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ABSTRACT: The high permittivity associated with substrates that are typically 
used for high-temperature superconductors (DTS) ca.use the edge impedance of 
microstrip patches to be very high, causing difficulty in matching a patch to a 
microstrip transmission line. In this paper, feeding techniques for K and Ka
band superconducting microstrip antennas are examined. Super conducting 
microstrip antennas that are directly coupled , gap coupled, or electro
magnetically coupled to a microstrip transmission line have been designed and 
fabricated on lanthanum aluminate substrates using a YBCO high-temperature 
superconducting thin film. Measurements from these antennas, including input 
impedance, bandwidth, patterns, and efficiencies are presented. Although each 
antenna configuration has its advantages, electromagnetic coupling allows the 
flexibility of using a low permittivity substrate for the microstrip patch while 
using HTS for the feed network. 

INTRODUCTION: The recent discovery of the ceramic high-temperature 
superconductors (UTS) has generated much speculation into their use in microwave 
antennas systems. Experimental investigations of passive microwave devices such 
as delay-lines, resonators, and filters at X-band frequencies have shown that HTS 
provides a substantial loss reduction over identical circuits fabricated with 
metals (gold, silver, or copper) [1]. Analytical work by Dinger [2] has shown 
that the an 100-element linear HTS antenna may experience an 8 to 10 dB 
improvement in gain over an identical antenna made with normal metals. One 
problem associated with the use of HTS for mi crostrip antennas, however, is the 
substrate material. The ceramic HTS compounds can presently be grown 
successfully only on high-permittivity substrates such as lanthanum aluminate 
(Er=23) or magnesium oxide (E =9.6). Although these material allow the 
miniaturization of the feed netw~rk, it also causes difficulty in matching the 
transmission line impedance to the edge impedance of the patch. To overcome 
these difficulties and use HTS e:ffectively in microstrip antennas, we have 
designed and fabricated antennas with several different feeding methods. The 
experimental performance of these antennas are compared . Measurements at 
cryogenic temperatures were performed by placing the antennas in a closed-cycle 
gas refrigerator capped with a polyethylene radome [3J. The input impedances, 
efficiencies, and far-field patterns were measured f or the antennas. 

DIRECT-COUPLED ANTENNA: A four-element array of rectangular microstrip patches 
is shown in Fig. 1a. The substrate is 254 pm thick lanthanum aluminate, while 
each patch is 825 pm long by 1650 pm wide. The feedpoint is inset 28% to obtain 
a input:. impedance of approximately 200 ohms. Matching to this point is done by 

-1013-



a 2.8 pm wide 100 ohm microstrip line serving as a quarterwave transformer 
between the patch and the 50 ohm transmission line . The input impedance measure
ments of this antenna show a relatively poor match at the resonant frequency of 
30.6 GHz. Computer simulations of the feed network show that one of the main 
reasons is the enormous line-width discontinuity at the 100 ohm quarter-wave 
transformers feeding each patch. Pattern measurements and the efficiency of this 
antenna relative to an identical gold antenna are shown in Fig. 2 and 3. 

GAP-COUPLED ANTENNA: A circular patch gap-coupled to a 50 ohm microstrip line 
is shown in Fig. lb. This configuration eliminates the need for the high
impedance matching transformers, but instead depends upon a relatively narrow 
15 pm gap between the patch and the feedline for capacitive coupling. The 
substrate is 254 pm thick lanthanum aluminate, while the patch has a radius of 
610 pm. The 100 pm feedline is gap- coupled to the patch via a 15 pm gap. The 
width of this gap is quite critical ; oyeretching of the gap to 28 pm in t he HTS 
ant enna caused significant under- coupling of the patch . An identical antenna 
pat terned wi t h gold and with a 15 pm gap showed an almost perfect match at 26 
GHz, but a very narrow (1 %) impedance bandwidth. The efficiency of these 
antennas were measured using the Wheeler Cap method [3] , The method consists of 
measuring the input resistance at resonance with and without a radiation shield , 
For this work an aluminum cap with inner dimensions of 1,25 em wide and deep by 
0 .64 cm high was used . The HTS antenna was found to surpass the performance of 
the metal antenna at temperatures below 70 K, reaching a peak efficiency of 71% . 
It is reasonable to assume that much of the remaining 26% is lost as surface 
waves j closed form approximation by Pozar [4] show a surface wave radiation 
eIficiency of about 70% at 25 GHz . The measured patterns and antenna 
efficiencies are shown in Fig. 3. The patt erns show pertubations in the E-plane 
due to surface wave generation. These findings are consistant with those 
reported by Schaubert and Yngvesson [5J. 

KLECTROIlAGNETICALLY-COUPLED ANTENNA: A circular patch electromagnetically 
coupled (ENC) to a 50 ohm microstrip line is shown in Fig. lc. This config
urat i on reduces the effective dielectric constant that the patch sees , leading 
to diminished surface wave generation, but because of the high permittivity of 
the feed line substrat e, strong coupling can be achieved be t ween the line and 
patch . Because the radiative patches are on the top layer, this configurat i on 
allows the possibili t y of integrating active devices or delay lines directly on 
the feed substrat e t o make active phased array antenna. This configuration has 
the aditional advantage of insulating t he YBCO from incident thermal radiation, 
which is a consideration for large arrays. For this work, the feedline is made 
from HTS deposited on lanthanum aluminat e, while the patch is gold deposited on 
a 127 pm alumina substrate. These antennas have 25 dB return loss at 28.5 GHz, 
and a relatively wide (3.44 %) impedance bandwidth. The measured return loss and 
antenna patterns are shown in Fig . 4 . The patt erns show the pertubat ions in the 
E- plane as f ound in the case of the gap-coupled antennas. 

CONCLUSION: Superconducting antenna fed by three seperate methods have been 
experimentally investigated. All configurations suffer from surface wave losses, 
and patterns of the single-element gap- coupled and EMC antennas show pertubations 
in the E-plane patterns due to surface waves. The gap-coupled antenna is simple 
to fabricate and is easily matched but has a very narrow bandwidth. The EMC 
antenna configuration poses several advantages including wider bandwidth, thermal 
insulation, and greater area for integrated components, but has the disadvantage 
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of increased complexity. 
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Fig. 1: Three feeding methods investigated: (a) direct-coupling, (b) gap
coupling, and (c) electromagnetic coupling. 
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Fig. 2: 
patterns 

Measured E- and H-plane 
of the 4-element array. 

Fig. 3: Efficiency of HTS array 
relative to the gold array. 
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Fig. 4 : Input impedance of 
gap-coupled antennas. The HTS 
is resonant at 26.61 GHz while 
the gold antenna is resonant at 
25.88 GUz. 

Fig. 6 (right): Measured 
efficiencies of gold and HTS 
gap-coupled antennas. 
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Fig. 5: Measured E- and II-plane patterns 
of the gap-coupled microstrip antenna. 
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Fig. 8, Measured antenna Fig . 7: 
patch. The resonance is at 29.66 GIIz. patterns of EY-coupled patch. 
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