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Abstract: With mitigation of thermal effects in a generator cell based on a rotating off-centered
lens, the effects of thermal blooming, self-defocusing, and thermal convection in the amplifier
cell have experimentally proven to be the main factors limiting high-repetition-rate stimulated
Brillouin scattering (SBS) pulse compression. To alleviate these effects, Galden HT270, which
has a large viscosity coefficient, is used and compared experimentally. The operating repetition
rate using HT270 was improved from 200 Hz to 1,000 Hz, comparable to the values in the
literature. With a pump energy of 50 mJ at 1,000 Hz, the pump pulse was compressed down
to 820 ps using HT270 with an energy efficiency of 52.2%. If the injection energy is further
increased, the SBS energy efficiency can be increased beyond this value.

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Sub-nanosecond pulse laser systems with a high repetition rate and high pulse energies show
promise for applications in the field of LIDAR [1,2], optical detection [3,4], etc. Currently,
the methods of generating a sub-nanosecond pulse laser include a Q-switching microchip laser
with low energy [5], mode locking techniques accompanied by a multi-longitudinal mode pulse
[6], and a stimulated Brillouin scattering (SBS) pulse compression technique [7]. The first
technique can easily make a sub-nanosecond pulse, but the pulse energy can be unstable. The
second technique has been researched recently [8–10]. It can produce a multi-longitudinal mode
sub-nanosecond pulse at a repetition rate of up to tens of megahertz. The last technique combines
the high energy advantage of master oscillator power amplifiers and highly efficient compression
for a nanosecond pulse laser with good beam quality by SBS pulse compression. Many research
groups have demonstrated that the Brillouin phase-conjugation-pulse-compression mirror is a
highly efficient and reliable technique to obtain a high-energy sub-nanosecond pulse laser. For 1
Hz operation, Y. Wang et al. reported a 292 ps compressed pulse with triangular and step pulse
shape pumps [11]. For 1.25 Hz, C. Feng et al. compressed a 12 ns laser with 2.4 J energy into a
300 ps pulse with energy of 1.2 J using an energy-scalable generator-amplifier setup [12]. For
1.5 Hz operation, Y. Nizienko et al. compressed a conventional long pulse ruby laser to 300 ps
at a 1 J energy level [13], and the following year the repetition rate was increased to 4 Hz to
enhance the cycling rate of detection in LiDAR [14]. For 2 Hz operation, W. Hasi et al. obtained
a 116 ps compressed pulse with reflected energy of 85% [15]. For 3 Hz operation, C. B. Dane
et al. compressed a 15.8 ns pulse laser with 2.5 J energy into 1.7 ns using an efficient two-cell
SBS pulse-compressor [16]. For 10 Hz operation, V. Kmetik et al. reported a 0.9 ns compressed
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pulse [17], and A. A. Tarasov et al. obtained a 400–750 ps pulse width laser with 1.1 J using
multi-pass SBS pulse compression [18]. For 20 Hz operation, N. F. Andreev et al. compressed a
30 ns laser with 1 J energy level into 1.7 ns with 75% energy conversion efficiency [19]. For 100
Hz operation, A. A. Shilov et al. obtained a 350 ps compressed pulse with 6.5 mJ and finally
amplified the pulse to 36 mJ using a phase-conjugation-pulse-compression mirror [20]. For
200 Hz operation, Z. Fan et al obtained a 376 ps compressed pulse using an SBS oscillation
amplification double-cell structure [21]. Thus far, Brillouin phase conjugation mirrors have
been employed in MOPA laser systems with repetition rates up to kilohertz operation [22–24].
However, for a sub-nanosecond pulse laser, Brillouin phase conjugation pulse compression
mirrors have mainly been used at repetition rates below 200-hertz operation. We are attempting
to compress a nanosecond pulse laser into the sub-nanosecond region with good beam quality at
a high repetition rate of more than 1,000 Hz.
The main issues limiting SBS pulse compression at high-repetition-rate operation and large

pump power application are the thermal effects and optical breakdown [23,24]. In an SBS
generator-amplifier system, the laser absorbed by the medium is converted into heat energy at the
focal point in the generator cell. The high temperature at the focal point will cause the beam to
jiggle, bend, and distort, thus affecting or even hindering the generation of SBS. The absorption
of high-energy lasers by microparticles in the liquid medium causes a sharp temperature rise,
which can readily induce optical breakdown. The thermal effect and the optical breakdown
could severely dampen the energy reflectivity, the phase conjugate fidelity, and the stability
of the SBS pulse compression. To suppress the optical breakdown and heat accumulation in
the high-repetition-rate SBS pulse compression process, a purifying medium method [25] and
a flowing liquid and moving focal spot method [26] have been proposed. On this basis, we
previously proposed a rotating off-centered lens method and verified that the new method can
suppress heat accumulation at the focal point with less fluctuation [27]. However, the foregoing
methods only alleviate the thermal effects in the generator cell, and solutions to the thermal
effects in the amplifier cell have not been reported in the literature. In this report, we mainly study
the thermal effects and other optical processes in the amplifier cell and obtain a sub-nanosecond
compressed pulse over 1 kHz using the medium of HT270.

2. Experimental setup

The experimental setup of SBS pulse compression employed in this research is illustrated in
Fig. 1. The pump beam is from Kumgang laser [28]. The output energy of the PA is 50 mJ at a
fundamental wavelength of 1064 nm. The laser has a pulse width of 8 ns operating at a 1 kHz
repetition rate. The pump beam size is 5mm. The combination of a half-wave plate (HWP)
and a polarization beam splitter (PBS) is used to control the input beam energy. The pump
is introduced into an amplifier cell with a length of 100 cm through a QWP and lens L3 with
a focal length of 2 m. The beam is then focused into a 20 cm generator cell using a rotating
off-centered lens L4. In a previous study, we made our own custom lens, which we referred to as
an “off-centered lens”, by cutting off the plano-convex lens [27]. The SBS cells are filled with
perfluoropolyether liquid HT110. The reflected beam is separated by a system consisting of a
QWP and PBS1. The reflected beam pattern is relayed by a relay imaging system composed of
L5 and L6. These lenses relay the image from the object plane at the quarter wave plate to the
image plane on a camera (WinCamD-LCM) made by DataRay Inc. The sub-nanosecond pulse is
detected by a Thorlabs DET02 photodetector (1.2GHz bandwidth; rise time: 50 ps; fall time:
250 ps). The signal waveform is recorded by a digital oscilloscope with 3GHz bandwidth.
The parameters of SBS media used in these experiments are shown in Table 1. HT110 and

HT270 are chosen owing to their substantially different kinematic viscosity coefficients.
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Fig. 1. Schematic of experimental setup for two-cell SBS compressor. QWP, quarter wave
plate; HWP, half wave plate; L1∼3 and L5∼6, lens.

Table 1. Parameters of SBS medium used in simulations and experiments [29]

SBS medium HT110 HT270

Wavelength (λ) 1064 nm 1064 nm

Refractive index (n) 1.28 1.283

Phonon lifetime (τB) 0.6 ns 0.1 ns

Sound velocity (v) 536 m/s 705 m/s

Brillouin linewidth (ΓB) 553MHz 8401MHz

SBS gain coefficient (g) 4.7 cm/GW 2.3 cm/GW

Kinematic viscosity (cSt) 0.77 11.7

Boiling point (°C) 110 270

Thermal conductivity 0.065 0.065

3. Problem description of high-repetition-rate SBS pulse compression

3.1. Experimental results of HT110 with different repetition rates

In our previous work [27], a new method using a rotating off-centered lens was proposed and
verified to reduce the heat accumulation at the focal spot with less coma-aberration for high
repetition rate operation. Thus, a rotating off-centered lens with a focal length of 15 cm was used
in the experimental setup, as shown in Fig. 1. The generator and amplifier cells are filled with
the medium of HT110. The SBS output power, reflected energy, compressed pulse width, and
energy efficiency with respect to repetition rate are illustrated in Figs. 2(a), 2(b), 2(c), and 2(d),
respectively. The black solid squares and blue solid triangles represent the SBS output parameters
at an input energy of 20 mJ with and without a rotating off-centered lens, respectively. The red
solid circles and green solid triangles represent the output parameters at an input energy of 40
mJ with and without a rotating off-centered lens, respectively. As shown in Fig. 2(a), the output
power initially increases and then decreases with respect to the repetition rate. The output power
with the rotating off-centered lens is higher than the case without the rotating off-centered lens
when the repetition rate is above 300Hz. Optical damage occurs on the rear window of the SBS
generator cell when the input energy is 40 mJ above 600 Hz, which is due to the high transmitted
energy with small beam size. The output parameters at input energy of 40 mJ were measured
below 600 Hz. For 20 mJ, the repetition rates without and with the rotating off-centered lens, at
which the output power begins to decrease, are 400Hz and 600Hz, respectively. For 40 mJ, the
repetition rates without and with the rotating off-centered lens, at which the output power begins
to decrease, are 300Hz and above 600Hz, respectively.
Figures 2(b) and 2(d) illustrate that the trends of reflected energy and energy efficiency

with regard to the repetition rate are consistent. We can see from Fig. 2(b) that the reflected



Research Article Vol. 27, No. 21 / 14 October 2019 / Optics Express 29792

Fig. 2. Experimentally detected (a) output power, (b) output energy, (c) pulse width, and
(d) energy efficiency with and without rotating off-centered lens at different input energies
using HT110.

energy decreases with an increase of the repetition rate. The reflected energy with the rotating
off-centered lens is higher than the case without the rotating off-centered lens when the repetition
rate is above 300Hz. The experimental results show that the thermal problem becomes obvious
when the repetition rate is above 300Hz. In Fig. 2(c), the compressed pulse width broadens as
the repetition rate increases and is above 1 ns at 1,000Hz. To obtain a sub-nanosecond pulse at 1
kHz, it is necessary to determine why SBS pulse compression is suppressed at high repetition
rates.
Figure 3 shows that the reflected beam patterns at a repetition rate from 100 Hz to 600

Hz. It can be seen that the beam patterns above 300 Hz become distorted in the compact
SBS generator-amplifier setup. From our previous work [27], a generator cell with a rotating
off-centered lens can handle the reflected beam without beam distortion with an input energy of
50 mJ @1,000 Hz. It is inferred that the distorted beam pattern is due to the transmission of the
high-repetition-rate laser in the SBS amplifier cell.

3.2. Results analysis and problem description

To study the cause of beam pattern distortion in the amplifier cell, it is necessary to measure
the beam pattern transmitted through the amplifier cell. The experimental setup is shown in
Fig. 4(a), and the length of the amplifier cell is 0.8 m. It is well known that the interferometric
method can directly measure the temperature distribution within the cell. The Mach-Zehnder
(M-Z) interferometer is a commonly used means of measuring the temperature field distribution.
In the two-dimensional flow field, the interference fringes represent the isotherms. The denser
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Fig. 3. Intensity profiles of backward SBS at input energy of (a1-a6) 20 mJ and (b1-b6) 40
mJ using rotating off-centered lens with repetition rates from 100Hz to 600Hz. The height
and the width of each image are 11.3mm and 11.3mm, respectively.

the interference fringes are, the higher the temperature is. The distorted interference fringes
indicate that thermal distortion of the beam spots occurs. The experimental setup of the M-Z
interferometer is shown in Fig. 4(b).

Fig. 4. Experimental setup (a) transmitting beam pattern of amplifier cell (b) Mach–Zehnder
interference at 1 kHz.

The beam patterns transmitting the amplifier cell at a repetition rate of 1,000 Hz with different
input energies are shown in Figs. 5(a1)–5(a5). The beam spot size gradually becomes larger
as the input energy increases, indicating that the self-defocusing effect becomes more obvious.
Moreover, the distortion of the beam spot also becomes more serious. Laser speckles appear
when the input energy is greater than 20 mJ, indicating that there are linear effects such as laser
scattering and refraction in the amplifier cell. A V-shape beam spot emerges at an input energy
of 25 mJ. Figures 5(b1)–5(b5) are interference beam spot patterns using the Mach–Zehnder
interference setup in Fig. 4(b). As the input energy increases, the interference fringes of the lower
half beam pattern are evenly distributed, while the interference fringes of the upper part become
increasingly sparse and chaotic. This is due to the buoyancy lift of the natural convection due to
the heat accumulation, which results in sparse and irregularity of the isotherms.
In the amplifier cell, the high-repetition-rate laser heats the HT110 medium, causing the

medium temperature to rise. The large temperature difference induces natural convection in the
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Fig. 5. Beam profiles of setup A: (a1)–(a5) and setup B: (b1)–(b5) with different input
energies of amplifier cell for HT110 at 1,000Hz. The height and the width of each image
are 11.3mm and 11.3mm, respectively.

liquid medium. The effects of both beam scattering and thermal convection generate distorted
beam spots, as shown in Fig. 5, which prevents the generation of SBS in the generator cell.

In accordance with the heat conduction theory [27], the maximum temperature corresponding
to the repetition rate at an input energy of 50 mJ is simulated in Fig. 6(a). The red line and
black line represent the maximum temperature in the SBS generator cell and the amplifier cell,
respectively. With an increase of injection energy, the heat absorbed by the SBS medium results
in a large temperature difference. By the negative temperature gradient of the refractive index
of the liquid medium, this large temperature difference induces a thermal defocusing effect.
Moreover, the large temperature difference causes convection of the liquid under the combined
action of buoyancy and gravity. These effects distort the beam pattern transmitting the amplifier
cell and generator cell. The distorted beam pattern prevents efficient SBS pulse compression.
For the generator cell, the method employing a rotating lens can compensate these effects [27].
For the amplifier cell, the authors tried to use HT-270 liquid medium with high viscosity to avoid
this problem in this study.

Fig. 6. (a) The maximum temperature vs repetition rate in the generator cell and amplifier
cell at input energy of 50 mJ, and (b) kinematic viscosity vs temperature of HT270 and
HT110.

The respective dependence of the kinematic viscosity coefficients of HT110 and HT270
on temperature is in Fig. 6(b) [29]. The kinematic viscosity coefficient of HT270 at room
temperature is twenty times greater than the case of HT110. The kinematic viscosity coefficient
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of HT110 medium is not changed notably with the increase of temperature, and the viscosity of
HT270 gradually decreases with the increase of temperature. Generally, the viscosity coefficient
of HT270 medium is greater than that of HT110 over a temperature range of 0°C–100°C.

4. Experimental results and discussion

Figure 7 illustrates the beam profiles of setup A and setup B at a repetition rate of 1,000 Hz for
HT270 medium using a camera (Vieworks, Model: VH-11MC M6A1). As the input energy
increases from 1 mJ to 25 mJ, it can be seen from Figs. 7(a1)–7(a5) that the beam patterns
using HT270 medium are much less distorted than the case of using HT110, as shown in
Figs. 5(a1)–5(a5). Figures 7(b1)–7(b5) show the interference beam profiles using HT270 medium.
It is clear that the distortion of the interference fringes using HT110 in Figs. 5(b1)–5(b5) is
more serious compared to the case of HT270. According to the above experimental results, the
liquid medium of HT270 with a large viscosity coefficient can obviously suppress the process of
thermal convection.

Fig. 7. Beam profiles of setup A: (a1)–(a5) and setup B: (b1)–(b5) with different input
energies for the medium of HT270 at 1,000Hz. The height and the width of each image are
8mm and 8mm, respectively.

To quantitatively describe the beam distortion, we measured the peak-to-valley of the phase of
the transmitted beam with the media of HT110 and HT270, as shown in Fig. 8. A He-Ne laser
beam was utilized as a probe beam. The beam size of the probe beam was 6 mm. The pump beam
and the probe beam are coaxially aligned. A SID4-HR wavefront sensor (made by Phasics S.A.)
was used to measure the wavefront of the transmitted He-Ne probe beam. The peak-to-valley of
the phase represents the degree of beam distortion. The higher the phase peak-to-valley value is,
the more serious the beam distortion is. From Fig. 8 we can see that the peak-to-valley value
increases with an increase of injection energy for the two media of HT110 and HT270. When
the SBS cell using the liquid medium absorbs the input laser beam, the local temperature of the
beam transmitting area is increased. The increased local temperature causes thermal convection
of the liquid medium. If the local temperature exceeds the boiling point, jiggling caused by
boiling will be shown on the beam pattern. Both effects occur in the generator cell due to highly
increased local temperature induced by the focused beam, and only thermal convection occurs
in the amplifier cell because of the small increase of local temperature. These effects make
the phase distribution of the transmitting beam unstable and cause large peak-to valley phase
fluctuation. These effects become severe when the liquid has low viscosity and a low boiling
point.

The viscosity coefficient and the boiling point of HT110 are 0.77 cSt and 110°C, respectively.
Those of HT270 are 11.7 cSt and 270°C, respectively. These values indicate that the transmitted
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Fig. 8. The peak-to-valley of the transmitted beam phase using setup A for the two media
of HT110 and HT270 at a repetition rate of 1,000Hz.

beam pattern of the HT110 will be distorted more than HT270 and the peak-to-valley phase
fluctuation of the transmitted beam of HT110 will be larger than that of HT270. The experimental
results in Fig. 5, Fig. 7, and Fig. 8 are consistent with this expectation. For HT110, the transmitted
beam pattern of HT110 is distorted severely, as shown in Fig. 5, and the peak-to-valley phase
fluctuation become larger at input energy greater than 25 mJ, as shown in Fig. 8. For HT270,
the transmitted beam pattern is not distorted severely, as shown in Fig. 7, and the peak-to-valley
phase is more stable than that of HT110, as shown in Fig. 8. Thus, we choose HT270 as the SBS
medium for high-repetition-rate SBS pulse compression.
Experiments on SBS pulse compression with a high repetition rate comparing the use of

HT110 and HT270 were carried out, and the results are presented in Fig. 9. Figures 9(a1), 9(b1),
and 9(c1) illustrate the output energy with regard to the input energy at repetition rates of 100 Hz,
500 Hz, and 1,000 Hz, respectively. The output energy using HT110 gradually decreases with an
increase of the repetition rate, while the output energy of HT270 does not change substantially
with the repetition rate. For HT110 medium, the rear window mirror of the generator cell
exhibited optical damage when the input energy exceeded 30 mJ at 1,000 Hz. Figures 9(a2)–9(c2)
show the energy efficiency with regard to the input energy at repetition rates of 100 Hz, 500 Hz,
and 1,000 Hz, respectively. The difference in the energy efficiency between HT110 and HT270
becomes smaller with an increase of the repetition rate. The energy efficiencies of HT110 and
HT270 are the same for the input energy of 35 mJ at 500 Hz and 15 mJ at 1,000 Hz, respectively.
It is shown that the reflected energy of SBS pulse compression using HT270 is insensitive to the
change of the repetition rate below 1,000 Hz.

Figures 9(a3)–9(c3) illustrate the compressed pulse width using HT110 and HT270 at repetition
rates of 100 Hz, 500 Hz, and 1,000 Hz, respectively. The average pulse widths using HT270 with
repetition rates of 100 Hz, 500 Hz, and 1,000 Hz are 0.68 ns, 0.72 ns, and 0.8 ns, respectively.
For HT270, the average pulse widths with repetition rates of 100 Hz and 500 Hz are 0.8 ns and
1.9 ns, respectively. At the same input parameters, the compressed pulse width using HT110 is
wider than the case of HT270. The pulse widths using HT110 and HT270 gradually broaden
with an increase of repetition rate, and the difference in the pulse width between the two media
becomes larger with an increase of repetition rate. The experimental results show that under the
same input conditions, the thermal effect within the amplifier cell with HT110 is more serious
than the case of HT270. The output energy and pulse width of SBS pulse compression using
HT270 are less affected by the repetition rate than the case of HT110.
The output parameters with and without the rotating off-centered lens are compared and

the results are shown in Fig. 10. It can be seen from Figs. 10(a) and 10(b) that the energy
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Fig. 9. Measured (a1,b1,c1) output energy, (a2,b2,c2) energy efficiency, and (a3,b3,c3)
pulse width with different repetition rates of (a1-a3) 100Hz, (b1-b3) 500Hz, and (c1-c3)
1,000Hz for HT110 and HT270, respectively.

efficiencies and compressed pulse widths with and without the rotating off-centered lens are
basically the same. According to Fig. 6(a), the maximum temperature in the generator cell
at the input energy of 50 mJ with 1,000 Hz is nearly 150°C, which exceeds the boiling point
(110°C) of the HT110 medium. The jiggling effect emerges, which will hinder the generation of
SBS, when the maximum temperature of the medium is beyond its boiling point. However, the
boiling point of the HT270 medium (270°C) is higher than the maximum temperature within
the medium. Thus, the thermal effect at the focal point within the generator cell does not affect
the high-repetition-rate SBS pulse compression. The experimental results show that the thermal
effect in the generator cell does not affect the SBS output parameters, indicating that HT270
medium is suitable for high-repetition-rate SBS pulse compression. HT270 medium with a
common focal lens is used in subsequent experiments.
Figure 11 illustrates the SBS output parameters using a normal lens with focal length of 7.5

cm, 10 cm, and 15 cm. The reflected energy and energy efficiency at a repetition rate of 1,000
Hz are shown in Figs. 11(a) and 11(b), respectively. It can be seen that the reflected energies
with the three lens are almost the same when the input energy is below 40 mJ, while the reflected
energy relationship above 40 mJ is 10 cm > 15 cm > 7.5 cm. The output energy and energy
efficiency using the lens of 7.5 cm suddenly decline at the input energy of 40 mJ. Figure 11(c)
depicts the relationship between the compressed pulse width and input energy: 7.5 cm > 10 cm
> 15 cm. The pump temporal waveform and its compressed pulse waveforms with the input
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Fig. 10. Measured (a) energy efficiency and (b) pulse width of HT270 with and without
rotating off-centered lens at 1 kHz.

energy of 50 mJ at 1,000 Hz are shown in Fig. 11(d). The average pulse width using the normal
lens with focal length of 15 cm, 10 cm, and 7.5 cm are 0.74 ns± 0.03 ns, 0.87 ns± 0.05 ns, and
0.92 ns± 0.07 ns, respectively. The corresponding relative standard deviations (RSD) are 4.1%,
5.7%, and 7.6%, respectively. It is shown that the RSDs of the pulse width gradually increase
with the short focal length of the lens. This is possibly due to the large pulse tail, thermal effects,
optical breakdown, and so on. The interaction length between the pump beam and the Stokes
beam within the SBS cell will increase using a lens with a long focal length. It is well known
that the longer the interaction length is, the narrower the compressed pulse width will be.

Fig. 11. Experimentally measured (a) reflected energy, (b) energy efficiency, (c) pulse
width, and (d) pulse waveforms of HT270 with different focal lens L4 at 1,000Hz.
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Figure 12 illustrates the reflected beam patterns with different focal length lens, among
them Figs. 12(a1)–12(a6) show beam profiles of the adjacent pulse with a 15 cm lens,
Figs. 12(b1)–12(b6) show the case with a 10 cm lens, and Figs. 12(c1)–12(c6) show the
case with a 7.5 cm lens. As can be seen from Fig. 12, the beam profiles with the 15 cm and 10 cm
lenses are good, but the beam patterns with the 7.5 cm lens are distorted and dithered. According
to the temperature calculation, the maximum temperature at the focal point for the three lenses
does not exceed the boiling point of HT270 medium, and thus it is inferred that the jiggling
phenomenon of the beam patterns in Figs. 12(c1)–12(c6) may be caused by optical breakdown.

Fig. 12. Reflected beam profiles with different focal lenses of (a1-a6) 2m–15 cm, (b1-b6)
2m–10 cm, and (c1–16) 2m–7.5 cm with input power of 50 W at 1,000Hz for HT270. The
height and the width of each image are 11.3mm and 11.3mm, respectively.

The SBS output parameters with respect to the laser repetition rate are shown in Fig. 13; they
are measured by the experimental setup shown in Fig. 1, except that lens L4 is a normal lens with
a focal length of 10 cm. Figure 13(a) depicts the reflected power with respect to the repetition rate
at different input energies. The reflected power rises linearly with an increase of the repetition
rate. Figure 13(b) shows the dependence of the reflected energy on the repetition rate. The
reflected energy changes in an irregular manner with an increase of the repetition rate. This is
ascribed to the strong effect of temperature on the viscosity coefficient of the HT270 medium. It
can be seen from Fig. 13(b) that the SBS reflected energy using HT270 medium is less affected
by the repetition rate.
Figure 13(c) depicts the relationship between the compressed pulse width and repetition rate

with different input energies. The compressed pulse width gradually broadens with an increase
of the repetition rate at the same input energy. The reason may be that the temperature will rise
with an increase of the repetition rate, and then the viscosity coefficient of the HT270 medium
decreases, lengthening its phonon lifetime and broadening the compressed pulse width. The
compressed pulse width broadening with the repetition rate at lower input energy of 20 mJ and
30 mJ is faster than that at higher input energy of 40 mJ and 50 mJ. This may be due to the
sharper change in viscosity at lower temperature, as shown in Fig. 6(b), resulting from the lower
input energy. Figure 13(d) depicts the energy efficiency with respect to the repetition rate. The
energy efficiency initially decreases and then increases with the repetition rate. There are three
reasons for this. First, the thermal effect becomes increasingly serious with a increase of the
repetition rate, inhibiting the SBS energy efficiency. Second, the pump pulse width widens with
an increase of the repetition rate, and this will improve the energy efficiency. The transverse
intensity distributions of the pump beam do not change with the increase of the repetition rate
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Fig. 13. Experimentally detected SBS (a) reflected power, (b) output energy, (c) pulse
width, and (d) energy efficiency at different input energies for HT270.

in a range from 100 Hz to 1,000 Hz. Third, the viscosity coefficient of HT270 is sensitive to
temperature and the repetition rate, and therefore the gain coefficient would increase with a
decrease of the viscosity coefficient. The SBS energy efficiency improves with an increase of the
gain coefficient. Therefore, under the influence of these three factors, the energy efficiency trend
with respect to the repetition rate is not smooth. An average pulse width of 820 ps with energy
efficiency of 52.2% can be obtained with a pump energy of 50 mJ at 1,000 Hz.

5. Conclusion

To improve the repetition rate operation of SBS pulse compression, we studied the thermal effects
and nonlinear effects in an amplifier cell in a two-cell configuration. The transmitting beam
and its interference profiles using the medium of HT110 were measured, and the results show
that self-defocusing, thermal blooming, and thermal convection processes occur in the amplifier
cell. A liquid medium with a large viscosity coefficient can suppress heat convection in the
amplifier cell. To resolve this problem, HT270 was chosen for high-repetition-rate SBS pulse
compression. The beam profiles in two different viscosity coefficients of the SBS liquid media
HT110 and HT270 were compared, and there were no obvious phenomena of thermal convection
or scattering in the medium of HT270 with a high viscosity coefficient. Based on HT270, the
SBS output parameters with respect to viscosity coefficient, spot rotation, focusing lens with
different focal length, and repetition rate were studied experimentally. The results show that the
medium HT270 with a high viscosity coefficient performs quite well for higher repetition rate
SBS pulse compression up to a kHz level, and HT110 with a low viscosity coefficient performs
only for lower repetition rates down to 200Hz. In addition, it is not necessary to use the rotating
off-centered lens in the generator cell for HT270. This is due to the following: 1) the boiling
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point temperature 270°C of HT270 medium is far above the maximum temperature at the focal
point, and 2) the method of beam spot rotation increases the frequency of optical breakdown in
the generator cell, thereby affecting the stability of SBS pulse compression. A compressed pulse
with a width of 820 ps and an energy efficiency of 52.2% was obtained with a pump energy of
50 mJ at 1,000Hz using HT270. These experimental results demonstrate that the SBS output
parameters using HT270 are not sensitive to the laser repetition rate below 1 kHz. There is no
optical damage and saturation up to a pump energy of 50 mJ at 1,000Hz, and thus the pump
energy and repetition rate can be further increased for the media of HT270.
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