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Abstract⎯A new TE01δ test probe with proper 

transmission factor is fabricated for the measurement of 
surface resistance of high temperature superconductor 
(HTS) thin film. Coupling holes instead of coupling 
loops are used in the probe for its easier machining and 
relatively low loss. Two 6 mm × 3 mm × 8 mm dielectric 
waveguides, one side of them is coated by silver, are 
used for coupling. The measurement result of S21 agrees 
well with the simulation because the size of the probe 
can be rigidly controlled by machine. The microwave 
surface resistance of four YBCO/MgO films are 
measured at 77 K and 12 GHz and scaled to 10 GHz 
according to the f 2 rule. The average surface resistance 
of four HTS thin films is 0.38 mΩ, the standard devia- 
tion and relative standard deviation of one single HTS 
thin film are 0.009 mΩ and 2.4%, respectively. 

 

Index Terms⎯High temperature superconductor, 
surface resistance, surface resistance measurement. 

 
 

1. Introduction 
Measuring the microwave surface resistance (Rs) of 

high temperature superconductor (HTS) thin film is crucial 
not only for the design of HTS devices but also for the 
HTS thin film fabrication. Several methods for measuring 
the Rs of HTS thin film have been proposed, including 
cylindrical cavity method[1], parallel-plates resonator 
method[2], microstrip-line resonance method[3], dielectric 
resonator method[4]-[7], and two-resonator method[8]. The 
two-resonator method has been recommended as the 
national standard for measuring Rs. Although much effort 
has been made on the two-resonator method, its measuring 
process is a little troublesome and the result is the average 
Rs of two HTS thin films. Another method called image 
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dielectric resonator method, which is suitable for 
commercialization measurement, has the features of 
directly measuring the Rs of single piece of HTS thin film 
and easier calculation. This method is recommended as the 
supplement of HTS Rs measurement standard of China. 

Coupling loop was used in the device of image method 
before, but its shape is hard to rigorously control because 
usually it is handwork, furthermore, its relative high lose 
will decrease the Q value of the resonator, which is 
disadvantageous for reducing the uncertainty of the 
measurement. Therefore, coupling hole is used for EM 
transmission, and ceramic with roasting silver in it is used 
as an adaptor. The new structure of TE01δ test probe has the 
advantage over the old ones since its most parts can be 
fabricated accurately by machine, therefore, its measure- 
ment result of S21 agrees well with the result of simulation.  

2. Theory of Image Method 
The schematic of testing probe is short-circuited by a 

conductor plate and a calibration probe is shown in Fig. 1.  
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Fig. 1. Schematic of TE01δ testing probe loaded by (a) conductor 
and (b) calibration probe. 

The testing probe is a cylindrical cavity resonator with 
a dielectric rod situated in the center of the replaceable 
lower end. Its working mode is TE01δ of which the 
amplitude of the magnetic field in the angular direction Hφ 
is zero. Thus only the current in angular direction exists on 
the inner surface of the metal shield of the testing probe. 
Therefore, the air gap between testing probe and conductor 
under test will not decrease the Q factor of the working 
TE01δ mode. Furthermore, replacing the conductor under 
test will not affect the distribution of the EM. Thus the 
measurement of Rs of HTS can be achieved by measuring 
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the Q factor of the testing probe short-circuited by different 
conductors. 

The unloaded Q factor of testing probe is Q0 given by[9]

1
0 [ sQ A BR −= + ]              (1) 

where A and B are the ratio of the integral of EM, which 
depend on the distribution of the EM. A and B become 
constants after the cavity is fabricated. 

If the conductor under test is a calibration probe whose 
structure is identical with testing probe, the symmetric 
plane is a magnetism wall. Thus, it seems that the testing 
probe is short-circuited by perfect conductor. Since the 
structures of the two probes are identical, the distribution 
of EM in the testing probe remains the same; therefore, (1) 
still works. The value of A can be obtained by measuring 
the unloaded Q value Q0H of the resonator made by the two 
probes: 

0H1A Q=                 (2) 

After substituting gold plate whose Rs is already known 
for calibrating probe, the working mode in the testing 
probe is still TE01δ and the working frequency remains 
unchanged. Assuming the unloaded Q factor of the testing 
probe is Q0Au: 

( )0Au Au1/ sB Q A R= −             (3) 

The two processes above are called calibration. Finally, 
substituting HTS thin film for gold plate, unloaded Q 
factor Q0HTS is measured. The microwave surface resis- 
tance of HTS thin film at the resonant frequency is 
calculated by 

( )HTS 0HTS1/sR Q A B= −            (4) 

Only one step of testing is needed for measuring the Rs 
of one single HTS thin film after calibration. Thus the 
advantage of this image method is obvious when the Rs of 
a great number of HTS thin films need to be measured. 

 
 
 
 
 
 
 
 
Fig. 2. Structure of earlier image test device. 

3. Design of TE01δ Testing Probe 
Fig. 2 is the structure of a earlier testing probe with 

coupling loops. Coupling loops are difficult to fabricate 
since they are manual job. Therefore, it is difficult to 
ensure that the plane of coupling loops are parallel to the 

top side of sapphire, thus spurious modes problems may 
arise. In addition to spurious mode, the problem of direct 
coupling between input and output which will also distort 
the resonance curve usually exists in this kind of structure. 
Furthermore, coupling loop is unsuitable for this structure 
because its relative high loss will decrease the Q factor of 
the resonator. This will increase the uncertainty of 
measurement. 
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Fig. 3. Structure of new image test device. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig. 4. The scatter parameter S21: (a) simulation and (b) test. 

The simulation and testing results of scatter parameter 
S21 vs. frequency are shown in Fig. 4. In order to minimize 
the problems discussed above, a new structure shown in 
Fig. 3 is used. In this structure dielectric waveguide is used 
for coupling. One side of the dielectric waveguide is 
covered with silver. The simulation and fabrication of this 
structure is easier comparing with the former device in 
which coupling loop is used. The coupling hole is 
rectangular with its broad side z axis oriented and narrow 
side minimized. The size of narrow side is 1 mm in order to 
facilitate the fabrication. The input and output ports of this 
testing probe are SMA sealed connectors in case of the air 
leakage in cryogenic region. The structure is simulated 
with HFSS. The nearest adjacent modes of TE01δ are 800 
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MHz away. Thus the coupling with other mode is 
neglectable. 

In Fig. 4 (a), the resonance peak appears at 11.97 GHz 
marked by f1. There is a minus peak at 12.39 GHz marked 
by f2. We believe the minus peak is caused by the direct 
coupling between the input and output of the testing probe. 
Though the direct coupling exists, the minus peak is too 
weak to affect the working mode according to the 
simulation result. The testing result is almost identical with 
the simulation. Scatter parameter S21 is measured by vector 
network analyzer Agilent E8363A. The minus peak is 
invisible since it is below the noise floor.  

4. Experiments 
The most important for this method measuring the Rs 

of HTS thin film is the accuracy of A and B according to 
(4). The constant A is calculated by the unloaded Q factor 
of the testing probe short-circuited by calibration probe. 
Actually the uncertainty of A is affected by the position of 
symmetric plane which is relative to the distribution of 
electric and magnetic fields. Thus, the accuracy of A 
depends on the consistency of the EM distribution in the 
two probes. Most EM energy of the probes stores in the 
sapphire rod since the relative dielectric constant εr of 
sapphire is higher than 9. Furthermore the size of metal 
shield of the two probes is rigidly controlled by machine. 
Therefore, the differences of both sizes and loss between 
the two sapphire rods in the probes dominate the 
uncertainty of A. A TE011 mode resonant cavity working at 
12 GHz, 77 K was fabricated for choosing the identical 
sapphires in order to minimize the uncertainty. Finally two 
sapphires were chosen as “identical pair” since the 
deviation of their unloaded Q factor was less than 0.25%. 
The resonant cavity is installed in a seal box filled with 
high pure helium gas in order to minimize the influence of 
the humidity in the air which will decrease the unloaded Q 
factor of the resonant cavity.  

The constant B can be obtained after the unloaded Q 
of testing probe short-circuited by gold plate is measured 
according to (3). Actually, the gold plate is a copper plate 
with gold galvanized on it. Gold is very stable, so that the 
change of gold plate’s Rs due to oxidation is neglectable. A 
cylindrical resonator cavity with inner diameter of 40 mm 
and length of 57.7 mm, which is electroplated together with 
copper plate, is fabricated to figure out the Rs of the gold 
plate. The surface resistances of resonator cavity and gold 
plate are assumed to be the same for their identical material 
and galvanizing process. The resonance frequency is 12 

GHz working at TE013 mode at 77 K. The resonator cavity 
is immerged in the liquid nitrogen for the measurement of 
Q factor. The unloaded Q factor of the resonator cavity is 
16418 at 77 K. According to the well known formula for the 

calculation of unloaded Q factor of TEmnp mode resonator 
cavity, the Rs of gold plate is 66.8 mΩ at 12 GHz, 77 K. The 
surface resistances of four YBCO thin films grown on 2″ 
diameter MgO substrates using in situ annealing method 
are measured. The result is shown in Table 1. The standard 
deviation and relative standard deviation of one single HTS 
thin film are measured, as shown in Table 2. The relative 
standard deviation of the measurement is 2.4%. This result 
indicates that the precision of the new testing probe is 
sufficient for the surface resistance measurement of HTS 
thin films. 

Table 1: Results of Rs measurement 

Table 2: The results of round robin measurement 
 
 
 
 
 
 
 

 
 

5. Conclusions 
A new TE01δ testing probe is introduced and designed 

in this paper. Ceramic with one side covered by silver is 
used in this new structure; it is suitable for measurement at 
low temperature since the results of “round robin measure- 
ment” is satisfying. The simulation is more reliable since 
the size of the probe is rigidly controlled by machine. High 
parallel degree between the wide side of coupling hole and 
the axis direction of sapphire is easier to achieve and 
therefore the parasitic modes problem can be reduced.  
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