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Table 1 The main parameters of single tube blue LD

Parameter Specification

Center wavelength/nm 447
Output power/W 5
Operating current/A 3

Operating voltage/V 43
Slow axis divergence angle/(°) 10
Fast axis divergence angle/(°) 60

Cavity length/mm 1.2
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Fig. 1 Internal layout of experimental device
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Fig. 2 Divergence angle and spot size after single chip collimation. (a) Fast axis divergence angle; (b) Fast axis
spot size; (c¢) Slow axis divergence angle; (d) Slow axis spot size
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Fig. 3 The spot diagrams after space beam combination
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Fig.4 spot diagram. (a)Focused spot diagram; (b) Spot diagram after optical fiber coupling
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Fig. 5 Single blue laser chip output spectrogram. (a) Spectrum before RVBG mode locking; (b) Spectrum after
RVBG mode locking
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Fig. 6 Schematic diagram of blue laser module
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Fig. 7 Blue laser module output spectrum. (a) Spectrum before RVBG mode locking; (b) Spectrum after RVBG
mode locking
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Fig. 8 P-I-V curves
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Abstract

Objective  With the continuous progress of laser processing technology and the continuous
improvement of industrial demand, short-wavelength blue laser has gradually become a research
hotspot in the field of lasers. Blue semiconductor lasers have broad application prospects in
precious metal laser processing, laser beauty, additive manufacturing and other fields. Infrared
laser is usually used for metal processing in industry, but due to the high reflectivity of
non-ferrous metal materials such as copper, gold, and aluminum, the absorption effect of infrared
wavelength laser is low. In addition, conventional infrared lasers are not only bulky and
complicated to operate, but also require higher power operation and complex cooling devices. The
solution of blue semiconductor lasers to materials with high reflection and high thermal
conductivity represented by pure copper, pure gold and high-strength aluminum has been a
research hotspot in recent years. In addition, the spectral linewidth of the free-running blue light
unit chip is usually 1 nm, which cannot meet the requirements of spectral beam combining, so it is
necessary to narrow the blue light laser linewidth by technical means, and at the same time

stabilize the laser output wavelength.

Methods This paper proposes a narrow linewidth blue laser. First, we design the structure of
multiple single-tube blue semiconductor lasers. Multiple 447 nm blue light chips are coupled into
a 105 pm /0.22 NA optical fiber through spatial combining technology, and the simulation results
of ZEMAX optical design software verify the feasibility of the solution. Second, the width of the
laser line width is effectively narrowed using a volume Bragg grating. The output wavelength of
each light-emitting unit of a free-running laser is different, resulting in a wider output beam
spectral line. Therefore, RVBG acts as an external cavity optical feedback element to enable the
laser to output a single wavelength mode and achieve wavelength locking by the external cavity.
Finally, for the high-power narrow linewidth performance of blue semiconductor lasers, the
optical path structure and the use of spectrometers can be detected, which lays a technical
foundation for the realization of high-power blue lasers.

Results and Discussions The photo of the output light source of the blue semiconductor laser is
shown in Fig. 4. When the operating current is set to 3A, the output spectrum of a single chip after
passing through the RVBG external cavity, the output wavelength is stably locked around 444.07
nm. (Fig. 5). In terms of laser power, when the water cooling temperature is 20 °C, the threshold
value of the free-running blue light chip is 0.6A, and the 6 channels can output 1.26W. After
adding VBG external cavity feedback, the threshold is reduced to 0.5A, and 6 channels can output
1.38W. When the working current is increased to 3.0A, the output power after laser beam
combining is 29.4W, the output power after RVBG external cavity feedback is 29.87W, and the



feedback efficiency reaches 101.6%. This is due to the reduction of the laser output threshold
power after the VBG external cavity feedback. In terms of spectral locking, there are multiple
peak states in the spectrum before RVBG mode locking at 3A current. After RVBG mode locking,
it can be clearly seen that the mode locking effect is obvious. The output is a single wavelength
mode, the locked wavelength is 444.29 nm, and the spectral linewidth The compression is about
0.18 nm (Fig. 7).The narrow linewidth blue light coupling module passes the P-I-V test. Under
continuous conditions, the entire laser is adjusted within the range of the driving current of 0~3.0
A. When the operating current is increased to 3.0 A, the voltage is 25.1V, and the output power of
26.32 W is obtained from the fiber with a core diameter of 105 pm and a numerical aperture of
0.22. Electro-optical conversion The efficiency is 34.95%, corresponding to a coupling efficiency
of 88.1% (Fig. 8)

Conclusions The RVBG is used as the feedback element to build a blue light external cavity
semiconductor laser. Combined with spatial beam combining and fiber coupling technology, a
laser output with high power, narrow linewidth and stable spectrum is obtained. The output power
is 26.32 W, which is stable and stable. The output wavelength is 444.29 nm, the spectral linewidth
is narrowed to 0.18 nm, and the fiber coupling efficiency reaches 88.1%. Through further
experimental research, the method in this paper can reduce the coupling loss, improve the quality
of spectral locking, and combine with the spectral beam combining technology to obtain a
higher-power blue semiconductor laser, which can be widely used in the field of precious metal

laser processing.

Key words lasers; blue diode laser; narrow linewidth; volume Bragg grating; external cavity
feedback
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