


power split. The design is identical for each circuit. The feed network approximates a
separable Taylor distribution with -30dB sidelobes. The sidelobe levels in Table I are
integrated over phi and the defined ranges of theta. The resulting pattern taper minimizes
synchrotron radiation from Jupiter.

There is a grounding wire at the center of the
patch to aid in discharging static, and the
substrate and bonding adhesives are carbon­
loaded to further aid static discharge (the
electron flux density on Jovian orbit is
sufficiently high that electrons will penetrate
the patch and eventually will accumulate in
the substrate).

The patch is fabricated from carbon-graphite
co-cured with aluminum foil on both sides to
reduce mass and provide low coefficient of
thermal expansion (CTE). The patch,
dielectric honeycomb substrate, and
Aluminum honeycomb panel are bonded
together with film adhesive.

The antenna element is a single layer patch on a rectangular block of dielectric
honeycomb. The patch height and low
permittivity substrate result in an element
bandwidth of about 9%, as defined by a
minimum return loss of 10dB and an average
return loss over the band of 15dB or better.

Figure I. Array configuration and feed
network.

Carbon-loading of adhesives and pre-pregs is a particularly troublesome expedient
because performance is a somewhat sensitive function of the degree of added carbon
powder. The key electrical performance metrics in this application are: a) sufficiently low
resistivity to facilitate static discharge, and b) sufficiently high resistivity to limit skin
effect losses. Furthermore, addition of carbon black to adhesives tends to reduce strength,
especially at temperature extremes. JPL conducted an extensive program of qualification
and testing to determine the optimal percentage of carbon loading.

The coaxial cables in the power divider network have a dielectric of silicon-dioxide that
results in low insertion loss (0.4dB/m at 1.25GHz) and a very stable phase change with
respect to temperature «0.2 degree/ft between ±IOOC at 1.25GHz). The silicon dioxide
dielectric also has better resilience to the Jovian radiation environment compared to
typical coaxial cable dielectrics, such as Teflon. The cables are phase matched to within
±2° (measured to be typically within 0.6°) to provide a feed distribution with uniform
phase. The cable connecting to the center of each power divider is 90 degrees longer than
the others to make up for the fact that the stripline circuit from that port does not have a
quarter wavelength impedance transformer. This was done to simplify the circuit board
and minimize the footprint of the power divider housing (the power divider circuit
assembly fits between the rows of connectors, making the cable routing easier).

The power divider assembly is shown in Fig. 2. The stripline circuit is printed on a thin
Duroid circuit board. The board is held between two halves of machined aluminum



housing but is free to move about its center to accommodate differences in CTEs in the
housing and board. The housing is
fastened using nuts and screws.
A 3.5mm coaxial jack attaches to
a boss milled into the housing. A
tinned copper stress-relief ribbon
is soldered to the pin and circuit
board at each interconnect.
Surface-mount isolation resistors
are also soldered to the circuit

Figure 2. Power divider assembly. board. It is important to have
good continuity of return currents through the coaxial sleeve at the transition. To this end,
the housing is designed with a Keensert that allows the top-half and bottom half of this
sleeve to be clamped together at the interconnect. The mass of each Al power divider
assembly, including all mounting hardware, is less than O.5kg.

Electrical Design Procedure and Modeling

The Juno spacecraft is hexagonal in cross-section, with Al taking up one entire face. The
other 5 antennas are co-located on a different face. Array configuration and feed
distribution for Al were first estimated using an array factor code. Next, bandwidth,
sidelobe, and pattern performance were calculated using a moment method model
(Ansoft Designer) of the aperture, assuming ideal excitations from the power divider
network. A scale model (at Ku band) of Al was built in order to assess potential
interactions with spacecraft structures; notably solar panels that protrude slightly into the
field of view of Al (these panels had a negligible effect on pattern performance). The
aperture model was also constructed in HFSS, which produced good agreement with the
moment method results.

The power divider circuit board was first designed using a moment method code (Ansoft
Designer). The design was then transferred to an HFSS model to include details of the
housing and interconnect. A network model of the entire feed network was constructed in
Ansoft Designer. The model consists of synthesized (and later measured) S-parameters of
the power divider, and models for the coaxial cables that include insertion loss, insertion
phase, and impedance variations. The network model of the feed and HFSS model of the
aperture were dynamically linked to facilitate co-simulation. The procedure for designing
A2 followed the procedure for AI, the two antennas being frequency scaled versions of
each other.

Performance and Measurements

The Juno Al and A2 MWR patch array antennas were measured in a spherical near field
antenna range at Nearfield Systems Inc. Measured antenna patterns are compared with
predicted antenna patterns in Fig. 3. There is generally good agreement between the
measured and modeled antenna patterns for these antennas, with Al yielding better
agreement than A2. Agreement is better for Al (particularly in the back half space)
because its larger aperture is blocked less by the antenna support structure in the
measurement facility. In terms of integrated total field patterns, the agreement between
measured patterns and modeled antenna patterns is typically 50dB or better, allowing for
accurate prediction of antenna performance.




