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A Comparative Study on the Effective Surface Resistance of
High-T¢ Superconductor Films as Measured by Using
the S-parameter Circle-fit and the Lorentzian-fit Methods
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Abstract

Measurements of surface resistance (R;) of high temperature superconductor (HTS) films with accuracy are essential for
microwave applications of HTS materials. In using the dielectric resonator method, uncertainties in the unloaded quality
factor of the resonator cause significant errors in the measured R; of HTS films. We compare the R values of YBa,Cu307.5
films calculated from the Q, as determined from the Lorentzian fit with that from the Q) as determined from the S-parameter
circle-fit at temperatures between 15 K and 77 K. The two sets of values appeared to differ by 5%, 7%, 6%, and 11% at
temperatures of 15, 60, 70, and 77 K, respectively, from each other, implying that careful error analysis needs to be
performed in obtaining the R, of HTS films by using the Lorentzian-fit method, with the ones determined from the S-
parameter circle-fit used as the reference.

Keywords : Surface resistance, Lorentzian fit, S-parameter circle-fit, Dielectric resonator method, YBa,Cu;07.s film.
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Fig. 1. Cross-sectional view of a sapphire resonator with
YBCO endplates
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Fig. 2. Temperature dependence of the resonant frequency

measured by using various methods. Here ‘xyL’ denotes the

results from the Lorentzian fit with “xyC’ denoting the ones
from the S-parameter circle fit.
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Fig. 3. Temperature dependence of the insertion loss.

Inset: Temperature dependence of the signal-to-noise ratio
(SNR).
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Fig. 4. Temperature dependences of the Q, of the resonator
with different coupling strengths as obtained from the

circle-fit method and the transmission mode method (inset).

Table 1. Temperature dependence of Q, (x 10%) measured
by using various methods. Here ‘xyL’ denotes the results
from the Lorentzian fit with ‘xyC’ denoting the ones from
the S-parameter circle fit.
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15 | 1.57 | 1.55 [ 1.59 | 1.57 | 1.51 | 1.52 | 1.52 | 1.55
60 |0.62|0.62|0.62 | 0.62 | 0.66 | 0.67 | 0.63 |0.64
70 |0.43 1043 |045|0.45|043|0.41]|0.44(0.43
77 10.26 | 0.26 | 0.26 | 0.29 | 0.29 | 0.30 | 0.26 | 0.26
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Fig. 5. Qy values at 15 K (square), 60 K (circle), 70 K
(triangle), and 77 K (inverse triangle) as measured by using
various methods.
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Fig. 6. The R¢™ of YBCO films at 15 K (square), 60 K
(circle), 70 K (triangle), and 77 K (inverse triangle) as
measured by using various method

Table 2. The Rs™ of YBCO films at 15 K (square), 60 K
(circle), 70 K (triangle), and 77 K (inverse triangle) as
measured by using various method (unit: mQ)

Rl wd
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15 | 0.217 | 0.223 |10.214{0.219{0.233 |0.228]0.230(0.223
60 | 0.710 [ 0.71510.711]0.705] 0.660 |0.64910.693(0.677
70 | 1.068 | 1.075|1.020{1.009|1.080 |1.124|1.035(1.070

77 | 1.911 | 1.904 |1.840|1.685|1.641|1.619(1.850|1.892
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