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ABSTRAcr 
We describe the superconductive antennas with thin-film matching circuits. These 

circuits make it possible to realize small antennas, 38 mm x 20 mm x 16 mm, which is one 
quaner the length of our previously reported antennas with sintered superconductive ceramics 
match ing circuits. The actual gain of thi s antenna was A.5 dBi at 470 MHz. This value was 
5.5 dB higher than that of eu antennas with ent irely the same structure, but 3 dB lower 
than that of previously reported antennas. This slightly lower gain was mainly caused by 
additional loss at the joint. 

INTRODUcrION 

As radiation resistance becomes low as the an tenna size is reduced, the radiation 
efficiency conseque ntly becomes very low in a normal conductor antenna. However, with 
superconductive antennas, high radiation efficiency can be maintainedI1 -4], even when the 
antenna is small. We have previously demonstrated highly efficient smal l antennas[s] which we 
fabricated using sin tered superconductive ceramics. In these antennas, a quarter-wave 
impedance matching circuits were very long compared wi th the size of the radiators because 
sintered superconductive ceramics are difficult [0 form into complex structures. As a result, 
although the radiators were small, the superconduc tive an tenna was large. Thus, we employed 
superconductive matching circu its composed of high-Tc superconducting film to reduce the 
antenna size. The structure and properties of this antenna are described in this paper. 

ANTENNA STRUCTURE 
Figure I shows a pho tograph of the antenna. The parallel transmiss ion lines on MgO 

substrates were used as a quarter-wave impedance matching circuit. Figure 2 shows a cross­
sectional schematic diagram of the matching circuit. The line width and length were numerically 

analyzed with the finite-element method[6]. in order to realize the impedance matching condition 
with the parallel transmission lines and designed as 700 Jlm and 10 em, respectively. By 
bending the lines into meander patterns, the matching circuit could be fanned in an area of 
25.4 mm x 12.7 mm. This is one quarter the length of our previous matching ci rcuit. 

Helical coils made of sinlered BiSrCaCuO ceramics were used as radiators(sJ. The 
physical dimensions of the coil were designed to realize zero reactance at 500 MHz. By using 
thin-film match ing circuits and helical radiators, the total size of the antenna can be reduced to 
38 mm x 20 mm x 16 mm, which is one fifth the width and one founh the length of our 
previously reported antennas. 

EXPERIMENTS 
EuBaCuO superconducting film , 0.6 ~ thick, with a Tc of 85 K, was prepared on a 

2.54 em x 2.54 cm MgO (100) substrate by in-situ magnetron sputtering[7). The film was 
patterned into meander lines by conventional photolithography and argon ion milling. The 
helical radiators were joined to the thin-film matching circuit with silver paste. A Cu antenna 
with the same geomeoy was also prepared for comparison. 

Two glass vessels were used for cooling antennas. The small antenna was put into the 
inner glass vessel with a balun (quarter-wavelength sleeve). The outer vessel was partly filled 
with liquid nitrogen and the gas above its surface was evacuated 10 lower the temperature. In 
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this way the antenna was cooled to 70K. Antenna gain was measured by using a standard 
dipole antenna and a network analyzer(HP8753A). The distance between the antennas was 1.7 
m, and they were surrounded by radio-wave absorbers. The actual gain of the antenna was 
calibrated by using a pair of half-wavelength standard dipole antennas. 

RESULTS AND DISCUSSION 
Figure 3 shows the reflection coefficients (511) of the antennas as a function of 

frequency. The reflection coefficient of the superconductive antenna was -12 dB at 70 K, 
470 !v1Hz. The reflection coefficients of the Cu antenna were -10 dB and -33 dB, respectively. 
at room temperature and 70 K, 490 tv1Hz. Although the resonant frequency of the antennas 
shifted slightly from 500 MHz, the reflection coefficient values were sufficiently low for both 
antennas. These results indicate that exact impedance matching was achieved for both 
antennas. However, the superconductive antenna exhibited no resonance at room temperature , 
due to higher surface resistance. 

Figure 4 shows the actual gain of the antennas as a function of frequency. The actual 
gain of the superconductive antenna was -4.5 dBi at 70 K. The values were 5.5 dB and 9.5 
dB higher than those of the eu antenna at 70 K and room temperature, respectively. This 
demonstrates that the superconductive small antenna with the thin-film matching circuit is more 
effective in realizing high-gain than Cu small antennas. This antenna is also much smaller than 
our previously reported antennas with long ceramic matching circuits, however, its actual gain 
was 3 dB IOwer(5). As the radiator was the same in the present and previous antennas, the 
slightly lower gain can probably be attributed to losses in the thin-film matching circuits and/or 
at the joints between the radiators and the matching circuits. The loss in the matching circuit is 
inverse proportion to line width, and the line width of thin-film matching circuits is about one 
fifth of previous sintered matching circuits. 

In order to estimate the loss in the matching circuits, we measured the total loss of 
various combinations, such as a superconductive radiator and Cu matching circuit. The 
measured total loss is derived from the difference between the directive gain (calculated at 0.2 
dBi for the radiator) and the actual gain based on the mismatching loss. Furthermore, we 
estimated the losses in the matching circuits using a T-matrix. The loss (~) in the matching 
circuit is given by the following equations; 

~= { (R;n +Zo)2exp(2aL)-(R'n-Zo)2exp( -2aL) j/4ZoR;n 

a=Rs/wZo 
where Rit , ilJ, and (l are the input resistance of the radiator, the characteristic impedance and 
the attenuation constant of the matching circuit, respectively. L, w and Rs are the lOtallength, 
line width and surface resistance of the matching circuit, respectively. Total losses can be 
estimated by adding the value of the loss at the radiator. Comparison of the total losses makes 
it possible to estimate the surface resistance and/or the losses at the joint. The measured and 
calculated total losses for various combinations are summarized in Table 1. 

In the antennas with Cu-film matching circuits, the difference between the measured 
and the calculated total loss can probably be explained by loss at the joints, and the losses at 
joints are thought to be approximately 0.7 - 1.3 dB. In the small antenna consisting of a 
superconductive matching circuit and a eu radiator, the measured total loss was 6.7 dB. 
Considering the joint loss of about 0.7 - 1.3 dB, the surface resistance of the superconductive 
lines in the matching circuits is less than 0.6 mQ at 70 K and 500 MHz. In the antenna 
consisting of a superconductive matching circuit and a superconductive radiator, the measured 
total loss was 4.5 dB. On the assumption of a surface resistance of less than 0.6 mQ, the 
calculated total loss is estimated to be less than 2.0 dB. Therefore, the joint loss is estimated 
to be more than 2.5 dB in this antenna. In contrast, the joint loss in previously reported 
antennas was less than I dB. The increase in loss by reduction of line width is estimated to be 
less than I dB. Accordingly, we conclude that the slightly higher loss observed in the 
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superconduct ive small antennas with thin ~film matching circuits is mainly caused by the 
addit ional loss at the joints. Funhennore, if the loss at the joint is vanished, it is expected that 
this small antenna showes the almost same efficiency as previously reported ones. Thus, the 
joint between the superconductive ceramic radiator and the thin ~fi lm matching circuit should be 
improved in this antenna. 

CONCLUSIONS 
Superconductive small antennas were fabricated with thin~ film matching circuits and 

hel ical radiators. The antenna size was 38 mm x 20 mm x 16 mm, which was one quarter the 
length and one fifth the width of our previously reponed antennas with long sintered ceramic 
matching circuits. The actual gain of this antenna was ~4.5 dBi at 470 MHz, and the value 
was 5.5 dB higher than that of a Cu antenna with the same geometry. In con(rast, the actual 
gai n was 3 dB lower than the previous antennas because of a slightly higher loss at the joint 
between the radiator and the matching circuir. 

ACKNOWLEDGMENTS 
The authors would like to thank Associate Professor (Tohoku University) Kunio 

Sawaya for useful advice. The authors also thank Dr. Etsuji Sugita and Dr. Osamu Ishii for 
their cont inuous encouragement. 

REFERENCES 
[IJ G. B. Walker and C. R. Haden :"Supereondueling anlennas", J . Appl. Phys., 40, 

pp. 2035-2039 ( 1969). 
[2] S.Adachi, y'Mohri, S.Ohnuki and K.Ashida:"Experimenls on superconducting electric 

dipole and its array", Summaries of Papers, 1978 lnt-Symp. Antenna and Propagation, 
Japan, pp. 109-112 (1978). 

[31 S.K.Khamas,M.J. Mehler,T.S.M.Maclean, C.E.Gough,N.MeN.Alford and M.A. Hanner: 
"I-ligh-Tc superconduct ing shon dipole antenna", ElectIon. Lett., 24, pp. 460-461 (1988). 

[41 Z. Wu, M.l. Mehler, T.S.M.Maclean, MJ. LaneaSler, C. E. Gough and N. MeN. Alford: 
"High-Tc supereonducling small loop anlenna", Physica C, 162--164, pp. 385-386 (1989). 

[5] K.Itoh,O. lsh ii,Y.Koshirnoto and K.Cho :"High-temperature superconducti ng small helical 
antenna", to be published in Trans. Inst. Electron. Inf & Commun. Eng., E75C, (1992). 

[6] N. Matsui ,T.Mikazuki and T.Kon:"Electrical simulators for high-speed printed circuit 
boards", NIT Review, I, pp. 122-128 (1989). 

[71 O. Michikami and M. Asahi: "YBCO epitaxial film formation by magnetron sputtering with 
facing largelS", Jpn. J. Appl. Phys., 30, pp.939-944, (1991). 

Table I Measured loss and calculated loss at 70K 

Matching Measured Calcu[ated 
Radiator Total [ass Circuit loss Total loss circuit 

[dB] [dB] [dB] 

Cu Cu 10.2 4.0 9.5 
Superconductor Cu 9.1 7.1 7.8 

Cu Superconductor 6.7 
Superconductor Superconduclor 4.5 
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Fig.1 Photograph of the small antena 
Fig.2 Cross-sectional diagram 

of the matching circuit 
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Fig.3 Reflection coefficient of antennas as a funcLion of frequency 
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FigA Actual gain of antennas as a function of frequency 
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