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An older example: post-apprentice
in the baker’s guild
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By the rules of the guild, before settling down and opening a shop, a young

baker had to travel for several years to learn new recipes and techniques.
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My initiation journey
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Undergraduate at Babes-Bolyai University, Bachelor in Physics
(2002-2006)
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Research Internships at Paul Scherer Institute (PSI)
(2005 and 2006)



My initiation journey
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Master and PhD, in CNRS and University of Grenoble
GRENOBLE (2006-2011)
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My initiation journey
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Postdoctoral research in Yale University
(2011-2015)




My initiation journey

Back in Europe!

Thanks to the Humboldt Foundation
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Brecht et al. , Multilayer Microwave Integrated Quantum Circuits
for Scalable Quantum Computing, NPJ Quantum Information (2016)



Metal evaporator

Model Plassys MEB550



Why Superconductors?
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Why Superconductors?
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Which Superconductors?

Periodic table of superconductivity

H He
T. (K)| Ambient pressure superconductor
Li Be s B C N (0] F Ne
0.0004/] 0.026 11 0.6
Na Mg T. (K) High pressure superconductor Al Si P S Cl A
1.18 8.2 13 173
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
29 19.6 0.5 54 2.1 0.87 1.1 535 || 24 8 1.4
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb d1e I Xe
7 19.5 || 0.85 || 9.25 || 0.92 8.2 0.5 1]0.0003 0.5 34 8.7 3.9 TS 1.2
Cs Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
1.3 5 0.38 4.5 0.01 1.7 0.7 0.1 4.15 24 7.2 8.5
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
Lanthanid La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
anthanides |t B 2.7 0.1
Actinid Ac Th Pa U Np Pu Am || Cm Bk Cf Es Fm || Md No Lr
ctinides 14 || 14 || 13 1.0

Flores-Livas et al. Phys. Rep. 856 (2020)




How about the junctions?
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What should we chose?

Point N ~ Break
Contact *—= junction

InAs

nanowire
Semiconductor e
Junction

ﬁsoo nm

Lange et al., PRL 115 (2015)

Constriction

Wernsdorfer, Supercond.
Sci. Technol. 22 (2009)

Tunnel
.. Junction



The building blocks of superconducting circuits:
SIS Josephson junctions
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Side view




Qubit Fabrication : Dolan bridge technique

Spin the
PMMA resist
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An intuition about
our junctions with
AlO,

Death Valley
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The building blocks of superconducting circuits:
SIS Josephson junctions

Side view

Slow deposition: 0.1 nm/s Fast deposition: 1 nm/s



Transmission Electron Microscopy and Molecular Dynamics
reveal AlO, barrier inhomogeneity

A S

Al

0000606660

Al(100)  AI(111)
Schiffelgen Group, FZ ITIM Group, Cluj,
Jilich Romania

bottom Al grain

[ Gaussian thickness distribution === few % of sin 2¢ ]

Gianluigi Catelani, FZ Julich

Willsch & Rieger et al. Nature Phys. 2024



Example of a “transmon” qubit

H=4E.n* — E;cos ©

energy

Willsch & Rieger et al. Nature Phys. 2024



Example of a “fluxonium”
superconducting quantum bit
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The Board
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