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The Juno mission to Jupiter requires
an antenna with a torus-shaped an-
tenna pattern with approximately 6
dBic gain and circular polarization over
the Deep Space Network (DSN) 7-GHz
transmit frequency and the 8-GHz re-
ceive frequency. Given the large dis-
tances that accumulate en-route to
Jupiter and the limited power afforded
by the solar-powered vehicle, this
toroidal low-gain antenna requires as
much gain as possible while maintain-
ing a beam width that could facilitate a
±10° edge of coverage. 

The natural antenna that produces a
toroidal antenna pattern is the dipole,
but the limited ≈2.2 dB peak gain would
be insufficient. Here a shaped variation
of the standard bicone antenna is pro-
posed that could achieve the required
gains and bandwidths while maintain-
ing a size that was not excessive. The
final geometry that was settled on con-
sisted of a corrugated, shaped bicone,
which is fed by a WR112 waveguide-to-
coaxial-waveguide transition. This
toroidal low-gain antenna (TLGA)

geometry produced the requisite gain,
moderate sidelobes, and the torus-
shaped antenna pattern while maintain-
ing a very good match over the entire
required frequency range. Its “horn”
geometry is also low-loss and capable of
handling higher powers with large mar-
gins against multipactor breakdown.
The final requirement for the antenna
was to link with the DSN with circular
polarization. A four-layer meander-line
array polarizer was implemented; an ap-
proach that was fairly well suited to the
TLGA geometry. 

The principal development of this
work was to adapt the standard linear
bicone such that its aperture could be
increased in order to increase the avail-
able gain of the antenna. As one in-
creases the aperture of a standard bi-
cone, the phase variation across the
aperture begins to increase, so the
larger the aperture becomes, the
greater the phase variation. In order to
maximize the gain from any aperture
antenna, the phase should be kept as
uniform as possible. Thus, as the stan-

dard bicone’s aperture increases, the
gain increase becomes less until one
reaches a point of diminishing returns. 

In order to overcome this problem, a
shaped aperture is used. Rather than the
standard linear bicone, a parabolic bi-
cone was found to reduce the amount of
phase variation as the aperture increases.
In fact, the phase variation is half of the
standard linear bicone, which leads to
higher gain with smaller aperture sizes.
The antenna pattern radiated from this
parabolic-shaped bicone antenna has
fairly high side lobes. The Juno project
requested that these sidelobes be mini-
mized. This was accomplished by adding
corrugations to the parabolic shape. This
corrugated-shaped bicone antenna had
reasonably low sidelobes, and the appro-
priate gain and beamwidth to meet proj-
ect requirements. 
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pable of sampling each sensor simulta-
neously at hundreds of kilohertz. The
number of sensors required for damage
detection is fewer than low-frequency
techniques that can also use FBGs, such

as those based on the mode shapes of
the structure.
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