/VEEL UGA Introduction to
©F gt Engineerin Traveling Wave Parametric Amplifiers (TWPA)

1)
4
g
-
o B F
q
MARIE CURIE

European Research Council
PROGRAMME ET
| \EQUIPEMENTS
PRIORITAIRES
DE RECHERCHE

()
TruePA

Nicolas Roch
QuantECA Team
Institut Néel, Grenoble, France




N

FEL UGA

institut

s - i I
?@;? Quantum Engineering
s

Univ. Grenoble Alpes

MARIE CURIE

European Research Council

Established by the European Commission

PROGRAMME ET
EQUIPEMENTS
PRIORITAIRES

//DE RECHERCHE
/  QUANTIQUE

ROBUST
SUPERQ

TruePA




The "TWPA team”

Luca Martina Arpit Gwenael Giulio
Planat —SpPOosito Ranadive Le Gal Cappell

Collaborations

D. Basko (LPPMC, Grenoble), A. Metelmann (KIT, Germany), T. Meunier/ M. Urdampilleta (Inst.
Néel, Grenoble), E. Collin (Inst. Néel, Grenoble), I. Pop (KIT, Germany), P. Forn Diaz (Barcelona),
R. Vijay (TIFR, India), K. Murch (Washington University, USA), P. Leek (Oxtord, UK), M. Stern (Bar
llan, Israél), Joe Aumentado/Florent Lecocq (NIST, USA), MADMAX Collaboration, GraHal
Collaboration, QUAX Collaboration, ARPEJ Collaboration (ESPCI, TRT, C2N)




Outline

Introduction
TWPA: microscopic derivation
TWPA: gain and phase matching
TWPA: noise performances

TWPA Fabrication



Use-case: ultra low noise amplification
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Use-case: ultra low noise amplification
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Need high amplification, low noise AND large bandwidth



Ultra low noise amphﬂcaﬂon apphcatmns
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Parametric amplifiers:
guantum optics point of view
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Resonant parametric amplification

Interaction time &« 1/cavity bandwidth
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Resonant parametric amplification

Interaction time &« 1/cavity bandwidth
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Resonant parametric amplification

Interaction time &« 1/cavity bandwidth
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Resonant parametric amplification

Interaction time &« 1/cavity bandwidth
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Traveling wave parametric amplification
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TWPA: gain and phase matching
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TWPA: gain and phase matching
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TWPA: gain and phase matching
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Quantum limited amplifiers: noise performances

Standard Quantum Limit (SQL)
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Quantum limited amplifiers: noise performances
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Josephson transmission line: challenge

Far from 50 Ohms
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Josephson transmission line: tabrication recipe
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Josephson transmission line: tabrication recipe

203, AL

ric deposition

D)

|

< . -
L -3
GO o
! Dielectric thickness: 30 nm

Water thickness: 275 pm



Josephson transmission line: fabrication recipe
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Josephson transmission line: fabrication recipe
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