SAND2019- 9815C

EDSR of a single heavy hole
In a lateral GaAs/AlGaAs
double quantum dot device

Department of Physics, Tohoku University, Sendai, Japan

Moto1 Takahashi



Acknowledgement

e National Research Council of Canada

v'Sergei Studenikin ~ v"Marek Korkusinski
v'Guy Austing v'Piotr Zawadzki

Nocson  aniy S [ B
v'Louis Gaudreau

* Tohoku University

v'Yoshiro Hirayama  Sandia National Laboratories
T v'Lisa Tracy
SN ,(e[ é\% v'John Reno
% \\: wﬁ%ﬂ' v'Terry Hargett
T O H O K U coniat DE-NADOO3S25.

UNIVERSITY



Motivation

* Advantage of hole system

v'Reduced hyperfine interaction for improved coherence (T, T,").
v’ Large spin-orbit interaction for fast spin manipulations.

v Effective heavy hole g-factor that is in-situ tunable with B-field direction-
useful for spin-photon hybrid devices in direct bandgap materials such as

GaAs.
v'No valley degeneracy issue as with conduction band electrons in Si & Ge.
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Method of measurement

* EDSR (electric dipole spin resonance)

AE=how=g*u;B
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v" Ground spin level set below E; => current is blocked.
v Hole Spin rotates via EDSR process using local gate.
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Cross section and SEM image of the DQD device.

* Double Quantum Dot (DQD) device

v" 2D hole gas is generated at the GaAs/AlGaAs heterojunction using
accumulation gate.

v" Lateral DQD is formed using surface depletion gates (SEM).

v'DQD can be studied using current I, and/or I~y (QPC charge detector).

5



VL (V)

* One-hole regime 1dentified

v'Stability diagram by transport Iy,
v'Stability diagram by charge sensor, I~

N;, number of holes 1n left dot

0.05 Ny, number of holes in right dot
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* Single-hole high-bias transport triangle
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VL (V)
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* A single heavy hole spin system has been realize 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 resonance.

v" Single heavy hole EDSR demonstrated in gated DQD device
v'Demonstrated that heavy hole effective g-factor can be tuned by a gate

v" A hybrid spin-charge system is realized where the EDSR can be
continuously tuned from "spin-like" to "charge-like* regime.

007 LN

-0.08
regime

V. (V)
VoV (V)

-0.09- M DIDN

* “spin-like”

regime

3
0.36 0.37 0.38 0.39

o . : : o : . . 1 3




