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Abstract:
We fabricate superconducting microwave devices for studying the dynamics of vortices and quasiparticles at
low temperatures. Vortices are quantized bundles of magnetic flux that thread many different superconductors
over a particular range of applied magnetic field. Our experiments are aimed at investigating loss mechanisms
that can limit the performance of superconducting circuits for quantum information processing. In addition,
we are probing the microwave properties of various superconducting materials for future implementations
of qubits.

Summary of Research:
Superconducting microwave circuits play an important
role in quantum information processing. Circuits
composed of Josephson junctions and capacitors
with superconducting electrodes can serve as qubits,
the fundamental element of a quantum computing
architecture. Various loss mechanisms limit the ultimate
performance of these devices, including trapped
magnetic flux vortices. Vortices can be trapped in the
superconducting electrodes when background magnetic
fields are present and contribute dissipation when
driven with microwave currents [1]. Thus, techniques
for controlling the trapping of vortices are critical to
the development of large-scale quantum information
processors with superconducting circuits. In addition,
investigations of microwave vortex dynamics can be a
useful tool for probing new superconducting materials
for use in future implementations of qubits.
We are fabricating a system of microwave resonators
using a variety of superconducting thin films, including
Nb, TiN, NbTiN, and disordered Al, for studying the
loss contributed by trapped flux in these materials over
the frequency range from 1.5-11 GHz [2]. By cooling the
resonators in different magnetic fields, we are able to
probe the loss from vortices as a function of field at the
resonance frequencies contained in our design. We study
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the microwave properties of the vortex response as a
function of various parameters, including temperature,
frequency, device geometry, and film disorder.
We fabricate our microwave resonators from various
superconducting films, including aluminum, deposited
onto silicon wafers in vacuum systems at Syracuse
University or by collaborators at other institutions. We
define the patterns on the ASML stepper and transfer
them into the films with a combination of reactive ion
etching and wet-etch processing. We measure these
circuits at temperatures of 100 mK and below in our lab
at Syracuse University.
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Figure 2: Capacitive coupling elbow structure for
measurement of superconducting microwave resonator.

Figure 3: Measurement of microwave transmission dips
corresponding to resonator patterned from disordered
superconducting aluminum thin film; black (grey)
curve corresponds to measurement in zero magnetic
field (194 µT).

Figure 4: Microwave loss contribution from trapped
vortices as a function of magnetic field in resonators
patterned from disordered superconducting aluminum
thin film for two different resonance frequencies.
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Figure 1: Coplanar waveguide resonator for probing
microwave losses and magnetic field dependence in
disordered superconducting aluminum thin films.
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