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ABSTRACT

Scaling laser systems to large sizes for power beaming and other applications can sometimes be simplified by combining a
number of smaller lasers. However, to fully utilize this scaling, coherent beam combination is necessary. This requires
measuring and controlling each beam’s pointing and phase relative to adjacent beams using an adaptive optical system.

We have built a sub-scale brass-board to evaluate various methods for beam-combining. It includes a segmented adaptive
optic and several different specialized wavefront sensors that are fabricated using diffractive optics methods. We have
evaluated a number of different phasing algorithms, including hierarchical and matrix methods, and have demonstrated
phasing of several elements. The system is currently extended to a large number of segments to evaluate various scaling

methodologies.
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1. INTRODUCTION

There are a number of applications for high energy lasers,
including power beaming', laser-driven wind tunnels’,
material processing’, orbital debris removal®, long range
imaging’, missile defense® and others. These systems,
while very diverse in actual implementation, have in
common the need for beams that have multiple megawatts
of laser power, simultaneous with a coherent beam for long
distance propagation. In fact, it is the extremely long range
of several of these applications that drives the need for high
energy. There have been several proposals for scaling
lasers to high energy”, and some key experimental
demonstrations’. To date, chemical laser systems are the
only demonstrated lasers with greater then 2 MW CW
operation'o‘“, although a number of proposed systems
appear to be scaleable, given the appropriate investment
(nuclear-pumped, free-electron, diode-laser). However, it is
often during the scaling process that the fundamental
problems with a given system come to light.

An alternative method for scaling lasers is to build many
smaller lasers and then combine the individual beams
coherently. There are a number of resonator schemes that

can be used to couple numerous gain regions and produce
multiple outputs that operate at the same frequency'’.
Unfortunately these systems all produce a number of
separate, individual beams. To be useful for the long
distance transmission applications, these individual beams
must be combined together coherently. This involves more
than just pointing them all in the same direction and
removing dead space between. They must be phased
together coherently.

The phasing problem is similar in many ways to the
problems in segmented adaptive optics wused for
astronomy'", and many of the techniques can be borrowed
from this area of expertise. However, there are slightly
different requirements: since all of the light originates from
a single master (or distributed output) oscillator, the light
can be single frequency. This reduces the requirements on
the phasing systems, since absolute matching of path lengths
is not required. Individual beams must have paths matched
only to modulo 2r in phase. The other key difference is
that many adaptive optics systems assume that the phase is
continuous over the aperture. Thus individual slope
measurements over a series of sub-apertures can be used to
reconstruct the wavefront error. For a multiple beam
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Figure 1 - System diagram of beam combining testbed. There are three separate sensor systems, a Shack-Hartmann
sensor for measuring tip/tilt of each segment, a phase comparator system for determining the overall piston phase,

and a far-field sensor for performance evaluation.

combining system, this is no longer true. Each beam can
have its own relative phase. To construct the required
wavefront, each beam must have its phase individually
measured and compared to the adjacent beams and the
whole.

Some of the systems require a very large number of beams.
NASA has a power beaming program where they wish to
use a 12 m diameter beam expander to combine as many as
144,000 individual beams'. The Sandia nuclear-pumped
laser system would have approximately 512 separate
channels, which may in turn be further subdivided”. A
diode laser system would have millions of separate lasers.
Thus the beam combining system must be able to combine
coherently an extremely large number of beams. TTC has
demonstrated astronomical applications of >1500 degrees of
freedom (DOF) systems using segmented optics'®. They
used a shear plate system to measure the tip/tilt and piston
of each segment and provide the required correction using a
large DOF segmented adaptive optic. While this system is
scaleable to some degree, the wavefront sensor is
complicated and requires the integration of a large number
of discrete optics and high sensitivity CCD cameras.

In previous work, we proposed the use of far field
wavefront sensors and a hierarchical structure for scaling to

large number of segments'’ . An optimizing controller was
demonstrated on a six DOF system'®. Others have used
neural nets to phase more degrees of freedom
simultaneously.'l9 This work was extended to include the
use of binary optics to allow for simple implementation of

the hierarchical structure® .

Unfortunately, the far-field wavefront sensing, while
desirable from the point of view of simplicity, suffers from
inherent ambiguities that make algorithmic phase
determination difficult?’ . While it has some advantages
over other techniques in its optical simplicity and the use of
focused beams, it is operationally inefficient, requiring
iterative solution techniques that aren’t guaranteed to
converge.

In this work we have extended the usef of binary optics to
the general beam combining problem. We have devised
ways to compare beams segment by segment, while still
preserving the hierarchical structure needed for scalability.
The resulting systems are conceptually very simple and are
easy to implement. The body of this paper will describe a
brassboard testbed that is used to demonstrate the
applications of binary optics to this problem.
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