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In this paper, we describe external resonant second harmonic generation (SHG) of a multi-axial mode near-
infrared (near-IR) source for scaling power in the visible (green) spectral band. By distributing the power
across multiple frequencies, we significantly increased the output power obtainable from an ytterbium-doped
fibre amplifier before reaching the onset of Stimulated Brillouin Scattering (SBS). Using a near-IR laser with

LBO ~9 longitudinal modes and an LBO crystal in a bow-tie cavity configuration, up to 15 W at a wavelength of

Multi-axial generation

532 nm was achieved, with a conversion efficiency of 65% with respect to incident power. We discuss strategies

SBS for further up-scaling of output power, including increasing the number of axial modes and optimizing the
amplifier configuration. Additionally, we highlight the advantages of our approach compared to previously
reported high-power SHG systems, demonstrating its potential for future power scaling.

1. Introduction

Laser processing is increasingly being used for a wide range of
materials, spanning from polymers to metals, requiring high power
and high beam quality. Near-IR fibre lasers emitting around 1 pm are
particularly suited for different laser processing techniques, such as
welding, drilling, and cutting. However, non-ferrous materials such as
copper, gold, and silver are highly reflective at this wavelength [1].
In particular, the rising demand for electric vehicles and renewable
energy sources has further increased the need for efficient, reliable
laser processing of copper as a key material due to its high electrical
conductivity. A laser emitting in the visible regime is better suited for
this purpose owing to stronger absorption, as shown in Fig. 1.

An effective green laser for industrial applications should have high
output power, good efficiency, and excellent beam quality. While the
advantages of green lasers for copper welding and other industrial
applications have been well established, only a few commercial and
experimental systems have reached the high output powers needed
for widespread adoption. Despite these advancements, many existing
green laser systems face trade-offs between power, efficiency, and beam
quality. In 2020, TRUMPF Laser GmbH produced a maximum power of
2 kW in the green wavelength via an intra-cavity frequency-doubled
thin disk laser [2]. However, the output beam exhibited a high beam
parametric product (BPP) of 6 mm-mrad (corresponding to an M? ~
36.6) due to thermal effects of the disk laser. In the same year, Coherent
reported a 1 kW laser beam emitted at 532 nm through single-pass (SP)
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SHG in a 55 mm long LBO crystal with an optical conversion efficiency
of 54 % [3]. Other notable demonstrations of high-power SP SHG in the
green regime include 321 W with a beam quality of 1.07 and conversion
efficiency of 40.9% [4], and 350 W with single-mode beam quality and
35 % conversion efficiency [5].

Traditionally, high-power green laser beams are generated through
either SP SHG or external resonant SHG of near-IR sources. The
first approach offers a simpler experimental setup, but the resulting
conversion efficiencies in the non-linear crystal are relatively low
(typically less than 40 %). To reach higher efficiency, the near-IR
source should be in the multi-kW regime [6]. As a second main
approach, resonant-enhanced SHG has proven to deliver conversion
efficiencies of up to 90 % even at a few Watts [7,8]. As a drawback,
this method requires a single-frequency narrow-linewidth source as a
near-IR input, which poses significant challenges for power scaling.
Despite the availability of high-power 1 pm fibre lasers, maintaining
narrow-linewidth operation is challenging due to the onset of SBS in
the amplifiers [9]. Several approaches have been investigated in the
past to mitigate the effects of SBS. Most notably, these have included
using large core fibres, introducing a thermal or stress distribution
along the fibre length [10,11], and special designs of the active fi-
bres [12,13]. Although effective, depending on the application, some
of these methods can be difficult to implement. The most effective way
to mitigate the SBS remains active broadening of the spectrum through
phase modulation. However, due to the narrow resonance acceptance
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Fig. 1. Absorption of copper as a function of wavelength.
Source: Image taken from [1].

bandwidth, this method cannot be exploited for efficient external reso-
nant SHG. This has hampered the power scaling of such schemes, with
the highest powers from external resonant SHG typically in the tens
of Watts regime [14-17]. Even when considering solid-state bulk laser
as seed sources, only a few reports exceeding hundreds of Watts have
been made using external resonant SHG [18,19]. Thus, a method that
retains the high efficiency of resonant SHG while allowing for power
scaling beyond narrow-linewidth SBS limitations remains an open
challenge.

In this article, we propose an external resonant SHG using a multi-
axial mode source, offering a novel solution to the SBS limitation. A
near-IR laser emitting ~ 8-10 axial modes is amplified and then used
for efficient injection into a resonant SHG cavity. The linewidth of
each individual axial mode is less than 10 kHz. Unlike conventional
resonant SHG approaches that require single-frequency inputs, our
method exploits the simultaneous resonance of multiple longitudinal
modes, thereby enhancing power scalability of external resonant SHG.
By distributing power across multiple axial modes, we mitigate SBS
constraints, enabling higher amplifier output power before reaching the
SBS threshold. This allows for significantly higher power scaling while
maintaining the high conversion efficiency of resonant SHG, effectively
overcoming the limitations faced by single-frequency sources. While
our approach enables higher power scaling in resonant SHG, it intro-
duces additional challenges, such as the need for precise impedance
matching across multiple modes. Moreover, maintaining cavity reso-
nance for all axial modes simultaneously requires high mechanical and
thermal stability. We discuss the feasibility of this technique theoret-
ically, and we present preliminary experimental results. Prospects for
further development of this scheme, with a particular focus into power
scaling, are also considered.

2. Theory
2.1. SBS suppression

SBS remains a fundamental barrier to achieve high output power in
fibre lasers, particularly in narrow-linewidth systems for SHG aiming at
the green spectral band. As the beam power in the fibre increases, SBS
leads to a backward-propagating Stokes wave that limits power scaling.
Therefore, effective strategies to mitigate SBS are essential to achieve
high power. The threshold of the SBS can be estimated from [9]:
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gp(4v)L, rr
where A, is the effective area of the fibre core and gg(4v) is the
Brillouin gain coefficient, which is dependent on the signal linewidth. It
is characterized by a Lorentzian spectral dependence and its expression
can be found in [20]. L, If is the effective interaction length. In the case
of passive fibres, it is expressed as (1-e~*L)/a, with a being the fibre
propagation loss and L the physical length. However, when considering
high-power fibre amplifiers, the presence of gain in the active medium
causes the signal to experiences a substantially different distribution
along the fibre. Consequently, only a small portion of the length ex-
periences high-power, leading to a much shorter effective length, thus
higher SBS thresholds. Eq. (1) holds true when the linewidth of the laser
is much lower than the Brillouin gain bandwidth, which in silica fibres
is typically between 10 and 100 MHz depending on the fibre [20,21].
If we consider a narrow linewidth signal of ~ 10 kHz, a typical value
for gp in silica fibres is 5- 10! W/m. To evaluate the impact of SBS,
let us consider a single mode (SM) fibre with 10 um core diameter
and a length of 10 m. Based on Eq. (1), the calculated Pth would be
around 3 W. In reality, due to the shorter interaction length, this value
is usually somewhat higher for active fibres. Several approaches have
been investigated in the past to mitigate the effects of SBS and increase
Pth. However, most techniques are incompatible with the requirements
for external resonant SHG. Another way to counteract the onset of SBS
while maintaining narrow-linewidth operation is needed.

Our proposed method would be to use a multi-axial source as
signal beam. Emitted by the same gain medium, the spacing between
the different longitudinal modes is determined by the free spectral
range (FSR) of the cavity. This is determined by its geometrical length:
FSR = c¢/L, where L is the optical round-trip length of the resonator.
At first, let us consider the case where the total power P'* is divided
equally between N different modes, each with power P, = P'/N. If
this frequency difference between two adjacent axial modes is greater
than the Brillouin gain bandwidth Avg, each single mode will experi-
ence a different Brillouin gain. Consequently, the SBS threshold will
be reached when every single longitudinal mode reaches Pth. Hence,
the effective threshold power of the system will increase by a factor
of N: PE”’ = P™ . N. In a real system however, the power is not
uniformly distributed, leading to deviations from this ideal scenario.
The improvement factor will therefore be lower than N:

th tot
F, et.?f = PPT:;’
1

@

(2)

where P is the power of the ith mode with the strongest power
content. Even in this case though, by distributing the power along
multiple longitudinal modes, we effectively decrease the energy avail-
able for SBS to build up in any single mode. An additional effect
that must be consider is the dynamic of the system. Due to mode
competition and mode hopping, the power distribution among the
modes is not only unequal, but constantly fluctuates. This will lead to a
time-averaged SBS threshold, which will depend on gain medium and
resonator stability. Eq. (2) is therefore only an estimate and the real
value of the SBS threshold could differ experimentally.

Compared to conventional SBS suppression methods such as phase
modulation and temperature gradient techniques, multi-axial mode
operation provides a passive and efficient approach that does not
introduce additional optical losses or distortions. While phase modu-
lation can achieve SBS suppression factors comparable to multi-axial
operation, it typically requires broadening the spectrum to linewidths
incompatible with SHG resonant cavities. In contrast, multi-axial mode
operation achieves suppression without increasing the spectral width of
individual modes, preserving the phase-matching conditions necessary
for high-efficiency SHG. The main limitation of such method lies on the
condition that the frequency spacing between the different longitudinal
modes must be greater than the Brillouin gain bandwidth, ensuring
minimal overlap in Brillouin gain contributions. If the FSR is smaller
than Avg, the modes partially share the same Brillouin gain, reducing
the effective suppression factor. An appropriate FSR therefore must be
chosen when designing the multi-axial seed source.
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Fig. 2. Schematic of the experimental setup. The 1064 nm beam image before coupling into the resonant cavity is shown. ISO = optical isolator. YDFA = Yb-doped fibre amplifier.
HWP = half-wave plate. PD = photodetector. HR = high reflective mirrors. F1 = 4.6 mm. F2 = 250 mm.

2.2. Impedance-matched SHG

When considering an external enhancement cavity, it is possible to
select the transmission coefficients of the input and output couplers
to couple the input power without any rejected light from the input
coupler (IC). Such condition is called impedance matching and it is
achieved when the transmission T of the IC is equal to the sum of
all the losses L in the resonator, T = L [22]. The loss term includes
all other mirrors transmissions, the absorption and scattering of all the
other elements within the resonator and, in the case of SHG, the non-
linear conversion in the non-linear crystal. When such condition is met,
the circulating intra-cavity power is maximized: P,,, = P,,/T, with P,
the near-IR input power. In the case of multiple longitudinal operation,
a particular attention must be placed on the optimization of the IC
as the power increases. When considering every single longitudinal
mode i, the individual SHG efficiency is given by the power dependent
term [23]:

. _ 2 - -
r]fS'HG = tanh V ngGPéaL*' (€)

The factor ]/g yc depends on the non-linear crystal properties and
focusing conditions [6]:
372
2w; d; ff

-1+ h(4k, p, &), (€]
zegetn?

YsnG =
where w; is the ith near-IR frequency, d,,, is the effective non-linear
coefficient, ¢, is the vacuum permittivity, c is the speed of light, n is
the refractive index, / is the optical crystal length, and h(4k, p,#) is the
Boyd—Kleinman function, depending on the phase mismatch 4k, the
walk-off angle p and the confocal parameter é&.

However, unlike single-frequency SHG, the interaction of different
longitudinal modes generates additional frequency components due to
sum-frequency generation (SFG). The associated conversion efficiency
presents a similar expression to Eq. (3), with a cross-coupling term
given by:

2
2w[wja)i+jdeff

2 = -]
5re = a1 M8k O, ®)

®;,; being the frequency of the generated sum-frequency term. Thus,
each individual frequency has a total associated loss:

N
L= L"+ LFHG 1+ ) L5FO, ©)
i#j
where Lf.’” represents the linear cavity losses (mirror transmission,
scattering, absorption) and the sum for the SFG terms is over all
the possible interaction with the other frequencies. Previous studies
on single-pass multi-axial mode SHG have proven, both theoretically
and experimentally, that due to sum-frequency mixing, the total non-
linear conversion losses can be up to twice as high, depending on

the number of longitudinal modes considered [24-26]. In principle,
impedance matching should be optimized for each axial mode since
they do not all share the same power content. This would require an
IC with a different transmission 7, = L; for each individual mode.
However, in practical implementations, this condition is difficult to
achieve. The total bandwidth of the emitted axial modes typically lies
within a few GHz, making it complex to design a mirror with mode-
dependent transmission. Additionally, due to mode hopping, the power
distribution between the axial modes is not constant over time. As a
result, a time-averaged loss L; must be considered for each longitudinal
mode, depending on the seed resonator stability. The IC transmission
must therefore be optimized experimentally to balance efficiency across
all modes.

3. Experimental setup and results
3.1. Experimental setup

To validate our theoretical predictions, we implemented an exper-
imental setup designed to assess the feasibility of multi-axial mode
SHG. The scheme of the experimental setup used is presented in Fig.
2. A laser with a linear geometry having a multi-axial mode output
was used as the seed laser. The physical length of the cavity was
250 mm and the gain medium was a 5 mm long Nd : YV O, crystal. It
was pumped by a continuous-wave (CW), 4 W laser diode emitting at
808 nm (Lumics GmbH). The gain medium was placed close to the IC to
enhance the number of modes emitted due to spatial hole burning [27].
The fundamental waist at the laser medium was ~ 300 pm. The 1064 nm
output beam was linearly polarized and with a maximum output power
of 600 mW. The output spectrum was investigated through the use of a
commercial scanning Fabry-Perot interferometer (Thorlabs, Inc.), with
a FSR of 10 GHz. The result is presented in Fig. 3. Although the number
of emitted axial mode frequencies varied slightly during operation due
to mode hopping, it stayed stably above 8, with an average of 9. The
beam was then amplified in an Yb-doped fibre amplifier. The fibre
was a polarization maintaining, single mode fibre with a core diameter
of 10 pm, a cladding diameter of 125 pm and a numerical aperture
(NA) of 0.46. Its length was 10 m. A small amount of distortion of the
beam shape was observed at the output, which was attributed to phase
aberration due to an imperfect end-cap fused to the output end of the
fibre, as can be seen in Fig. 2. This beam was then mode-matched to
the resonant cavity using two lenses, F1 = 4.6 mm and F2 = 250 mm.
The waist size in the long arm of the resonator was ~ 250 pm. The
fundamental mode size in the non-linear crystal was @ = 52 pm. A
half-wave plate and an isolator were used to achieve isolation from
the residual reflection from the AR-coated LBO crystal. An additional
half-wave plate was used to allow fine adjustment of the polarization
direction for optimum SHG. The SHG resonant cavity had a bow-tie
configuration, using two flat mirrors and two concave mirrors with a
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Fig. 3. Multi-axial mode spectrum of the Nd : YV O, laser.

radius of curvature ROC = 100 mm. The angle of incidence was 6°
and the total round-trip cavity length was ~ 500 mm to match the
round-trip length of the near-IR seed source.

From Eq. (3), the non-linear conversion losses of the cavity grow
as the power in the resonator increases. Consequently, depending on
the power level, an input mirror with a different transmission 7" must
be used to achieve the optimum enhancement condition. In our set—up,
the best coupling into the cavity was achieved using an input mirror M1
with a transmission T = 4 %. All the other mirrors in the resonant cavity
were highly reflective at 1064 nm. In addition, M4 was highly trans-
mittive at 532 nm. M2 was attached to a piezoelectric translation stage
to enable length matching with the seed laser cavity. Active length
stabilization was not implemented and the cavity was scanned through
resonance with the piezo. For SHG, an LBO crystal with dimensions of
3 x 3 x 15 mm? was used. The crystal was placed in an oven to stabilize
its temperature and the phase-matching (PM) was obtained through
angle tuning (critical PM). The phase-matching acceptance bandwidth
of the LBO, dependent on temperature, is typically as broad as 2-3 nm,
corresponding to > 500 GHz [28]. Since all our axial-modes lie within
few GHz, all our longitudinal modes lie well within the acceptance
bandwidth and the deviation in efficiency is negligible.

3.2. Experimental results

The onset of the SBS was monitored by checking the back-
propagating power from the amplifier as a function of the output
power. The result is presented in Fig. 4(a). Although in literature there
are various definitions for the SBS threshold, the most common is by
comparing the back-propagating power as some fraction of the signal
power: P" = uPg. Due to the exponential behaviour of the power
close to threshold, the exact value of u is not crucial, with values
ranging from 1 to 0.001 in the literature [13]. In our setup, the reverse
direction port of the isolator was monitored to give a measure of the
back-propagating power. As this does not provide access to the full
backward propagating power we chose a conservative (safe) value of
u =1.5-10"*. According to this definition, we can therefore observe the
typical steep increase related to SBS of the backwards power at around
35 W of output power in Fig. 4(a), indicating the onset of SBS. The
amplifier was not operated beyond this point to avoid any damage.
In order to evaluate the improvement due to the multi-axial-mode
approach, the same amplifier was used with a narrow-linewidth (~
10 kHz) single-frequency 1064 nm laser. Its results are presented in Fig.
4(b). In the case of single-frequency operation, the maximum power
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obtained before reaching SBS threshold was 6 W. The improvement
in the Pth given by the multi-frequency source is lower than the
predicted theoretical value (P - N, with N = 9). The discrepancy
can be explained by the non-uniform power distribution across the
longitudinal mode spectrum presented in Fig. 3. In general, different
frequencies do not have the same power and, in particular, the highest
longitudinal mode contains ~ 25 % of the total power. Consequently,
this particular axial mode will reach the SBS threshold (6 W) first.
Based on Eq. (2), the maximum power obtainable before reaching the
SBS threshold should be around 24 W, lower than our experimental
value. However, an additional effect to be taken into account is the
continuous mode hopping and the resulting power exchange between
the different axial modes. Hence, while Fig. 3 can be used to extrapolate
some information about the mode structure of the different modes, the
specific power distribution constantly changes, although the number
of emitted modes stays relatively stable. This effect operates on a
time scale (ms) much shorter than the time response of the thermal
power meters used in the experiment. Therefore, the power values
measured in Fig. 4 represent only an average power distribution, not
necessarily the one measured in Fig. 3. Stabilization of the seed cavity
would be needed to avoid such discrepancy and exactly link the power
distribution between the modes and Pth. Nevertheless, an improvement
factor of 6 was obtained even in this non ideal configuration.

To achieve efficient impedance matching, the transmission of the
input mirror has to match the total losses of the cavity, including the
non-linear conversion. Since the SHG efficiency is power dependent,
each axial mode will experience a different non-linear loss. Addition-
ally, the losses due to the sum-frequency mixing (SFM) between the
several modes have to be considered as well. Consequently, input
mirrors with different transmission have been used. The best matching
was found operating with a mirror of transmission T = 4% as MI.
A maximum coupling efficiency of 85 % into the resonant cavity
was obtained. This imperfect value was attributed to the beam dis-
tortion caused by the end-cap of the amplifier (see Fig. 2). Indeed,
any non-T EM,, contribution of the beam would be rejected by the
resonant cavity. The resonator was scanned through resonance with the
use of a piezo translation stage. In order to have all the frequencies
resonant at the same time, the cavity must be length-matched to the
seed laser. This was accomplished by monitoring with a photo-detector
(PD) the 1064 nm transmitted through M3. When the lengths of the
two resonators are not equal multiple output peaks, corresponding to
the different axial modes, are observed, as shown in Fig. 5(a). With a
translational stage, the length of the resonator was tuned to collapse
all the axial modes into a single peak, indicating length matching
between the two resonators. This configuration is presented in Fig.
5(b). Although the seed laser presents intrinsic mechanical instabilities,
they do not have an effect on the length matching procedure. Indeed,
even in the case of mode hopping or power exchange between existing
axial modes, the SHG cavity will still satisfy the resonant condition for
the new emitted longitudinal modes. Consequently, the stability of the
emitted peaks is only directly linked to the power stability of the seed
laser.

The second harmonic power (including SFM power) as a function
of coupled power is presented in Fig. 6. Due to the end-cap distortion,
from the available near-IR power, a maximum of 24 W was coupled
into the resonator (and consequently into the LBO). As a result, a
maximum of 15 W of 532 nm was obtained, corresponding to a con-
version efficiency of 65 %. Such conversion efficiency is comparable
with previous reports [29], demonstrating the feasibility of a multi-
frequency approach. Since only the fundamental transverse mode could
be supported in the resonator, the beam quality of the SHG beam was
diffraction limited, although it presented an elliptical shape due to the
astigmatic nature of the cavity, as presented on the inset in Fig. 6. Since
the cavity was scanned through resonance, there was no significant
thermal load on the non-linear crystal. Consequently, the beam image
remained stable during operation. An active stabilization method of the
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resonator will have to be implemented to investigate on any thermal
effects in the LBO and to carry out a power stability measurement.
Linear polarization of the 532 nm beam was assured by the use of
a Nd : YVO, as a gain material in the seed laser and the use of
polarization maintaining fibre in the Yb-doped amplifier.

The results are currently limited by SBS in the fibre amplifier.
Further scaling can be anticipated, as will be discussed in the next
section.

4. Power scaling strategies

Based on the results obtained in our setup, we now explore methods
to further scale power in our system. Currently, the main limitation of
our experimental setup lies in the SBS limit in the Yb-doped amplifier.
Hence, any strategy for further power scaling would necessarily have
to address this issue. One way to further increase the SBS threshold
would be to spread the seed power over an even larger number of axial
modes. As long as they lie within the LBO phase-matching bandwidth
and they are separated by at least the Brillouin gain bandwidth, the
impact of SBS can be significantly reduced. If we consider the gain
bandwidth of a Nd : YV O, crystal, it is approximately ~ 300 GHz.
As the Brillouin gain bandwidth is typically < 100 MHz, theoreti-
cally, hundreds of longitudinal modes will satisfy such a requirement.
In practice though, due to spatial hole burning, only a handful of
axial modes will be emitted before saturation in the gain medium
occurs [30,31]. Moreover, the implementation of longer cavities would
lead to poorer mechanical stability. Therefore, other methods must also
be considered. A particularly interesting and relatively easy way to
increase the number of modes would be to implement a periodic phase
modulation of the signal [29]. If the modulation frequency is chosen
correctly and the frequency spacing is a multiple of the FSR of the
SHG cavity, the resonance condition will still hold for all the generated
frequencies.

Besides the use of a multi-axial-mode source laser, traditional meth-
ods for SBS mitigation can also be considered. The most straightforward
way to overcome the SBS effect would be to use an additional Yb-doped
amplifier with a larger core diameter, effectively increasing A,,, in
Eq. (1). To quantify the improvement, we can consider a typical large
mode area fibre commercially available, with a core diameter of 25 pm.
Since SHG cavity requires a single mode beam as input, we need to
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consider the mode field diameter when evaluating A4,,,. In addition
to increasing the core diameter, a larger core allows us to shorten
the length of the active fibre in the amplifier. We can then assume
L,;; ~ L =5 m. The improvement factor in SBS threshold can then
be calculated as the ratio of Pth for the two fibres:

B Aralerpa oo -
Ph o AgrriLerrn o

The maximum 1 pm output obtained in Section 2 was 35 W. The use
of this new amplifier would then allows use to reach approximately
270 W.

Further power scaling can be obtained by applying a temperature
gradient along the active fibre of the amplifier. The root cause of SBS
lies in the interaction between the optical signal and the acoustic waves
in the fibre core. At any distance these acoustic waves have a Brillouin
gain coefficient at frequency v given by [10]:

(AVB/2)2
(v — vg(AT))? + (4vg /2)?

where g, is the peak value of the Brillouin gain spectrum, Avy is the
Brillouin gain bandwidth and vgz(4T) is the frequency downshift due
to the temperature distribution AT, which includes both the external
temperature modulation, and the temperature change in the fibre core
caused by absorption of the pump beam and consequent heating due
to the laser pumping cycle [32]. From Eq. (8), by applying a tem-
perature distribution along the active fibre, different sections of the
fibre will experience Brillouin gain at different frequencies, effectively
disrupting the coherent build-up of the back-propagating signal [33].
If the frequency shift is greater than the Brillouin gain linewidth, the
signal will effectively experience lower gain, leading to an increase
in Pth. Predicting the impact of the temperature distribution on the
SBS threshold is not immediately obvious. Precise calculations and
simulations require the knowledge of the exact values of the different
quantities involved in Eq. (8). These can vary according to the setup
and type of fibre used. Hence, experimental measurement of them must
be carried out before evaluating their effect on Pth. However, multiple
dBs of improvement have been reported previously with relatively
simple setups [10,32]. It seems therefore worthwhile pursuing such
scheme for further power scaling the 1064 nm source.

Applying all these improvements will allow us to reach hundreds of
Watts of near-IR for SHG. The implementation of a resonant cavity at
such high power levels will require careful evaluation of the thermal
effects in the LBO crystal. The thermal load and consequent thermal
lensing will play a role in degrading the beam quality and stability of
the output beam. Although thermal considerations are outside the scope
of this paper, they will have to be considered in future work to achieve
efficient high-power SHG.

(€))

g, T) =g

5. Conclusions

We presented a high-power 532 nm laser through external resonant
SHG using a multi-axial-mode as 1064 nm source. The near-IR laser,
emitting 9 longitudinal modes, allowed us to significantly increase the
SBS threshold in the fibre amplifier by a factor of 6. The maximum
green power obtained was 15 W, corresponding to 65 % of conversion
efficiency. This result demonstrates the feasibility of this approach.
Strategies for future power scaling of the setup were discussed, paving
the way to power scaling of external resonant SHG in the green spectral
band for applications in areas such as advanced copper processing.
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