vacuum 153 (2018) 154-161
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Electron microscopy and 2D High-Performance Electronic and Sensing devices
X-ray diffraction

TEM JEOL JEM 2200FS
— CoS:2 cubic JCPDS (19-0362)

. . st a0 TEM images of TaS3 nanofibers and
Tl HR-TEM (D) image of TaS3 with
o 200 o o
i ]l \\ clearly visible (200) and (006) planes.
%j: I 210 zk{ 220 nzll 3: :21 432
= ] 111/ \ 222 41£c‘)11 a31] P2

400
OWM“ .frJ . \l\\. FA Biffiohwmm N

Scattering vector (=2Pi/d) (=2Pi*2*sin{ThetaB}/Lambda) [1/nm]

Electron diffraction of Co-S deposited on Ta substrate
T. Kfenek, R. Medlin et al., J. of Alloys and Compounds (2018) R. Medlin et al., ACS Nano, 12, 464 (2018)
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Only indirect methods are available if you want to study interiour
of a material: blackbox techniques.

Input QOutput >
Spectroscopy:

Way to investigate ground state of a system by studying its
response to a perturbation

Plzen, 24.05.2018, Jan Minar
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photon source energy analyser

hv

UHV - Ultra High Vacuum
(p <1077 mbar) I

7’| energy conservation: Epy=hv—Ep—®

Theoretical explanation by A. Einstein (1905):
QUANTIZATION OF LIGHT

Ann. d. Phys. 17, 132 (1905):
Die kinetische Energie solcher Elektronen ist

—ﬁﬁw - P,

Eg =hv—-©

Egin Spectrum

Er P =
Valence Band
iegbahn electron

analyzer

hv

[ E ] Sample Core Levels

E N(E)
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Electronic structure of high

(B)' k. [71'/(1]

Temperature superconductors

max

Experiment ' I
2 f I .
1} X J
-~
0} lf' r 1F
-1 0 1
(A) K, [r/a]
Theory :
- F! El
=t
EL _
Planed spin resolved ARPES experimental setup <
(delivery end of 2018) [ Q )
T o0 1

G. Derondeau, S. Polesya, S. Mankovsky, H. Ebert,JM, PRB 90, 184509 (2014)

G. Derondeau, J. Braun, H. Ebert, JM, PRB 93, 144513 (2016)
G. Derondeau, F. Bisti, J. Braun, H. Ebert, M. Kobayashi, M. Shi, V. Strocov and JM, Sci. Rep. (2017)
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o Multiple scattering . | T
% Greens function — shoolzi el ng T
A KKR method |
] » Density functional theory
GH(r r\E) = G, (7.7 E) +|> | ZY(FE) T (E) 20 (7L E)
S = Fully relativistic Dirac
Hamiltonian
] ¥ L ]
Impuriti . i i
Alloys g‘f:f';m:* Spectroscopy {%ﬁ;}lt:r_??lc correlations

= Disorder treated by CPA

» Surface calculations:
semi infinite system

» Spectroscopy beyond
simple models

Extensive collaboration with Nature Comm., 7, 13071 (2016)
synchrotron radiation sources: Nature Comm, 5, 3974 (2014)

— BESY, DESY, XFEL (Germany) Nature Materials 11, 957 (2012)

— PSI (Switzerland) Nature Materials 10, 759 (2011)

— Soleil, ESFR (France) Rep. Prog. Phys. 74, 096501 (2011)
— ALS (USA)

— NSRRC (Taiwan) http://imww.kkr-gf.org

HIT meeting, Jan Minar
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e J. Krempasky, H. Dil, V. Strocov, F. Bisti PSI

e J. Fink, Dresden Funding: 4, -?
e K. Hricovini Cergy-Pontoise @

e G. Schénhense, H. J. Elmers Universitat Mainz Sem oo

e O. Rader, Bessy, Berlin N CE DAM N F
* M. Morgenstern: Universitat Aachen *NTC

e H.J. EImers: Universitat Mainz hd

e M. Donath, Universitat Munster [ GA C R

e C. S. Fadley: University of California Davis ;::H CENTURA CESKE REPUBLICY

e C. M. Schneider: FZ Julich

e M. Weinelt, TU Berlin |¢.)(¢.
* F. Parmegiani, Elettra, Trieste Eusegﬁcmnmmos F ZE Bk

zIOdetrn Lo forAd d Mat 1 EDEt
- . T as pectroscopy on vance aterials
* F Reinert, H. Bentmann, Universitat Wtrzburg ~

* H. Ebert, University of Munich

® Ch. Scheu, Max-Planck Institute, Duesseldorf
K. Hatada, Toyama, Japan

M. Kobayashi, Tokio, Japan
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COST Action MP1306:
Modern Tools for

Spectroscopy on Advanced Materials [ EDEE

|
HIT

11710 *2171130 119D
Holon Institute of Technology

Faculty of Sciences, Prof.

Alex Laikhtman
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Material specific input Eu doping Disorder

Problem: Size of the band gap Correlation effects Green’s function methods
Solution: Suitable functionals e.g. mBJ LDA+U, DMFT CPA
ay [(CasSniGa i, B CCastHAl ),

Excited state
(additional hole)

Stokes Shift

Thermal quenching

mmd> |\ collaboration with Prof. Schnick (LMU Munich) and Philips

Phys. Chem. Chem. Phys. 19, 9292 (2017)

e plen 24052018, JanMinar 000
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In collaboration with
Prof. Schonhense (Mainz),
Prof. Ebert (Munich)
and SPECS (Berlin)

Spin polarised LEED: ARPES calculations:
— Search for new materials: O/Fe(001) — Test of Performance
— Optimal scattering geometry — Proof of principle
deduced from theroy — Novel materials
SPLEED of (1x1)O/Fe(001) ARPES of novel feroelectric rashba semiconductors
...... — g 80 80 (b) k. =0.1 A" @) ' k=01 A"
70 - LSDA + DMFT 18 & 80 0o0] E}R - ] L - -
E :z : EE
® 20 20 = ; BR Y
Y '\, 1 40 -40 @ /GBR ® 06 ; \
&L \ 4 :E R :E Fer 04 02 00 02 04 04 02 00 02 04
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 Experiment k, (A1) Theory ky (A7)
Eyin (€V) Eyin (€V)

Phys. Rev. B 94, 201403 (2016), 94 205111 (2016)
Phys. Rev. B 95, 204423 (2017), Nature Scientific Reports 6, 29394,

Phys. Rev. B 92, 174408 (2015) Nature Comm. 7, 13071 (2016)

Plzen, 24.05.2018, Jan Minar
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Industrially relevant alloys (Stainles Steal FeCrNi)
Laser ablation using ultra-short laser pulses = 3D surface structuring

Steel drilling

2 Temperature Model

Fundamental Understanding C@{Tg}a; =V [KATp.THVT:] — G(TNT, — T + S Material SpEClﬁC IanIt
of ultrafast interaction —
light — matter

o7 from quantum calculations
CUT—t = V- [Ki(T)V T + G(T)(T. — .

In collaboration with H. Huber (Munich University of Applied sciences) and ) goscH
Phys. Rev. B 93, 165119 (2016)

I Plzen, 24.05.2018, Jan Minar
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