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Why use a

quantum amplifier ?
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Why do we need amplifiers in cQED?

Devoreet & Schoelkopf,
Science 339, 1169 (2013)

Haroche, Brune & Raimond,
Nature Phys. 16, 243 (2020)




Why do we need amplifiers in cQED?
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Let's take a look at RF resonators (detectors) readout

InCrease kinetic inductance:
= increase responsivity R~ a=L/(Lg+Ls)

Valenti et al. Phys. Rev. Applied 11, 054087 (2019)
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Increase kinetic inductance:

= increase responsivity R ~ a = L/(Lg+Le)
= decrease critical photon number Ne ~ L2
(Maleeva et. al., Nat. Comm. 9:3889, 2018)

Valenti et al. Phys. Rev. Applied 11, 054087 (2019)



Let's take a look at RF resonators (detectors) readout

Increase kinetic inductance:

= increase responsivity R~ a=L/(Lg+Ls)
= decrease critical photon number Ne ~ L2
(Maleeva et. al., Nat. Comm. 9:3889, 2018)

} Transmission

n>n

— s e e

(nonlinear n<n
response)

Valenti et al. Phys. Rev. Applied 11, 054087 (2019)



Let's take a look at RF resonators (detectors) readout
Increase kinetic inductance:

= increase responsivity R ~ a = L/(Lg+Le)
= decrease critical photon number nc ~ L2
(Maleeva et. al., Nat. Comm. 9:3889, 2018)
A Transmission A R,
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Encode interplay in voltage responsivity:

Ry = a X n’? = maximum at a = 3/4

Valenti et al. Phys. Rev. Applied 11, 054087 (2019)



Josephson Parametric Amplifier (JPA)

LC-resonator Josephson tunnel Junction
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Josephson Parametric Amplifier (JPA)

LC-resonator Josephson tunnel Junction
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Parametric amplifier check list

Enhance saturation power XXX XX
C. Eichler et al., EPJQT (2014)

Cover a large frequency band —[g]—

Pump - signal separation in frequency
A. Roy, M. Devoret, CRP (2016)

Simple and cheap fabrication
L. Griinhaupt et al., APL (2017)




Dimer-Josephson-Junction-Array-Amplifier (DJJAA)
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Winkel, Takmakov et al. Phys. Rev. Applied 13, 024015 (2020)



Dimer-Josephson-Junction-Array-Amplifier (DJJAA)
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Winkel, Takmakov et al. Phys. Rev. Applied 13, 024015 (2020)



DJJAA Circuit design

~500 SQUIDs ~500 SQUIDs

First layer

Second layer [ <

Winkel, Takmakov et al. Phys. Rev. Applied 13, 024015 (2020)



Sample holder

Winkel, Takmakov et al. Phys. Rev. Applied 13, 024015 (2020)



Sample holder

Winkel, Takmakov et al. Phys. Rev. Applied 13, 024015 (2020)
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DJJAA gain

-95 dBm

Winkel, Takmakov et al. Phys. Rev. Applied 13, 024015 (2020)
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Saturation power:



DJJAA in action
- using FPGA electronics from AG Sander and Weber (KIT-IPE) -
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Richard Gebauer, et al., AIP Conference Proceedings 2241, 020015 (2020)






Supplementary info



Fluxonium qubits

Manucharyan et al. Science (2009)
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Needs “superinductance”:

Lw
10GHz (2e)4

Masluk et al. PRL (2012)
Bell et al. PRL (2012)

Pioneering by P. Delsing and D. Haviland
PRL 67 (1991), PRB 54 (1996), ...
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Pop et al. Nature (2014)
Earnest et al. PRL (2017)
Nguyen et al. PRX (2019)
Pita-Vidal et al. PRApp (2019)
Pechenezhskiy et al. Nature (2020)
Kalashnikov et al. PRX Q (2020)



E-beam image of Fluxonium
Pop et al., Nature (2014)
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GrAl fluxonium: resilience to readout photons
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Gusenkova, Spiecker et al., Phys. Rev. Applied 15, 064030 (2021)



GrAl fluxonium: resilience to readout photons

n =98, 7, = 560ns
Teg = 31 mK, n = 6% reset to |g) reset to |e)
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Gusenkova, Spiecker et al., Phys. Rev. Applied 15, 064030 (2021)



GrAl fluxonium + high dynamic range DJJAA
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