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Abstract

Sapphire resonators with YBa,Cu;07.5 (YBCO) endplates have provided a way to realize extremely high quality factor due
to the extremely low dielectric loss of sapphire and conductive loss of YBCO films, which enables to measure the low
surface resistance of superconductor films at microwave frequencies. We present microwave properties of HTS sapphire
resonators designed for measuring the surface resistance of HTS films at millimeter-wave frequencies by using the
two-resonance mode dielectric resonator method. Despite enhanced surface resistance (Rg) of YBCO films due to the
quadratic frequency dependence of the Rg, the unloaded quality factor (Qy) of the TE(,; mode sapphire resonator still appears
to be well above 1 x 10° at a mm-wave frequency of 38 GHz at 10 K. However, it appears that the TEq;, mode QO is
unexpectedly low despite that the corresponding resonance peak looks uncoupled with parasitic modes. We discuss possible
reasons for the unexpected results using the surface resistance at the TEq,;, TEq;,, and TEy;; mode frequencies.
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III. Experimental
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Fig. 1. Diagram for a parallel-plate dielectric resonator. For
a sapphire resonator, a sapphire rod is used as the dielectric
rod.
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IV. Results and Discussion
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Fig. 2. The frequency response of the sapphire resonator
near 38 GHz at 6.5 K. Both resonance peaks appear very
sharp and uncoupled with parasitic modes.
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Fig. 3. The unloaded Q vs. temperature data for the TE;;,
TEy,; and TEg;; modes of the sapphire resonator
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Fig. 4. The resonant frequency vs. temperature data for the

TEy,; and TEg;; modes of the sapphire resonator.

Inset: The resonant frequency vs. temperature data for the
TE,;; mode of the sapphire resonator.

TEy; 229 0,9 &% 34, 28l 39
g 54 A= 742} Fig. 33 Fig. 49] inset,
12]3L Fig. 5o UERE wle} ZTh Fig 5E& B
W TEgp RE=9] FHAZC] TEy R=9 W
A% o RE £E QoA At A o
% 9. o]74 TuA o] =45 Fupiol
ﬂ117l 3l A0 RA TEy REo F3t
‘)I\‘T‘:“ ~38 GHZO] TE()]] -J———/] T-q"l‘p ~24
GHz®|t}. TE(, BE FagoAe] 1WA g
54 AFE 2 3 Ry 79 AN E o] &
3] scaledt A3= Fig. 60 e AT

10" ° TEot1 ]
] = TEp21 ]

2] 7 TEp12
@10_5 W
S, 14 ]
nﬁlO-s_E O';
10* 4+
0 10 20 30 40 50 60 70 80

Temperature (K)

Fig. 5. The effective surface resistance vs. temperature data
for the TEg,;, TE¢;,, and TEq;; modes of the sapphire
resonator.
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Fig. 6. The temperature dependence of the effective surface
resistance of YBCO films at the TE;; mode f; scaled to the
TE(,; mode fy, and at the TE(;, and TE,; fs. The effective
surface resistance at the TE(; mode f; becomes almost the
same as Rs;" when scaled by using the Rg o f relatlon
which, however, does not appear to hold true for Rg,""
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