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Receiving Subarray Unit with Superconducting Filters to Improve Sensitivity
of Phased-Array Antennas
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Microwave phased-array antennas, which are used in various fields including wireless communication and radar systems, have been required to
provide higher sensitivity in recent years in order to enhance communication capabilities, reduce the power consumption of transmitters, and extend
the detection range of radar systems.

To fulfill these requirements, Toshiba has developed a receiver module capable of detecting a weak signal amidst thermal noise by means of
superconducting filters and low-noise amplifiers operated at a cryogenic temperature of around -200°C, as well as a contactless microwave interface
with both thermal insulation and low-loss microwave propagation properties in order to maintain the cryogenic temperature. Experiments on a
prototype receiving subarray unit have confirmed that it is possible to realize a phased-array antenna with higher sensitivity using this technology.
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Receiving subarray unit with superconducting filters
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Comparison of noise temperatures of conventional and newly developed
receiving subarray units
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Split waveguide type thermal insulation microwave interface
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Coupled resonator type thermal insulation microwave interface
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Relationship between heat inflow and transmission loss in various micro-
wave interfaces
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Prototype receiving subarray unit with 16 antenna elements
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Noise temperature and transmission characteristics of prototype receiving
subarray unit
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34

WIZ, T TF R T OMAHEZEFWIHIE LI LT,
FEFTTIAZZY DT FFRy = R LR %
B7IR7, SZTIIEMNRBIELTE—2)H250° & 45°
DZODOYFHRRLIZD, EHLOREBEHERE XK
FTHMERENELNT VS, THICLY, BIKEZEE
Va— VIV EBREREAAINZEBES T T LAy b,
T2—=ART VAT T+ DR TH LA L5 —2
EAZMERCEBTELIEEMA L

5 HeHE

“A 7O EZEROBEELEEI T L5720, @874V
ZIZ X BHICOMBIRE, A B R f OB T OB E
Z XD EHEF OMRIKIC LD, BREE BRI ZEEY 22—V
ZRR L. COEMAETz—ARTILAT Y FHIHEATA
BRI & 72 2 B A2 3357200102, Fr7zI2B%s L7zl
B vy 7AW CZBEY 7 7L i 1=y v &
HEL, 72—AFT7ULAT v FFELCOBIERFEIEL 7,

SRIGBERL —FREOFH~OEMNZHIELT, LYK
B Y AT LAHIS T & % X9 Ha b HA Bl 2 DTV,

X Wk

(1) IR fl. R A A A TE 59 GHz A SR L — ¥ A2
BHBRE T4 VY, ¥ LY 2—. 66, 12, 2011, p.44-47.

(2) Kawaguchi, T. et al. "High-sensitivity HTS Receiver Module with
Hermetic Thermal Insulation Waveguides'. Proceedings of the 43rd
European Microwave Conference. Nuremberg, Germany, 2013-10,
European Microwave Association, IEEE. 2013, p.955 - 958.

(3) Kumamoto, T. et al. "High-Sensitivity Receiving Sub-array Module
with HTS Filters for an Active Phased Array Antenna’. 2013 IEEE
International Symposium on Phased Array Systems and Technology.
Waltham, M A, USA, 2013-10, IEEE. 2013, p. 341 - 345.

(4) Kayano, H. et al. "Low-Profile High-Sensitivity Sub-array Module with
HTS Filters for an Active Phased Array Antenna". 2014 IEEE Radar
Conference. Cincinnati, OH, USA, 2014-05, IEEE. 2014, p.118 - 121.

81l #Hxr SHIOKAWA Noritsugu
WFZERsE 1 > % — BEREM BT KT M) —FEII%E Ho
HRE T V5 B8 - B3 ICHE S

Functional Materials Lab.

A0 Ritg KAWAGUCHI Tamio
WFZERF > & — M AT KT M) —iF%E £
BRE T 4V 55 A 098 - BSEICHE S

Functional Materials Lab.

Bk ZR SHINONAGA Mitsuyoshi, D.Eng.
HEBA V7TV AT B AT LHEREE, Wit (R
LT, L—F Y ATFA R L —5E 5B S,
TFBREY SR

Defense & Electronic Systems Div.

RZ L Ea1—Vol69 No.12 (2014)



