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Experiment and results 

Titanium nitride (TiN) superconducting material has been under intensive studied in recent years due 

to its supreme performance in superconducting quantum circuits, such as low-loss superconducting 

coplanar resonator for superconducting qubit application, or realization of high-quality full-epitaxial NbN 

tunnel junctions on Si-substrate, both served as the crucial element for developing large scale 

superconducting qubit arrays. In our latest TiN resonator device, quality factor Q has been achieved by DC 

magnetron sputtering method. However, to further improve its performance, systematic investigation the 

property of TiN films is needed. In this letter, we study the properties of TiN films developed under 

different substrate temperature, varied from 250 ℃ to 850 ℃. For each condition, the Si wafers was treated 

by hydrogen passivation with BHF prior to the TiN film deposition. TiN films surface morphology was 

analyzed by X-ray diffraction (XRD) and SEM methods. XRD results showed sharp peaks at 

/2= TiN (200) for TiN films deposited at substrate temperature above 650 ℃. Superconducting 

properties of TiN films have been examined by the R-T measurement. London penetration depth L, as well 

as kinetic inductance Lk were estimated from the resonance shifts patterned from TiN films obtained at 

different substrate temperatures (Table I).  
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Tsub (℃) Tc (K) 10K ( cm) RRR fdesign (GHz) fmea. (GHz) L (nm) Lk (nH/m) 

850 5.60 3.2 5.4 9.275 8.8624 71 13 

750 5.30 4.0 4.5 9.275 8.9010 67 11 

650 5.20 5.9 3.4 9.275 8.7244 83 17 

550 5.10 6.4 3.3 9.275 8.5863 94 22 

450 4.58 16.9 1.8 9.275 8.0117 134 45 

350 4.33 24.6 1.5 9.275 7.6223 159 64 

250 4.23 41.5 1.5 9.275 7.5569 164 67 

 

 

Fig. 1.  Properties of TiN films deposited at different substrate temperature from 850 ℃ to 250 ℃. The 

London penetration depth  L were calculated from the resonance shifts in coplanar waveguide resonator patterned 

from each TiN film. 
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