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In situ control of hole-spin driving mechanisms

Simon Geyer ,1,* Rafael S. Eggli ,1,* Carlos Dos Santos ,1 Miguel J. Carballido ,1,† Peter Stano ,2,3

Daniel Loss ,1,2,‡ Dominik M. Zumbühl ,1 Richard J. Warburton ,1 and Andreas V. Kuhlmann 1,§

1Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel, Switzerland
2RIKEN, Center for Quantum Computing (RQC), 2-1 Hirosawa, Wako, Saitama 351-0198, Japan

3Institute of Physics, Slovak Academy of Sciences, 845 11 Bratislava, Slovakia

(Received 22 December 2025; accepted 6 August 2026; published 21 September 2026)

Hole-spin qubits enable fast, all-electrical spin manipulation through electric-dipole spin resonance (EDSR),
arising from two microscopic mechanisms rooted in their intrinsically strong spin-orbit interaction. Depending
on how the electric field acts on the quantum dot, the spin can be driven either by a modulation of its g factor or
by a displacement of the wavefunction. Here, we demonstrate in situ control over the dominant EDSR driving
mechanism of a hole-spin qubit in a silicon fin field-effect transistor by applying microwave signals to two
different gate electrodes, thereby tuning the orientation of the local electric field. We measure the effective g
factor, its electrical tunability, and the Rabi frequency as functions of magnetic-field orientation. Their distinct
angular dependencies, analyzed using a g-matrix formalism, allow us to identify the underlying driving processes
and track their relative contributions for different drive configurations. By selecting the drive electrode, we can
switch from a regime dominated by g-factor modulation to one with a strong contribution from wavefunction
displacement. This in situ tunability provides direct experimental access to both spin-driving mechanisms and
offers a route toward optimized spin-qubit performance.

DOI: 10.1103/f1hx-nk4s

I. INTRODUCTION

Spin qubits in semiconductor quantum dots (QDs) are
promising candidates for high-fidelity, scalable quantum
computing [1–11]. In comparison to electron spins, hole
spins [12–22] can be controlled all-electrically via electric-
dipole spin resonance (EDSR) [23–26], without the added
complexity of on-chip micromagnets [27,28] or the need for
an orbital degeneracy [29], thanks to their intrinsic spin-orbit
interaction (SOI). In materials with strong SOI, such as holes
in silicon (Si), the Larmor (spin precession) vector fL and
magnetic field B are no longer related via a scalar g factor.
Instead, a 3 × 3 g tensor ĝ [18,19,30–32] is required, lead-
ing to fL = μBĝB/h, where μB is Bohr’s magneton and h is
Planck’s constant. To induce spin rotations using EDSR, a
periodic modulation of fL transverse to the spin quantization
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axis n = ĝB/|ĝB| must be applied close to the qubit’s Larmor
frequency fL = |fL|.

This can be achieved through two fundamentally different
mechanisms [33–35]. The first one is referred to as g-tensor
modulation resonance (gTMR), in which a transverse modu-
lation of the Larmor vector arises because an alternating (ac)
electric field deforms the g tensor—either by rotating its prin-
cipal axes or by changing its principal values in an anisotropic
manner [36] [Fig. 1(f)]. Electrical control of ĝ is enabled by
SOI, primarily through changes in the heavy- and light-hole
mixing [37] induced by the confinement potential [38], as well
as by strain or strain gradients [32].

Second, coherent spin rotations can be driven by peri-
odically displacing the QD as a whole with an ac electric
field [23,39] [Fig. 1(g)]. In the presence of SOI, this mo-
tion generates an effective time-dependent magnetic field,
resulting in a noncollinear modulation of the Larmor vec-
tor. For a quasiharmonic confinement, the hole wavefunction
and the effective g factor g∗ = |ĝB|/|B|, and hence the
Zeeman splitting EZ = h fL, remain unchanged during the mo-
tion. Therefore, this driving mechanism is called iso-Zeeman
EDSR (IZR) [33].

In practice, the driving mechanisms typically coexist, and
different relative weights of gTMR and IZR have been re-
ported for various hole-spin-qubit devices [18,33,40]. To
describe these mechanisms within a unified framework, the
g-matrix formalism was developed [33–35], which enables
the individual contributions to the observed Rabi drive to be
disentangled.

The importance of the underlying driving mechanism is
highlighted by an operational sweet spot with simultane-
ously maximized qubit drive speed and coherence [40] as a
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FIG. 1. Hole-spin-qubit anisotropies and driving mechanisms. (a) False-color transmission electron microscope (TEM) image of the
measured device, showing the cross section along the fin direction. The qubits (Q1, Q2) are located beneath the plunger gates (P1, P2)
and are manipulated by applying microwave signals to either P1 or the barrier gate B. The barrier voltage controls the interdot tunneling,
and the lead gates (L1, L2) accumulate the hole reservoirs. The widths of the B and P gates are � 20 nm. (b) Cross-sectional TEM image of a
cofabricated device, highlighting the nearly triangular fin shape. (c) Projection of the g tensor onto the xy plane, showing a strong anisotropy. (d)
Rabi chevron pattern of Q1 under P1 drive, demonstrating a Rabi frequency of fR = 20 MHz on resonance. Data were taken at B = 0.136 T,
φ = 0◦, θ = 70◦ (as defined in Fig. 2), and VMW,P1 = 12 mV. (e) The qubit Larmor frequency fL of Q1 is tuned by the voltages applied to P1
and B. Data were taken at B = 0.172 T, φ = 135◦, and θ = 90◦. (f) and (g) Schematic illustrations of the gTMR and IZR driving mechanisms,
respectively.

function of the static electric field, made possible by predom-
inantly IZR-based driving. Likewise, hole spins can exhibit
“reciprocal sweetness” [20,41,42], where qubit speed and
coherence peak together as a function of the magnetic-field
direction. While these results open promising avenues for
qubit optimizations, in situ electrical control over the relative
contributions of the two mechanisms to the overall Rabi fre-
quency has not been achieved to date. Such control ultimately
depends on how the microwave electric field couples to the
QD [35], which in turn is determined by the layout of the gate
electrodes and the geometry of the confinement potential. For
example, driving from a more remote gate electrode [40] can
promote a lateral displacement of the QD along the transport
direction—the axis of weak confinement—in systems with
strong biaxial confinement [12,16,39], thereby enhancing the
IZR contribution. Experimental confirmation and quantifica-
tion of how the relative position of the driving gate electrode
with respect to the qubit affects the driving mechanism are
therefore needed.

Here, we investigate the driving mechanisms of a
hole-spin qubit in a silicon fin field-effect transistor (Fin-
FET) [16,19,43–45], modeling the experimental results using
the g-matrix formalism. By applying the microwave drive sig-
nal to two distinct gate electrodes, we achieve in situ control
over the EDSR driving mechanism, tuning the system from
a gTMR-dominated regime to one in which IZR contributes
substantially to the Rabi frequency. These results demonstrate
that the position of the driving gate relative to the qubit plays a

decisive role in determining the dominant driving mechanism,
opening opportunities for device designs that enable real-time,
on-demand switching between gTMR and IZR operation. Fi-
nally, we discuss the physical origin of this tunability and its
connection to sweet-spot operation.

II. EXPERIMENTAL SETUP

Two hole QDs are formed in the Si fin beneath plunger
gates P1 and P2, each hosting an effective spin-1/2 qubit
labeled Q1 and Q2 [see Fig. 1(a)]. The position of Q1 under
P1 is evidenced by the charge stability maps [16,43,46], the
strength of g-tensor tuning from voltages on P1 that differs
greatly for Q1 and Q2 due to proximity [20], and the exponen-
tial control over the tunnel and exchange coupling achieved
by the B gate [19]. The fin has a nearly triangular cross
section [see Fig. 1(b)], which produces quasi-one-dimensional
confinement of the holes and induces a strong direct-Rashba
SOI [25,26]. A square pulse applied to P1 switches the de-
vice between Pauli spin blockade (PSB) [47], used for spin
initialization and spin-parity readout via direct-current trans-
port measurements, and Coulomb blockade [39]. In the latter
regime, fast microwave bursts are applied for spin manipu-
lation via EDSR. These bursts can be applied to either P1
or the barrier gate B. A difference in the effective g factors
allows the two qubits to be addressed independently. To en-
hance spin readout contrast, we employ a lock-in detection
scheme [12,16,19,22], yielding the signal Ilock-in. A three-axis
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FIG. 2. Rabi drive anisotropy. (a) Schematic of the three magnetic-field planes used in the experiments, shown relative to the orientation of
the Si fin (light blue) and the two driving gate electrodes (dark blue, orange). (b) Rabi frequency of Q1 under P1 (blue markers) and B driving
(orange markers) as a function of magnetic-field orientation. Data were taken at fixed fL = 4.5 GHz, VMW,P1 = 12 mV, and VMW,B = 13.5 mV.
Solid curves are fits based on the model described in the main text. The uncertainty in fR is estimated as ±1 MHz. (c) Electrical longitudinal
tunability of the Q1 g factor as function of magnetic-field orientation for P1 (blue markers) and B driving (orange markers). Solid curves
correspond to model fits of ĝ′

gTMR, projected onto the spin quantization axis and magnetic field as described in the main text. (d) Solid and
dashed curves show the transverse components of ĝ′, as defined in the main text. The 1σ error bars in g′ were obtained by propagating an
estimated magnetic-field hysteresis of ±5 mT. Gaps in the data are due to failing PSB readout for some magnetic-field orientations.

vector magnet enables experiments with an arbitrarily ori-
ented magnetic field.

III. RESULTS

A. Anisotropy of the g tensor

We characterize ĝ [30,31] of Q1 by probing its Zeeman
splitting spectroscopically. As the orientation of B is varied,
the anisotropy of ĝ [32,48–51] appears through EZ = μB|ĝB|
(Fig. S1 of the Supplemental Material [52]) [19]. Using the
procedure of Crippa et al. [33] (Sec. A of the Supplemental
Material [52]), we obtain

ĝ =
⎛
⎝

2.38 0.52 −0.01
0.52 2.22 0.01

−0.01 0.01 1.58

⎞
⎠, (1)

as visualized in Fig. 1(c). Although ĝ contains nine ele-
ments, spectroscopy provides access only to the magnitude
of the effective Zeeman field |ĝB|, not its direction. Conse-
quently, only six independent parameters can be determined:
three principal g factors, which set the Zeeman splitting
along the principal magnetic axes, and three Euler angles

specifying their orientation [19,32,33]. The remaining three
degrees of freedom correspond to an arbitrary rotation in spin
space—equivalently, a unitary transformation of the Kramers
basis—which leaves |ĝB| and thus all observables invari-
ant [33,41].

In the following, we present the results for Q1; a corre-
sponding analysis for Q2 is given in Secs. B and F of the
Supplemental Material [52]. We also compare the extracted g
tensor with a microscopic model (Sec. C of the Supplemental
Material [52]), which offers a physical interpretation of the
observed anisotropy.

B. Anisotropy of the Rabi frequency

Next, we drive Q1 for a variable burst duration tb from
P1 using a microwave amplitude VMW,P1 = 12 mV and a fre-
quency fMW close to fL = 4.5 GHz [Fig. 1(d)]. The Rabi
frequency fR is extracted by fitting Ilock-in at resonance as
a function of tb, and this procedure is repeated for differ-
ent magnetic-field orientations in the three planes shown in
Fig. 2(a). The resulting data [Fig. 2(b), blue markers] re-
veal a pronounced angular dependence of fR, with certain
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orientations exhibiting strongly suppressed Rabi driving (e.g.,
φ � 45◦, θ = 90◦). Driving the qubit from the barrier gate B
with VMW,B = 13.5 mV instead leads to a markedly different
anisotropy [Fig. 2(b), orange markers]. Absolute values of
VMW were chosen to approximately match power transfer to
the qubit while respecting limits imposed by the transport-
based readout. To understand these differences in the fR

anisotropies, we now examine the underlying EDSR driving
mechanisms.

If the driving electric field distorts the QD’s confine-
ment potential, it can deform the g tensor, giving rise to
gTMR-driven spin rotations [36,53]. The magnitude of the
g-factor tunability, defined as g′ = ∂g/∂V , is determined by
measuring the linear response of fL to small gate-voltage
changes δV [Fig. 1(e)]. Note the opposite sign of g′ for
voltages on B versus P1, similar to earlier reports [40,54].
Together with the measured ĝ and the drive amplitude VMW,
the matrix describing this tunability—denoted as the “gTMR-
induced component of the g-derivative,” ĝ′

gTMR—fully speci-
fies the gTMR-induced Rabi frequency fR,gTMR [40] for any
magnetic-field orientation [33].

In contrast, IZR originates from a displacement of the QD
in a system with SOI [23,39], while the confinement poten-
tial and therefore g∗ and EZ remain unchanged. Within the
g-matrix formalism [33,34,55], IZR accounts for the differ-
ence between the experimentally observed fR and the value
predicted from gTMR alone, yielding fR,IZR. Analogous to
gTMR, it is represented by the “IZR-induced component of
the ĝ derivative,” ĝ′

IZR.
Rabi driving arising from a mixture of both mechanisms is

described by [33]

fR = μBVMW|B|
2h

[n × (ĝ′b)], b = B
|B| . (2)

Here, fR defines the Rabi vector, whose magnitude gives the
Rabi frequency fR = |fR|, while its direction corresponds to
the axis of spin rotation on the Bloch sphere. The quantity
ĝ′ = ĝ′

gTMR + ĝ′
IZR denotes the derivative of the g tensor with

respect to the gate voltage on the driving electrode, with
contributions from gTMR and IZR. The term ĝ′b represents
the oscillating effective magnetic field, and the cross product
with the spin-quantization axis n ensures that only compo-
nents perpendicular to the static Zeeman field contribute to the
Rabi drive. Note that both driving mechanisms scale linearly
with the electric- and magnetic-field amplitudes, and therefore
cannot be separated without analyzing their distinct angular
dependencies (Sec. D of the Supplemental Material [52]).

C. Extraction of g tunability and full Rabi-model reconstruction

Next, we determine ĝ′
gTMR and ĝ′

IZR following the method
of Crippa et al. [33] (Sec. E of the Supplemental Mate-
rial [52]). We begin by measuring how EZ changes with
the voltage applied to the driving gate [Fig. 2(c)], yield-
ing the longitudinal g-factor tunability ∂EZ

∂V = μBBg′
‖, where

g′
‖ = ∂|ĝb|

∂V = [ĝ′b] · n. Here, g′
‖ quantifies the voltage-induced

change in the magnitude of the effective Zeeman field, i.e.,
its component along the spin-quantization axis. Consequently,
g′

‖ modulates the Zeeman splitting without tilting n, produc-
ing dephasing rather than coherent rotations. Because IZR

leaves EZ invariant, it contributes no longitudinal response,
so ĝ′

IZR,‖ = 0. Thus, the measured g′
‖ reflects only the gTMR

contribution, enabling a reconstruction of ĝ′
gTMR—up to the

usual unitary freedom in the choice of spin basis—for driving
from gates P1 and B [33]. Projecting the fitted ĝ′

gTMR onto the
spin-quantization axis and magnetic-field orientation accord-
ing to g′

‖ = [ĝ′
gTMRb] · n reproduces the measured data with

good agreement [Fig. 2(c), solid curves], thereby validating
the reconstruction.

The transverse component of this tensor governs coher-
ent Rabi driving by gTMR and is given by g′

gTMR,⊥ =
|[ĝ′

gTMRb] × n|. By comparing the predicted fR,gTMR with the
measured fR, the remaining contribution can be attributed to
IZR, which allows extraction of ĝ′

IZR [33]. By definition, ĝ′
IZR

has no longitudinal component but a finite transverse response
g′

IZR,⊥ = |[ĝ′
IZRb] × n|, leading to coherent spin rotations.

Utilizing Eq. (2) together with the determined ĝ′ =
ĝ′

gTMR + ĝ′
IZR, we obtain a model that incorporates both driv-

ing mechanisms and is fully consistent with the measured
angular dependence of the Rabi frequency [Fig. 2(b), solid
curves]. The matrices for driving from P1 are

ĝ′P1
gTMR =

⎛
⎝

−0.36 1.52 0.31
1.55 −0.71 −0.35
0.35 −0.37 −0.87

⎞
⎠V−1, (3)

ĝ′P1
IZR =

⎛
⎝

0.006 0.019 −0.163
−0.022 −0.004 0.049
−0.300 −0.015 −0.002

⎞
⎠V−1, (4)

and for driving from B are

ĝ′B
gTMR =

⎛
⎝

0.62 −1.01 −0.40
−1.03 0.71 0.27
−0.47 0.16 0.20

⎞
⎠V−1, (5)

ĝ′B
IZR =

⎛
⎝

−0.015 0.118 0.725
−0.071 −0.038 −0.681
−0.832 0.717 0.053

⎞
⎠V−1. (6)

We now compare the g-factor tunability when driving from
gates P1 and B. Across the two drive configurations, g′

‖ shows
an angular dependence that is mirrored about zero [Fig. 2(c),
solid curves]. In contrast, g′

gTMR,⊥ follows a similar angular
trend for both drive configurations [Fig. 2(d), solid curves].
Notably, the magnitudes of g′

‖ and g′
gTMR,⊥ are generally

smaller under B driving [Figs. 2(c) and 2(d), orange curves)
than under P1 driving (blue curves), which is counterintuitive
given the larger gate lever arm of gate B αB = 0.208 ± 0.005
versus αP1 = 0.125 ± 0.002, indicating stronger electric-field
coupling. Conversely, B driving results in a much larger g′

IZR,⊥
[Fig. 2(d), orange dotted curves] compared to P1 driving (blue
dotted curves). This finding highlights the nontrivial nature
of g tuning by gate voltages, as it pertains to effects beyond
simple capacitive couplings.

D. Tuning the EDSR drive composition

Our model enables a quantitative comparison of the driving
contributions from the two mechanisms under P1 or B driving
by computing the Rabi vector fR and its components fR,IZR

and fR,gTMR for all magnetic-field orientations (see Fig. 3).
The latter two “pure” contributions are obtained directly from
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TABLE I. Drive contributions for Q1.

pQ1
IZR pQ1

gTMR

P1 drive 15% 85%
B drive 55% 45%

Eq. (2) by substituting ĝ′ with the corresponding matrix for
each driving mechanism. Since the total Rabi vector is given
by fR = fR,IZR + fR,gTMR, their magnitudes satisfy the trian-
gle inequality fR � fR,IZR + fR,gTMR. The two contributions
add vectorially and, depending on their relative orientation,
may interfere constructively, destructively, or anywhere in
between. From the calculated maps of fR,gTMR and fR,IZR,
it is evident that gTMR dominates the Rabi driving under
P1 driving, whereas B driving produces a markedly different
pattern, with both mechanisms contributing significantly and
exhibiting distinct anisotropies.

To quantify this observation, we define the average frac-
tional contribution of each mechanism as

pIZR = 〈|fR,IZR|〉
F , pgTMR = 〈|fR,gTMR|〉

F , (7)

F = 〈|fR,IZR|〉 + 〈|fR,gTMR|〉, (8)

where 〈|x|〉 denotes the average magnitude of x over all
magnetic-field orientations, i.e., over the solid angle of the
unit sphere. The results are presented in Table I, confirming
the conclusions drawn above.

Thus, selecting different gate electrodes enables in situ
control over the relative contributions of the two EDSR driv-
ing mechanisms. Notably, the maximum fR,IZR increases from
below 4 MHz under P1 driving to above 20 MHz under B
driving—a fivefold enhancement achieved by laterally shift-
ing the drive source by only � 30 nm. This demonstrates
a high degree of tunability and highlights the potential for
further optimization of the device geometry to tailor the spin-
driving mechanism.

IV. DISCUSSION

A. Future directions based on drive tuning

Our findings motivate experiments beyond the fundamental
physics described here. Switching the driving gate offers an
electrical means of local control that can be executed much
faster than rotating the magnetic field [33]. In principle, such
electrical control could be automated [56,57] and carried out
adaptively using fast feedback [11], enabling real-time adjust-
ment of the driving mechanism.

This could be exploited to implement an all-electric toggle
between fast qubit drive ( fR � 10 MHz) and an idle posi-
tion ( fR � 0 MHz) [22], simply by relaying an always-on
radio frequency drive signal to P1 instead of B, e.g., using
on-chip multiplexing [58]. A possible operation point can
be seen in Fig. 3 near θ � 165◦, φ � 135◦. This scheme
could remove the need for engineered drive pulses with sub-
nanosecond rise times, relaxing the high-frequency hardware
requirements [45].
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FIG. 3. IZR and gTMR Rabi drive contributions. (a) Calculated Rabi frequency of Q1 (first column), decomposed into the contributions
from IZR (second column) and gTMR (third column) under P1 driving. The dominant contribution arises from gTMR, with pgTMR = 85%.
(b) Same analysis for B driving. Here, IZR and gTMR contribute comparably to the total Rabi driving (pIZR = 55% and pgTMR = 45%).
Constructive (destructive) interference between the two mechanisms occurs at the red + (−) symbols, leading to enhanced (suppressed)
overall Rabi frequency.
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Furthermore, the same drive tone could be applied si-
multaneously to both the B and P1 gates [51,55]. By
controlling the relative amplitudes and phases on the two
gates, one could smoothly explore the drive mechanism
transition. The same strategy could be used to compensate
rf leakage between neighboring gates, which we estimate
around 15%−20% for our devices due to residual capacitive
crosstalk [44,59,60].

Such experiments would require detailed knowledge of
the qubit’s anisotropies and drive mechanism landscape, tra-
ditionally causing a large overhead for precharacterization
of every single qubit. Recently developed, fully autonomous
protocols for the extraction of fR and g∗ [56] with fast radio-
frequency-based readout [57] are able to streamline and speed
up this process significantly.

B. Link between electric-field orientation
and driving mechanism

Experimental insights into the local microwave fields in
semiconducting nanostructures are notoriously difficult to ac-
quire and validate. Our results show that a nanometer-scale
displacement of the driving source profoundly impacts the mi-
crowave environment at the QD’s location, manifesting itself
as a changed drive composition. The findings are straightfor-
wardly interpreted. Q1 is located mostly beneath P1; thus,
driving from P1 primarily generates out-of-plane electric-
field lines, which mainly deform the confinement potential
and therefore favor gTMR. In contrast, gate B is laterally
offset from the qubit, producing at Q1 an ac electric field
that contains not only a vertical component but also a sub-
stantial in-plane component along the fin—the direction of
weak confinement. This naturally results in an enhanced IZR
contribution, supporting intuition [40].

We note that the IZR contribution found from B driving
of Q2 (pQ2

IZR = 72%) shown in Sec. F of the Supplemental
Material [52] is much higher than for Q1, indicating overall
asymmetry between the two dots. Surprisingly, when Q2 is
driven from the even more remote gate P1, the IZR contri-
bution is again reduced to pQ2

IZR = 57%. We believe that the
staggered gate structure where B is much closer to the Si fin
than P1 and P2 due to the oxide separating the two gate layers
may cause additional shielding and result in counterintuitive
field directions when the drive is applied to a remote gate as
is the case for P1 driving of Q2.

C. Qubit operation under IZR and gTMR

A qubit’s gate speed is determined by its fR, and mul-
tiqubit operation is limited by the slowest participating
qubit. It is thus essential to avoid configurations where in-
dividual qubits have vanishing fR when scaling to larger
qubit arrays [4,8,61]. As evident from Fig. 3 and previous
reports [20,33], gTMR exhibits multiple magnetic-field ori-
entations where fR � 0, while IZR has only one slow spot,
namely, where B ‖ nSO [23,39,62]. As a consequence, en-
suring homogeneously high gate speeds across larger qubit
arrays may be facilitated by IZR driving without demand-
ing qubit-specific tuning typically required for gTMR-driven
systems [20].

The qubit’s coherence is of equal importance for practical
qubit operation. Simultaneous optimization of a hole spin’s
speed and coherence can be achieved electrostatically [20,40]
or by choosing an optimal magnetic-field direction [17,20].
Our FinFET qubit’s dephasing time T ∗

2 varies strongly with
the orientation of B (see Fig. S4 of the Supplemental Mate-
rial [52], Ref. [63] for the coherence model, and Refs. [64,65]
for noise benchmarks). Interestingly, the gTMR-dominated
drive from P1 shows enhanced T ∗

2 and fR for some field
directions (θ � 120◦, φ � 10◦) but the local maxima of T ∗

2
and fR are not perfectly aligned. Conversely, the fastest Rabi
driving achieved with B driving and mixed drive mecha-
nisms (θ � 120◦, φ � 135◦) lies far away from any coherence
sweet spot. This may indicate that “reciprocal sweet-
ness” [20,41,42] is more straightforwardly realized in gTMR
driving.

V. CONCLUSION

In conclusion, we have demonstrated in situ all-electric
control over the Rabi drive mechanisms of a hole-spin qubit
in an Si FinFET. By mapping the g tensor, its derivatives with
respect to plunger- and barrier-gate voltages, and the Rabi
frequency, and fitting all quantities using the g-matrix for-
malism, we obtain a quantitative description of the underlying
driving composition. When the drive is applied to the plunger
gate P1, the qubit is predominantly driven via gTMR. In con-
trast, driving from the barrier gate B yields a more balanced
composition, with significant contributions from both gTMR
and IZR. Switching from P1 to B driving enhances the IZR-
induced Rabi speed by a factor of 5. These findings suggest
that the driving field orientation at the qubit is governed by the
spatial arrangement of the driving gate and the QD, providing
experimental access to the device’s microscopic microwave
environment.

VI. OUTLOOK

The demonstration of drive switching motivates more
extensive studies of different drive modalities on the qubit per-
formance along the entire spectrum of spin-qubit operations
such as idling, shuttling [66,67], resonator coupling [68–72],
two-qubit gates [11,14,19], and readout [73,74]. This may
also inform optimized gate electrode designs and choice of
the driving gate, tailored to promote gTMR, IZR, or an even
mixture.

Furthermore, it remains to be seen whether a more com-
plete inversion of the drive composition—i.e., a transition
from pgTMR 
 pIZR to pgTMR � pIZR—can be achieved. This
may be possible by applying the drive to the right plunger
gate (P2), or to a gate electrode positioned even more laterally
offset along the fin. Our attempts at driving the qubit from
P2 were unsuccessful, likely due to a technical failure of the
measurement setup, also preventing the investigation of P2
driving of Q2.
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