SPIN SPIN+X
PHENOMENA
NTER NARY CENTER  Kaiserslautern + Mainz

RIVERSIDE

Driving Exchange Mode Resonance
as Adiabatic Quantum Motor
with 100% Mechanical Efficiency

Junyu Tang?, Ran Cheng''?

! Department of Electrical & Computer Engineering
2 Department of Physics & Astronomy

University of California, Riverside
@ Funding

f )
Reference:

Junyu Tang
(3% Yr PhD student) J. Tang and R. Cheng, Phys. Rev. B 106, 054418 (2022)




Current-Induced Torque

From spin valve to spin Hall device
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Physical Currents

* Dissipative Current M jo =0E

e Superconducting Current persistent current
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 Adiabatic Current

j=JdkQ

- j~m

Nobel Prize in
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One cycle: @ = [ dt| dk Qy, (1934 - 2019) (1/2 Share)



Adiabatic Quantum Motor

* Reversed operation of a Thouless pump
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Voltage- Thouless
induced pump
torque
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Bustos-Marun, Refael & von Oppen,
Phys. Rev. Lett. 111, 060802 (2013)
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Adiabatic Quantum Motor

* Voltage-induced torque

Sundaram-Niu equation [PRB 59, 14915 (1999)]
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Adiabatic Quantum Motor

* Voltage-induced torque
Coupled Sundaram-Niu & LLG equations @
k = —eE (h=1) )

L

. d g .
r=a_’i+kﬂkk+m:\ﬂmki

—-—— -

. de | i fETTT L ST Ganesh Sundaram  Qian Niu
PN = e R A O R VY
Voltage-induced torque Renormalization of Damping
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Voltage-Induced Torque

H>°T ~ sng(m,)E

Not from edge state

Xiao, Xiong & Niu, PRB 104, 064433 (2021)
Xiong & Niu, PRB 98, 035123 (2018)
Arrachea & von Oppen, Phys. E 74, 596 (2015)

Voltage-induced torque Renormalization of Damping
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Voltage-Induced Torque
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Exchange Mode Resonance

E
H x 1072

(e]
3
)
3




Exchange Mode Resonance
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Effective Admittance

For AC drive: E(t) = XEye'®t E — m ——> ]
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Effective Admittance

Impedance Zgys = 1/0xy Setting Zegr(w) = Zsys(w) solves
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Mechanical Efficiency
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Mechanical Efficiency

. Py e Comparing with
Pis + Pioak current-driven systems
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Oersted Field

Current-driven system

Metal
Jc=0oE
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charge-spin conversion Oersted field
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current-induced torque

Liu et al., Science 2012

Voltage-driven system

Insulator
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Oersted field bound charge vibration
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J. Tang & RC, arXiv:2204.03534



Conclusions & Outlook

Operating F/TI/F as adiabatic quantum motor can
achieve 100% mechanical efficiency

Voltage-induced torque can drive the exchange mode
resonance

Effective circuit found for the proposed device

Oersted field effect is negligible

Under investigation: generalizing into intrinsic
antiferromagnetic topological insulators



