
111111111111111

Spin-orbit mediated single heavy hole spin
resonance with tunable g-factor in a lateral

GaAs/AIGaAs quantum dot device

Sergei Studenikin 

National Research Council of Canada, Ottawa, Canada

This work was performed at the Center for Integrated Nanotechnologies, a U.S. DOE, Office of

Basic Energy Sciences user facility, and Sandia National Laboratories, a multimission laboratory

managed and operated by National Technology and Engineering Solutions of Sandia LLC, a wholly

owned subsidiary of Honeywell International Inc. for the U.S. Department of Energy's National

Nuclear Security Administration under contract DE-NA0003525.

140.1 National Research
Council Canada

SAND2019-2030C

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.



Acknowledgement

National Research Council of Canada

Marek Korkusinski

Guy Austing

Louis Gaudreau

Piotr Zawadski

Andy Sachrajda

Students 

Alex Bogan (Waterloo U.)

Motoi Takahashi (Tohoku U.)

14,1 National' 'Research
Council Canada

Sandia National Laboratories

Lisa Tracy

John Reno

Terry Hargett

Natural Sciences and Engineering
Research Council of Canada



Single hole g*(0-controlled EDSR
mactac

Mechanisms of electrically tunable g-factor: 

1. Wave function penetration into QW barrier with different g-factors.

2. Composition gradient + soft z-confining potential, e.g. PQW (kV/cm).

3. Light-heavy hole coupling vs Vg (e.g. Voisin et al. Nano Lett . 2016)

4. Voltage-dependent g-factor, Stark shift (e.g. Veldhorst et al. Nature Nano. (2014)

5. Spin-orbit coupling with an auxiliary QD => g*(c)



Electron EDSR experiments in Double Quantum Dots (DQDs)

Spin-blockade readout mechanism: Energy-blockade readout mechanism: 

Koppens et al. Nature (2006)
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This work: single hole EDSR in a DQD using transport in energy blockade regime +

g* factor control via auxiliary QD



Details of the hole Double Quantum Dot (DQD)
mactac

L. A. Tracy, et al. "Few-hole double quantum dot

in an undoped GaAs/AIGaAs heterostructure,"

APL, v. 104, 123101 (2014).
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Single hole regime: charge stability and current diagrams
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High-bias current diagrams in strong coupling regime
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Single heavy hole EDSR by s
tac-cmc
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The hole EDSR po • 'II • • • -nd B
MC-CMC
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Ez=g*I.IBB is Zeeman energy
tN is spin-conserving tunneling; tF is spin-flip tunneling

Ez<2tiv(= 44)
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Positive and ne ative detuning EDSR reson
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The EDSR dispersion minimum frequency vs B
ARC-CMC
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Hybrid spin-charge dispersion spectra fit with theory: tN and tF vs B

Spectra for B-field range 0.8T — 4.6T
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Coherent LZS funnels for electron and hole singlet-triple systems
ARC-CARC

Summary

• A single heavy hole spin system has been realized in the
strong tunnel coupling regime and EDSR has been observed.
The characteristics are strongly influenced by the spin-orbit
interaction which induces spin-flip tunneling.

In particular, here we have:

• Extracted an effective g-factor for heavy-holes that is gate
voltage tunable

• Realized a hybrid spin-charge system where the EDSR signal
can be continuously changed from "spin-like" to "charge-like"

• tN and tF tunneling elements extracted from the EDSR spectra
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