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Abstract: Autonomous navigation is considered the next important leap in transportation. Also the
applications of autonomous robots in manufacturing, security, military, delivery and service sector, as
well as in homes are of significant demand. This calls for the development of advanced lower power
and compact suite of sensors for situation awareness, path-planning and collision avoidance. Although
optical camera and stereo vision can significantly assist in navigation and obstacle detection, their
operation is severely hampered in the dark and in poor atmospheric conditions such as dust, smoke,
haze and rain. Ability to penetrate poor weather, dust, smoke, cloth and other low loss but optically
opaque material makes millimeter-wave (MMW) and sub-MMW radars suitable for navigation and
surveillance. Sensors for autonomous small robotic platforms must be low mass, compact size and low
power due to the limited space. For such applications, as the dimensions of the structures are lowered,
the standard machining and assembling methods are not suitable because of low fabrication tolerances
and high cost in assembly. Difficulties in fabrication of RF front-end systems at very high frequencies
also include error in alignment of parts, air gaps between conductive components, poor metal contact,
complex assemblies of various parts, integration of active components to mention a few. However,
micromachining offers high fabrication precision, provides easy fabrication and integration with active
devices and hence is suitable for manufacturing of high MMW and submillimeter-wave frequency RF
front-ends. A radar design compatible with micromachining process is developed to fabricate a Y-band
high-resolution radar with a slot-fed patch array antenna composed of 1200 elements. A multi-step
silicon DRIE process is developed for the fabrication of the waveguide structure while the slots are
suspended on a thin oxide/nitride/oxide membrane to form the top cover of the waveguide trenches
and the patch elements are suspended on a thin Parylene membrane. Gold thermocompression
bonding and Parylene bonding are used to assemble different parts of the antenna. These processes
result in a compact and light-weight (5 g) radar. The beam steering is accomplished by frequency
scanning and the range resolution is obtained from the standard FMCW technique utilizing a chirped
signal waveform with step discontinuities. The radar RF front-end has a small form factor (4.5 cm X 3.5



cm X 1.5 mm) and weighs only 5 grams, and provides a field of view of +25° with angular resolution of
2° and range resolution of 37.5 cm. Different fabrication methods and novel measurement and
characterization methods at 235 GHz will also be presented.
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