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duce a spherical wave front with a radius of curvature
as short as -40 m. In any case, the phase offset is
constant and reproducible from shot to shot; more-
over, any dynamic changes in the individual optical
path lengths are compensated for, as was seen by com-
paring Figs. 2(c) and 2(d).

In summary, we have demonstrated a practical tech-
nique for achieving laser energy scaling beyond tradi-
tional limits imposed by the maximum available vol-
ume of an active medium. This demonstrated energy-
scaling technique, based on a phase-conjugate MOPA
configuration, permits the coupling of several parallel
amplifiers to form a single coherent output beam.
The coherence is achieved despite dramatic differ-
ences in the individual amplifier energies and optical
path lengths. Although the present work involves
Nd:YAG as the active medium, the technique is quite
general and can be applied to a variety of laser media.
Moreover, the basic demonstration involving two par-
allel amplifiers can be readily scaled to much larger
numbers.
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Coherent coupling of laser gain media using phase conjugation
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We have experimentally demonstrated a laser energy-scaling technique, based on a phase-conjugate oscillator/am-

plifier scheme, that permits the coupling of several parallel amplifiers to form a single coherent output beam. This

coherence is achieved despite dramatic differences in the individual amplifier energies and optical path lengths.

When many amplifiers are coupled together, energy can be scaled significantly beyond the limit imposed by the

maximum available volume of a single active medium. Although the present demonstration utilized Nd:YAG, this

technique is quite general and can be applied to a variety of laser media.

We report the demonstration of a practical technique
for achieving laser energy scaling beyond traditional
limits imposed by the maximum available volume of a
single active medium. These limits can arise from
fundamental laser characteristics, such as the occur-
rence of amplified spontaneous emission or parasitic
oscillations, or they can arise from practical con-
straints of supporting technologies. Specific limita-
tions of the latter type can be readily identified: (1)
crystal growth technology sets a limit on the maximum
boule size that can be achieved for any specific solid-
state laser material, (2) practical constraints on any
one of several technologies involved in electric dis-
charge or electron-beam pumping limit the volume of
large gas lasers, and (3) dissipating thermal loads be-
comes increasingly difficult as the volume of any laser
medium grows.

The demonstrated energy-scaling technique report-
ed here is based on a phase-conjugate master oscilla-
tor/power amplifier (MOPA) configuration. Previous
work with such a configuration has established that
phase distortions introduced by an optically distorted
amplifier can be compensated for by using nonlinear-
optical phase conjugation (NOPC).1 The present
work takes advantage of the fact that NOPC will also
compensate for any phase distortions arising from op-
tical-path-length differences among an array of paral-
lel amplifiers. Hence several parallel amplifiers driv-
en by a single oscillator can be coupled to form a single
coherent output beam. This coherence is achieved
despite dramatic differences in the individual amplifi-
er energies and optical path lengths. The concept of
using phase conjugation to achieve such coherent cou-
pling has been mentioned2-4; however, the present
work represents the first reported successful experi-
mental demonstration. Although Nd:YAG was used
as the active medium, the technique is quite general
and can be applied to a variety of laser media.

The experimental arrangement is shown schemati-
cally in Fig. 1. The 9-mJ output of a single-mode
Nd:YAG oscillator passes through a beam-expansion
telescope and is directed into the amplifier leg by a
thin-film polarizer. Because the beam is vertically
polarized (i.e., normal to the plane of the figure), all

the oscillator energy enters the amplifier leg. Follow-
ing a quarter-wave plate is a 2X cylindrical telescope
that produces an elliptical spot having major and mi-
nor diameters of 16 and 8 mm, respectively, with the
major axis parallel to the plane of the experimental
table. Through the use of several prisms, this ellipti-
cal spot is divided into two D-shaped spots, each of
which passes through a different 7-mm-diameter
Nd:YAG amplifier rod. Each rod is contained in its
respective pump head. Following the amplifiers, the
two beams (which are of circular cross section at this
point) are aligned to be parallel and are focused into
the same region of a phase-conjugate mirror (PCM).
In this experiment the PCM is a cell containing 1500
psig of methane, and phase conjugation arises through
the process of stimulated Brillouin scattering (SBS).
The phase-conjugated beams retrace their respective
paths through the amplifiers, where they are amplified
a second time.

The two parallel round spots are converted into two
elliptical spots as they pass back through the cylindri-
cal telescope. Following a second pass through the
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Fig. 1. Experimental arrangement used to demonstrate co-
herent coupling of parallel gain media using phase conjuga-
tion. Inserting mirror and tilted apertures as indicated pro-
vides a reference beam for comparison purposes.
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