
NASA Tech Briefs, November 2011 21

Physical Sciences

Future astrophysics and planetary ex-
periments are expected to require large
focal plane arrays with thousands of de-
tectors. Feedhorns have excellent per-
formance, but their mass, size, fabrica-
tion challenges, and expense become
prohibitive for very large focal plane ar-
rays. Most planar antenna designs pro-
duce broad beam patterns, and there-
fore require additional elements for
efficient coupling to the telescope op-
tics, such as substrate lenses or microma-
chined horns.

An antenna array with integrated sili-
con microlenses that can be fabricated
photolithographically effectively ad-
dresses these issues. This approach elim-
inates manual assembly of arrays of
lenses and reduces assembly errors and
tolerances. Moreover, an antenna array
without metallic horns will reduce mass
of any planetary instrument significantly.

The design has a monolithic array of
lens-coupled, leaky-wave antennas operat-
ing in the millimeter- and submillimeter-
wave frequencies. Electromagnetic simu-
lations show that the electromagnetic

fields in such lens-coupled antennas are
mostly confined in approximately
12–15°. This means that one needs to de-
sign a small-angle sector lens that is much
easier to fabricate using standard litho-
graphic techniques, instead of a full
hyper-hemispherical lens. Moreover, this
small-angle sector lens can be easily inte-
grated with the antennas in an array for
multi-pixel imager and receiver imple-
mentation. The leaky antenna is de-
signed using double-slot irises and fed
with TE10 waveguide mode. The lens im-
plementation starts with a silicon sub-
strate. Photoresist with appropriate thick-
ness (optimized for the lens size) is spun
on the substrate and then reflowed to get
the desired lens structure.

An antenna array integrated with indi-
vidual lenses for higher directivity and
excellent beam profile will go a long way
in realizing multi-pixel arrays and im-
agers. This technology will enable a new
generation of compact, low-mass, and
highly efficient antenna arrays for use in
multi-pixel receivers and imagers for fu-
ture planetary and astronomical instru-

ments. These antenna arrays can also be
used in radars and imagers for contra-
band detection at stand-off distances.

This will be enabling technology for
future balloon-borne, smaller explorer
class mission (SMEX), and other mis-
sions, and for a wide range of proposed
planetary sounders and radars for plane-
tary bodies. 
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Integrated Lens Antennas for Multi-Pixel Receivers
This integrated lens antenna could enable high-resolution, three-dimensional imaging radar for
homeland security applications.
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The Dielectric Silicon Micro Lens (left) is shown with a possible array concept (right).
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