Development of an Optical Phased Array
to Power Interstellar Travel
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Background
Humanity has yet to achieve practical interstellar travel. Using conventional
technology, it is expected that to reach another star, a space probe will
require at least thousands of years [1]. An innovative solution for realising
interstellar travel has been proposed via the Breakthrough Starshot project,
where a high-powered laser located on the Earth propels the spacecraft to
extremely high speeds, reducing the travel time to 20 years [2].

Phased Array Technology
The directionality of the laser beam can be improved through the use of
phased array technology, wherein a large number of emitting elements (e.g.
n = 1 million) are used to shape the beam at the target [3]. Each emitter can
be fed a signal via fibre optic cable, however, this would result in sufficient
phase noise to prevent phasing-up of the array’s output beam [4].

Transmitter Module Prototype
The optical signal transmitted via the fibre optic link can be stabilised using
a servo loop system [5]. The signal being sent to the emitter partially
reflects at the interface between the aperture and the air, causing a
reflected signal to propagate back towards the transmitting source. This
enables the detection and subsequent cancellation of the phase noise on
the fibre link. The chosen implementation is a mass-manufacturable
‘transmitter module’ (see right), which is similar to the design used for the
Square Kilometre Array phase synchronisation system. Each transmitter
module allows for the stabilisation of a single fibre optic link.

Future Direction
The transmitter module developed here allows for
the convenient prototyping of a small-scale optical
phased array (e.g. n = 10 to 100 elements). Future
work could involve the development of an
integrated photonics and electronic chips featuring
miniaturised versions of the required optics and
electronics components, as this would improve the
system’s scalability and allow for large-scale
implementation.
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