Controlling spin-orbit interactions in silicon quantum dots using magnetic field
direction
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Silicon quantum dots are considered as an excellent platform for spin qubits, partly
due to their weak spin-orbit interaction. However, the sharp interfaces in the het-
erostructures induce a significant spin-orbit interaction which degrade the performance
of the qubits or, when understood and controlled, could be used as a powerful re-
source. To understand how to control this interaction we build a detailed profile of the
spin-orbit interaction of a silicon metal—oxide—semiconductor double quantum dot
system. We probe the Stark shift, g-factor and g-factor difference for two single elec-
tron quantum dot qubits as a function of external magnetic field and find that they are
dominated by spin-orbit interaction originating from the vector potential, consistent
with recent theoretical predictions. Conversely, by populating the double dot with
two electrons we probe the mixing of singlet and spin polarized triplet states during
electron tunneling, dominated by momentum term spin orbit interactions. Finally, we
exploit the tunability of the Stark shift of one of the dots to reduce its sensitivity to
electric noise and observe an expected increase in T5.
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Outline & Motivaton

(a) )
Motivation 3D @ (!H‘)
=
e SOlin (purified) Si B OB RE R
e G-factor control :
— Adressability

— Tuning/detuning f. global MW field
— Sensitivity to electric noise (T3)

Microwave frequency f (GHz)

Magnetic field B (mT)

Nadj-Perge, S. et al. Spectroscopy of spin-orbit
quantum bits in indium antimonide nanowires. Phys.
Rev. Lett. 108, 1-5 (2012).



SO Hamiltonian & Outline
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Outline
Side note: in Si bulk no real Dresselhaus (BIA).

* Device, Setup & Charge stability Interface inversion = term with same symmetry

. g-factor anisotropy due to SOI
Golub, L. E. & Ivchenko, E. L.
. Local g-fa ctor difference Spin splitting in symmetrical SiGe quantum wells. Phys. Rev. B 69 (2004).
*  Tuning of Stark-Shift and T,
. Singlet-Triplet Mixing



Veldhorst device
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Charge Stability Diagram

1. gfactor anisotropy & difference

2. T, :Charge noise sucessibility due to Stark Shift

3. Singlet-Triplet Mixing
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g-factor anisotropy
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reconstruction

Measurement:
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Stark shift measurement
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e  Local differences surface roughness and lattice imperfections:
different SOI

*  Measure Qubitl: read/init -> C1 (ESR) -> read.
*  Measure Qubit2: read/init ->C1 ->C2 (ESR) —> C1 -> read
e Adressability
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Stark Shift induced T,
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*  Charge noise + Stark Shift > fluctuation of fggg 2 Decoherence T,
* T, measured using Ramsey interferometry
. Voltage noise from top gate
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Singlet and Triplet Mixing
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Conclusions

(small) g-factor anisotropy due to anisotropic SOI was found

.. having implications on T, limited by charge noise due to Stark shift (local interface property)
Source of Singlet-Triplet (S — T_) mixing identified as spin-flip tunneling
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Coherence Time — Ramsey interferometry

Qubit dynamics — Ramsey fringes (T3)
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G-factor difference
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