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Explore the potential of boron as a low-loss dielectric for
superconducting microwave devices

A key technology bottleneck in developing cryogenic microwave
devices such as superconducting detectors for next-generation space
telescopes is microwave signal loss and noise from two-level states
in dielectric layers. The larger coordination number of boron (6)
compared to silicon (4) implies lower loss (Figure 1), but boron as a
dielectric material has been overlooked, having been investigated only at
low frequencies (< 10 kHz) and temperatures > 4 K [2] where two-level
system defects are secondary to thermal noise and other loss
mechanisms. The experiment did, however, hit the measurement lower

Lumped element LC resonators with a dielectric layer were fabricated using
a niobium superconducting layer with a boron dielectric layer. Using a sub-
Kelvin testbed at Caltech, initial RF loss measurements between 250 and
750 MHz at 260~370 mK showed dielectric loss tangents around 5.7~6-10-
3, comparable to sputtered amorphous silicon-based dielectrics. Multiple
boron films with different deposition parameters needed to be tested in
order to better optimize and understand the films. However, fabricating
such microdevices and cooling down to sub-Kelvin temperatures for
measurements are not easy tasks and were taking longer than expected.
Because dielectric loss correlates with dangling bond (defect) density [3],
we decided to do additional experiments in parallel: measuring dangling
bond densities of boron films with different deposition parameters. Thin
(65~150 nm) amorphous boron films were deposited by magnetron
sputtering an elemental boron target at different RF powers and argon
pressures, with and without substrate biasing. The number of dangling

limit at low temperature, indicating that more investigations are bonds in each fiim was then measured by electron paramagnetic

necessar- “, resonance (EPR) spectroscopy.
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