Thermal kinetic inductance detectors for soft X-ray spectroscopy

A. Cruciani' - A. D'Addabbo? - P. K. Day” - S. Di Domizio*” - M. Faverzani®” - E. Ferri®” - P. Fresch' - A. Giachero®’
B. Margesin®’ - R. Mezzena''” - L. Minutolo'”! - A. Nucciotti®” - A. Puiu®’ - M. Vignati' . .
14™ Pisa meeting on

'INFN - Sezione di Romal, Roma, Italy - INFN - Laboratori Nazionali del Gran Sasso (LNGS), Assergi (AQ), Italy advanced detectors
’Jet Propulsion Laboratory, Pasadena, CA, USA - *Dipartimento di Fisica - Universita degli Studi di Genova, Genova, Italy
’INFN - Sezione di Genova, Genova, Italy - 6Dipartiment0 di Fisica, Universita di Milano-Bicocca, Milano, Italy

Frontier Detectors
for Frontier Physics

‘INFN - Sezione di Milano-Bicocca, Milano, Italy - SFondazione Bruno Kessler (FBK), Trento, Italy — = DEGLI STUDI

’INFN - Trento Institute for Fundamental Physics and Applications (TIPFA), Trento, Italy INFN ™ D ( Z qu =

"Dipartimento di Fisica - Sapienza Universita di Roma, Roma, Italy CONDAZIONE 4V [ L

11Dipartiment0 di Fisica, Univerista di Trento, Povo, Trento, Italy Itituto Nazionale di Fisica Nucteare ~ BRUNO KESSLER ~ BIGOGCA UNIVERSITADIRoMA — Studi di Trento
Overview

Superconducting microwave microresonators are low temperature detectors (LTDs) suitable for large-scale frequency domain multiplexing readout. A promising approach consists in operating the resonators
in quasi-thermal equilibrium mode: the resonator acts as a thermometer sensing the temperature rise of an absorbing material caused by an energy release. Our aim is to develop such detectors to perform
spectroscopy in the keV range, with a possible future application to a next generation experiment aimed at directly measuring the neutrino mass. Still, the best configuration in terms of detector design and
material must be found. Resonators made of several Ti/TiN multilayer films, which is a high kinetic inductance superconducting material previously developed by our group, were recently produced. The
resonators are deposited onto a silicon slab and the sensitive area, thermally coupled to a gold absorber, is kept suspended by means of a SiNx membrane. In this way we plan to exploit the excellent energy
resolution of LTDs combined with the simple multiplexing scheme of the resonators. In this contribution we present the devices along with our project, with its status and perspectives.
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Microresonators Design

e Simmetric lumped element design with two interdigitated
IDC (10 um) capacitors (IDC) connected by a meander that works as
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Membrane e Resonator capacitively coupled to a coplanar waveguide
(CPW) used as feedline and for the readout
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Fabrication Process
@ Deposition of a composite hard mask consisting in 300 nm of

@ thermal oxide, 150 nm of stoichiometric silicon nitride followed by

300 nm of a medium temperature oxide obtained by vapour
deposition of tetramethyl orthosilicate (TEOS) on the wafer
backside. On the wafer front side a 725 nm thick low stress silicon
nitride is deposited by Plasma Enhanced CVD;

e Superconducting films made by using multilayer Ti/TiN films
composed by a superposition of bilayers Ti/TiN (proximity effect);

e The superconducting proximity effect in Ti/TIN multi-layer films ‘
allows to achive a target critical tempeturare T, with a good @
reproducibility and uniformity in the range (0.1-4.5)K;
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e Three different families of superconducting film for three different

critical temperatures = three different values of kinetic inductance;

@ Ti/TiN bilayers are deposited by sputtering for a total thickness of
around 100 nm at 350 °C in which the micro resonators are defined
and etched;
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Fabrication Process
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— front side and with a 10 pm thick photoresist a mask is defined for
the galvanic d ition of the 2 pm thick gold absorber;
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microresonator arrays per water = in total 5 x 65 = artays v silicon etching in a tetra methyl ammonium hydroxide: water

solution (TMAH).



