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SXDM data analysis

In this section, we describe how the raw data obtained for our strain mapping experiment was processed to provide the
diffraction maps shown in Figure 3 in the main text.
We recorded SXDM datasets with a Field of View (FOV) of 5 x 5 um? at a lateral step size of 40 nm around the qubit
device for the 335, 335 and 335 Bragg reflections. For each reflection, a dataset is based on 2D raster scans (z, y) of the
sample through the nano-focused beam while an area detector (Mazipiz 6 516 x 516 px) is read out each 30 ms, record-
ing a 2D distribution of diffracted X-rays. These scans produce 4D datasets, since the detector image represents a 2D cut
through reciprocal space. To obtain a 3D reciprocal space map for each point on the sample, the rasters were iterated for
a series of rocking angles w. Thus, a 5D dataset is obtained. Switching between the reflections was achieved by rotating
the sample by 90° about the azimuthal angle ¢. The data acquisition took approx. 15 h, not including the time needed for
sample alignment.
From the raw data, maps of the scattering vectors for the Ge QW layer for each reflection (Qss5, Qs35, Q335) have to be
determined in a multi-step analysis procedure. First, for each reflection, the series of raster scan has to be corrected for
drift. During the measurement, the sample moves (1) with time due to settling of motors or thermal drifts, and (2) with
w due to any offset between the rotation axis of w and the beam spot on the sample. The magnitude of this movement is
typically around 1 pm per degree in w, and around 1.5 pm total in our measurement. Thus, the 4D diffraction maps for
consecutive steps in w have to be shifted relative to each other in real space. For the drift correction, we used the python-
based X-ray Strain Orientation Calculation Software (X-SOCS), developed at ID0O1. In X-SOCS, the drift of a series of
raster scans is assessed by tracking the positions of selected features on the sample in dependence on w.
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Figure S1 Three-dimensional Reciprocal Space Map of the Ge/SiGe hole spin qubit heterostructure and projections of the scat-
tering vector for the Ge QW layer. (a) Isosurface plot of the 3D RSM with the ROI used to isolate the Ge QW layer signal. The
relative intensities of the isosurfaces are described by the legend (in arbitrary units); (b, ¢, d) Averaged projections of the normalized
scattered intensity from the Ge QW layer along Qx, Qy, Q.. (Blue curves) measured intensity; (Orange curve) Fits with Pseudo
Voigt functions.

In the next step, for each sample position, a series of 2D detector images at different rocking angles w was converted into
3D Cartesian reciprocal space (Qx, Qy,@,). We defined the Cartesian reference system with respect to the Ge crystal lat-
tice: Qx || [110],Qy || [110],Q, | [00 1], where [0 0 1] is the nominal direction of the surface normal. In this refer-
ence system, the Bragg reflections of the {3 3 5} family will always be located close to one of the in-plane axes (Qx =~ 0

or Qy ~ 0). The conversion was be achieved using X-SOCS, based on the X-ray energy as well as the sample-detector dis-
tance and the detector pixel size. A 3D rendering of the thus obtained 3D RSM for a specific point on the sample is shown
in Figure Sla.

The next steps aims at reducing the 5D dataset I(z,y, Qx, Qy, @,) to a 3D vector field of the kind Qqw = (Qx,qw, Qy.qw, @2.qQw)
by determining the Bragg peak position of the QW layer within the 3D RSMs. This step is iterated over all (z, y) sample
positions and was based on custom python scripts. It involves an optimized, automated peak fitting procedure required
due to significant overlap of the QW layer peak with diffraction from the thick, graded Sig.2Geg g buffer layer (dashed light
blue box in Figure Sla), which is 2-3 orders of magnitude more intense. To isolate the QW layer peak, we selected a 3D re-
gion of interest (ROI) around it (solid dark blue box) and further studied its 1D projections onto the three Cartesian recip-
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rocal axes (I(Qx), I(Qy),I(Q,) — blue curves in Figure S1b-d). The center positions of the peak are determined by fitting a
suitable profile (orange curves).

For the in-plane directions Qx qw and @y qw, fitting a standard Pseudo Voigt function was sufficient, while for the out-
of-plane direction @, qw, obtaining a good fit was more challenging due to the described peak overlap and an intensity
modulation caused by the interferences from the interfaces within the pseudomorphic SiGe/Ge/SiGe stack. To resolve the
latter, we modeled the QW peak by a sum of two Pseudo Voigt profiles with different center positions instead of a single
profile. The whole procedure was done in a loop iterating over all sample position, thus yielding 2D spatial maps for all
components of the scattering vector of the Ge QW layer. These are exemplarily shown for the 335 Bragg reflection in Fig-
ure S2.
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Figure S2 Maps of the three components of the scattering vector of the 335 reflection. (a) Map of Qx .qw; (b) Map of Qy qw; (¢)
Map of QZ,QW

We note that the errors for Qx,qw, Qy,qw, @zqw vary locally depending on the goodness of the fits and the statistical
error. The fit errors are a limiting factor for the overall sensitivity of the SXDM technique in the presence of peak overlap.
In our datasets, on average, the fitting errors for Qx qw and Qy qw are in the range of 3...5 x 1074 nm™!, while the error
for Q,.qw is typically around 7...10 x 10~*nm~!. Furthermore, a systematic offset in the RSMs may occur due to an
imperfect alignment of sample or diffractometer. We corrected this offset by comparing a reference measurement obtained
by lab XRD with the average over all frames of the SXDM dataset.

The data analysis procedure described up to here is performed separately for each of the three {335} Bragg reflections.
The resulting maps of the total length (modulus) of the scattering vector |Q| are shown in Figure 3 in the main text. In
the next step, the diffraction maps Qqw for the three Bragg reflections are overlaid and a linear combination of the scat-
tering vectors is performed for every (z, y) sample position. Superimposing the diffraction maps allows for the local calcu-
lation of pseudo scattering vectors along the Cartesian reciprocal directions of interest (110,110,001) as follows: [13:7]

Quon = 75+ (Quss + Qu) (1)
1

Qii0 = 6 (Q335 — Qs35) » (2)
1

Qiip = 3 (Qa35 — 5 Qoo1) - (3)

From Q110, Q119 and Qoo1, the corresponding real space basis vectors Ri19, R;79 and Rop1 are obtained by
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Qoo1 X Q1
Rijg=27- , 4
1o Q110 - Qoor x Qi1 W
Q110 X Qo1
R0 =27 , b)
1o Q110 - Q110 X Qoot 5)
Roo1 = 2m - Qo X Quio (6)

Qoo1 - Q10 X Quio’

The moduli of the real space lattice vectors correspond directly to the three (virtual) lattice parameters a119, @119, Goo1:

a110 = V2 - |Ri10), (7)
a110 = \@ |R110|, (8)
aoo1 = |Ro1ol- 9)

Thus, for convenience, we defined a virtual unit cell that is rotated by 45° about the surface normal with respect to the Ge
unit cell. This choice is based on the principal directions of misfit dislocations and the device layout. The three angular
lattice constants «, 3,~ are then calculated from the angles between Ri19, R;79, Roo1:

Roo1 - Ryt )
a =arccos | ——m———— |, 10
(e (10)
Roo1 - Ri1o >
=arccos | ——m——— |, 11
g (|R001| - |Ra1o| (11)
Ri1o - Ry1g )
=arccos | ———— |, 12
) (e Ty (12

This way, the full set of six lattice parameters is obtained for every spot on the map, allowing to calculate the spatially
dependent strain tensor by the equations (1) - (6) in the results section of the main text. Furthermore, the angle between
the reciprocal in-plane axes v*, which depends on the lattice parameters of direct space, is introduced for convenience:

cosa-cosﬁ—cos*y) (13)

*_
7 _arccos< [sina| - |sin f]

The lattice strains are then calculated from the lattice constants according to equations 1-6 in the main text. The unfil-
tered strain maps determined by this analysis procedure are shown in Figure S3.
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Figure S3 Unfiltered maps of the six components of the strain tensor in the vicinity of the qubits. (Top row) Maps of the three
components on the main diagonal of the tensor. (Bottom row) Maps of the three shear strain components. The colorbars describe
the magnitude of the strain in multiples of 1073, The orientations of the lattice planes are described by the black arrows.

The long-range gradients, which are caused by the dislocation networks in the buffer layers, may be filtered out by apply-
ing a 2D high-pass Fourier filter, highlighting the additional strain caused by the electrodes, as seen in Figure 5b in the
main text. Likewise, the effect of the electrodes can be removed by applying a low-pass Fourier filter, to study exclusively
the long-ranged strain fluctuations.

We note that the lateral spatial resolution of the SXDM measurement is governed by the size of the X-ray spot on the
sample, which is found to be < 30 nm (see X-ray nanoprobe section) and the lateral step size of 40 nm used in the map-
ping. A further blurring is expected due to both the drift correction and the overlaying of the maps from different Bragg
reflections. Thus, features with a lateral width of less or even slightly larger than 40 nm may not be fully resolved in the
SXDM maps.

The errors for the strains are difficult to determine and mostly due to the statistical error of the fit of the partially overlap-
ping Bragg peaks (Ge QW layer and the (graded) SiGe buffer) in reciprocal space. An attempt to estimate the confidence
intervals for the strains is made based on the local fit errors for Qx,qw, Qy,qw, @z,qw returned by the optimization rou-
tine. Based on the locally determined confidence interval, we propagate the error by inserting the confidence limits into the
equations to calculate the strain tensor for each (z, y) sample position. We regard the difference between the maximum
and minimum of strain obtained by this method as its confidence interval. In Figure 6a-b in the main text, the local confi-
dence intervals of 30 obtained thus for ey« and ¢,, are represented by the areas shaded in yellow.
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Lattice rotations

The methodology presented in this work allows not only to calculate the strains of the crystal lattice, but also the three
lattice rotations pitch n, roll y, twist ¢, which are illustrated in Figure 4a together with all strains in an orthorombic unit
cell. To define the rotations, a set of reference unit vectors v along the main directions of the crystal lattice are calculated
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Figure S4 Schematic of the lattice deformations in a stressed and rotated orthorombic unit cell. (a) Unit cell with the deformations
(red) Normal stresses; (green) shear stresses; (blue) lattice rotations. (b) Unit cell after rotation, which changes the orientation of
stresses relative to the lattice planes.

from the global, lateral average of the lattice vectors < Rooi>, < Ri10>, < Ry1g> to determine a reference system, with
respect to which rotations are defined:

< Rogo1 >
Voor=7—% V1
‘ < R001 > | ’
Vi = Yool + Vi1
1M1=
[Voo1 + Viio]
V.o — Yoor T Vifo
111 =
[Voo1 + Vi1
1 viigt+ v
Vioo=5 7T 7

2’ [Viio + Viio]

| <Rupo>|’ | <Ryip > |

(16)

The rotations are calculated as the sum of two angles, each between one vector from {R110, Ri79, Roo1} and one reference
vector {V1117 Vi1l VlOO}:

1

n= 3 (arccos(Roo1 - vi11) — arccos(Ra10 - v111)),
1

X = 5 (arccos(Roo1 - vi11) — arccos(Ry10 * vi11) s

1
¢ = X (arccos(Ri1o - vioo) — arccos(R;1¢ - V1oo))

(17)

(18)

(19)

The local rotations of the unit cells, as depicted in Figure S4b, change the orientation of the lattice planes relative to the
directions along which stresses are applied, thus causing a local transformation of the stress tensor. 8] This leads to a trans-
lation of some amount of symmetric stress into shear stress, and moreover, the symmetric out-of-plane stress ¢,, may be

non-zero in the rotated unit cell because the [001] direction is no longer parallel to the surface normal.
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In Figure S5, the maps of the three lattice rotations calculated from the diffraction maps are shown. In [110] direction,

the variation of the pitch 7 is small and caused only by the electrodes. However, there is a gradient in n of approx. 0.08 °
along [110] over a length scale of [ ~ 2 pum related to the misfit network in the plastically-relaxed buffer layers. For y, there
is a slope along [110] similar in magnitude and length to the gradient of 7 along [110]. In [110] direction, the variation of
x is very small and caused only by the electrodes. Both the electrodes and the misfit dislocations appear to have an effect
of a similar magnitude on the in-plane rotation ¢, with (1) the electrodes causing abrupt local changes and (2) a slower
gradient occurring along the slope of an undulation of the cross hatch pattern. We observe that the magnitude of long-
ranged fluctuations in ¢ is smaller compared to those in 7 and x by approximately a factor of five.

-0.03 0.00 0.03 -0.025 0.000 0.025 —0.008 0.000 0.008

roll x [°] L o twist ¢ [°]

[110]

[001]

Figure S5 Maps of the lattice rotations. The colorbars are given in degrees. The orientations of the lattice planes are described by
the black arrows.
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Stiffness tensor and stress maps

In this section, we describe how the local lattice stresses are calculated from the strains measured by SXDM. In Voigt no-
tation, the stress tensor ¢ in the Ge QW layer is calculated from the 6x6 stiffness tensor C, which has cubic symmetry and
is well described in the literature,®! and the experimentally determined strain tensor ¢.

In the literature, the stiffness tensor for materials in the cubic lattice system is typically given for the orientation xgo =
[100], yoo = [010], zgo = [001]. However, we discuss the lattice strains along a more natural, rotated system: x450 = [110],
yase = [110], z450 = [001]. Thus, we need to transform Cge by 45° rotation around [001] to gain the correct expression
of the tensor Cyseo in our reference system. The two tensors Cgo and Cyso for Ge are given in equations (20) and (21) (in
units of GPa).

[128.53 48.28 4828 0 0 0 1
48.28 12853 4828 0 0 0
48.28 4828 12853 0 0 0
Coe = (20)
— 0 0 0 68.3 0 0
0 0 0 0 683 0
| 0 0 0 0 0 68.3]
[156.7 20.105 4828 0 0 0
20.105 156.7 4828 0 0 0
48.28 4828 12853 0 0 0
Cuso = (21)
0 0 0 68.3 0 0
0 0 0 0 683 0
| 0 0 0 0 0 40.125]

Thus, we are able to calculate maps of all six independent components of ¢ in the Ge QW layer, shown in Figure S6, from
Cys0 and the strain maps in Figure S3 according to Hooke’s law in equation (22): (21

o =Cys0 - £

_O'XX_ _011 Clg 013 0 0 0 1T Exx T

gy Cyp Coy Cos 0 0 0| |z

Ozz _ 031 ng 033 0 0 0 Ezz (22)
Oy 0 0 0 Cu 0 0|2

Orer 0 0 0 0 Cs5 0|2

o] LO 0 0 0 0 Cel [260y]

On average, the in-plane symmetric stresses oy and oy, are approx. oxx ~ oyy ~ 0.93 GPa. In comparison, the average
values for the out-of-plane symmetric stress o,, and the shear stresses oy, and oy,, which should be 0 in the ideal case for
only biaxial stress, as well as oy, are smaller by 2-3 orders of magnitude.

For a homogeneous thin film, typically no surface normal stress is assumed with o,, = 0. However, we observe local fluctu-
ations of o,, of some tens of MPa in the Ge QW layer over both short and long length scales. For both effects, we consider
a possible cause. The short-ranged fluctuations of o,, are also attributed to the electrodes. In areas underneath a metal
strip, the Ge lattice is compressed along the in-plane directions and expands vertically in response (described in the main
text), causing a curvature of the electrode which is counteracted by its stiffness. When the two forces exerted from the Ge
lattice expansion and metal stiffness are in equilibrium, some amount of stress along the z-axis is present underneath the
electrode, as seen in the o,, stress map.
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Figure S6 Maps of the six components of the stress tensor. The colorbars describe the magnitude of the stresses in GPa. The orien-
tations of the lattice planes are described by the black arrows.

A potential contribution to long range gradients in o,, are local tilts of the lattice, which were described in the previous
section of the supporting information. The Ge unit cells undergo local rotations, such that the [001] direction deviates
from the surface normal, which results in a small magnitude of stress along this direction.

The spatial distribution of each stress component mostly matches to the corresponding strain component. An exception
are the electrodes running mostly along [110] in the right side of the map, which are not well visible in &,, (see Figure 5 in
the main text), but show a clear footprint in ¢,,. As noted in section 2.4 in the main text, the morphological and mechani-
cal properties of the lithographically fabricated metal electrodes are affected by local inhomogeneities, such as grain bound-
aries. These effects may also influence the local stress exerted by the electrodes. We attribute these differences between ¢,
and o,, distribution to local inhomogeneities present in the electrodes.
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Strain and composition in the buffer

In this section, we show SXDM measurements of strain and alloy composition in the 500 nm thick SiGe buffer layer. By
applying the procedure described in the data analysis section to the SiGe scattering vector, we obtain the lattice constants
in the SiGe buffer with lateral resolution. To calculate the lattice strains, the unstrained lattice constant ag of the Si;_,Ge,
unit cell is required, which depends on the composition x.

Since = undergoes local fluctuations, to obtain the strains we need to determine the local ag, which is possible under the
assumption of anisotropic biaxial stress with no stress along the surface normal. This assumption allows us to calculate ag
by equation 23, which is derived from equation 22 for ¢,, = 0.

g = 2 lano +argo) + (1 = v) - aoos (23)
0 1+v

For this, we introduce the Poisson ratio v, which depends on the elastic constants Ci5 = Cag and Css for SiGe. 12

1
V= ——
C33

LS|
Ci3

With ag, we can determine the components of the strain tensor according to equations 1-6 in the main text, and the local
alloy composition z from the following equation 25 given by Dismukes et. al,®] with the lattice constant of unstrained Sili-
con ag; = 5.431 A.

(24)

ao = ag; - (1 + 0.036832 + 0.004972) (25)

0.795 0.798 0.801 2.2 2.4 2.6 1.5 2.0 25 3.0 -2.0 -18 -1.6
[

Figure S7 Maps of alloy composition and the strain tensor in the SiGe buffer layer. The colorbar of the composition map is dimen-
sionless, the colorbar for the strain maps describes the strain in multiple of 1073

The maps for composition and strain are shown in Figure S7. The composition in the SiGe buffer is approx. x = 79.9 %
om average, close to the nominal composition of = 80 %. The average of the symmetric in-plane strains exy and eyy
is approx. 2.3 - 1073, which is a typical value for an epitaxial Sig.»Geg.s film grown at high temperature on a Ge VS, and
stems from the mismatch between the thermal expansion coefficient of Ge and Sig.»Geg g. MV
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We notice that in all maps, we observe modulations in the form of sharp lines, reminiscent of the single misfit disloca-

tion seen the diffraction map for the Ge QW layer (Figure 3c in the main text), and long-ranged gradients on a pm-scale.
These fluctuations are caused by the dislocations mediating plastic relaxation at the lower interface of the SiGe layer, 1]
The total magnitude of the modulations in the composition is approx. = 0.8 % and in the strains approx. 1.8 - 1073,
These values are in agreement with published findings from SXDM measurements on a thick relaxed SiGe buffer of a simi-
lar composition. !

We note that the lateral strain and composition distributions in a thick relaxed SiGe layer are depth-dependent, since the
strain fields from these dislocations are cancelling out with distance to the interface at which the MD network is formed. [*!
Thus, at given depth within the layer, the only contributions left are of a lateral wavelength corresponding to the vertical
distance to the MD network (500 nm at the interface to the QW layer).

Since the SiGe X-ray diffraction signal is comprised of X-ray scattering from the entire thickness of the layer, the SXDM
maps are comprised of the depth-average of the lateral variations of strain and composition. For this reason, we do not ob-
serve the footprint of the device on top of the structure, since the electrode-driven strain modulations are too weak to ex-
tent deeply into the sample. An interpretation of the MD-driven strain modulations apparent in these maps is possible by
considering the depth-dependence of the wavelength of the strain distribution described above. We suggest that the sharp
line-features stem from the region at the bottom of the SiGe layer, close to the MD network at the interface between Ge
VS and SiGe, and attribute the long-ranged modulation to the top part of the SiGe layer, close to the interface of the Ge
QW layer.

Excluding the effect of the electrodes, the strain in the Ge QW layer is defined by the in-plane lattice parameters of the
SiGe at the lower interface of the QW layer, which is controlled by both in-plane strain and composition. We note that
both ey, and x show an increase over a long range of > 1 pm from the top to the bottom of the map, similar to the ey,
map for the Ge QW layer (Figure S3). Based on this qualitative observation, we conclude that there is a transfer of elastic
strain from the composition and strain modulations in the SiGe buffer onto the Ge QW layer at its bottom interface. How-
ever, we maintain that the lateral extent of these modulations is on the pm scale and thus on a different spatial frequency
than the electrode-driven strains, allowing a separation by Fourier-filtering.
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Histograms

In this section, we show histogramms of the strains in the Ge QW layer to demonstrate the bandwidth of their fluctua-
tions. The distribution of the modulations stemming from the electrodes are shown in Figure S8 by the histogramms of the
filtered SXDM strain maps (Figure 5b in the main text).
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Figure S8 Histograms of the strains measured by SXDM (after filtering).

The width of the distributions is in the range of a few 10~ for all components of the strain tensor, as we observed in our
description of the strain maps in the main text.

The bandwidth of the long-ranged strain modulations facilitated by fluctuations of strain and composition in the SiGe
buffer layer, which are described in the previous section, need to be studied for a larger field of view, since they take place
over long (> 1 pm) ranges. Thus, we demonstrate their bandwidth in Figure S9 with the histogram of the relative varia-
tion of in-plane strain measured by Raman spectroscopy mapping (Figure 6d in the main text).

800

600

400

200 1

-0.4 0.0
Agy [1073] by Raman

0.4
Figure S9 Histogram of the in-plane strain measured by Raman spectroscopy mapping.

The width of the histogram from the Raman mapping is > 1072, and thus much larger compared to the SXDM histograms
with only the effect of the electrodes of a few 10~*. This is due to the larger bandwidth of the strain fluctuation driven by
the MD network compared to the electrodes.
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Atomic Force Microscopy and Cross Hatch Pattern

To investigate the surface topography of the sample, we measure Atomic Force Microscopy (AFM) in tapping mode on a
Bruker dimension Icon model AFM system, obtaining a map of the surface height on an unpatterned section of the sam-
ple, shown in Figure S10.

The presence of a cross hatch pattern (CHP) on the surface is apparent, which originates from the strain and composi-
tion fluctuations in the plastically relaxed VS layers. 919 By observing a line cut profile across several undulations of the
CHP (panel b), we note that its spatial wavelength is on the order of approx. 1 pm, matching the length scale of the long-
ranged strain modulations we observed in the SXDM and Raman strain maps.

[ [20.0 : : : :
nm 30_ b
[18.0
[16.0 2.5
[14.0 E 2.0
12.0 f» 151
100 2
1.0
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0 90y
0 2 4 6 8
0.0 Position [um]

Figure S10 (a) Topography map of the cross hatch pattern on sample surface. (b) Line profile taken along the cut marked by the
diagonal white bar in (a).
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Thermomechanical and bandstructure simulation

In this section, we provide additional information about the simulations utilized to model the strain induced by the elec-
trodes, and furthermore show the impact of both electrodes and dislocation networks on the HH and LH band edge energy
levels.

In order to properly disentangle the CTE-induced strain from the residual thermal strain that arises from lowering the
measurement temperature from room to cryogenic, all the thermomechanical simulations were performed in three dimen-
sions on the total volume of 2 mm3. A zero displacement boundary condition was used for the bottom surface of the sim-
ulated volume, while the metal electrodes, deposited on the top surface, are free to expand. The three electrodes present

a trapezoidal cross-section whose surfaces are respectively 224, 182 and 490 pm?, shown in Figure S11. They are all made
of Palladium and their thickness is of 30 nm. Mechanical simulations rely on the elastic constants described in the previ-
ous section and on the temperature-dependent CTE. The size of the simulation was expanded and the mesh optimized to
verify that boundary or finite element method conditions were not affecting the strain in the area of interest. The strain
field has been obtained assuming that the three electrodes behave as a stressor with an initial pressure of 90 MPa. This
last quantity has been determined comparing experimental and simulative results at room temperature. Subsequently, the
thermal expansion node has been included in order to extract the mechanical deformations at cryogenic temperatures, em-
ulating the process of cooling the device adiabatically.
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Figure S11 Metal electrode cross-section and corresponding mesh
Line cut profiles across the three electrodes for all independent components of the strain tensor obtained by the simulation

at T = 300 K and T = 0 K are shown in Figure S12a-f together with the corresponding line cut from the experimental
data.
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Figure S12 Profiles of all six independent strain tensor components ((a) exx; (b) €yy; (€) €225 (d) xz; (€) €yz; (f) €xy) across three
Pd electrodes. (black) Experimental profiles; (red) simulated at 7" = 300 K; (blue) simulated at 7 = 1 K. The inset shows where the
cut was taken in the SXDM strain map. The extent of the three electrodes in the simulation is shaded in green.

To observe the influence of the electrodes on the bandstructure, local LH and HH band edge energies are calculated by

bandstructure simulations, taking into account the local variations of the strain tensor (described in section 2.6 in the main
text). The band edge profiles are shown in Figure S13a and b for both experimental data and simulation at 300 K and 1

K.
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Figure S13 (a), (b) Profiles of the LH (a) and HH (b) band edge energy levels, taking into account only the effect of the elec-
trodes and excluding the long-ranged gradients. (black) Experimental profiles; (red) simulated at T = 300 K; (blue) simulated at
T = 1 K. The inset shows where the cut was taken in the SXDM strain map. The extent of the three electrodes in the simulation is
shaded in green. (c, d) Profile of the LH (c) and HH (d) band edge energy levels along the linecuts in the two insets, including only
the long-ranged strain fluctuations.

Furthermore, the effect of the long-range strain fluctuations on the band edges, excluding the more tightly localized influ-
ence of the electrodes, were calculated and are shown in Figure S13c and d. The spatial profiles of the bands were calcu-
lated along both the horizontal and the vertical axis of the map, since the long-range gradients of the strains are highly
anisotropic in the mapped area. Especially the gradient of the LH band edge along the vertical axis is quite large (> 3
meV, red curve), this is caused by the strong change of e,y in this region on the sample. The Raman shift mapping (see
Figure 5d in the main text) confirms, however, that gradients of a similar magnitude occur in the in-plane strain in a larger
area around the device.
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X-ray nanoprobe

Prior to our measurements at ID01, the X-ray nanoprobe has been characterized by means of a Ptychographic measure-
ment of a reference object (Siemens star) in transmission mode. The reconstruction was done using the PyNX software
package and yields amplitude and phase of the reconstructed object as well as the X-ray probe.[¥ The probe field can then
be propagated following wave equations, which yields the 3D distribution of X-ray intensity. The results are summarized
in Figure S14. Figure Sl14a,b show cuts perpendicular to the two transversal directions, exposing the beam caustic and in-
dicating a fine focus at approx. 200 um upstream to the Siemens star. Figure S14c shows a cut perpendicular to the longi-
tudinal direction at the focus position. Line cuts of intensity taken from this data are shown in Figure S14e, which demon-
strate a beam size below 30 nm. The reconstructed region of the reference object, indicating a successful reconstruction,
can be seen in Figure S14d.
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Figure S14 Ptychographic reconstruction of the beam. (a) Cut of the reconstructed beam in the zy plane; (b) cut in the yz plane;
(c) cut at the beam focus position in the zz plane; (d) Reconstruction of the Siemens Star; (e) Linecuts of the beam intensity along
x and z direction at the focus position.
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