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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.

I. INTRODUCTION

Spin qubits in semiconductor quantum dots (QDs) are
promising candidates for high-fidelity, scalable quantum
computing [IHIT]. In comparison to electron spins, hole
spins [I12H22] can be controlled all-electrically via EDSR
[23H26], without the added complexity of on-chip mi-
cromagnets [27, 28] or the need for an orbital degener-
acy [29], thanks to their intrinsic spin-orbit interaction
(SOI). In materials with strong SOI, such as holes in sili-
con (Si), the Larmor (spin precession) vector fr, and mag-
netic field B are no longer related via a scalar g-factor.
Instead, a 3x3 g-tensor ¢ [I8] 19, B0H32] is required, lead-
ing to f, = uggB/h, where up is Bohr’s magneton and
h is Planck’s constant. To induce spin rotations using
EDSR, a periodic modulation of f}, transverse to the spin
quantization axis n = §B/|gB| must be applied close to
the qubit’s Larmor frequency fi, = |fL].

This can be achieved through two fundamentally differ-
ent mechanisms [33H35]. The first one is referred to as g-
tensor modulation resonance (gTMR), in which a trans-
verse modulation of the Larmor vector arises because an
alternating (ac) electric field deforms the g-tensor — either
by rotating its principal axes or by changing its principal
values in an anisotropic manner [36] (Fig. [If). Electrical

* These authors contributed equally to this work

Present address: School of Electrical Engineering and Telecom-
munications, University of New South Wales, Sydney, NSW 2052,
Australia

Present address: Physics Department, King Fahd University
of Petroleum and Minerals (KFUPM), 31261, Dhahran, Saudi
Arabia. Center for Advanced Quantum Computing, KFUPM,
Dhahran, Saudi Arabia. RDIA Chair in Quantum Computing
e-mail: andreas.kuhlmann@unibas.ch

—+

+

w

control of § 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].

Secondly, coherent spin rotations can be driven by pe-
riodically displacing the QD as a whole with an ac electric
field [23,39] (Fig.[lg). In the presence of SOI, this motion
generates an effective time-dependent magnetic field, re-
sulting in a non-collinear modulation of the Larmor vec-
tor. For a quasi-harmonic confinement, the hole wave
function and the effective g-factor ¢* = |gB|/|B|, and
hence the Zeeman splitting £z = hfr, remain unchanged
during the motion. 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 reported for various hole-spin qubit devices [I8],
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 si-
multaneously maximized qubit drive speed and coher-
ence [40] as a function of the static electric field, made
possible by predominantly IZR-based driving. Likewise,
gTMR-based driving can produce “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
frequency 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
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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 dis-
placement 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 con-
tribution. Experimental confirmation and quantification
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 (FinFET)
[16, 19, 43H45], modeling the experimental results us-
ing the g-matrix formalism. By applying the microwave
drive signal to two distinct gate electrodes, we achieve
in-situ control over the EDSR driving mechanism, tun-
ing the system from a gTMR-dominated regime to one
in which IZR contributes substantially to the Rabi fre-
quency. 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 enables real-time,
on-demand switching between gT’MR and IZR operation.
Finally, 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. [lh). The fin has a
nearly triangular cross-section (see Fig. ), which pro-
duces quasi-1D confinement of the holes and induces a
strong direct-Rashba SOI [25, [26]. A square pulse applied
to P1 switches the device between Pauli spin blockade
(PSB) [46], used for spin initialization and spin-parity
readout via direct-current transport measurements, and
Coulomb blockade [39]. In the latter regime, fast mi-
crowave bursts are applied for spin manipulation via
EDSR. These bursts can be applied to either P1 or the
barrier gate B. A difference in the effective g-factors al-
lows the two qubits to be addressed independently. To
enhance spin readout contrast we employ a lock-in de-
tection scheme |12} [T6] 19, 22], yielding the signal Ijockin-
A three-axis vector magnet enables experiments with an
arbitrarily oriented magnetic field.

III. RESULTS

A. Anisotropy of the g-tensor

We characterize § [30, BI] of Q1 by probing its Zee-
man splitting spectroscopically. As the orientation of B
is varied, the anisotropy of ¢ [32, 47H50] appears through
Ez = up|dB| (Supplemental Material Fig. S1) [19]. Us-

ing the procedure of Crippa et al. [33] (Supplemental Ma-
terial Section A), we obtain
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as visualized in Fig. [Tk. Although § contains nine el-
ements, spectroscopy provides access only to the mag-
nitude of the effective Zeeman field |§B|, not its direc-
tion. Consequently, 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 |§B|
and thus all observables invariant [33] 41].

In the following, we present the results for Q1; a cor-
responding analysis for Q2 is given in Supplemental Ma-
terial Sections B and F. We also compare the extracted
g-tensor with a microscopic model (Supplemental Mate-
rial Section C), which offers a physical interpretation of
the observed anisotropy.

B. Anisotropy of the Rabi frequency

Next, we drive Q1 for a variable burst duration ¢}, from
P1 using a microwave amplitude Vayrw p1 = 12mV and a
frequency fyw close to fi, = 4.5 GHz (Fig.). The Rabi
frequency fr is extracted by fitting lockin at resonance
as a function of t,, and this procedure is repeated for
different magnetic-field orientations in the three planes
shown in Fig. . The resulting data (Fig. , blue mark-
ers) reveal a pronounced angular dependence of fg, with
certain orientations exhibiting strongly suppressed Rabi
driving (e.g. ¢ =~ 45°;0 = 90°). Driving the qubit
from the barrier gate B with Vyyw g = 13.5mV instead
leads to a markedly different anisotropy (Fig. [2b, orange
markers). To understand this behavior, 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], 5I]. The magnitude of
the g-factor tunability, defined as ¢’ = dg/0V, is deter-
mined by measuring the linear response of fr, to small
gate-voltage changes JV (Fig. ) Together with the
measured § and the drive amplitude Vjiw, the matrix de-
scribing this tunability — denoted as the “gTMR-induced
component of the g-derivative,” QéTMR — fully specifies
the gTMR-induced Rabi frequency fr grmr [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
potential and therefore ¢g* and Ez remain unchanged.
Within the g-matrix formalism [33] 34, 52], IZR accounts
for the difference between the experimentally observed
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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 inter-dot tunneling, and the lead gates (L1, L2) accumulate the hole reservoirs. The widths of the B and
P gates are ~20nm. b, Cross-sectional TEM image of a co-fabricated device, highlighting the nearly triangular fin shape. c,
3D representation of the g-tensor, showing a large anisotropy within the xy-plane. 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, ¢ = 0°, 6 = 70° (as
defined in Fig. , and Vmw,p1 = 12mV. e, The qubit Larmor frequency fi, of Q1 is tuned by the voltages applied to P1 and B.
Data were taken at B = 0.172T, ¢ = 135°, § = 90°. f, g, Schematic illustrations of the gTMR and IZR driving mechanisms,

respectively.

fr and the value predicted from gTMR alone, yielding
fr,izr- Analogous to gT'MR, it is represented by the
“TZR-induced component of the § derivative,” §izp.

Rabi driving arising from a mixture of both mecha-
nisms is described by [33]:

_ 1sVuw|B]

fr 2h

mx(gb)], b= B[ (2)

Here, fr defines the Rabi vector, whose magnitude gives
the Rabi frequency fr = |fr|, while its direction corre-
sponds to the axis of spin rotation on the Bloch sphere.
The quantity ¢’ = gyrmg +J1zr denotes the derivative of
the g-tensor with respect to the gate voltage on the driv-
ing electrode, with contributions from gTMR and IZR.
The term §'b represents the oscillating effective magnetic
field, and the cross product with the spin-quantization
axis n ensures that only components 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 there-
fore cannot be separated without analyzing their distinct
angular dependencies (Supplemental Section D).

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

Next, we determine gyr\pr and gizg following the
method of Crippa et al. [33] (Supplemental Section E).
We begin by measuring how E7 changes with the volt-
age applied to the driving gate gFig. k), yielding the
longitudinal g-factor tunability % = uBBg"I, where

I/\ = % = [¢’b] - n. Here, gl’| quantifies the voltage-

induced change in the magnitude of the effective Zeeman
field, i.e., its component along the spin-quantization axis.
Consequently, gl" modulates the Zeeman splitting with-
out tilting n, producing dephasing rather than coher-
ent rotations. Because IZR leaves E7 invariant, it con-
tributes no longitudinal response, so f]fZR” = 0. Thus,
the measured gl" reflects only the gTMR contribution,
enabling a reconstruction of QéTMR — up to the usual
unitary freedom in the choice of spin basis — for driving
from gates P1 and B [33]. Projecting gyr\r onto the
spin-quantization axis and magnetic-field orientation ac-
cording to g"l = [Q{ETMRb] - 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 geryr | =
[9krmrP] x n|. By comparing the predicted fr grar



xz plane

0 45 90 135 180 O 45 90 135 180 O 45 90 135 180
¢ (°) for 8 =90° 0(°) for¢p=0° 0 (°) for p =90°

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
fu=4.5GHz, Viiw,p1 = 12mV, and Vmw,s = 13.5mV. 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 described in the main
text. d, Solid and dashed curves show the transverse components of §’, as defined in the main text. The 1o error bars in ¢’
were obtained by propagating an estimated magnetic field hysteresis of £5mT. Gaps in the data are due to failing PSB readout
for some magnetic field orientations.

with the measured fgr, the remaining contribution can be
. . . -
%ttrlbutgd. to IER’ which allows extraction of giyr B3] 0.006  0.019 —0.163
y definition, gj,r has no longitudinal component but a Pl 1
finite t / — i b leadi d1zr = | —0.022 —0.004 0.049 | V77, (4)
nite transverse response giyr | = |[§izrP] X 1|, leading
. . ' —0.300 —0.015 —0.002
to coherent spin rotations.

and for driving from B
Utilizing Eq. together with the determined §' =

JerMmr + J1zr, We obtain a model that incorporates both 5 0.62 —1.01 —-0.40 .
driving mechanisms and is fully consistent with the mea- glgTMR =| —-103 071 027 |V, (5)
sured angular dependence of the Rabi frequency (Fig.[2b, —0.47 016 0.20

solid curves). The matrices for driving from P1 are

—0.015  0.118 0.725
§'tr = | —0.071 —0.038 —0.681 | V7' (6)

—-0.832 0.717  0.053
—-0.36 1.52 0.31

g’g"%MR = 1.55 —0.71 —0.35 | V71, (3) We now compare the g-factor tunability when driv-
0.35 —0.37 —0.87 ing from gates P1 and B. Across the two drive config-
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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 permr = 85%. b, Same analysis for B-driving. Here, IZR and gTMR contribute comparably to the total
Rabi driving (pizr = 55% and pgrmr = 45%). Constructive (destructive) interference between the two mechanisms occurs at
the red + (—) symbols, leading to enhanced (suppressed) overall Rabi frequency.

urations, gl" shows an angular dependence that is mir-

rored about zero (Fig. , solid curves). In contrast,
Jermr, . follows a similar angular trend for both drive
configurations (Fig. 2, solid curves). Notably, the mag-
nitudes of g|’| and gy, are generally smaller under
B-driving (Fig. [2c and d, orange curves) than under P1-
driving (blue curves), which is counterintuitive given the
larger gate lever arm of gate B a® = 0.208 £ 0.005 ver-
sus o'l = 0.125+0.002, indicating stronger electric-field
coupling. Conversely, B-driving results in a much larger
9izr, 1 (Fig. 7 orange dotted curves) compared to P1-
driving (blue dotted curves). This finding highlights the
nontrivial nature of g-tuning by gate voltages, as it per-
tains 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 fg and
its components fg 1zr and fr gTvr for all magnetic-field
orientations (see Fig. |3). The latter two “pure” contri-
butions are obtained directly from Eq. (2) by substi-
tuting §’ with the corresponding matrix for each driv-

ing mechanism. Since the total Rabi vector is given by
fr = frazr + fr,gTMR, their magnitudes satisfy the tri-
angle inequality fr < fR,IZR + fR,gTMR~ The two contri-
butions add vectorially and, depending on their relative
orientation, may interfere constructively, destructively,
or anywhere in between. From the calculated maps of
frerMmr and frizr, it is evident that gTMR dominates
the Rabi driving under P1l-driving, whereas B-driving
produces a markedly different pattern, with both mech-
anisms contributing significantly and exhibiting distinct
anisotropies.

To quantify this observation, we define the average
fractional contribution of each mechanism as:

g = SRAzZRD _ (frgrvrl)
1ZR 0 PeTMR I3 )

F = (fr1zr|) + (|fr.gTMR]),

(7)
(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 driving mechanisms. Notably, the maximum
frazr increases from below 4 MHz under P1-driving to
above 20 MHz under B-driving — a fivefold enhancement



TABLE I. Drive contributions for Q1.

p?le p?’%MR
P1 drive 15% 85%
B drive 55% 45%

achieved by laterally shifting the drive source by only
~ 30nm. This demonstrates a high degree of tunabil-
ity and highlights the potential for further optimization
of the device geometry to tailor the spin-driving mecha-
nism.

IV. DISCUSSION
A. Opportunities arising from drive tuning

While the distinct anisotropies of gTMR and IZR al-
low the relative contributions of the two mechanisms to
be tuned by adjusting the magnetic-field orientation [33],
switching the driving gate offers an all-electrical means
of control that can be executed much faster than rotat-
ing the external field. Gate switching also enables local
tuning at the level of individual qubits, rather than rely-
ing on the global magnetic-field orientation. In principle,
such electrical control could be automated and carried
out adaptively using fast feedback [II], enabling real-
time adjustment of the driving mechanism. Furthermore,
by applying the same microwave tone simultaneously to
both the B and P1 gates [50} [52] and controlling the rel-
ative amplitudes and phases on the two gates, one could
smoothly transition from a gTMR-dominated regime to
configurations where gTMR and IZR contribute compa-
rably.

Additionally, the static gate voltages can be adjusted,
shifting the QD position in the Si channel [20] and tun-
ing its exchange interaction [I9] while also affecting § and
¢’ |32, 53] and thus the qubit drive composition [40], pre-
senting yet another lever to pull in future experiments.

B. Link between electric-field orientation and
driving mechanism

The relative strength of the two EDSR driving mech-
anisms is governed by the orientation of the microwave
electric field [35]. An ac electric field applied along a
weak confinement direction predominantly displaces the
QD without significantly altering the confinement poten-
tial, thereby activating IZR |23 [40]. In contrast, a field
aligned with a strong confinement axis induces minimal
displacement but deforms the orbital wavefunction, giv-
ing rise to gTMR [36].

The behavior observed in our device is consistent with
this interpretation. Q1 lies beneath gate P1; thus, driv-
ing from P1 primarily generates out-of-plane electric-field

lines, which mainly deform the confinement potential and
therefore favor gTMR. By contrast, gate B is laterally off-
set from the qubit, producing at Q1 an ac electric field
that contains not only a vertical component but also a
substantial in-plane component along the fin - the di-
rection of weak confinement. This naturally results in a
mixture of IZR and gTMR. Accordingly, we observe an
enhanced IZR contribution when the driving gate is later-
ally displaced from the position directly above the qubit,
consistent with an increased in-plane electric-field com-
ponent. This trend aligns with recent reports of predom-
inantly IZR driving using more distant gates in nanowire
devices [40].

C. Optimizing qubit operation

From a qubit-performance perspective, fg is a key met-
ric as it determines the achievable qubit gate speed. In
our device, the maximum individual contributions from
both gTMR and IZR reach ~ 25 MHz (see Fig. [3). This
symmetry likely reflects the specific device geometry;
in general, the maximum Rabi frequency achievable via
each mechanism can be engineered. For example, IZR
can be enhanced by elongating the QD along the fin, since
the IZR-induced Rabi frequency is predicted to scale with
the fourth power of the confinement length along the di-
rection of motion [53], enabling ultra-fast qubit gate op-
erations [35] [54].

An interesting observation, consistent with previous
reports [20] B3], is the existence of multiple magnetic-
field orientations for which fg ~ 0 under gTMR driv-
ing, whereas only a single such orientation exists for IZR
- namely when B lies parallel to the spin-orbit field di-
rection ngo [23} B9, B5]. In the context of scaling to
larger qubit arrays [4] [8,56], achieving uniform qubit gate
speeds across all qubits is essential. Although gTMR-
based high-speed field orientations can be electrically
tuned on a per-qubit basis [20], IZR may offer a practical
advantage due to its narrower low-speed regime, mak-
ing it easier to avoid orientations with vanishing Rabi
frequency.

Another important metric is the dephasing time T3.
Since dephasing occurs during qubit idling - when no
drive is applied - it is independent of the chosen drive
configuration. In general, achieving optimal Rabi speeds
while simultaneously maximizing coherence is not guar-
anteed, as reducing sensitivity to noise typically also sup-
presses coupling to the driving field [I7]. For predomi-
nantly gTMR-driven hole spin qubits, the concept of “re-
ciprocal sweetness” has been proposed to mitigate this
trade-off [20, AT, [42]. Tt predicts that local maxima of fr
as a function of magnetic-field orientation should coincide
with coherence sweet spots. Our FinFET qubit exhibits
indications of this relation in the P1-driving configura-
tion, where gTMR dominates (see Supplemental Section
G). Notably, for B aligned with [¢, ] = [10°,120°], both
Ty and fr reach a local maximum. In contrast, driving



from gate B shifts the magnetic-field orientation asso-
ciated with the highest Rabi frequency to a point that
no longer coincides with a coherence sweet spot. This
suggests that “reciprocal sweetness” is favored in regimes
where gT’'MR is the dominant driving mechanism.

In light of this result, IZR may appear to be a less fa-
vorable driving mechanism when aiming to optimize both
gate speed and coherence. However, simultaneous max-
imization of these two metrics can also be achieved in
predominantly IZR-driven systems that employ an elon-
gated quantum dot [40]. In such systems, the hole g-
factor is renormalized and suppressed by increasing spin-
orbit coupling strength [53], and IZR causes fr to mono-
tonically rise with the spin-orbit coupling [25] [54]. Im-
portantly, the strength of the direct-Rashba spin-orbit
interaction peaks at a finite electric field resulting in a
simultaneously maximal fr and vanishing derivative of
g with respect to gate voltage [40], thus additionally en-
suring a coherence sweet spot [25] 26]. Although our
experiments do not reach an IZR-dominated regime, the
FinFET architecture naturally favors elongated quantum
dots, and tuning the gate voltages may shift the drive
composition further toward IZR. It also remains an open
question whether an analogous sweet spot condition for
both speed and coherence exists in regimes with a more
balanced drive composition.

Ultimately, these considerations suggest that “pure”
driving using either IZR or gTMR facilitates the real-
ization of fast and coherent hole spin qubits. We demon-
strate that in-situ switching from a less desirable mixed
configuration to a much more “pure” drive composition
is achievable. Because qubits located at different sites
in a larger quantum dot array may reach their opti-
mal drive under varying conditions, the search and con-
secutive adaptive adjustment of the drive configuration
promises to be a useful tool for optimizing future hole
spin processors.

V. CONCLUSION

In conclusion, we have demonstrated in-situ switch-
ing between two distinct driving configurations of a hole
spin qubit in a Si FinFET. By mapping the g-tensor, its
derivatives with respect to plunger- and barrier-gate volt-
ages, and the Rabi frequency, and fitting all quantities
using the g-matrix formalism, 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, resulting from an ac
electric modulation of the g-tensor. In contrast, driving
from the barrier gate B yields a more balanced drive com-
position, with significant contributions from both gTMR
and IZR, the latter originating from lateral QD displace-
ment induced by the ac electric field. Switching from P1-
to B-driving enhances the IZR-induced Rabi contribution
by a factor of five. These findings are consistent with the
driving field orientation being governed by the spatial po-

sition of the driving gate relative to the QD. Importantly,
switching the driving mechanism by selecting the driving
gate is an all-electrical process, eliminating the need for
slow tuning of the magnetic-field orientation.

VI. OUTLOOK

Having demonstrated in-situ switching between Rabi
driving mechanisms, the individual influence of gTMR
and IZR on qubit operation can now be systematically
explored. In the broader context of operating spin qubits
in a quantum processor, where numerous processes be-
yond Rabi driving occur (e.g., idling, shuttling [57, 58],
resonator coupling [59H62], two-qubit gates [1T], 14} [19]
and readout [63][64]), differences between gTMR and IZR
may offer distinct advantages or pose specific challenges.

Looking ahead, the ability to electrically switch the
driving mechanism may serve as a powerful diagnostic
tool for spin qubits and could be used to evaluate the
impact of design modifications in future device architec-
tures. Owing to the strong dependence of the IZR contri-
bution on the direction of the ac field, such devices could
also be exploited to locally probe the microwave field ori-
entation or, conversely, to triangulate the position of the
QD relative to a radiation source.

While our results clearly demonstrate that a single de-
vice can be tuned from a gTMR-dominated configuration
toward a more balanced regime between gTMR and IZR,
they also raise important questions for future work. In
particular, it remains to be investigated whether a more
complete inversion of the drive composition - i.e. a tran-
sition from pgrMr > przr to peTMR <K Przr - can be
achieved. This may be possible by applying the drive to
the right plunger gate (P2), or to a gate electrode po-
sitioned even more laterally along the fin. Furthermore,
monochromatic driving from multiple gates with tunable
relative amplitudes and phases [52] could enable smooth
traversal between different driving regimes, providing a
platform to study this transition in a controlled manner.
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