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Abstract:

Optical beam steering is a key component in any application that requires dynamic (i.e. real-time
control) of beam propagation through free-space. Example applications include remote sensing,
spectroscopy, laser machining, targeting, LIDAR, optical wireless communications (OWC) and
more. The pointing control requirements for many of these applications can be met by traditional
mechanical steering techniques; however, these solutions tend to be bulky, slow, expensive,
power hungry and prone to mechanical failures leading to short component lifetimes. Two
emerging applications, LIDAR imaging and OWC, truly need improved beam-steering capabilities
to flourish and support the advancement of self-driving cars or relieve the congestion in radio-
frequency wireless networks, respectively. We consider the novel requirements of these
applications during development of a new beam-steering technology.

We introduce imaging-based beam steering (IBBS) that uses an imaging transform between
spatial and directional domains to implement a new method of electronic beam-steering. We
introduce this concept while focusing on transmitters (Tx) for OWC but the pointing control
mechanism is bi-directional supporting both transmit and receive functionality, even out of the
same aperture; likewise, features that make this solution compelling for OWC are also great for
LIDAR imaging. In IBBS, an array of high-speed sources are positioned at the focal plane of a
lens and the lens passively collects, collimates and steers the beam into a conjugate direction.
“Steering” is accomplished by selecting which source to use for an OWC link. This gives a coarse,
pixelated beam-steering control that is well-suited for short-range OWC such as indoor
communications and we present a prototype bulb for this application. Notably, multiple sources
can be utilized at once with each steered into its conjugate directions and this presents the first
beam-steering technology that supports multiple beams out of a single aperture; this feature
uniquely supports multiplexed communications and fast, high-resolution LIDAR imaging.
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