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The main achivements:

* THz plasmonic interferometer

* Circular Hall effect without magnetic field

* Giant magnetooscillations of ratchet effect

* Temperature-tunable zero-field splitting in graphene

* THz spin-splitting both in rathchet structures and p-n junctions

* Current-tunable thermoelectric readout in graphene symmetric structures

* Calculations of the ideal responsivity of thermoelectric graphene detectors

Despite:
Covid-19 pandemic has taken its toll on
plans and activities

13 published papers (w. ackn. to DeMeGRaS)

(incl. Phys Rev B, ACS Photonics, Nan

3 manuscripts submitted/in preparat
(incl. Nature Photonics)

o Lett, Opt Express)

ion:

® Helicity-Sensitive Plasmonic Terahertz Interferometer

based on GFET with asymmetric bow-tie

antennas.
t

helicity- and phase-sensitive conversion of
circularly polarized radiation into dc photo-
voltage caused by the plasmon-interference
mechanism.

dc signal changes sign with inversion of the

helicity.

o
our plasmonic interferometer can measure
the phase difference between two arbitrary
optical signals.
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Y. Matyushkin, M. Moskotin, V. Belosevich, M. Rybi

|. Gorbenko, V. Kachorovskii, and S. Ganichev, Helicity sensitive plasmonic terahertz

interferometer, Nano Lett. 20, 7296 (2020)

n, E. Obraztsova, S. Danilov, G. Fedoroy,
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® Carbon nanotubes for polarization sensitive terahertz

plasmonic interferometry NN

SiO2
Si (Back Gate)

®* CNTlengths 0.8 um & 2.8 um
® Diameters of both CNTs 2-4 nm.
* Bow-tie antenna + a field-effect transistor
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Y. Matyushkin, S. Danilov, M. Moskotin, G. Fedorov, A. Bochin, |. Gorbenko,
V. Kachorovskii, and S. Ganichev, Carbon nanotubes for polarization sensitive
terahertz plasmonic interferometry, Opt. Express 29(23), 37189 (2021)

® THz radiation induced circular Hall effect in graphene

MiLa o

X

circular transversal THz
photoconductivity

dc Hall effect manifests the
time-inversion symmetry
breaking by circularly
polarized THz radiation in
the zero magnetic field.
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® Giant ratchet magneto-photocurrent in graphene lateral
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superlattices

Magnetic quantum ratchet effect in graphene
with an asymmetric lateral dual-grating top gate.

Photoresponses sensitive to the orientation of
radiation electric field (linear ratchet), radiation
helicity (circular ratchet) and the polarization
independent one (Seebeck ratchet)

The THz ratchet shows 1/B magneto-oscillations
in phase with the Shubnikov—de Haas effect

The amplitude of the oscillations is greatly
enhanced by magnetic field. Giant oscillations
are also observed as functions of V,,.
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S. Hubmann, V. V. Bel’koy, L. E. Golub, V. Y. Kachorovskii, M. Drienovsky, J. Eroms, D. Weiss, and S. D. Ganichey,
ir Giant ratchet magneto-photocurrent in graphene lateral superlattices, Phys. Rev. Res. 2, 033186 (2020)

Back gate voltage U, (V)

® Temperature Tunable Zero-Field Splittings
in Graphene-based THz detectors

The spin orbit interaction in graphene is weak
and the zero-field splitting (ZFS) or spin-orbit
gap is small.

However, probing it is of great interest as this
gap is topologicaly non trivial.

Recent Electron Spin Resonance (EPR)
experiments have shown that this gap is on
the order of 45 peV

THz detectors may serve as complemetary
tools to probe the fine structure of EPR

*‘ 36 GHz
= ~
,,,,,,, E '.Fn - -
Spin-orbitgap____________ Egln s
B
Graphene Courtesy of R. G. Mani et al., Nature

Courtesy of J. Kim et al
Phys. Rev. Lett. 119, 226801 (2017)

Commun. 10.1038/ncomms1986 (2012)
J. Sichau et al., Phys. Rev. Lett. 122,
046403 (2019)

U.R. Singh et al., Phys. Rev. B 102,
245134 (2020)
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® Temperature Tunable Zero-Field Splittings

in Graphene-based THz detectors

THz detectors allow to detect spin resonances
(i.e. spin-flip transitions) by photoconductivity

technique

The fourfold degeneracy of graphene in K and
K’ points is lifted by the SO coupling to
produce a pair of spin degenarate levels.

The spin degeneracy is lifted by the Zeeman
effect in the magnetic field B

Extrapolation of the results as a function of B
allow to extract the ZFS of 13 GHz (~50 peV)

Morevover, unexpectedly, this spin-orbit gap
changes with temperature. This may be due to

the temperature induced strain effect on the temperature Tunable zero-Field Splittings in Graphene-based THz
Consejo, K. Maussang, J. A. Delgado Notario, I. Yahniuk, S. Krishtopenko, S. Ruffenach, S.
Gebert, J. Torres, E. Moench, A. Yurgens, S. Ganichey, F. Teppe — in preparation (2022)

graphene layer.
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9
® Thermoelectric readout in graphene radiation sensors
* Graphene parts with different 1) THz % 1;‘?/rm:éeftsri;('$a_d7?;‘t
doping (p-n junction). dem T T2l e 0
®* Weak e-ph coupling + Joule l T
heating: T, > T, is easy. , 5,>0
® The Seebeck coefficient S of current 3) Joule heating: T, > T,
graphene is large ~ 100 pVv/K > 5. <0
large signal :
®* No bias = no 1/f noise
® Contrary to anti-heating prejudice,
the e-heating is fast
F.H.L. Koppens, et al., Nat. Nanotechnol. 2014, 9, 780.
X. Cai, et al., Nat. Nanotechnol. 2014, 9, 814.
10
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e Current induced asymmetry in graphene
detector turns thermoelectric readout on

Two p-n junctions due to proximity to the metal P5
. . . . s
Two identical p-n junctions near Zg l )
each electrode = initial ~ “ 5]
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DC current induces additional SN / \ y N 14
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K. Indykiewicz, ..., F. Teppe, S.D. Ganichev, and A. Yurgens, in preparation (2022)

® Thermoelectric readout: responsivity in the ideal case
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Summary

* THz plasmonic interferometer

* Circular Hall effect without magnetic field

* Giant magnetooscillations of ratchet effect

* Temperature-tunable zero-field splitting in graphene

* THz spin-splitting both in rathchet structures and p-n junctions

* Current-tunable thermoelectric readout in graphene symmetric structures

* Calculations of the ideal responsivity of thermoelectric graphene detectors

Overall outcome: 13 papers published and 3 in preparation
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