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N A
Coordinator

General aim Tomas ikola Joris van Slageren

*  Combine advantages of High-Frequency Electron Paramagnetic Resonance (HFEPR)
with Scanning Probe Microscopy.

* Achieve a working prototype.
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Why THz Electron Paramagnetic Resonance?

E 2
A Y
* EPR interrogates paramagnetic centers in chemistry, biology, materials science and "
physics. “ AE = hv = gu,B
OH
> B
HsC CHs
HZ N CH,
0
TEMPOL
Graphene
Mn1i2ac
* Reasons for going to higher frequencies in EPR: Protein p—
. . e |
* Easy access to large energy splittings A e o
* Improve g-value resolution s =DS? +E(§X2 —§§)+yBB-g-é
- 108 GHz

B
mg=1
C
| 217 GHz
D 325 GHz
E

437 GHz

Energy

X Band

Field - o
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Plasmon Enhanced THz
Electron Paramagnetic Resonance

N A

Why EPR Microscopy?

* In systems with structure on the microscale, spectroscopic microscopy allows

investigation of individual components.

* Wavelength is smaller at THz than in microwave regime, allowing for investigation of

smaller features.

Chicken

£)
egg
Atom

Ostrich
Bacteria €gg female
Relatives sizes on a logarithmic scale
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EDX analysis
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Electron diffraction
pattern
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Plasmon Enhanced THz
Electron Paramagnetic Resonance

PN

Why Plasmon enhancement?

* Electron paramagnetic resonances are magnetic dipole transitions.

* Magnetic dipole transitions are much weaker than electric dipole transitions.

* Resonant structures are used to enhance the radiation magnetic field strength.

Why low temperatures and high magnetic fields?

* Low temperatures increase the Boltzmann population difference.

* Magnetic field required for S=1/2 paramagnets (Zeeman splitting)

Population difference
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PETER
FEAN
What we need for this “future and emerging technology” to work
microwave T.ravs = nfrared | visib
* Plasmon enhancement of THz magnetic field; }l .
 Tip integration of plasmonic structure; g*” & @«?’ Qj& @2; VS
A 4 @?f ,,/ >f Y P
/ /' x‘/ fy // 7 .-'//

* Scanning probe unit in low-temperature/high-field environment;

* Readout of weak signal.

H| /H,

neaSNOM

250

Detector current

~N

___field mogulation | N

100 kHz

T
& T

-04 -0.2 0 0.2 0.4
y ()

2x aims | 1) Proof Plasmonic enhancement of THz magnetic fields;

2) Realize a new type of resonator for High Frequency EPR. 7
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Electron Paramagnetic Resonance
PETER

Plasmonic antenna for magnetic field focusing

* 455 nm long gold nanowire of 20 nm large square cross section

q// 800 T T T T
Vo 7/

j e * D=310nmand G =T=20nm (diabolo antenna)

y 500
400

300

200

Magnetic-intensity enhancement

100

Suitable as a tip for
HFEPR-SPM

ACTIVE NON-ACTIVE

T. Grosjean, et al. Nano Letters 2011 8
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Design of a THz-field enhancement plasmonic metamaterial by numerical simulations in CST Studio
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Design of a THz-field enhancement plasmonic metamaterial by numerical simulations in CST Studio
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PN
.. 25 Near Field Simulation
Cw-THz transmission measurements =
(0]
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Detector = m— Array
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L. Tesi, et al. Manuscript in preparation
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Adding a back reflector to the substrate

NOIPIPX

NOIPIPX
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Gold mirror

L. Tesi, et al. Manuscript in preparation

Relative Field Enhancement

Relative Field Enhancement

Design of the Plasmonic Metasurface Resonator

Plasmon Enhanced THz
Electron Paramagnetic Resonance

25 Near Field Simulation
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PETER
a 150
.. A Near Field Simulation
Double-THz transmission measurements S 125 (Mirror):
£ 120° .'
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13
L. Tesi, et al. Manuscript in preparation Frequency (GHZ)
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N A Electron Paramagnetic Resonance
PETRER
N
. . . =/ A,
Final design of the Plasmonic Metasurface Resonator (PMR) T
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Electromagnetic Fields Map of the PMR

Plasmon Enhanced THz
Electron Paramagnetic Resonance

N
At the resonant frequency value (291.5 GHz):
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N A Electron Paramagnetic Resonance

Sample preparation for High Frequency EPR measurements

Deposition of a thin film by Spin Coating

)‘,T\
- f 3 i, A
" 2

1
OH
HsC \ CHy; t 070070 n
SR 0O 00" O
= ¢ [ CH | | | |
£ T TEMPOL PMMA
2y (4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl) (poly (methyl methacrylate) )
e 4
(';‘\ s The result:

Film thickness 330 + 10 nm 16
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L

gh Frequency EPR: an overview of the instrument

9 GHz - 14 GHz \
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Wire ! Cryogens Liquids :
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Corrugated Waveguide 4 G—" . : __(_L_a_b\.he.wp_r.Og.r?T)_ -___E
Superconducting M‘agnel
~
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P. Neugebauer, et al. PCCP, 2018 17
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N
High Frequency EPR measurements
OH N mS =-1/2
HeC - EPR FDMR A
HZ N CH,
0 >
o AE = hv
(]
c
W I-IJ
v —
1351158 1157 138 19130 11180 1141 1142 11.43 e m, =+1/2

Magnetic Field (T)

A%
const.
By ——

P. Neugebauer, et al. PCCP, 2018

Frequency (GHz)

~
”

Magnetic Field

Open to the possibility of measuring Field-
Frequency Magnetic Resonance Maps

18
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High Field EPR measurements: Field-Frequency Magnetic Resonance Map

[S—
—_—
g

Remove of the Standing
wave

11.0

Fit with derivative of
Gaussian type linewidth

Magnetic Field (T)

10.5
Integration of the fit

Plot - —— 10.0

270 280 290 300 310 320 330 340 350 360 0.0
L. Tesi, et al. Manuscript in preparation FI‘CquQIl(S}-’ (C;HA)
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1.0

310 320 330 340 350 36000
Frequency (GHz)

270 280 290 300

The EPR signal enhancement
estimated from numerical
simulations is a factor 280

The EPR signal enhancement
extracted is a factor 30

L. Tesi, et al. Manuscript in preparation
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Conclusions and Perspectives Plasmon Enhanced THz

Electron Paramagnetic Resonance

The EPR signal enhancement

predicted from the simulations
when depositing the molecules
directly on the antennas is 7500

PMR for High Frequency EPR measurements

The EPR signal enhancement

extracted is a factor 30 for a 1010 spins/G-Hz'? at 10 K ———> 10° spins/GrHz'/2at 10 K
thin layer

(

* Improve the signal for thin layer samples; 5/

* Measurement of self-assembled monolayer;
* Improve the signal for micro-crystal samples

* Integration of molecules on surface for
spintronic applications

22



Plasmon Enhanced THz

ACkﬂOWledgements Electron Paramagnetic Resonance

University of Stuttgart

Prof. Joris van Slageren Dr. Dominik Bloos Dr. Mario Hentschel

- BRNO
r UNIVERSITY
OF TECHNOLOGY

BRNO

UNIVERSITY
OF TECHNOLOGY

Adam Benes
Michal Kern Martin Hrton

...and you for the attention!



_ Announcement

INVITED SPEAKERS

* Prof. Christian Degen (Laboratorium fUr Festkérperphysik, ETH Zurich)

® Prof. Tobias Kampfrath (Terahertz Physics Group, Fritz Haber Institute, Berlin)

2nd In !

ational Workshop
PLASMON ENHANCED TERAHERTZ * Dr. Sergei Zvyagin (Dresden High Magnetic Field Laboratory. HZDR Dresden)
ELECTRON PA GNETIC RESONANCE e Dr. Alexander Schnegg (Department Spins in Energy Conversion and Quantum Information Science, Helmhaoltz

16-18 March 2021 Zentrum (HZB), Berlin)
Qe i
e A ) Online Worksho o Dr. Magnus Jonsson (Organic Photonics and Nano-Optics group, Link@ping University)

s Dr. Alexander A. Govyadinov (Neaspec GmbH, Munich)

ORGANIZERS REGISTRATION

Rainer Hillenbrand and Monika Goikoetkea (Manooptics Research Group, CIC NanoGUNE) . ) . )
Registration is opened now untlm, 14 March

{~.cic Pras All participants are requested to register in advance in the workshop:
S anocune it Universitat Stuttgart

T BN g e e e

s https://bit.ly/3a0d8Ax

Horizon 2020
- Eump&:an. European Union funding
Commission for Research & Innovation

L™

Plasmon Enhanced Teraheriz Electron Paramagnetic Resonance

(PETER GA#¥767227)

Mare information at

=

{After registering. you will receive a confirmation email containing information about joining the event.)

There is no registration fee. Number of attendees is limited.
www.peter-instruments.eu



