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Introduction

Ultra low loss capacitance elements make up a fundamental part of many
different quantum devices. Today, the bulk and interfacial losses that plague
conventional parallel plate capacitors have mandated the use of extremely large
coplanar capacitors. While they have been successful in increasing device
performance by reducing coupling to lossy two level systems, their size proves 6.9084

Results: Spectroscopy
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a major obstacle when considering the scaling up of quantum systems. Van der :’g §
Waals materials can be grown as single crystals with extremely low defect O S
densities and then stacked to create heterostructures with ultra-clean laminated g, g,
interfaces. Here we report results of a qubit with an all van der Waals (vdW) = =
parallel plate capacitor as it's primary external capacitance. Using exfoliated §. §.
vdW materials, such as niobium diselenide (NbSeZ2), and hexagonal boron - =
nitride (h-BN), our process allows us to create capacitors with atomically flat, 6.9072 6.9072
ultra clean interfaces, and dramatically reduced footprints when compared to
conventional coplanar capacitors. Using a recipe we developed to make low -130 -115 -90 -10 -5 0
loss superconducting contacts to NbSe2, We couple an all VdW capacitor to a Power (dBm) Flux-bias Current (mA)
SQUID loop to fo_rm a flgx tunable "SuperVan Qubit." We report r_elaxa_tion times Signal (a.u) ==
of ~ 1 us, which is the first demonstration of coherence for a device with an all C
VdW capacitance.
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Capaontor Pa 5.15 5.25 5.35 -0.6 -0.1 0.4
e— ) Frequency (GHz) Flux-bias Current (mA)
Spectroscopy of a vdW transmon
Results: Coherence
Schematic circuit diagram
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vdW Capacitor (pink) Conventional qubit The first demonstration of coherence in a device
with an all van der Waals parallel plate capacitor,
Reduce the qubit area by a factor of > 1000 showing T, times of ~1us
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