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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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ANTIFERROMAGNETIC SPINTRONICS

Terahertz spintronics with 
antiferromagnetic insulators.
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What AFM materials have to offer in spintronics?
Ferromagnetic spintronics

Jiang Xiao, A. Zangwill, and M. D. Stiles. PRB (2005)

Ozylmaz, Kent, Monsma, Sun, Rooks, and Koch. PRL (2003)

STT spin valve

Slonczewski (1989), (1996) and Berger (1996)
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Spin Transfer Torque

/ STT–based MRAM

W. Thompson-5% (1856) 2007 Noble Prize: Fert-Grünberg-80% (1988)

Magnetoresistance



Terahertz Spintronics with Antiferromagnetic Insulators
Spin Pumping from AFM Insulator MnF2

What AFM materials have to offer in spintronics?
Ferromagnetic spintronics

Kiselev et al. Nature (2003)

/ STT–based GHz oscillator

Slonczewski (1989), (1996) and Berger (1996)
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Spin Transfer Torque

W. Thompson-5% (1856) 2007 Noble Prize: Fert-Grünberg-80% (1988)

Magnetoresistance
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What AFM materials have to offer in spintronics?

ü No stray fields / No cross-talk

ü Group velocity of magnons ∝ 𝑓
Faster data transmission rates

ü nm-scale magnon waves
Miniaturization of magnonic circuits

ü f = 0.3-3 THz
Operation in the THz gap

ü High frequency / Short Times
Fast operations (picoseconds)
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What AFM materials have to offer in spintronics?

Ferromagnet Antiferromagnet
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What AFM materials have to offer in spintronics?

damping Spin torque

exchange biaxial anisotropy

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

exchange damping

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

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?

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

Sub-critical regime: Inertial dynamics
(below a threshold current)

Super-critical regime:  Driven dynamics
(above a threshold current )
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What AFM materials have to offer in spintronics?

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

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

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 > 108 A/cm2)
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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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Magnetization dynamics in a uniaxial antiferromagnet (e.g., MnF2)

Free energy (macrospin)
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Hagiwara et al. 1996

exchange magnetic field anisotropy

Equations of motion

Resonance frequency
M2M1 𝑚
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Spin pumping at AFM/NM interfaces
Cheng/Braatas PRL 113, 057601 (2014)
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Staggered Magnetization
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Net Magnetization

𝐼2 ∝ 𝒎×�̇�



Terahertz Spintronics with Antiferromagnetic Insulators
Spin Pumping from AFM Insulator MnF2

Spin pumping at AFM/NM interfaces

polarization
dependence

(no SP with linear)

Cheng/Braatas PRL 113, 057601 (2014)
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Spin pumping at MnF2/Pt interfaces

UCF/UCSC/UCR/NTNU/NHMFL results  - MnF2(300µm+10nm)/Pt(4nm)
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Spin pumping at MnF2/Pt interfaces

EPR SPECTROSCOPY
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Spin pumping at MnF2/Pt interfaces

eff ex k pH H H H H= + + +x

zH
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Easy axis
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𝑀𝑠 = 0.06T

𝐻& = 47.05T
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Spin pumping at MnF2/Pt interfaces
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Spin pumping at MnF2/Pt interfaces
ISHE SIGNALS

395 GHz

240 GHz
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ISHE SIGNALS
Spin pumping at MnF2/Pt interfaces
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Spin pumping at MnF2/Pt interfaces
ISHE SIGNALS
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Spin pumping at MnF2/Pt interfaces
ISHE SIGNALS
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Spin pumping at MnF2/Pt interfaces
ISHE SIGNALS
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Spin pumping at MnF2/Pt interfaces
ISHE SIGNALS

SP
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Spin pumping at MnF2/Pt interfaces
ISHE SIGNALS

SPIN-MIXING CONDUCTANCE

𝑉*+,& = 𝐿𝜃+
𝐻'
𝐻&

𝜆
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≈ 1.8%

𝛼 ≈ 0.5×10'(
𝑑) ≈ 4 nm
𝜃* ≈ 0.04
𝜆 ≈ 4 nm
𝜎 ≈ 2×10+ S/m
𝐵, ≈ 200 mG
𝑉-./& ≈ 25 nV

𝒈𝒓 ≈ 𝟒. 𝟑×𝟏𝟎𝟏𝟖𝒎$𝟐

≈ 𝟏 𝒆𝟐/𝒉 per unit cell area

Similar than in FM/Pt interfaces!
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ISHE SIGNALS
Spin pumping at MnF2/Pt interfaces
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Spin pumping at MnF2/Pt interfaces

Sample 3

ISHE SIGNALS
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ISHE SIGNALS

Sample 3

Spin pumping at MnF2/Pt interfaces
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ISHE SIGNALS
Spin pumping at MnF2/Pt interfaces
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