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DARTWARS (Detector Array Readout with Traveling Wave AmplifieRS) is a three years project that aims to develop high-performing innovative traveling wave parametric amplifiers
(TWPASs) for low temperature detectors and qubit readout. The practical development follows two different promising approaches, one based on the Josephson junctions (TWJPA)
and the other one based on the kinetic inductance of a high-resistivity superconductor (KITWPA). The technical goal is to achieve a gain value around 20 dB, comparable to the
currently used semiconductors low temperature amplifiers (HEMT), with a high saturation power (around -50 dBm), and a quantum limited or nearly quantum limited noise.

These features will lead to the readout of large arrays of detectors or qubits with no noise degradation.

Travelling wave amplification, in a nutshell

® Parametric oscillator: harmonic oscillator whose physical properties vary with time.
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v 4 wave mixing (4WM)
e Travelling wave parametric amplifier (TWPA): uniform transmission line (TL) with a variable inductance per unit lenght.
| / ~. 3 wave mixing (3WM):
T " —o Josephson Junction (J)) Kinetic Inductance (KI) Wy = We + w;
I(x,t) — p— — p— p— TWJPA KITWPA p s U
o _. . o - require dc bias (/,.)
- lower RF power tones
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e Waves propagation in the TL (3WM) | phase matching condition (A = —X8p0 (kp — 2k — 2k;) ) to achieve exponential gain. - ... Smoother amplification band
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Dispersion engineering (periodic loading)
to achieve phase matching and prevent
pump harmonic generation.
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TWJPA fabrication progress

® First semester of 2021 TWJPA chips produced @INIf\iM and tested @LNF and @IBS-CAPP

~ 900 JJs created as Al/AL-Ox/Al tri-layer exploiting the Niemeyer-Dolan technique

e Parametric amplification achieved but non-homogeneous behavior in frequency
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non-homogeneous fabrication of the JJs of the device . L
Various fabrication process tested

_ (oxidation pressure, time...)

® Production and characterization of JJs @INRiM and MIB
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KITWPA fabrication progress A

vs T curves of the NbTiN films produced @ FBK
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® Process for production of NbTiN films set up @ FBK —’ ¥
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high kinetic inductance Lk cosputtering Nb/Ti + N,(+ Ar) flow 0.8
_ h sputtering from NbTi target + N,(+ Ar) flow £ 6]
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wide range of Lk can be achieved! 0.2-
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E Process not (yet)
j' 4 fully optimized
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e NbTiN patterned into KIDs to characterize the Lx and its non-linearity (/,) _ _
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DARTWARS preliminary KITWPA design

® Device design close to completion
|

Meander artificial line target amplification ~ 8 dB @ 3-6 GHz

e First prototype KITWPA over summer!




