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Abstract

The radio astronomical satellite ASTRO-G is scheduled to be launched in 2012. There are three
receivers, 8 GHz ambient temperature one, and 22 and 43 GHz cooled ones. Cooled receiver consists of a
horn at 100K, a thermal insulating circular waveguide, and at 30K a circular polarization splitter, isolators and
HEMT amplifiers. An seamless assembly of a horn and a circular waveguide is fabricated in the process of
electro-forming of Au thin film and covering of GFRP for the purpose of low thermal conductivity, high
electric conductivity, light weight and large strength.

1. Introduction

I n the second VLBI Space Observatory Program (VSOP-2) , the radio astronomical satellite,
ASTRO-G is scheduled to be launched in 2012 by the H-2A rocket from Tanegashima Space Center of
Japanese Aerospace Exploration Agency (JAXA) , Japan. The satellite will observe very far astronomical
sources in cooperation with world-wide ground based telescopes simultaneously for Very Long Baseline
Interferometry (VLBI) , which will form the largest telescope with the diameter 20,000 km and get an ultra
fine beam width of 38*10-6 arcseconds [1] . Simultaneous left and right circular polarization observation can
be conducted at the selected frequency band from X, K, and Q bands. There are three low noise
two-polarization receivers, X-band (8 GHz) ambient temperature one, and K (22 GHz) and Q-band (43
GHz) cooled ones. Cooled receiver consists of a horn at 100K, a thermal insulating circular waveguide, and
at 30K a circular polarization splitter, isolators and GaAs HEMT amplifiers. The thermal flow from outside to
the cryogenic parts by conduction and radiation must be reduced extremely, and so thermal radiation shields,
multiple temperature stages, and low thermal conductive lines are used. The situation is the same between
different temperature stages. In cm/mm wavelength, low thermal conductive waveguides or choke waveguide
flanges with a gap are used. The problem is that they must have high electric conductivities to transmit weak
astronomical cm/mm signals in very low loss for low noise. Besides the satellite demands them the strength
to withstand vibrations during the launch and the light weight. In ASTRO-G, K and Q-band assemblies of
glass fiber reinforced plastics (GFRP) plated by Au inside are used.

2. Structure of the assembly

The K and Q-band cooled receivers are in the same vessel and cooled by a Stirling cycle refrigerator
which has two temperature stages at 100 K and 30 K. This vessel is not a vacuum one, but a box to hold the
receiver structures in the orbit and during the launch, and to shield them against thermal radiations from the



satellite environment. The thermal insulating circular
waveguide connects the output port of the horn at the 100 K
stage to the input port of the polarization splitter at the 30 K
stage in very low loss, so that both low thermal and high
electric conductivities are required. And this assembly must
be light in mass and have the strength to withstand the large
vibrations during the launch of the rocket. Glass fiber
reinforced plastics (GFRP) and stainless steel (SUS)
tubes inside of which are plated by gold (Au) are the
candidates which satisfy demands above mentioned. On the
satellite there is together the 38 Hz transmitter to transfer
VLBI signals to the earth station, so the 43 GHz receiver has
the rejection filter which prevent interference of the 38 GHz
transmission power. This filter is a circular waveguide
component between the thermal insulating waveguide and the
polarization splitter and is cooled for low noise operation.

We adopted an seamless structure of the assembly of
the horn, the circular waveguide and the filter, made from
same materials and fabricated without flange connections
in-between for light weight, large strength, and low loss. The precise and fine structure must be made inside
of it. SUS is rejected because of the difficulty of processing, and an thin electro-forming structure of Au
covered by GFRP is selected. The whole assembly is a thermal insulating structure and temperature gradient
can be tuned by thickness of Au.

Figure 1 shows the sketch of the assembly of 43 GHz receiver which is circular symmetric and
consists of the dual mode horn, the waveguide, and the waveguide cutoff filter. At the lower part of the horn
there is the aluminum flange (A) which is connected to the 100 K stage by flexible copper braids (not
shown) for cooling and also is slid into the plastic ring at the stage (not shown) . This flange has the
functions of cooling in the orbit and suppressing vibrations during the launch. The aluminum flange (B) at
the bottom of the assembly is the millimeter-wave
flange to be connected to the polarization splitter.

Cross cut of the waveguide is sketched in Figure
2. From inside (right) to outside (left) there are
2.2 um thick Au, 50 um non-electrolytic Nickel (Ni)
[2] , and 1 mm GFRP. The fabrication process is

below. A thin film of Au is plated on a aluminum
matrix in the electro-forming process, and a Ni one is
plated by a non-electric but chemical process. The
flange (A) is glued to the Ni film by thermal
conductive epoxy. GFRP is wrapped on the Ni one.
After these process the Al matrix is dissolved. The
fine structures can be made inside, and the thin Au
part forms walls of cm/mm wave waveguide. The
output flange (B) is glued to the inside Ni film by
epoxy, and the flange surface is plated by Au for a
smooth joint to the inside Au to form a low loss
waveguide wall.
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2. Performance

Fabrication process was almost established. Before making the whole assembly trial products of
separate parts are made for evaluations, such as a straight circular waveguide for measurements of
transmission loss, a standard horn for measurements of deformation and beam pattern, a cut-off filter for
transmission loss at 43 GHz and rejection at 38 GHz. The Au surfaces inside of these are seen very smooth,
and the measurements before and after cryogenic cooling are now in preparation. Pure material samples of
Au, non-electrolytic Ni and GFRP were also made to measure thermal conductivities in the cryogenic
environment. The thermal conductivities of non-electrolytic Ni and GFRP is about 1/2 and 1/20 of that of
SUS at room temperature, and nearly one and 1/10 at cryogenic temperature, respectively. The precise values
of thermal conductivities of these materials at cryogenic temperature are under measurement.

The differences between thermal expansion coefficients of materials may cause stress and permanent
deformation after the fabrication processes in hot and cold environments, and materials contract during the
cooling down to cryogenical temperature. Circular symmetric and reversible contraction of a sub percent can
be permitted during gentle cooling down, but permanent and non-symmetrical deformation caused by micro
fracture of GFRP [3] in rapid cooling must be avoided. Wrinkles of 20 um level may grow on the inside
surface around the connection points of the flange (A) to the body during the fabrication process, and some
structures to prevent these deformations are tried, one is that the flange has cuts and holes for vents of stress,
and GFRP is connected between above and below of the flange through holes.
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