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Abstract: c-axis single domain YBCO crystals have been grown by using the seeded melt growth 
(SMG) method. Surface resistance has been measured at 12.95 GHz and 77 K in magnetic fields up to 
1.5 T. The Pippard sealing behavior has been found in the well-oxygenated crystal indicating the high- 
quality of the single domain YBCO and similar loss mechanism compared to conventional 
superconductors. 

1. INTRODUCTION 

Low surface resistance, Rs, is a key 
parameter of the conductors in r f  devices. To 
achieve low surface resistance, the current 
approaches in processing HTS are thin film 
technologies, which can produce epitaxially 
grown films with low surface resistance) In this 
work, we have utilized a single-crystal like, 
single-domain YBCO as an alternative but 
equally effective material that can be used to 
develop r f  devices in telecommunications. In 
this paper, we present experimental data on the 
surface resistance of single domain YBCO 
samples. 

2. EXPERIMENTAL DETAILS 

The single domain materials used in this 
study were processed by the seeded melt growth 
(SMG) method which has been previously 
reported. 2 The sample was annealed in flowing 
oxygen at 400°C for 48 hours. 

Surface resistance was measured in a 
rectangular resonator cavity (TEl01 mode). As r f  
dissipation changed in the sample, this changed 
the losses in the cavity, and the cavity's quality 

factor (Q value). In turn, this changed the 
impedance match of the waveguide to the cavity 
and the power reflected from the cavity. 
Changes in the reflected power were detected as 
changes in the de diode voltage. 

3. RESULTS AND DISCUSSION 

To characterize the bulk properties of 
these annealed samples, we conducted a c  

susceptibility measurements at different applied 
fields. Figure 1 shows the a c  susceptibility 
versus temperature at different a c  magnetic 
fields for a fully oxygenated YBCO sample. As 
can be seen, the sample exhibits extremely sharp 
superconducting transition comparable to the 
behavior of the best single crystals of YBCO 
reported. We note here that the a c  susceptibility 
data reflect a bulk behavior of the material. 

The surface resistance measurements in 
this work have shown similar behaviors 
compared to the a c  susceptibility measurements. 
The measurements of surface resistance (R~) 
have been carried out under different applied d c  

magnetic fields. In Figure 2, we show AR~ = 
Rs(B)-Rs(B=0) of the sample plotted as the 
function of temperature and magnetic field (B) 
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for the field applied parallel to the c-axis of the 
crystal. As can seen from this figure, the sample 
exhibits sharp transitions at all fields. To 
further analyze the data we have normalized 
AP~, which allows us to see the scaling behavior 
in the magnetic field. Figure 3 shows the 
normalized 1~ versus tempearture for B//c. As 
can be seen in this figure, normalization has 
resulted in a good scaling at all magnetic fields 
for this configuration. This has suggested a 
common r f  dissipation mechanism for the 
temperature dependence of the surface 
resistance. According to Pippard, the 
temperature dependence of 1~ can be expressed 
as  

R s  = f ( ~ )  ta(1-t2)/(1-t4)2,  

where t = T/T¢. 3 The firing of these curves in 
the superconducting state has resulted in a 
power-law behavior as shown in Figure 3 with 
= 2. As can be seen in this figure, the Pippard 
model, which describes the behavior of a 
conventional superconductor, has fired the Rs 
data of the single domain YBCO quite well. 
The excellent agreement between the model and 
experimental data indicates that (1) an 
exceptionally high-quality single-crystal like 
superconductor and (2) the basic microwave 
behavior observed in the single-domain YBCO 
is similar to those conventional superconductors. 
However, a physical model will have to be 
established to further explain the loss 
mechanisms in the single-domain YBCO 
including the interaction between vortices and r f  
currents. This modeling work is currently under 
investigation. 
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Figure 1. Z vs. T at fields: left to right: 2.2, 1.5, 
1.0, 0.5, 0.25, 0.10e. 
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Figure 2. AR~ vs. T for the sample annealed at 
400°C. The applied field, from left to right, is 
1.9 T, 1.5 T, 1.0 T, 0.5 T. 
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Figure 3. Normalized ARs with the fitting. 
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