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High kinetic inductance films

U = Uye'®t Gjperconductor:
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Cooper pair density n = n(I)
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High kinetic inductance films

= Interesting materials:

: . e Gj erconductor:
high-resistivity superconductors P

T >0, m=2m, q=2¢e

« Our choice: NbTiN Cooper pair density n = n(I)
— high resistivity (~100-200 mQcm)

— high critical temperature (~12-13 K)
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Optimisation of NbTIN thin films: parameter exploration

Sputter target:
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Kinetic inductance devices:

e Kinetic Inductance Current Sensor (KICS)

e Travelling Wave Parametric Amplifier (KI-T\WPA)

e Travelling Wave Microwave Photon Energy Lifter (KI-TVWPEL)

Second NQSTI Congress Felix Klaus Ahrens

5-7 February 2025, Rome Fondazione Bruno Kessler



PIANO NAZIONALE and Technology Institute
DI RIPRESA E RESILIENZA

Finanziato 2%, Ministero : 3 (
dall'Unione europea .07 dell’'Universita l [taliadomani Nahn!n%rés];c!

NextGenerationEU e della Ricerca

Kinetic Inductance Current Sensor (KICS) HYLMES

Concept: Prototype design: Microfabricated device:

Microwave feedline

Microwave /
feedline
Microwave resonator

=L ) fo(l) fralls) Coupling

2/\”“ Lne i i i inductance
Sensitive

Cryogenic detector inductance L(/)
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outputting signal current /

Interdigit
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Kinetic Inductance Current Sensor (KICS)

Tunability of the resonance frequency: Microfabricated device.:
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Kinetic Inductance Current Sensor (KICS)

Preparation of persistent supercurrent bias:

Step 1: Step 2 & step 3:
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Kinetic Inductance Travelling Wave Parametric Amplifier (KI-TWPA)

Weakly dispersive artificial
transmission line:

Series of CPW sections (cells)
flanked by IDC fingers

= decrease phase velocity
Phase-matching: periodic

increasing of the line impedance
(loading)

= stopband

Second NQSTI Congress

super cell super cell
unloaded cell, Z =500 || loaded cell, Z =800 unloaded cell, Z,=50Q

B NbTIN film
O

Si substrate

Felix Klaus Ahrens

5-7 February 2025, Rome

Fondazione Bruno Kessler



[taliadomani

dall'Unione europea ¥ dell’Universita
NextGenerationEU %3¢ e della Ricerca

National Quantum Science
and Technology Institute

Finanziato /5%, Ministero i

‘ /~ NQSTI

Second NQSTI Congress Felix Klaus Ahrens
5-7 February 2025, Rome Fondazione Bruno Kessler




[taliadomani

dall'Unione europea dell’Universita
NextGenerationEU e della Ricerca

National Quantum Science
and Technology Institute

Finanziato %, Ministero i

‘ /~ NQSTI

Kinetic Inductance Travelling Wave Parametric Amplifier (KI-TWPA)

e gain = 7.2dB

—— Raw
—— Smoothed ||
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V Noise: down to 2.5-3 noise quanta
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Kinetic Inductance Travelling Wave Parametric Amplifier (KI-TWPA)

MER

"KI-TWPA
LklB_el@d

Microstrip KI-TWPA

metal (wiring)
dielectric

Advantages: Challenges: ( ( ) ]

e More compact design e Development of low-loss dielectric
e I[mproved grounding - PECVD a-Si
e High fabrication yield _ALD AIOx
=3¢

e Increase sheet kinetic inductance
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Travelling wave photon energy lifter (TWPEL)

Input pulse Output pulse

blue shifted

Advantages:

e Broadband
e Pulse shape preserving
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Travelling wave photon energy lifter (TWPEL)

) ﬂ ﬁ ‘ . /‘\ , h\ — output pulse
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Advantages: Challenges:
e Broadband e Dedicated dispersion engineering

e Pulse shape preserving e Sufficient tunability and non-linearity
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Conclusions

e Kinetic inductance materials: versatile tool for many applications
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e Our kinetic inductance devices:

o Current sensors (KICS)

o Low-noise microwave amplifiers (KI-TWPA)
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o Novel microwave photon energy lifter
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