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Abstract

Microwave metrology for the thickness of metallic or superconductive films provides a new way to measure the film
thickness in a non-invasive way by using microwave resonators, with the measurement accuracy affected by standard
uncertainties in the resonator quality factor, temperature-dependent resonant frequency and the dimensions of the resonators.
Here we study effects of the standard uncertainty in the thickness, 7., of a calibration YBa,Cu;0,5 (YBCO) film on the
measured thicknesses, #zp, by using a ~ 40 GHz microwave resonator. For the study, we used five YBCO films having the
thicknesses of 70 - 360 nm, for which relative standard uncertainties in g due to that in 7., are obtained. The standard
uncertainty in f.,; was determined with the surface roughness of the film taken into account. It appeared that relative standard
uncertainty in f. significantly affects the tzy values, with the values of 1% (5%) in the former resulting in those of 1-2%
(5-9%) for the latter at 10 K. Our results show that, for realizing relative standard uncertainties less than 5% in fzf for all the
YBCO films, the surface roughness of the calibration films should be small enough to realize a relative standard uncertainty
of less than 2.7% in f.,.
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Fig. 1. Step profiles showing the film thicknesses for (a)
YBCO-70, (b) YBCO-150, and (c) YBCO-360 [12].
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