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QUANTUM TUNNELING OF SPIN

Low-nuclearity molecules allow for a full
numerical treatment of the multi-spin
Hamiltonian, where degrees of freedom
associated with the individual ions can
be adequately tested.

MOLECULAR MAGNETISM - QU

RABI OSCILLATIONS IN ANISOTROPIC
SPINS

The commutation between spin
anisotropy operators leads to complex
dynamics where the magnetic state of
the molecule may develop excited
precessional states.

ANTUM DYNAMICS OF SPIN

v W

SPIN QUANTUM ELECTRODYNAMICS
High-Q superconducting resonators
designed with nano-constrictions may

allow the coupling a photon cavity
mode with a single molecular spin.
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MOLECULAR ELECTRONICS — SINGLE-MOLECULE TUNNEL JUNCTIONS

SINGLE-ELECTRON TRANSISTORS

Fabrication of electromigration-
broken three-terminal single-
electron transistors for transport
spectroscopy at the individual
molecule level.

CHARGE RECTIFICATION IN
MOLECULAR TRANSISTORS

Study of charge rectification in tunnel
junctions bridged by molecular chains
including a ferrocene active conductive
unit placed asymmetrically within the
chain.

OPTOELECTRONICS AT THE
NANOSCALE

Study of the transport properties of
individual noble-metal nanoparticles in
the presence of optical irradiation
inducing plasmonic resonance.
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NANOSCALE SPINTRONICS - 0D, 2D and 3D SPIN TRANSPORT

SINGLE-ELECTRON TRANSPORT
THROUGH MOLECULAR MAGNETS

Investigation of the interplay between
high-spin states of an individual SMM
and conduction electrons in a three-
terminal single-electron transistor.

TWO-DIMENSIONAL SPINTRONICS

An study aimed at understanding and
controlling the injection of pure spin
currents in graphene-based spintronics
devices.
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ANTIFERROMAGNETIC SPINTRONICS

Terahertz spintronics with
antiferromagnetic insulators.
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What AFM materials have to offer in spintronics?
Ferromagnetic spintronics / STT-based MRAM
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What AFM materials have to offer in spintronics?
Ferromagnetic spintronics / STT-based GHz oscillator

—— Magnetoresistance
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What AFM materials have to offer in spintronics?

v £=0.3-3THz
Operation in the THz gap

No stray fields / No cross-talk
nm-scale magnon waves

Miniaturization of magnonic circuits

AN

v' Group velocity of magnons o /f
Faster data transmission rates

v High frequency / Short Times
Fast operations (picoseconds)
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What AFM materials have to offer in spintronics?
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Hext = 1T
WFMR = Y/ HextHdip ~1—-20GHz

Ferromagnet
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What AFM materials have to offer in spintronics?

TUNABLE AFM OSCILLATOR

Cheng et al. PRL 2016 / Khymyn et al. Sci. Rep. (2017)
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What AFM materials have to offer in spintronics?

TUNABLE AFM OSCILLATOR

Cheng et al. PRL 2016 / Khymyn et al. Sci. Rep. (2017)

\ J \ J \ J \ J
| |
exchange damping anisotropy Spin torque
(inertia=«mass»)

Tilted washboard potential ) RC Joshepson Junction

Torqued pendulum
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What AFM materials have to offer in spintronics?

TUNABLE AFM OSCILLATOR

Cheng et al. PRL 2016 / Khymyn et al. Sci. Rep. (2017)

Super-critical regime: Driven dynamics

(above a threshold current )
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What AFM materials have to offer in spintronics?

TUNABLE AFM OSCILLATOR

Cheng et al. PRL 2016 / Khymyn et al. Sci. Rep. (2017)

Super-critical regime: Driven dynamics
(above a threshold current)

Frequency THz

. w Wel
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CONDITIONS

* Single domain AFM
* Very specific magnetic anisotropy and AFM/NM device configuration
* Low anisotropy

 Efficient spin injection — Spin transfer torque
(Threshold charge current in Pt/NiO > 102 A/cm?)
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Spin-Charge interconversion with AFMs

Spin Hall Effect (SHE) + Spin Transfer Torque (STT)
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Inverse Spin Hall Effect (ISHE) + Dynamical Spin Pumping (DSP)

V Microwave
o ISHE
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Magnetization dynamics in a uniaxial antiferromagnet (e.g., MnF,)

Free energy (macrospin)
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Spin pumping at AFM/NM interfaces

Cheng/Braatas PRL 113, 057601 (2014)
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m; = —m, (ml — mz) Net Magnetization
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Spin pumping at AFM/NM interfaces

Cheng/Braatas PRL 113, 057601 (2014)
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Spin pumping at MnF,/Pt interfaces
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UCF/UCSC/UCR/NTNU/NHMFL results - MnF,(300um+10nm)/Pt(4nm)
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Spin pumping at MnF,/Pt interfaces
EPR SPECTROSCOPY
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Spin pumping at MnF,/Pt interfaces
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Spin pumping at MnF,/Pt interfaces
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Spin pumping at MnF,/Pt intarfarac
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Spin pumping at MnF,/Pt interfaces
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Spin pumping at MnF,/Pt interfaces
ISHE SIGNALS
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Spin pumping at MnF,/Pt interfaces
ISHE SIGNALS
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Spin pumping at MnF,/Pt interfaces
ISHE SIGNALS
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Spin pumping at MnF,/Pt interfaces
ISHE SIGNALS
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Spin pumping at MnF,/Pt interfaces
ISHE SIGNALS

SPIN-MIXING CONDUCTANCE
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Spin pumping at MnF,/Pt mterfaces
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