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ELL Superinductance
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TiN growth

Sputtering @ 350°C on highly resistive Si (200 mm wafers)

Structural characterization: ellipsometry, XRR, XRD

> excellent thickness uniformity
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DC characterization
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Superconductivity down to 3 nm thickness
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Low disorder in ultrathin TiN films (usually closer to SIT @3nm)
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EFL

Thickness dependence of kinetic inductance
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Up to ~-240pH/o for 3nm thick film
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Kinetic inductance : DC vs microwave

Microwave in transmission line Microwave out
Si substrate i i
Microwave : J—Cc
in transmission line
j = C,
-‘ L % —
TiN resonator =
1 .
W = —,R, with L~LK

Directly determine Ly from resonance frequency
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Kinetic inductance : DC vs microwave
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High L, materials : microwave losses?
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—> Study of losses (and mechanisms) in TiN thin films
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FEL From 2D to 3D geometry
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Photon number dependence of Qi

3 nm TiN

1.2%x105"

1.15x105] & data ) EE

1.1x1054

1.05x1051 3

o 105 ) s L

9.5%x10%1 II 33 £33
9x10%; I I II

8.5x10% I I

100 101 102 103
<n>

—> Modest increase with photon number
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Photon number dependence of Qi

3 nm TiN
5
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Q; possibly limited by quasiparticles
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No sign of TLS limited internal Q
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Internal quality factor and TLS effect dilution

Qi
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FEL

Summary on internal Q
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EEL Stability of TiN?
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Very minimal aging (3nm thin film!) and resilient to HF
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EEL Outline
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Graphene based superconducting  =,|
quantum circuits - 1
G. Butseraen et al Nature Nano (2022) ' ' '
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b 2D materials for superconducting circuits

Microwave bolometers Quantum bit h-BN (low losses)
r—
Al electrode __ g Graphene oy agonal BN E 0o i E e

S ' Hexagonal BN

G.H. Lee et al Nature (2020)  J.I.]. Wang et al Nature Nano (2019)  J.I.J. Wang et al Nature Mater (2022)
R. Kokkoniemi et al Nature (2020)

Large variety of applications in superconducting quantum technologies
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Gate tunable superconducting quantum circuits

« Standard » tunnel J]

F. Lecocq PhD thesis, I. Néel

* Large number of channels with
low transmission
* Josephson energy tunable with a

E,(¢)

magnetic field

weak link

——
VG

* Small number of channels with
high transmission

* Josephson energy tunable with an
electric field

Graphene (semiconductor)

E,(Ve)
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(Sub)Outline

Gate-tunable Josephson Resonator

arametric amplifier
P P jJ||U|IL

Side gate

Drive (RF)

Resonator

Topgate (Vg)
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(no signal)

signal widler - pump

H=hw a’a +hg a’a’aa

Non-linearity introduced by the Josephson junction
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Device layout
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Microwave resonator with an embedded graphene Josephson junction
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Tunable microwave properties
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Gate-tunable resonance frequency (>1GHz)
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Parametric amplification

Resonator
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Gain >20 dB thanks to the nonlinearity of the graphene junction
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Gate tunability of the amplifier
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G. Butseraen et al Nature Nano. 2022
(see also J. Sarkar et al Nature Nano. 2022)

First gate-tunable Josephson parametric amplifier
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(Sub)Outline

Resonator
Pmij'lullL
Side gate
Qubit with a gate-tunable
anharmonicity Drive (RF)
Resonor
Topgate (Vg)
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Device layout
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Gate-tunable superconducting Qubit
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Qubit with a high transmission junction

Tunnel junction (t > 0) Al E,: charging energy (geometry) ~ 400 MHz
AlOx| n: charge
Al Ej: Josephson energy
H = 4E n? —E](B) cos ¢ ¢ : phase
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Gate-tunable Qubit spectrum
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Gate-tunable qubit
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Gate-tunable frequency (2-10 GHz) and anharmonicity ()
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