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Coherent beam combination (CBC) of laser arrays is an efficient way to scale brightness. We demonstrate
CBC of two slab laser amplifiers based on active phase locking. Instead of the complex phase detection
system, intensity detection is used and the feedback control signal is calculated based on the stochastic
parallel gradient descent (SPGD) algorithm. The experimental investigation on a 101.5-W CBC of two
slab amplifiers shows that the entire system in a closed loop performs well for long-time observation. A
combination efficiency of nearly 81% is realized. The slab amplifier laser arrays are the coherent beams
efficiently combined by active phase locking based on the SPGD.
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Coherent beam combination (CBC) of laser arrays has
potential applications in laser radar and energy deliver-
ing systems[1]. Two categories of CBC are passive phas-
ing in a master oscillator and active phasing using power
amplifier configuration[2−9]. Most studies on CBC are
based on fiber lasers because of their inherently compact
size and high beam quality. In 2009, Northrop Grumman
Corporation (NGC) unveiled their 100-kW system based
on slab laser amplifiers with heterodyne phase detecting
technology[10]. To date, this system remains an excellent
example of the highest power demonstrations of CBC.

Compared with the complex phase detection system,
intensity detection is more readily available[11]. However,
the feedback cannot be used to directly control the phase
array, so that a special algorithm is necessary[12−16]. To
our knowledge, no reports on CBC with bulk or rod lasers
based on intensity detection have been published. In
this letter, we demonstrate CBC of two slab lasers based
on the stochastic parallel gradient descent (SPGD) al-
gorithm. The experimental investigation on a 101.5-W
CBC of two slab amplifiers shows that the entire system
in a closed loop performs well for long-time observation.
Nearly 80% combining efficiency is realized.

Figure 1 shows a schematic of the experimental setup.
The master oscillator (MO) provides the continuous-wave

(CW) seed laser with single frequency and linear polar-
ization. After passing through a fiber laser pre-amplifier
and splitter, the energy of the beam is equally distributed
into two slab power amplification (PA) systems, one of
which has a phase modulator (PM) in front. The laser
beams is amplified to about 9 W and then outputted. To
ensure beam quality, the entire fiber laser consists of a
single-mode all-fiber element.

The Gaussiam beams outputted from the fiber laser
are reshaped to elliptical beams and transmitted into the
slab after passing through a polarizer. The configuration
of the four-pass slab laser amplifier is shown in Fig. 2.

The main gain module comprises two end-pumped
conduction-cooled slab lasers with Nd:YAG crystal
medium. The size of the slab is 1.7×11×67 (mm), whose
ends are diffusion-bonded with undoped YAG end caps
and cut at 45◦ with anti-reflection (AR) coating at 1 064
nm. A special coating is used on the two largest surfaces
to guarantee the total internal reflection of the zigzag re-
flection optic path. The 808-nm pump lasers are coupled
into the slab on each of the end-coupling areas with AR
coating. To maintain beam quality, the total pump power
should be below 500 W for each slab, from which about
50-W power can be extracted. After collimation, the am-
plified lasers are combined and transmitted together.

Fig. 1. Schematic of the experimental system.
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Fig. 2. Schematic of the four-pass slab laser amplifier.

To obtain the control signal for phase locking, the out-
put laser should be sampled (less than 1%) and focused
onto a detector with a pinhole in front, whose size is a
little less than the main lobe of the focused beam. Using
a special algorithm, the control signal can be computed
and fed back to the PM array. Therefore, the energy
distribution, observed using a CCD camera, is optimized
if the convergence process is sufficiently fast to compen-
sate for the phase noise.

The SPGD algorithm is used for active phasing. The
metric function is J(u), where u is the control signal
applied to the phase modulator. By controlling u with
the SPGD algorithm, the maximal value of J is acquired
and the coherent combination approach is applied to the
ideal value. The algorithm is implemented in infinite
iterations and then manually terminated. Each itera-
tion cycle works as follows. 1) Statistically independent
random perturbations are generated and converted to
voltage δu, which is a small value; 2) the control voltages
are applied on the phase modulators with the positive
perturbations. Metric function J+ = J(u + δu) is ob-
tained from the detector, and then the control voltages
with the negative perturbations are applied. Subse-
quently, metric function J− = J(u − δu) is obtained;
3) the gradients of metric function J (defined as the
intensity of main-lobe detected by the photo-detector)
with function δJ = J+ − J− are estimated; 4) the con-
trol voltage u = u + γδuδJ is updated, where γ is the
update gain, and γ > 0 accords with the procedure of
maximization in CBC.

In the absence of active phase control, because of the
phase fluctuations inside the laser medium, the interfer-
ence pattern keeps shifting and metric function J is time
variant. Once the SPGD algorithm is implemented, i.e.,
the entire system is in a closed loop, the intensity pattern
at the observation plane should be clear and steady. The
long-exposure far-field intensity distribution indicates
that the peak intensity visibly increases (Figs. 3(a) and
(b)), which is normalized to the same peak intensity.
Figure 3(c) is the vertical section of the long-exposure
intensity distribution in Figs. 3(a) and (b). The contrast
of the coherent-combined beam profile in Fig. 3(c) is
about 81%. The fringe contrast is defined by the formula
(Imax − Imin)/(Imax + Imin)(Imax − Imin)/(Imax + Imin),
where Imax and Imin are the maximum optical intensity
and adjacent minimum on the intensity pattern, respec-
tively.

The time-dependent signals of energy encircled in the
pinhole are shown in Fig. 4(a). According to the figure,
the peak intensity of the far-field pattern is improved by a
factor of 1.6 after the loop is closed. In an ideal situation,
the factor should be 2. The primary reason for the loss

Fig. 3. Long-exposure far-field intensity distribution (about
7 s). (a) Open loop (normalized); (b) closed loop (normal-
ized); (c) distribution vertical section.

Fig. 4. Varying of the energy in the pinhole. (a) Time varia-
tions; (b) frequency spectra.

of coherent efficiency is that the wave-front aberration
caused by the slab lasers and the optic element induce
the intensity disturbance of the far-field distribution. As
shown in Figs. 3(b) and (c), the far-field pattern ap-
pears aberrant and dissymmetrical, thereby decreasing
the peak intensity.

The fidelity of CBBC and the phase fluctuation sup-
pression result can be further studied by calculating the
frequency spectrum of the time-series signal of the power
encircled in the pinhole (Fig. 4 (b)). The power fluctuat-
ing at the frequency of several hundred hertz is efficiently
controlled by the SPGD algorithm.

In conclusion, we demonstrate CBC of two slab am-
plifiers with a total 101.5-W output power using the dig-
ital signal processing (DSP)-based SPGD algorithm. The
peak intensity of the far field improves by a factor of 1.6
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and the contrast of the coherent-combined beam profile is
about 81% when the system is in a closed loop. The pri-
mary factor contributing to the loss of coherent efficiency
is the wave-front aberration caused by the slab lasers and
optic element.
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