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Abstract : We report the vanation of microwave surface resistance (R,) and residual

penetration depth A(0) of YBCO thin films as a function of ortentation of the films Three thin
film samples A, B and C have been studied. As revealed through XRD patterns, film A 1s
partially c-axis oriented. filin B has better c-axis orientation while film C is fully c-axis oriented
The modified end plate replacement technique operating at 10 GHz in TEg; | mode and sapphire
loaded dielectric resonator technique operating at 13 6 GHz in TEg; § mode were used for the
mcasurcment of R and A(0). The value of R, (13 6 GHz, 65 K) for samples A, B and C have
been found to be 1.607, 1 356 and 1 037 mQQ respectively Lower values of R, (65 K) = 930. 780
and 600 p€2 have been measured at 10 GHz for these films. The values of A(0) (13.6 GH7) have
been found to be 1950, 1830 and 1650 A for the films A, B and C respectively. As the degree of
orientation of ¢-axis grans increases 1n thin films, the Josephson coupling gets stronger and the
value of R, and A(0) decreascs.

Keywords ¢ Microwave surface resistance, YBCO thin films, grain onentatton
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1. Introduction

The crystallographic defects in metallic conductors have becn a source of power loss from
dc to electromagnetic wave frequencics and their control with the increase of purity from
99.5-99.9995% for hyperconductors accompanied by large increase in the resistivity ratio
P (300 K)/p (20 K) from 50-6000 is reported in the litcrature. Low-T, metallic
superconductors with low values of R, (10 GHz) = 25 uQ and A(0) = 1400 A at liquid
helium temperature have however been in use in microwave superconducting electronics
for quite some time. With the discovery of high-T,. cuprate superconductors, various studies
have been conducted on YBCO ceramic material processed under differcnt conditions and
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whereas in the sample B, the intensity of the 113, 116/123 and 213 pcaks diminish and
peaks corresponding to the 103/110 and (00n) planes only appear. The film C contains
peaks corresponding to (00n) planes only. Film A is partially c-axis oriented, film B has
better c-axis orientation while film C is fully c-axis oriented. Other characteristics of
the samples are given in the Table 1. The variation of R, of the samplcs with tcmpcrature at

Table 1. Characteristics of the samples

Samples A B C
Te(K) 87 88 90
AT (K) 17 15 14
R, (10 GHz, 65 K) (u2) 930 780 600
R, (136 GHz, 65 K) (m€2) 1 607 1.356 1.037
A0) (13 6 GH2) (A) 1950 1830 1650

10 GHz is given in Figure 2 whereas the corresponding results at 13.6 GHz are shown
in Figure 3. The rate of fall of the microwave surface resistance (dR, /dT) just below T¢ has
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Figure 2. Variation of R; (10 GHz) of the samples

with temperature.
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Figure 3. Vanation of R; (13.6 GHz) of the samples

with température.

been found to become steeper as the number of c-axis oriented grains increases in the film
samples A to B to C and the value of R; (65 K) has been found to be the lowest for the
highly c-axis oriented sample C. The variation of the resonant frequency of the dielectric
resonator with temperature is shown in Figure 4. The computed values of A(0) have been
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