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Abstract: With the development and application of blue semiconductor lasers, it has become a research hotspot to
obtain high brightness blue light source by beam combining technology. In order to obtain high brightness blue light
output, 48 single tube semiconductor lasers with wavelength of 450 nm and output power of 3.5 W are focused and
coupled into 105 um/0.22 NA fiber by fast slow axis collimation and spatial beam combination. The blue light with
power of 144.7 W and brightness of 11 MW/(cm?str) is obtained. The coupling efficiency is 93.78%, and the optical
to optical conversion efficiency of the whole system is 86.13%.
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Table 1 The main parameters of blue LDs

Parameter Symbol Type
Center wavelength/nm Ad 450
Half angle divergence of fast axis/(°) BGrast 225
Half divergence angle of slow axis/(°) Bsiow 7
Light-emitting size of fast axis/um Drast 1
Light-emitting size of slow axis/um Dsiow 30
Output power/W P 35
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Fig. 1 The far field output characteristics of blue LD.

(a) The far field divergence angle of fast and slow axis;

(b) The spot diagram of near and far field
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Fig. 3 The light path diagram of slow axis collimation
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Fig. 2 The light path diagram of fast axis collimation
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Fig. 4 The spot diagram after collimation
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Table 2 The beam parameters of fast and slow axis before and after collimation

D/imm &mrad BPP/(mm-mrad)
Before fast axis collimation 0.001 392.699 0.196
After fast axis collimation 1.5 0.75 0.563
Before slow axis collimation 0.03 122.173 1.833
After slow axis collimation 4 1.047 2.09
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Fig. 5 The schematic diagram of spatial beam combination

B6 fmikeRRER

Fig. 6 The schematic diagram of polarization beam combination
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Table 3 The comparison of various parameters for
the number of LDs in the fast axis

i The output power of Coupling Relative
optical fiber coupling/W  efficiency/% loss/%
6x3 108.97 94.18 0.00
7%3 126.83 93.93 0.27
8x3 144.7 93.78 0.42
9x3 157.91 91 3.38
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Fig. 8 The optical path diagram of fiber coupling
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Fig. 9 The spot diagrams after space beam combination
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Overview: Blue laser diodes (LDs) having the advantages of compact construction, long operating lifetime, and
short-wavelength are extremely attractive for many applications, such as laser display, material processing, etc. To date,
it has become one of the favorable lasers in welding copper-based alloy materials because the blue light absorption rate
is 5~12 times greater than that of the near-infrared light for such materials. However, the highest output power of
commercialized blue LDs is only 5 W. It cannot be used directly in laser welding unless the needed high-power output
can be achieved by combining hundreds of such blue LDs. In 2020, NUBURU, an American company, showed 1500
Watts of blue laser output from a 100 um core, NA=0.22 fiber for the first time. It is the highest level of output bright-
ness of blue diode lasers so far in the world. Some achievements have also been made in China in recent years, and BWT
Corporation has developed a blue laser with an output power of 500 W from a 400 um core fiber with a 0.22 NA. How-
ever, the output brightness of laser seems to be insufficient for laser welding.

In this paper, we designed a high brightness blue LD module by using optical design software ZEMAX, where 48 blue
LDs with 3.5 W output power were combined into a beam and efficiently coupled into a fiber with 105 pm core, 0.22 NA.
Because of the large divergences, collimation was implemented before beam combination. The fast and slow axis colli-
mating lenses with effective focal lengths of 1.65 mm and 16 mm are used. After that, the spot size of the fast and slow
axis is 1.5 mmx4 mm, and the divergence half-angle is 0.043°x0.06°. Multiple such beams were spatially combined. To
further improve the output power without deteriorating the beam quality, the polarization beam combining technology
was used to double the output power. By theoretical analysis of fiber coupling conditions, four arrays constituted by
combined beams, which are 6x3, 7x3, 8x3, and 9x3 arranged in fast and slow axis, are obtained. The output power and
coupling efficiency of these four arrays are 108.97 W/94.18%, 126.83 W/93.93%, 144.7 W/93.78%, and 157.91 W/91%.
The combination of 6x3 completely meets the fiber coupling conditions, and the focused light spot completely falls into
the fiber core. But the latter three arrays cannot fully meet the fiber coupling conditions, and the focused light spot
cannot entirely fall into the fiber core. If we regarded the coupling loss of 6x3 array as a reference, and the relative losses
of the arrays of 7x3, 8x3 and 9x3 are 0.27%, 0.42%, and 3.38%, respectively. It can be seen that the 8x3 array is a better
choice because the coupling loss only increases by 0.42%, but the output power increases by 32.7% compared with the
6x3 array. The output brightness is calculated to be 11 MW/(cm?str). The total optical to optical conversion efficiency is
86.13%. As a result, the output power is further improved by slightly increasing the coupling loss, which provides a
technical reference for making high brightness fiber-coupled LD modules in the future.
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