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The performance of quantum sensors or qubits based on superconducting circuits is limited 
by “two level system” (TLS) loss associated with amorphous layers at the metal and 
substrate interfaces [1,2]. Through selective chemical etching of niobium-on-silicon 
quantum resonators, correlated with millikelvin microwave loss measurements and 
interfacial materials analysis [3], we found clear differences in contributions of Si and Nb 
surface oxides. XPS and STEM analysis of resonator cross-sections were used to correlate 
physical and chemical changes in the surface oxides with reductions in decoherence [4,5]. 
Surface SiOx hosted 70% of TLS loss, with only 24% associated with NbOx. Although TLS 
loss dominated decoherence, 39% of loss did not show the characteristic TLS power 
dependence [1]. NbOx hosted 68% of non-TLS losses, with only 17% associated with SiOx. 
We localized 92% of all loss in the surface oxides. TEM diffraction showed an epitaxial 
relation between the Nb superconducting film and the Si substrate, with no evidence for the 
commonly-reported metal-substrate amorphous oxide layer. Post-fabrication surface oxide 
etching improved our median quantum-resonator quality factors from 0.93 to 5.26 million.  

 
Figure 1. Experiment 
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right) 
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1) Details of Microwave Resonator Characterization 

 
 

2) Evidence for Epitaxial growth of Nb on Si by 
magnetron sputtering 

 



3) Details on Selective Etching and the Niobium Surface oxide 
 

  
 

4) Loss Localization details 

 


