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Abstract

A superconducting 7.3 GHz two-pole microstrip bandpass
filter and a GaAs low noise amplifier (LNA) were combined into a
hybrid circuit and characterized at liquid nitrogen temperatures.
This superconducting/semiconducting circuit’s performance was
compared to a gold filter/GaAs LNA hybrid circuit. The super-
conducting filter/GaAs LNA hybrid circuit showed higher gain and
lower noise figure than its gold counterpart.

Introduction

Before the discovery of high-Tc superconductivity, the inte-
gration of low-Tc superconductors with semiconducting devices
was not feasible since many semiconducting devices freeze-out
below 10 K. The recent demonstration of high-Tc superconducting
passive microwave components operating at liquid nitrogen tem-
peraturesl’2 has enhanced the feasibility of integrating these super-
conducting components with semiconducting devices to achieve
high performance microwave systems. GaAs and heterostructure
microwave semiconducting devices make strong candidates for
integration since they have shown significantly lower noise figures
at liquid nitrogen temperatures.™

In deep. space communications, radio astronomy and radiome-
ter applications, low noise and low loss requirements are frequently
met by cooling the microwave components. For the first time we
have combined in a hybrid circuit a superconducting microstrip
bandpass filter and a GaAs low noise amplifier (LNA), which is a
basic building block in these applications. We compared its per-
formance to a hybrid gold filter/LNA circuit operating at the same
temperature. The circuit design, fabrication, and experimental
results are presented below.

Circuit Design and Fabrication

A two-pole microstrip bandpass filter was designed with a
2.5 percent bandwidth, 0.5 dB passband ripple, and 7.5 GHz center
frequency on lanthanum aluminate substrate. The layout of the
two-pole filter is shown in Fig. 1. The filter was fabricated using
laser ablated YBCO superconducting films (~5000 A) on a 10 mil
lanthanum aluminate substrate. A gold film deposited by E-beam
evaporation on the opposite side of lanthanum aluminate substrate
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was used as a ground plane. An identical filter using gold film for
the microstrip and the ground was also fabricated.

The LNA selected was an Avantek Inc. PGM 11421 with a
specified frequency response from 4 to 11 GHz, a minimum gain
of 8.0 dB, and a typical noise figure of 2.5 dB. The bandpass
filter/GaAs LNA hybrid was mounted in a brass test fixture as
shown in Fig. 2. The devices were connected by 10 mil gold bond
wires to 50 Q input/output microstrip lines that were fabricated on
10 mil thick Duroid (¢, = 2.3) substrate. The length of the micro-
strip lines were chosen so as to minimize the interaction between
the launcher pins and the devices.

The coax to microstrip transition was implemented using
SMA female flange connectors. Silver paint was used to improve
the contact between the center conductor of the launcher and the
microstrip line.

Cryogenic Measurements and Results

The LNA and bandpass filters were tested individually to
verify their performance at T = 300 and 77 K. An HP 8510B
automatic network analyzer (ANA) was used to measure insertion
gain or loss, and a HP 8970A noise figure meter was used to
determine the noise figure of the LNA. Table 1 presents a sum-
mary of the pertinent results that apply for this work, The data for
the gold filter shows a reduction in the insertion loss of 1.4 dB
between T = 300 and 77 K. This is due to lower ohmic loss in the
gold conductor and to a reduction of loss in the dielectric substrate
at T = 77 versus 300 K. The HTS filter shows a significantly
smaller insertion loss than the gold filter at 77 K. This is due to
the near elimination of conductor loss in the YBCO film compared
to the loss in the gold conductor. Most of the loss present of the
HTS filter is due to the use of a gold ground plane.

The primary advantage in using an HTS filter over a gold fil-
ter is that the HTS filter offers a much smaller insertion loss. If
the HTS filter’s gold ground plane were replaced with HTS mate-
rial, a further reduction in insertion loss could be achieved.

For the LNA/bandpass filter hybrid measurements, a foll two
port calibration was performed inside the cryostat so as to move
the ANA reference planes to the ends of the semi-rigid cables
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inside the cryostat. Since this experiment is concerned only with
the relative difference in gain of the hybrid circuit and not with the
absolute gain, a two port calibration was selected over a TRL or
LRL calibration, which could move the reference planes of the
ANA onto the test fixture, thereby removing its effect as well. In
all measurements performed, only the filters were changed in the
test fixture.

To calibrate the noise figure meter, the LNA/bandpass filter
was replaced in the test fixture by a 50  thru line supplied by
Avantek Inc. An ANA measurement was made to determine the
total insertion loss of the test fixture and semi-rigid cables over the
frequency range of 7.0 to 8.0 GHz. This loss was found to be
2.6 dB in this frequency range. One half of this loss (1.3 dB),
representing the loss of that portion of the test fixture that appears
at the input of the hybrid, was subtracted away from the noise
figure measurements that were made on the hybrid at the appropri-
ate frequency points, leaving only the actual noise figure of the
hybrid.

Figure 3 shows the difference in the hybrid’s gain when gold
and HTS filiers, respectively, are used, while Fig. 4 shows the
difference in the noise figures. Since the HTS filter becomes func-
tional only after the system reaches cryogenic temperatures, there
is no room temperature data provided for it. This particular filter
was fabricated on a high quality substrate, it began to conduct at
T = 89 K, and reached its minimum insertion loss at T = 85 K.

At 77 K the gold filter/LNA hybrid shows a noise figure
improvement of nearly 3.5 dB as compared to 300 K, while the
HTS filter/LNA hybrid shows a 5.5 dB improvement in noise fig-
ure compared to gold at 300 K. As expected, the overall gain of
the HTS filter/LNA hybrid is greater than that of the gold hybrid
due to a lower insertion loss of the HTS filter.

As a check on the accuracy of these results, the data obtained
for the LNA and filters individually is inserted in the expression
for the noise figure of a cascade, F, = F| + (F, - 1)/G,. Here,

F| and F, are the noise figures of the filter and LNA respectively,
and G is the loss of the filter. Table 2 shows the results for the
minimum noise figure of the hybrid. There is good agreement
between the calculated and measured noise figures for the hybrid.

Conclusions

A low loss two-pole Y-Ba-Cu-O superconducting bandpass
filter on lanthanum aluminate substrate was connected in series
with a packaged GaAs low noise amplifier and fully characterized
at 77 K. The noise figure characteristics of the superconducting
filter/LNA hybrid circuit when compared to the gold filter/LNA
hybrid circuit showed an improvement of 2.1 dB at 77 K. The
gain characteristics showed an improvement of 0.5 dB for the HTS
filter hybrid over the gold hybrid at 77 K.

This first demonstration of superconducting filter/GaAs LNA
hybrid circuit shows potential for applications in radio astronomy,
radiometers and deep space communications systems where high
performance is desired in spite of the cooling requirements.
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TABLE 1.—DATA ON THE LNA AND BANDPASS FILTERS
USED IN THIS EXPERIMENT

[The frequency range is 7.0 to 8.0 GHz. The gain/loss values shown are average values
over this frequency band. For the filters, noise figure values were taken to be the

magnitude of the respective insertion loss.]

Gain/loss, Noise figure,
dB aB
LNA (PGM 11421) T=300K 8.9 2.5
T=77K 9.5 0.9
Gold filter T=300K -4.2 4.2
T=77K -2.8 2.8
HTS filter T=77K -0.5 0.5
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TABLE 2—CALCULATED AND MEASURED VALUES FOR THE NOISE FIGURE

OF THE HYBRID CIRCUIT

Calculated Measured
noise figure, noise figure,
dB dB
Gold filter/LNA, T = 300 K 6.7 7.0
Gold filter/LNA, T =77 K 3.7 3.6
HTS filter/LNA, T =77 K 1.4 1.5
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Figure 3.—~Forward transmission (gain) of the gold filter/LNA
hybrid (@) at T = 300 K, (b) at T = 77 K, and (c) the HTS fiiter/

LNA hybrid at T =77 K.

483



