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Development of a scalable integrated circuit toward a
large format array is one of the major challenges in the
superconducting electronics for applications such as radio
astronomy and superconducting quantum computer. One of
the critical components in the superconducting circuit that
limit the realization of the large-scale system is a non-
reciprocal cryogenic circulator based on a ferrite. In a
receiver frontend of a radio telescope, it is used between a
superconductor-insulator-superconductor (SIS) mixer and
cryogenic low-noise amplifier to mitigate the multiple
reflection and provides the ideal condition in order for the
cryogenic active components to be independently operated
in the system. Performance of the microwave ferrite-based
circulators (isolators) reported in recent has greatly improved
and shows acceptable low insertion loss over multi-octave
bandwidths [1]. On the other hand, this conventional
circulator is in principle physically large compared to scale
of the superconducting millimeter/microwave integrated
circuits. This makes it difficult to minimize physical size of
the receiver frontend, and therefore, provides limitation of
the number of pixels in multibeam heterodyne receivers.

To break through this limitation, we are developing a
novel circulator that could be fully integrated on a
superconducting planar circuit [2]. The circulator can be
configured by using two identical 90-degree hybrid couplers
and a gyrator inserted between them. A gyrator is a non-
reciprocal device that has a 180-degree differential phase
shift between waves propagating through it in opposite
directions. It can be realized by employing two mixers as
frequency up and down converters, and phase shifters (Fig.
1 (a)). In addition, if the SIS-based frequency converters can
be used as the mixing element in the circuit, which is
equivalent to a superconducting microwave amplifier being
developed at the NAOJ [3, 4], the circulator with a possible
gain or an unidirectional low-noise amplifier can be realized.
Before designing and fabricating the on-chip circulator, we
conducted a proof-of-principle  experiment using
commercial microwave components to clarify the design
issues. As shown in Fig. 1 (b), the circulator in this
experiment is consisted of two 90-degree hybrid couplers
and two sets of frequency up and down converters: one set
for the gyrator with the 90-degree phase shifter, and the other
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for compensation of the conversion loss in the gyrator. By
combining them, an input signal from Port 1 can be
propagated to Port 2, and an input signal from Port 2 can be
propagated to Port 3. In this experiment, input/output
frequencies are 200-500 MHz as the base band, and the local
oscillator (LO) frequency is set to 2.0 GHz. This corresponds
to the lower sideband: 1.5-1.8 GHz and upper sideband: 2.2-
2.5 GHz in up-converted frequency bands. For the phase
shifters used in the up-converted band, we adopted coaxial
cables and adapters to achieve 90 degrees at around 2.0 GHz,
since we could not obtain wideband characteristics with
commercially available ones. The measurement results of the
S-parameters for the gyrator composed of the above phase
shifter and two commercial mixers are shown in Fig. 2. As a
result, the phase difference between S21 and Si2 is 180
degrees, indicating that it is operating as a gyrator. Regarding
the characteristics as a circulator, although the phase shifters
have frequency dependences, a typical isolation of 10 dB and
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Fig. 1. (a) the schematic diagrams of a gyrator about forward direction
and reverse direction. (b) the schematic diagram of circulator.
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Fig. 2. The measurement results of S-parameter for the gyrator.
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the best isolation of 25 dB were successfully obtained in the
base band.

In this symposium, we will report on the experimental
results and the technical challenges in the circulator or
isolator design. Besides, we plan to evaluate the gyrator
using two SIS mixers as the frequency up and down
converters, and we will present the progress of these
measurements.

ACKNOWLEDGEMENTS

This work was supported in part by JST [Moonshot R&D] Grant Number
[JPMIMS2067] and JSPS KAKENHI Grant Numbers JP18H03881 and
JP19H02205.

REFERENCES

[1] L. Zeng, C. E. Tong, R. Blundell, P. K. Grimes and S. N. Paine,
"A Low-Loss Edge-Mode Isolator with Improved Bandwidth
for Cryogenic Operation," IEEE Transactions on Microwave
Theory and Techniques, vol. 66, no. 5, pp. 2154-2160, May
2018.

[2] B. Abdo, M. Brink, and J. M. Chow, “Gyrator Operation Using
Josephson Mixers”, Physical Review Applied, Sep. 2017.

[3] T.Kojima, Y. Uzawa, and W. Shan, “Microwave amplification
based on quasiparticle SIS up and down frequency converters”,
AIP Advances, Feb. 2018.

[4] Y. Uzawa, T. Kojima, Y. Kozuki, Y. Fujii, A. Miyachi, T.
Tamura, S. Ezaki, and W. Shan, “An SIS-mixer-based amplifier
for multi-pixel heterodyne receivers”, Proc. SPIE, Dec. 2020.

Baeza, Spain, April 4-7, 2022

NOTES:



	ProceedingsBook_10152023_v3_Part1
	History

	REG_0044_ISSTT2022_Drakinskiy
	REG_0110_ISSTT2022_Thuroczy_02
	REG-0002_ISSTT2022_Pavolotsky
	I. Introduction
	II. Results
	III. Conclusion
	IV. Acknowledgement
	References

	REG-0003_ISSTT2022_Whitton
	REG-0004_ISSTT2022_Kotiranta
	I. Introduction
	II. SWI Optics
	III. Testbed Design
	IV. Measurement Methods
	A. Beam Coalignment Measurements
	B. Side Band Measurements

	V. Results
	VI. Conclusions
	Acknowledgments
	References

	REG-0008_ISSTT2022_Alibakhshikenari
	REG-0009_ISSTT2022_Thomas
	REG-0010_ISSTT2022_Thomas
	REG-0011_ISSTT2022_Sakai
	I. Introduction
	II. Permittivity extraction
	A. Measurement Setup
	B. Preprocessing
	C. Data Analysis

	III. experimental Results
	IV. conclusion
	References

	REG-0012_ISSTT2022_Auriacombe
	REG-0014_ISSTT2022_Chattopadhyay
	REG-0015_ISSTT2022_Shan
	REG-0016_ISSTT2022_Karasik
	I. Introduction
	II. MgB2 HEB Mixer
	III. THz Quantum Cascade VECSEL
	IV. THz Heterodyne Receiver

	REG-0018_ISSTT2022_Horton
	REG-0019_ISSTT2022_Montofre
	I. Introduction
	II. Design, simulations, and characterization
	III. Conclusion
	IV. References

	REG-0020_ISSTT2022_Rothbart
	REG-0021_ISSTT2022_Lopez-Fernandez
	REG-0022_ISSTT2022_Ballew
	REG-0023_ISSTT2022_Tan
	REG-0024_ISSTT2022_Meledin
	I. Introduction
	II. Receiver Design
	III. Characterization of the receiver at the telescope
	IV. Conclusion
	V. References

	REG-0026_ISSTT2022_Tuerk
	REG-0027_ISSTT2022_Realini
	I. Introduction
	II. RF waveguide structure
	III. Results
	References

	REG-0029_ISSTT2022_Driessen
	REG-0030_ISSTT2022_Mahieu
	REG-0031_ISSTT2022_Gao
	REG-0032_ISSTT2022_Albers
	REG-0033_ISSTT2022_Belitsky
	REG-0034_ISSTT2022_Barkhof
	I. Introduction
	/
	References

	REG-0035_ISSTT2022_Yates
	REG-0036_ISSTT2022_Salem
	REG-0037_ISSTT2022_Gibson
	REG-0038_ISSTT2022_Hesper
	REG-0039_ISSTT2022_Groppi
	REG-0040_ISSTT2022_Monje
	REG-0041_ISSTT2022_Veenendaal
	REG-0042_ISSTT2022_Reck
	REG-0043_ISSTT2022_Gonzalez
	REG-0046_ISSTT2022_Mondal
	REG-0049_ISSTT2022_Henke
	REG-0051_ISSTT2022_Zhu
	REG-0052_ISSTT2022_Moseley
	I. Introduction
	II. Test Facility architecture
	III. Future capabilities and opportunities
	References

	REG-0053_ISSTT2022_Moro
	REG-0054_ISSTT2022_Lambert
	REG-0055_ISSTT2022_Mahdizadeh
	REG-0056_ISSTT2022_Thuroczy
	REG-0057_ISSTT2022_Kaneko
	References

	REG-0058_ISSTT2022_Lain-Rubio
	REG-0059_ISSTT2022_Ren
	REG-0060_ISSTT2022_Ezawa
	I. Introduction
	II. Developments
	References

	REG-0061_ISSTT2022_Shurakov
	REG-0062_ISSTT2022_Wang
	REG-0063_ISSTT2022_Richter
	I. Introduction
	References

	REG-0064_ISSTT2022_Treuttel
	REG-0066_ISSTT2022_Crowe
	REG-0067_ISSTT2022_Hartogh
	REG-0068_ISSTT2022_Serres
	REG-0069_ISSTT2022_Janssen
	REG-0070_ISSTT2022_Valentin
	REG-0071_ISSTT2022_Wiedner
	REG-0072_ISSTT2022_Saeid
	REG-0073_ISSTT2022_Reyes
	REG-0074_ISSTT2022_Murk
	I. Introduction
	References

	REG-0075_ISSTT2022_Lampin
	REG-0076_ISSTT2022_Baryshev
	I. Introduction

	REG-0077_ISSTT2022_Nerik
	REG-0078_ISSTT2022_Linden
	REG-0079_ISSTT2022_Kawamura
	I. The Asthros Receiver

	REG-0080_ISSTT2022_Matsuo
	I. Introduction
	II. Preparation of Lab. Experiments
	III. Cryogenic Readout Electronics
	IV. Optical Setup of Interferometer Experiment
	V. Toward Antarctic Intensity Interferometry
	Acknowledgments
	References

	REG-0081_ISSTT2022_Baryshev
	I. Extended Rationale

	REG-0082_ISSTT2022_Mirzaei
	REG-0083_ISSTT2022_Orfao
	REG-0084_ISSTT2022_Kojima
	REG-0085_ISSTT2022_Fernandez
	REG-0086_ISSTT2022_Mirzaei
	REG-0087_ISSTT2022_Jaafar
	REG-0088_ISSTT2022_Khalatpour
	REG-0089_ISSTT2022_Barrueto
	REG-0090_ISSTT2022_Watkins
	REG-0091_ISSTT2022_Wienold
	References

	REG-0092_ISSTT2022_Cesar
	REG-0094_ISSTT2022_Khan
	REG-0095_ISSTT2022_Imada
	REG-0096_ISSTT2022_Siles
	I. Introduction
	II. Architecture Overview

	REG-0097_ISSTT2022_Sinclair
	REG-0098_ISSTT2022_Boehm
	REG-0099_ISSTT2022_Maestrini
	REG-0100_ISSTT2022_Lima
	I. Introduction (Heading 1)
	II. Results
	References

	REG-0101_ISSTT2022_Maestrini
	REG-0102_ISSTT2022_Khanal
	REG-0102_ISSTT2022_Treuttel_2
	REG-0103_ISSTT2022_Siles
	I. Introduction
	II. Approach and Preliminary Results

	REG-0105_ISSTT2022_Khudchenko
	REG-107_ISSTT2022_Walker
	REG-0109_ISSTT2022_Curwen
	REG-0111_ISSTT2022_Sriram
	II. Results
	I. Introduction
	References

	REG-0115_ISST22_Spencer
	STD-0003_ISSTT2022_Wenninger
	STD-0006_ISSTT2022_Yamasaki
	STD-0007_ISSTT2022_Masui
	STD-0009_ISSTT2022_Massingill
	STD-0010_ISSTT2022_Yoo
	STD-0011_ISSTT2022_Hoh
	STD-0012_ISSTT2022_Sirsi
	STD-0013_ISSTT2022_Longden
	STD-0014_ISSTT2022_Lopez
	STD-0015_ISSTT2022_Navarro_Montilla
	STD-0017_ISSTT2022_Monasterio
	STD-0018_ISSTT2022_Mebarki
	STD-0019_ISSTT2022_Cardenas
	STD-0020_ISSTT2022_Carrasco
	STD-0021_ISSTT2022_Benson
	STD-0022_ISSTT2022_Scott
	STD-0024_ISSTT2022_Shin
	STD-0025_ISSTT2022_Jayasankar
	STD-0026_ISSTT2022_Elmaleh
	STD-0027_ISSTT2022_MartinezGil
	STD-0028_ISSTT2022_Grutzeck
	STD-0029_ISSTT2022_Alqaraghuli
	STD-0030_ISSTT2022_Niwa
	STD-0031_ISSTT2022_Silva
	ProceedingsBook_10152023_v3_Part3



