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1. MEASUREMENT OF THE THICKNESS OF THE QUANTUM WELLS
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Figure S1. Method for computing the thickness of the quantum well based on the counting of the (002) horizontal planes, which
reduces the uncertainty and bias associated to properly detecting the margins of the quantum well, for both heterostructures
B and C. Scale bars are 10 nm (images in left column) and 2 nm (images in center column))

To avoid possible errors associated with calibration, we measure the thickness of the Si layer in the quantum wells
(tqw) for heterostructures B and C by considering the interplanar spacing of the horizontal planes (002) of the quantum
well (dg.) and of the underlying the strain-relaxed SiGe buffer layer (dpyffer). For the Sij_,Ge, buffer layer, we
consider the stoichiometry x as measured by means of quantitative EELS and calculate the theoretical expected cell
parameter a..; using the following approximation of Vegard’s law:

Aeel = agi + 0.2z + 0.0272%, (1)
where ag; = 5.431 A is the cell parameter of the diamond cubic Si crystal phase. To calculate dyuyy We use the
formula for the interplanar distance of the desired plane (002) of a diamond cubic system:

Geell Geell Geell
dyp = ———<  — = 2
hil h2+k2+12 02+02+22 2 ()
Since the quantum well is strained, dy,, is found by considering the average dilatation ¢ of the quantum well (002)
planes with respect the (002) planes of the buffer. The dilatation § is obtained experimentally by Geometrical Phase
Analysis (GPA). The standard deviation of GPA is high for dilatation close to 0, as happens with the (220) epitaxial

planes, for which the method is not the preferred choice. Nevertheless, for the larger dilatation of the (002) planes,
the relatively smaller standard deviation makes the measurement significative. As a result, dg,, is computed by:

dgw = dpuss (149). (3)




Finally, the thickness of the quantum well is given by:
tqw = Nqudqu, (4)

where we count the number of planes forming the quantum well (ng,,) and multiply by d4.,. Therefore, the expected
uncertainty of the thickness measurement lies in whether the initial and last plane of the well are being considered or
not, i.e. the standard deviation is given by o = 2d,,.

With this in mind, for heterostructure B, where x = 0.31, four different measurements counting the (002) planes
were performed in different regions of the quantum well, nq,, = 33 (3 times) and 34. With an average experimental
 of -1.6+0.2 %, we obtain dg, = 2.704 + 0.007 A, resulting in an average thickness ¢4, = 9.0 & 0.5 nm.

For heterostructure C, x = 0.31 and two measurements counting the (002) planes were performed, ng, = 19 and
20. With an average experimental ¢ of -1.74+0.5 %, we obtain dg,, = 2.701+0.014 A, resulting in an average thickness
tqw = 5.3 0.5 nm.



2. CHARGE NOISE MEASUREMENTS
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Figure S2. Comparison, for illustration purposes, of charge noise measurements spectra under different conditions. a Coulomb
peak with large derivative dIsp/dVp and b time-resolved Isp measured at the flank of the Coulomb peak (dot in a). Measure-
ments are from a device from heterostructure C. ¢ Coulomb peak with smaller derivative dIsp/dVp and d time-resolved Isp
measured at the flank of the Coulomb peak (dot in c¢). Measurements are from a device from heterostructure B. e Coulomb
blockade and f time-resolved Isp measured on a test device from heterostructure B, indicative of the noise floor of our mea-
surement setup. The time traces in b,d,f show a consistent decrease in the noise bandwidth going from the most sensitive
(AIsp ~ 50 pA in b) to the less sensitive (Algp ~ 10 pA in f) configuration. g Comparison of the current noise spectrum un-
der different sensitivity conditions. Purple (high sensitivity), cyan (low-sensitivity), and lemon (noise floor) curves shows S;(f)
obtained from measurements in b, d, and f, respectively. Lemon and cyan curves show a broad interference peak at 150 Hz, as
well as a flattening out of the curve at ~40 Hz. h Charge noise measurement of heterostructure A with an interference peak
at 9 Hz arising from the measurement module. In i we remove the interference peak from the analysis. j,k Charge noise of a
device from heterostructure B and C, respectively, measured with a different measurement module compared to h showing no
interference peak.



3. NOISE SPECTRA FOR A QUANTUM DOT FROM HETEROSTRUCTURE C
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Figure S3. Charge noise spectra Sc(f) at different plunger gate voltage Vp from a quantum dot from heterostructure C. The
same data is plotted in Fig. 2d in three dimensions. The black trendline shows a 1/f dependence.



4. FREQUENCY AND GATE VOLTAGE DEPENDENCE OF NOISE SPECTRA

We formulated the equation for the plane in Fig. 2d
log Sc = —alog f + BVp + v (5)

to capture the experimental dependence of S¢(f, Vp) observed when S, and f are plotted on a log scale. Eq. 5 expands
the known expression describing the low-frequency dependence of the charge noise spectrum|[1, 2]

A
= o
where A is a constant prefactor describing the noise strength evaluated at 1 Hz. We now multiply a phenomenological

prefactor e?V7 | that describes the reduction in susceptibility of the quantum dot to electric noise as a function of
plunger voltage Vp [3]. This yields the expression

S, (6)

Se = Ae’gv”. (7)

By taking the logarithm of Eq. 7 and defining v = log(A) as the unscreened noise, we arrive at the expression Eq. 5
in the main text.



5. OPERATION GATE VOLTAGES FOR CHARGE SENSOR QUANTUM DOTS
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Figure S4. a Charge noise s! /2 at 1 Hz as a function of the plunger gate voltage Vp for all measured devices of heterostructure
A (red), B (blue), and C (green). Circles and diamonds highlight, respectively, the minimum (Semin) and maximum (Se max
charge noise at 1 Hz for each device upon varying Vp. For a given heterostructure, these Se min and Se ma. values build up the
distributions plotted, respectively, in b (Fig. 2e main text) and c. The trend of charge noise improvement from A to B and C
is observed both for Sg min and Sg maz. SE,min varies less than Sg ma. between different devices for a given heterostructure
since SE,maz is more affected by device-specific effects such as geometry of wave-function, screening, and the exact electron
number on the island. Because we do not know the exact electron number, we believe that Sg mi» is more suited to compare
between the different heterostructures.

d-i Distributions of the operation gate voltages of the plunger, SDLAcc, SDLB, SDRB, SDRAcc, and screening gates,
respectively (see Fig. 1f in the main text) for heterostructure A (red, 4 devices measured), B (blue, 8 devices measured), and
C (green, 5 devices measured). With the exception of gate SDLB, all operation voltages of the charge sensor are highest in
heterostructure A and lowest in heterostructure C with a difference of up to 600 mV. Note that a global screening gate is only
used for the operation of heterostructure A. Quartile box plots, mode (horizontal line), means (diamonds), 99% confidence
intervals of the mean (dashed whiskers), and outliers (circles) are shown.



6. LEVER ARM EXTRACTION
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Figure S5.  a Differential conductance (dI/dV’) showing representative Coulomb blockade diamonds as a function of the

source-drain voltage (Vsp) and plunger gate voltage (Vp) for heterostructure C. We derive the two slopes ms and mp on both
sides of each Coulomb diamond. Using the equation a = |%|, we extract a lever arm of a = 0.12 eV /V for the Coulomb
peak at Vp =~ 308 mV, where we indicate ms and mp with magenta lines. The dashed line indicates the source-drain voltage
(Vsp = 150 (V)) used for the charge noise measurements. b Lever arm and c slope at the flank of the Coulomb peak for
the peaks reported in a. We calculate the Pearson correlation coefficient (7), measuring the linear correlation between the two
parameters. It varies between -1 and 1, with 0 implying no correlation. We also calculate the p-value of the null hypothesis,
i.e., r = 0. We remember that the p-value indicates the probability of an uncorrelated system producing datasets that have a
Pearson correlation at least as extreme as the one computed from these datasets. We remember that a p-value greater than
0.05 is considered not statistically relevant.

7. SIMULATIONS OF DEPHASING TIMES AND GATE FIDELITIES

Charge noise, as measured in this paper, leads to a loss of coherence for all kinds of quantum states. For qubit
systems such decoherence can be described by two reference numbers: the qubit relaxation time 7; and the qubit
dephasing time 75. Low frequency charge noise affects dominantly the dephasing time T3 of a qubit. Here, T3
references the free induction decay of a Ramsey experiment and describes the decay of a superposition state due to
fluctuations in the resonance frequency of the qubit. The dephasing time 7% depends on the characteristics of the
noise as well as the susceptibility of the qubit to the fluctuations. In short, charge qubits are more susceptible to
charge noise than spin qubits. For a general qubit with energies £ the dephasing time can be expressed as

h
Ty = :
V|| 2 g s par

where S, is the measured noise spectral density of the chemical potential p and fug s are the high (low-) frequency

cut-off frequency. Note, that this simple expression for the dephasing time only holds away from a sweet spot [4, 5],
oE

2= =0.

on

(8)



Dephasing of charge qubit

A charge qubit in general consist of two charge states with a difference in chemical potential € = us — pq that are
coupled via a tunnel matrix element ¢.. Such a system can be described by the simple Hamiltonian

€

H = 502 +t.0z, 9)
where 0,, 0, and o, are the three Pauli matrices. Charge noise couples to the charge qubit directly via their chemical
potentials. As a consequence a charge qubit is maximally susceptible to charge noise and we find g—i = 1 in the regime
€ > t.. We take the values for the frequency cut-offs fi,r = 33 GHz from Ref. [6] and fir = 1.6 mHz for our simulation
to ease comparison.

Dephasing of spin qubit

A spin qubit is ideally not affected by changes in the electrostatic environment from charge noise. However, due
to intrinsic spin-orbit interaction (SOI) and artificial SOI through a micromagnet charge noise can couple to the spin
degree of freedom. For a spin qubit made in SiGe using a micromagnet we find

o0& Ox 0B,

o _ Oz aj Ox 0B,
8/14 = Qsensor gy7 "5 1%

Bg = 1.6 x 10*5(9” = Osensor 577 5 HBY = 1.6 x 1075 (10)

with the voltage displacement g—{j = 0.024nm/mV, field gradient = 0.08 mT/nm, Bohr’s Magneton pup =

0.0579 ueV,/mT, g-factor g = 2, lever arm agensor = 0.07€¢V/V, and freqlalgency cut-offs fur = 10kHz and fiy = 1.6 mHz
all taken from Ref. [7].

0B,

Gate fidelity simulations

In order to extrapolate the performance of a two-qubit ¢z gate from the measured charge noise we perform numerical
simulations. The details of the simulations are described in Ref. [8] using the measured charge noise as an input.
We simulate the unitary evolution operator of a €z two-qubit gate using adiabatic barrier control at the detuning
charge noise sweet spot. Colored charge noise is numerically generated using the Fourier filter method [9, 10] and
added to the control pulses. For the simulation we use an additional heuristic lever arm apaprier = 1 mV/peV into
consideration to translate the measured fluctuations in chemical potential to fluctuations in barrier voltage in the
simulation. With this specification the charge noise measured in Ref. [8] would translate to S¢ 2 =04 peV /Hz'/?,
a reasonable assumption. To benchmark the performance we compute the average gate infidelity a commonly used
metric for the quality of gates for all measured spectral densities S.(f) = S¢/f*.
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