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MOLECULAR MAGNETISM – QUANTUM DYNAMICS OF 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.
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NANOSCALE SPINTRONICS – 0D, 2D and 3D DYNAMICAL SPIN PUMPING 

ANTIFERROMAGNETIC SPINTRONICS

Terahertz spintronics with 
antiferromagnetic insulators.
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Spin Pumping from AFM Insulator MnF2
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What AFM materials have to offer in spintronics?

THz spin dynamics (versus GHz in ferromagnets)

• Open a THz-frequency band for applications in communications 
technology, non-destructive testing, medicine, …

• Generation of THz signals – Nanoscale THz oscillators
• Ultra-fast switching – Picosecond logic / NV-RAM
• Ultra-short delta-function-like (ps) spikes  - Artificial “neurons” for 

neuromorphic computation

THz oscillators: Cheng/Xiao/Brataas. PRL 2016 – Khymyn/Slavin et al. Sci. Rep. (2017)
Switching: Cheng/Xiao/Brataas et al. PRL (2014) 
Ultra-short spikes: Khymyn/Slavin et al. JAP (2018)
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What AFM materials have to offer in spintronics?

No stray fields

• Ultra-high packing density
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What AFM materials have to offer in spintronics?

Extremely low damping (in insulating AFMs)

• Clean manifestation of magnetic quantum properties
• Pure spin transport in the absence of charge motion

Degenerate magnon modes

• Opposite chirality modes can be manipulated by 
circularly-polarized EM stimuli, electron spin 
currents, DC magnetic fields, etc.

Ultrafast “dissipationless” propagation 

• Ultrafast transmission and processing of high-frequency spin 
signals in closely spaced and electrically non-interacting 
transmission lines 

Right-handed mode 
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Spin Pumping from AFM Insulator MnF2

What AFM materials have to offer in spintronics?

Magnon-mediated “exchange” interaction

• Magnonic analog of the RKKY interaction in a FM/AFM/FM structure

a) b)

Superfluidity

• Spin supercurrent mediated by the AFM texture condensate
Takei et al. PRB 2014

Cheng et al. arXiv 2018



Terahertz Spintronics with Antiferromagnetic Insulators

Spin Pumping from AFM Insulator MnF2

Magnetization dynamics in an antiferromagnet

Free energy (macrospin)
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exchange magnetic field anisotropy

Equations of motion

Resonance frequency
Mn2+ (L~0) in MnF2

Fe2+ (L>0) in FeF2

(f0 = 1.575THz)
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Spin-Charge interconversion with AFMs

Spin Hall Effect (SHE)   +   Spin Transfer Torque (STT)

Inverse Spin Hall Effect (ISHE)   +   Dynamical Spin Pumping (DSP)
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Spin-Charge interconversion with AFMs

Spin-pumping in YIG-AFMI-Pt
Wang et al. PRL (2014)
Wang et al. PRB (2015)
Hung et al. AIP Adv (2017)

ST-FMR in Pt-NiO-FeNi
Moriyama et al, APL (2015)

AFMR in MnF2-Pt
Ross et al. JAP (2015)
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Spin pumping at AFM/NM interfaces
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Spin pumping at AFM/NM interfaces

Previous attempts by Ross et al. JAP (2015) and Ross’ PhD thesis (TUM)

0-26GHz
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Spin Pumping from AFM Insulator MnF2

Spin pumping at AFM/NM interfaces

Previous attempts by Ross/Gonnenwein et al. JAP (2015) and Ross’ PhD thesis (TUM)

0-26GHz
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Spin Pumping from AFM Insulator MnF2

Spin pumping at AFM/NM interfaces

Previous attempts by Ross et al. JAP (2015) and Ross’ PhD thesis (TUM)
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Spin pumping at AFM/NM interfaces

Previous attempts by Ross et al. JAP (2015) and Ross’ PhD thesis (TUM)
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Spin pumping at AFM/NM interfaces

Previous attempts by Ross et al. JAP (2015) and Ross’ PhD thesis (TUM)
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Spin pumping at AFM/NM interfaces

UCF + UCSC + NHMFL results  - MgF2(1mm)/MnF2(30nm)/Pt(4nm) thin film

120 GHz

240 GHz

336 GHz

>600 GHz

MnF2(30nm)

MgF2(1mm)

Pt(4nm)

V



Terahertz Spintronics with Antiferromagnetic Insulators
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Spin pumping at AFM/NM interfaces

120 GHz

240 GHz

336 GHz

>600 GHz

No AFMR detected
MgF2 identification of the easy axis

UCF + UCSC + NHMFL results  - MgF2(1mm)/MnF2(30nm)/Pt(4nm) thin film
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Spin pumping at AFM/NM interfaces

120 GHz

240 GHz

336 GHz

>600 GHz
336 GHz

240 GHz

120 GHz

UCF + UCSC + NHMFL results  - MgF2(1mm)/MnF2(30nm)/Pt(4nm) thin film
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Spin pumping at AFM/NM interfaces

120 GHz

240 GHz

336 GHz

>600 GHz
f = 120 GHz

T = 4.5 K

5dB attenuation

Full power

10dB

15dB

UCF + UCSC + NHMFL results  - MgF2(1mm)/MnF2(30nm)/Pt(4nm) thin film
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Spin pumping at AFM/NM interfaces

UCF + UCSC + NHMFL results  - MgF2(1mm)/MnF2(30nm)/Pt(4nm) thin film

120 GHz

-
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Spin pumping at AFM/NM interfaces

UCF + UCSC + NHMFL results  - MnF2(1mm)/Pt(4nm) single crystal

120 GHz

AFMR detected (too strong)
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Spin Pumping from AFM Insulator MnF2

Spin pumping at AFM/NM interfaces

UCF + UCSC + NHMFL results  - MnF2(1mm)/Pt(4nm) single crystal

120 GHz
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Spin pumping at AFM/NM interfaces

• First observation of sub-THz spin pumping at a AFM/Pt interfaces

• Very preliminary results / Work needs to be completed

• Higher frequencies for observing polarization effects (low field)

• Better control of the easy axis orientation for spin flip-flop

• Thinner crystalline MnF2 samples for resolution of AFMR linewidths

• Other AFMs will need to be explored (axial and bi-axial)

• Current-induced THz dynamics as next step
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