
Microwave Response in a 
Topological Superconducting 
Quantum Interference Device

Wei Pan

In collaboration with Daniel Soh, Wenlong Yu, Paul Davids, and Tina 
Nenoff

Sandia National Labs

The work was supported by a Laboratory Directed Research and Development project at Sandia National Laboratories. Device fabrication was performed at the Center for Integrated Nanotechnologies, an Office of 
Science User Facility operated for the U.S. Department of Energy (DOE) Office of Science. Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions 
of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525. This paper describes objective 
technical results and analysis. Any subjective views or opinions that might be expressed in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

SAND2022-5348CThis paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.



Single photon detection at microwave frequencies: 

• Entanglement of superconducting qubits

• Secure quantum communications

• Quantum sensing

• Radioastronomy, dark-matter searches

• … 





Dirac semimetal is promising for microwave photon detection

-- Surface states  two dimensional electrons

-- Dirac energy dispersion relationship

-- High electron mobility





Complete quantum model of photon-number-resolving (PNR) RF single-photon detector

 Working principle of our proposed PNR-RF-SP detector:
o Surface mode absorbs incoming RF photons.
o Excited surface mode transfers energy to bulk phonons.
o Bulk phonons increase the superconductor’s temperature, which changes the bulk 

resistance.
o Increased resistance resolves the number of photons absorbed.

Superconducting Cd3As2 material



• Measurable resistance change upon 
absorbing one microwave photon.

• Depending on the “parking” 
temperature, one can resolve the 
number of absorbed RF photons by 
observing resistivity increase.

• Number resolving capability.



High quality Cd3As2
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SQUID Device to study microwave response
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Microwave response setup









• Large microwave response in 
topological SQUID 

• Promising for single photon 
detection at microwave frequencies 



Thank you for your attention!



Weak antilocalization in Cd3As2



Saturation of ρxx, Lφ, and α
– decoupling of surface and bulk states

α ~ 1.5 = 0.5+0.5+0.5
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