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Supplementary Figure 1. grAl microstructure. High-resolution TEM (HRTEM) micrograph of the aluminium oxide matrix
(green), with a few crystalline Al nanoparticles highlighted in red. The HRTEM reveals the positions of nanoparticles with
atomic planes parallel to the electron beam and perpendicular to the visualization image plane. Consequently, only a portion of
the Al crystals are expected to be visible under these conditions. However, the EELS compositional maps in Fig. la accurately
depict the full density of these nanoparticles embedded in the AlOx surrounding matrix.
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Supplementary Figure 2. Vacuum-compatible wireless ohmmeter. a Schematics of the hermetic enclosure and magnetic
rotary coupling, highlighting the important parts of the vacuum-compatible wireless ohmmeter and b its exploded view. For
more details, see Methods. ¢ In situ two-probe sheet resistance measurement of a single deposition. At 7 = 0s, the shutter is
opened, and the deposition starts. Presumably, after forming a continuous layer at 7 = 4.8 s, the resistance obeys Rs = p/t,
shown by an orange dashed line. The shutter is closed after reaching the desired sheet resistance Rs at 7 = 22.3s. The

assumption that the thickness in nm equals the time in s supposes a constant evaporation rate of 1nms™".
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Supplementary Figure 3. Double quantum dot stability diagrams used for the lever arm extraction. The lever arms
are extracted from a positive and b negative bias triangles [1] with |Vsp| ~ 1.05 mV.
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Supplementary Figure 4. Internal quality factors in a magnetic field. a (b) Plot showing the internal quality factors
at hundreds of photons on average in the resonator in an out-of-plane (in-plane) magnetic field. The magnetic field resilience
increases with decreasing width (thickness). In the in-plane direction, the alignment of the sample to eliminate any out-of-plane
component would be crucial for precisely determining the resilience. This was not performed since it is beyond the scope of our
study. The quality factors are retained until the critical field is reached when they drop abruptly.
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Supplementary Figure 5. Schematic of the low-temperature measurement setup. for a (b) reflection (hanger) resonator
geometry.
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Supplementary Figure 6. Center conductor width and sheet kinetic inductance dependence of the characteristic
impedance. a Center conductor width dependence of the characteristic impedance for different sheet kinetic inductances. b
Sheet kinetic inductance dependence of the characteristic impedance for different resonator widths. Same as Figs. 2f, g, but
with an expanded y-axis for improved readability.
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Supplementary Figure 7. Oxygen flow dependence of the sheet resistance. Oxygen flow dependence of the sheet resistance
Rs of a grAl film on a test glass piece with 10 squares as measured with a multimeter after the evaporation. Same as Fig. 1b,

but with y-axis plotted in logarithmic scale.
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Supplementary Figure 8. Interdot and charge-photon interaction spectroscopy scans for neighbouring charge
transitions. a Interdot scans for four neighbouring charge transitions within the range shown in Fig. 3e. The blue scan is also
shown in Fig. 3f. b, ¢, d, e Corresponding spectroscopy scans across the DQD detunings for a given value of the middle tunnel
barrier voltage. We observe a charge-photon interaction for all of them. In b and d ( ¢ and e), the charge transition frequency
is below (above) the resonance frequency. However, since the charge transition frequency is far from being resonant with the
resonator, we cannot reliably evaluate the charge-photon coupling strength. By trying to bring charge transitions shown in
b, c, and e resonant with the resonator by tuning the interdot tunnel coupling t. with the middle tunnel barrier voltage, the
device becomes very unstable. This instability prevented us from conducting a systematic investigation of the remaining charge

transitions. The arrow in e indicates an electrical switch.
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Supplementary Figure 9. Historical evolution of the characteristic impedance Z and charge-photon coupling g./27
in quantum dot cQED experiments. a Historical evolution of the characteristic impedance Z of resonators integrated with
quantum dots. This work, indicated with a purple star, implements a resonator with an impedance 7.9k, twice as high as
previously achieved. b Historical evolution of the charge-photon coupling strength gc in quantum dots. The colour corresponds
to the characteristic impedance Z of the resonator. The circles indicate holes, while the triangles indicate electrons as the charge
carriers confined in quantum dots. This work, indicated with a purple star, reaches the highest hole-photon coupling rate. All
data are summarized in the Supplementary Table 1.
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work date QD material charge resonator Z[Q] w:/2w [GHz] /27 ~/27 gc/2m [MHz| C
Frey et al. [2] 2011-07 GaAs e 50 6.878 2.4

Delbecq et al. [3] 2011-12 CNT e Nb 50 4.976 31.1 140.0

Frey et al. [4] 2012-01 GaAs e 50 6.755 2.6 950.0 50.0 4.05
Petersson et al. [5] 2012-10 InAs e Nb 50 6.194 3.1 66.6 30.0 17.45
Delbecq et al. [6] 2013-01 CNT e 50 5.750 143.8 98.0

Toida et al. [7] 2013-02 GaAs e 50 8.327 8.0 300.0* 30.0 1.50
Basset et al. [8, 9] 2013-09 GaAs e 50 6.760 7.3 550.0 25.0 0.62
Viennot et al. [10] 2014-04 CNT e 50 6.720 1.9 345.0 3.3 0.07
Liu et al. [11] 2014-07 InAs e Nb 50 7.862 2.0 1500.0* 16.0 0.34
Stockklauser et al. [12]  2015-07 GaAs e 50 6.852 3.3 250.0 13.0 0.81
Deng et al. [13, 14] 2015-09 graphene e 50 6.351 2.1 310.0 12.0 0.88
Mi et al. [15] 2016-12 Si e Nb 50 7.846 1.0 2.6 6.7 69.06
Stockklauser et al. [16] 2017-03 GaAs e SQUID 1500 5.020 12.3  93.0 119.0 49.52
Mi et al. [17] 2018-02 Si e Nb 300 5.842 1.3  35.0 40.0 140.66
Samkharadze et al. [18] 2018-01 Si e NbTiN 1000 6.051 2.7 520 200.0 1139.60
Landig et al. [19] 2018-07 GaAs e NbTiN 1300 4.380 47.1 19.6 31.4 4.27
Bruhat et al. [20] 2018-10 CNT e Nb 50 6.636 0.5 2.0" 5.0 100.00
van Woerkom et al. [21] 2018-10 GaAs e SQUID 1000 5.171 23.0 5.6 56.0 97.39
Wang et al. [22] 2019-01  Ge NW h MoRe 50 5.967 1.0 6490.0 55.0 1.86
Scarlino et al. [23] 2019-07 GaAs e SQUID 1000 4.089 8.0 2.7 33.1 202.89
Zheng et al. [24] 2019-07 Si e NbTiIN 1000 5.712 2.2 175.0

Koski et al. [25] 2020-05 GaAs e 1800 4.269 10.0  32.0 150.0*** 281.25
Borjans et al. [26] 2020-06 Si e Nb 133 6.799 1.2 36.0 58.0 311.48
Xu et al. [27] 2020-08 Ge HW h 50 6.038 6.6 280.0 15.0 0.49
Wang et al. [28] 2020-10 GaAs e SQUID 1000 6.480 35.1  55.0 80.0 13.28
Chen et al. [29] 2021-04 GaAs e NbTiIiN 2500 6.040 353 72.0 104.5 17.19
Harvey-Collard et al. [30] 2022-05 Si e NbTiN 3000 6.916 1.8  60.0 192.0 1365.33
Scarlino et al. [31] 2022-07 GaAs e SQUID 1100 4.745 20.0 36.8 260.5 368.81
Scarlino et al. [31] 2022-07 GaAs e 3800 5.665 27.0 149.0 637.0 403.45
Yu et al. [32] 2023-03  SiMOS h NbN 2500 5.428 14.0 9.9 513.0 7595.06
Kang et al. [33] 2023-10 Ge h TiN 3000 5.434 5.3 288.9 21.7 1.23
De Palma et al. [34] 2023-10 Ge h SQUID 1300 5.432 61.0 192.0 260.0 23.09
Corrigan et al. [35] 2023-12 Si e TiN 575 1.304 0.1 5.5

Ruckriegel et al. [36] 2024-01 graphene e NbTiN 1000 6.033 8.8 643.0 49.7 1.75
Ungerer et al. [37] 2024-02 InAs e NbTiN 2100 5.171 27.3 1700.0 353.0 10.74
This work 2024-07 Ge h grAl 7914 7.262 17.2  297.0 566.0 250.85

*[38], ** [39], ***quadrupole

Supplementary Table 1. Historical evolution of the charge-photon coupling in quantum dots. CNT stands for carbon
nanotube, NW for nanowire, HW for hut wire, JJ for Josephson junctions and SQUID for superconducting quantum interference
device.
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