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A new approach to realize high-energy and high-power stimulated Brillouin scattering phase conjugation
mirrors (SBS-PCMs) is described. The reflectivity of SBS-PCM is investigated under a 10-Hz repetition
rate and a high energy load. The relationship between reflectivity and input energy is examined experi-
mentally with different PCM structures, focus lengths, and medium cell structures. A medium cell with a
circulating structure is designed, and its advantage is demonstrated through an experimental comparison
with traditional PCM structures. The 30-cm focus lens and 150-cm collimation lens are optimized when
the input energy reaches 1010 mJ at 10-Hz repetition rate. Therefore, a reflectivity of 84.7% and a higher
energy load using the circulating two-cell structure are achieved.
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Diode-pumped solid-state lasers (DPSSLs) have rapidly
become a promising laser source in many applications
because of their high average power. However, under
high power and high repetition rate conditions, the ther-
mal accumulation of the active medium increases[1−4],
so dynamic wave front aberrations are induced[5]. These
aberrations affect the optical quality of DPSSLs directly,
as well as the performance of the lasers. Stimulated Bril-
louin scattering phase conjugating mirrors (SBS-PCMs)
have very high energy conversion efficiency[6−8], which
can compensate for the wave front distortions both at the
dynamic and static states[9], as well as improve the out-
put beam quality and focus intensity[10−12]. Therefore,
they have become significant in high-power and high-
energy DPSSLs. However, their applications in high
power lasers are limited by other nonlinear effects, such
as optical breakdown[13]. To date, SBS used in high-
power and high-energy laser systems always works at a
low repetition rate (<1 Hz)[14,15]. However, the high-
power load capability of a SBS-PCM with a repetition
rate of over 10 Hz is necessary in many applications[16].
Under this condition, the intensity of the input beam
is always kept several decade or hundred times that of
the SBS threshold, and optical breakdown easily takes
place. In addition, the thermal effect in the SBS cell
resulting from the absorption of a medium degrades the
performance of PCM. In this letter, the possibility of high
power loading of SBS-PCM is investigated by considering
the parameters such as the medium and the lens, which
are the most important factors affecting the performance
of SBS-PCM. A method to realize SBS-PCM using liq-
uid media that efficiently works at 10 Hz is utilized. The
improvement and optimization of SBS-PCM are accom-
plished based on the traditional PCM. The circulating
two-cell SBS-PCM is designed under the condition of
10-Hz repetition rate and 1-J input energy. High energy
reflectivity and stability are achieved experimentally.

The optical layout of a circulating two-cell SBS-PCM

is shown in Fig. 1. Thermal accumulation can be effec-
tively removed and reduced in the focal area by ensuring
that the medium flows steadily in a circulating cell. Con-
sequently, the energy reflectivity and load capability are
significantly enhanced. L1 represented a long-focus lens
for collimating and L2 represented a short-focus lens in
front of the SBS generator. Both the generator and the
amplifier were filled with FC-72 (a heavy fluorocarbon
liquid with low absorbtion coefficient, high breakdown
threshold, and high gain); the lengths of the genera-
tor and amplifier were 30 and 45 cm, respectively. To
observe the influence of the lens focus on energy reflec-
tion and to optimize the arrangement, the chosen focus
lengths for L2 were 7.5, 20, and 30 cm, while the cho-
sen collimation lens lengths for L1 were 75, 100, and
150 cm, respectively. The laser was a linearly polarized
Q-switched Nd:YAG oscillator with a single frequency
TEM00 mode injected seed and a repetition rate of 10
Hz at a pulse duration of 8 ns. The laser was divided
into two beams by a λ/2 waveplate and a polarizer P1.
One beam was reflected to energy meter E1 (PE50DIF-
ER, Ophir, Israel) to measure the input energy; the
other beam passed through polarizers P1, P2, and λ/4
waveplate, and was injected into the circulating two-cell
SBS-PCM. The backward Stokes beam was reflected by
P2 after traveling through the λ/4 waveplate twice and
was detected by E2 (PE50DIF-ER, Ophir, Israel) to mea-
sure the energy of the Stokes pulse. The energies of the
input beam and the Stokes beam were detected at the
same time by E1 and E2. From the ratio of E2 to E1,
SBS-PCM reflectivity and stability can be obtained.

Figure 2 shows the reflectivity of the comparison be-
tween the circulating structure and the regular structure.
The nonlinear medium is FC-72 filtered with a 0.22-µm
membrane. The focus length of the lens is 20 cm. Figure
2 demonstrates that a difference in significant reflectivity
appears between the two structures when the input en-
ergy is higher than 300 mJ. The energy reflectivity of the
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Fig. 1. Experimental setup of the circulating two-cell struc-
ture.

Fig. 2. Reflectivity of the circling and no circling SBS-PCM
system.

circulating structure is within the range of 72.0%–74.3%.
At 72.1%–77.3%, the energy reflectivity of the regular
structure is almost the same as that of the circulating
structure. However, when the input energy increases to
300 mJ, the reflectivity of the regular structure begins to
decrease dramatically to 65.7% until the energy reaches
400 mJ. At the same time, the reflectivity of the circu-
lating cell remains above 75% until it reaches 700 mJ.
The reflectivity then begins to drop. When the input
energy increases to 1 J, the reflectivity remains at 68.3%.
Optical breakdown occurs in the regular cell when the
input energy increases to 350 mJ, whereas it occurs in
the circulating cell at 700 mJ.

The initial SBS threshold of the liquid is within the
range of 0.1–13 GW/cm2[17], and the optical breakdown
threshold is less than 100 GW/cm2[18]. The focus length
of the lens is a direct factor that influences laser intensity
in the focus area. When the intensity is approximately
2–4 times that of the SBS threshold, the fidelity of phase
conjugation reaches its maximum value; however, the
energy reflectivity is very low due to the low value of the
SBS gain, i.e., G = gIL[19], where g is the Brillouin gain
coefficient, I is the laser intensity, and L is the interaction
length. The intensity of the input beam is kept several
decade or hundred times that of the SBS threshold but
not more than the optical breakdown threshold to obtain
a high energy reflectivity. The energy reflectivity of the
circulating SBS-PCM is investigated through different fo-
cal lengths, namely, 7.5, 20, and 30 cm (Fig. 3). Figure 3
indicates that the reflectivity grows as the focus length
increases. The reflectivity of the 7.5-cm lens remains
within the range of 65.8%–71.6% when the input energy
increases from 50 to 870 mJ. The reflectivity of the 20-
cm lens remains at approximately 75% when the input
energy varies from 150 to 750 mJ. The reflectivity of
the 30-cm lens remains within the range of 75.7%–78.1%
when the input energy increases from 150 to 800 mJ.

When the input energy is 1 J, the energy reflectivity of
SBS-PCM with focal lengths of 7.5, 20, and 30 cm is
63.0%, 67.3%, and 70.4%, respectively. With the same
input energy, the shorter lens length easily causes op-
tical breakdown because of its higher intensity in the
focus area, which results in a lower energy reflectivity. In
contrast, a longer lens length cannot achieve high reflec-
tivity because of its lower gIL gain. The experimental
results indicate that the focal length exerts a significant
influence on energy reflectivity in the circulating system
and that the highest reflectivity can be achieved by a
30-cm-long lens.

According to the results, a circulating cell has the ca-
pability to bear a higher energy load as well as abate the
thermal effect, whereas optical breakdown still occurs
when the input energy is more than 700 mJ. Considering
that a two-cell SBS-PCM can help improve high load per-
formance, the energy reflectivity of a circulating two-cell
system compared with a circulating single-cell system is
investigated (Fig. 4). When the input energy is below
500 mJ, the reflectivity of the circulating two-cell system
is approximately 7.3% more than that of the circula-
tion single-cell system. However, when the input energy
increases to more than 500 mJ, the reflectivity of the
circulating single cell system decreases dramatically. On
the other hand, the reflectivity of the circulating two-cell
system appears superior. When the input energy is 1014
mJ, the reflectivity of the circulating single-cell system
is 64.7%, and that of the circulating two-cell system is
at 81.3%; the difference is 17%. The two-cell structure
has a higher energy reflectivity in a circulating system
because of its own physical characteristics.

To achieve a high energy load and a high energy re-
flectivity, the influence of collimation lens L1, which is

Fig. 3. Reflectivity of the system with different focus lengths
of the lens.

Fig. 4. Reflectivity of the circling system PCM in one-cell and
two-cell structures.
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Fig. 5. Reflectivity of the two-cell circling system with differ-
ent, longer length lenses.

located in front of the amplifier, should be interpreted.
Figure 5 shows the performance of energy reflectivity in
a 100-and 150-cm collimation lens. Figure 5 indicates
that when the input energy varies from 100 to 850 mJ,
the reflectivity of a two-cell circling SBS-PCM with a
150-cm lens is approximately 3% higher than that of a
SBS-PCM with a 100-cm lens. When the input energy
increases to more than 850 mJ, the reflectivity of SBS-
PCM with a 100-cm lens begins to decrease because of
obvious optical breakdown. Although the reflectivity
of a 150-cm collimation lens increases along with input
energy, its reflectivity remains at 84.7% even when the
input energy is 1010 mJ.

A SBS-PCM with more than 1-J load, high reflectivity,
and 10-Hz repetition rate is achieved through the method
of a circulating two-cell system using the combination of
a 30-cm focus lens and a 150-cm collimation lens. The
curves of reflectivity show that the two-cell circling sys-
tem is a promising method to attain a higher load.

In conclusion, a circulating two-cell structure has been
designed. The two-cell structure comprises a regular
amplifier and a circulating generator. Experimental re-
sults show that FC-72 is suitable to a high load system
and that the circulating two-cell system performs bet-
ter compared with the circulating single-cell and regular
two-cell systems. The combination of the focus lengths
is the main factor in the obtainment of a high energy
reflectivity. In particular, a high reflectivity of 84.7% has
been achieved through a circulating two-cell system that
has the optimal combination of a 30-cm focus lens and a
150-cm collimation lens when the input energy is up to
1010 mJ at a 10-Hz repetition rate.
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