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Abstract: Superconducting quantum systems and fundamental physics experiments demand amplifiers with 
large bandwidth and noise to the quantum limit. We present Kinetic Inductance Traveling-Wave Parametric 
Amplifiers, designed to enhance qubit and detector readout with improved performance. 

 
Ultra-sensitive detection schemes at microwave frequencies are essential for advanced applications, 

including quantum sensing, quantum computing, and fundamental physics research. In many of these fields, 
the need to read out large arrays of devices (e.g., qubits, detectors, and cavities) demands amplifiers with large 
bandwidths and the lowest possible noise levels. While solid-state amplifiers offer exceptional gain, they fall 
short of reaching the quantum noise limit. Traveling-Wave Parametric Amplifiers (TWPAs), particularly Kinetic 
Inductance TWPAs (KI-TWPAs), provide a promising alternative [1]. KI-TWPAs are simpler to fabricate than 
traditional Josephson-junction-based TWPAs and offer additional advantages, such as a high dynamic range, 
resilience to magnetic fields, and potential operation at higher temperatures (e.g., 4 K [2]). 

National research groups, including the Italian Institute of Nuclear Physics (INFN) [3], the Bruno Kessler 
Foundation (FBK) [4], and the US National Institute of Standards and Technology (NIST) [5], are actively working 
to advance KI-TWPA performance. Amplifiers fabricated using Niobium Titanium Nitride (NbTiN) have 
demonstrated impressive results in terms of gain, bandwidth, and compression power. At millikelvin 
temperatures, KI-TWPAs operating as three-wave-mixing (3WM) amplifiers have achieved significant 
improvements, including higher gain, broader bandwidth, and noise levels approaching the Standard Quantum 
Limit (SQL) [6]. These advancements make the devices ideal for reading out multiplexed superconducting qubits  
and arrays of superconducting detectors. 

In this work, we present the design, fabrication, and characterization of KI-TWPAs developed at the 
University of Milano-Bicocca in collaboration with NIST, FBK, and INFN. We highlight the use of novel materials 
and innovative layouts. Furthermore, we demonstrate the readout of an array of eight qubits, showing an 
improvement in the signal-to-noise ratio for qubit state measurements and an increase in fidelity [7]. These 
results underscore the potential of these devices to influence quantum technologies by enabling rapid, 
high-fidelity, multiplexed readout of superconducting qubits, thus significantly enhancing the performance of 
quantum computation, communication, and high-precision sensing. 
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