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Measurement of the out-of-plane  ~
g-factor in strained Ge/SiGe using
single-hole quantum dots
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Strained-germanium/SiGe quantum dots

Several advantages of this material, compared to electron-based quantum dots:

o}

o}

o

Large spin-orbit coupling allows for electrical control of qubits
Atomic p-orbital character suppresses hyperfine induced decoherence

Strain separates the heavy-and light-hole subbands, and the heavy-holes are expected to
show a dramatic g-factor anisotropy between in- and out-of-plane magnetic fields



g-factor anisotropy in strained-Ge

Theory Ballistic holes, Kondo effect, Few-hole qubit3
1D channel’ 2D systems?
In-plane ~ 0 0.76 - 1 0.3(1) 0.2-0.3
Out-of-plane 21.2 10.4 - 15.0 5.5(10) ?
9 ~ ~ ?
J'/g” 20 20 ’

o Calculation of g using Luttinger parameters!

Kk = 341, g =0.06
gJ_=6K+
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Device design
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Device tuning

o Quantum dot formed 1n the upper channel
and tuned to the single-hole regime

o Transport through lower channel is used as a
charge sensor
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o Ten scans like this one on the left were taken, charge sensing lines have been fit using gaussians shown in red

Magnetospectroscopy

o On the right, an analysis of the thermal broadening was used to determine the base temperature of the holes, as well as

Udot, sensor stabilized by LRP,LLP (Volts)
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Udot, sensor stabilized by LRP,LLP (Volts)

‘ Voltage converted to energy

o g-factor extracted using the energy difference between the first two states, AE = gUup B
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‘ Simulation

o Single-particle states

° Luttinger Hamiltonian eigenstates were derived numerically from a COMSOL-generated potential

Eigenstate energies as a function of magnetic field magnitude,

magnetic field aligned along z, isotropic potential
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> For comparison with experiment, the potential was
scaled in x and y, to match this anti-crossing seen near

B =0.6T

° Slopes of these single-particle states were averaged
over the same fit range used in the
magnetospectroscopy data



9 | Results

Slope (meV/Tesla)

o Great agreement in the s-like orbital

o Signs and trend of magnitudes are reproduced in the p-like orbitals

o Complex behaviors likely require inclusion of hole-hole interactions to more accurately reproduce
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10 I Discussion and Future outlook

oMeasurements in the single-hole regime avoid the complex orbital effects
oWe see a large g-factor asymmetry in agreement with theory

oThe complex behavior in higher orbitals allows for dramatic tunability, through
both the occupation of the dot, and the B-field strength

oUnderstanding the difference between the single- and multi-hole regime can inform
the design of future qubit experiments in this material

oResults are currently on the arXiv, being submitted for publication

Effective out-of-plane g-factor in strained-Ge/SiGe quantum dots
A.J. Miller et al. arXiv, 2102.01758, 2021.
https://arxiv.org/abs/2102.01758v1
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