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Table 1 Main parameters of single tube blue LD

Parameter Value

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

Operating voltage /V 4.3
Slow axis divergence angle /(°) 10
Fast axis divergence angle /(°) 60

Cavity length /mm 1.2

WOCEHR TR PPN S R R G E AR bl R
RADESEAN(B) RN 0 ONOCHE R I 12
(D/2)5m 3 ke (0) e .

D
BZEX& (1)

laser chip
fast axis collimator

slow axis collimator

reflector

BRE /N, 2R O o T AT

LD A A2 5 75 1) 1) & 8RS R AR Ky &
WORE M, B AR LAl AR LD B TR PRy ) i & O R
60°, 1% 4l 5 ) 1Y & BUAE S 107, Pl oy ) & HUM i KT
12 5l 7 1), 7 EEAE A AOAL B 2 R X LD A 4 i i AT
PRl oE AL BE B G Zemax AR AR HEAT AP A
PR B (FAC) 3 AR BE 5 0.31 mm A 3F Bk A% 1
B, FACHE B Pl o] 9 & 8 2K /0 2.1 mrad O
FERSF 24 0.36 mm, Wi E 2(a) (b)) Fizs , X W i e & &
LR 0.378 mmemrad ; 18§l i B 85 (SAC) R H AN
9.3 mm A 58, SAC 1 E 5 12 7 1n) 09 & 8f P
fii 4 2.8 mrad, JEER )24 1.6 mm, WE 2(c) . (d) By
RGN 62w B 2.24 mmemrad . 6 UE B S I
SR 02l AR D DR UE T O R A%

.

4',’r4"""
P

p-
.7\

focusing lens

volume Bragg grating

BT SC30 3% B R

Fig. 1

50
45T
40 F
35
3.0 F
25 F
20
15
1.0 |
0.5

0 L L I L L 1 il i L l
—-0.80 -0.64 -0.48 -0.32-0.16 0 0.16 0.32 0.48 0.64 0.80

Y

Radiance in angle space /10° @

50 r
45|
40 F
35T
3.0
2.5 F
2.0 |
15
1.0 f
0.5 F

Radiance in angle space /106 &

0 I A I i L 1 A A A l
-0.60 -0.48 -0.36 -0.24 -0.12 0 0.12 0.24 0.36 0.48 0.60

X

®) 5000

(d

Internal layout of experimental device

450.0 |
400.0 |
350.0
300.0 |
250.0 |
200.0 |
150.0 |
100.0 |
50.0

Radiance in position space

02 04 06 08 1.0

0
-1.0 -0.8 -0.6 -04 -02 0
Y

=

500.0
450.0
400.0
350.0
300.0
250.0
200.0 |-
150.0 -
100.0 |
50.0 |

Radiance in position space

0
-20 -16 -12 -08 -04 0 02 04 06 08 1.0
X

P2 SR LIS B R A D RE RS o Ca) el & 1A 5 (o) PRAIlE BE RT3 Co) M8 Bl & 180 A 5 (D Mg il B R

Fig. 2 Divergence angles and spot sizes after single chip collimation. (a) Fast axis divergence angle; (b) fast axis spot size; (¢) slow axis

divergence angle; (d) slow axis spot size
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Abstract

Objective

Continuous progress in laser processing technology and its growing industrial demand have resulted in short-wavelength

blue lasers gradually becoming a research hotspot in the field of laser research. Blue semiconductor lasers have broad application

prospects in precious-metal laser processing, laser-based cosmetic treatments, additive manufacturing, and other fields. Infrared

lasers are usually used for metal processing in industry; however, owing to the high reflectivity of non-ferrous metals such as copper,

gold, and aluminum in materials, the absorption effect of infrared wavelength lasers is low. In addition, conventional infrared lasers

are bulky and complicated to operate and require high-power operation and complex cooling devices. The use of blue semiconductor

lasers as a solution to process materials with high reflectivity and high thermal conductivity, such as pure copper, pure gold, and high-

strength aluminum, has become a popular research topic in recent years. In addition, the spectral line width of a free-running blue
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light unit chip 1s usually 1 nm, which does not satisfy the requirements for spectral beam combination . Therefore, it is necessary to

reduce the line width of blue light laser by technical means and simultaneously stabilize the output wavelength of the laser.

Methods This paper proposes a blue laser with a narrow line width. First, we present the structural design of multiple single-tube
blue semiconductor lasers. The design entails coupling multiple 447 nm blue light chips to form an optical fiber with core diameter of
105 pm and numerical aperture of 0.22 using spatial combination technology and the feasibility of this solution is verified by simulation
using ZEMAX optical design software. Second, the laser line width is effectively narrowed using a reflective volume Bragg grating
(RVBG). Because the output wavelength of each light-emitting unit of the free-running laser is different, the spectral line width of the
output beam is increased. Therefore, the RVBG acts as an external cavity optical feedback element to enable the laser to output a
single wavelength mode; in addition, the external cavity also serves to lock the wavelength. Finally, the narrow line width enables
blue semiconductor lasers to deliver high-power performance, which can be detected from the optical path structure with the use of
spectrometers. This lays the technical foundation for the practical realization of high-power blue lasers.

Results and Discussions A photographic image of the output light source of the blue semiconductor laser is shown in Fig. 4.
When the operating current is set to 3.0 A, the output spectrum of a single chip is stably locked at a wavelength centered at
444.07 nm after the light passes through the RVBG external cavity (Fig. 5). In terms of laser power, when the water-cooling
temperature is 20 °C, the threshold current of the free-running blue light chip is 0.6 A, and the six channels can output 1.26 W laser.
After the addition of volume Bragg grating (VBG) external cavity feedback, the threshold is reduced to 0.5 A, and the six channels
can output 1.38 W laser. Upon increasing the working current to 3.0 A, the output power is increased to 29.4 W after combining the
laser beams. After RVBG external cavity feedback, the output power is 29.87 W, and the feedback efficiency reaches 101.6%. This
is owing to the reduction in laser output threshold power after the addition of VBG external cavity feedback. In terms of spectral
locking, multiple peak states exist in the spectrum before RVBG mode locking for a current of 3.0 A. After locking the RVBG mode,
the mode-locking effect is clearly observed. The output is a single wavelength mode, the locked wavelength is 444.29 nm, and the
spectral line width is narrowed to about 0.18 nm (Fig. 7). The module for narrow-line-width blue light coupling passes the power-
current-voltage test. Under continuous conditions, the entire laser is adjusted within the driving current range of 0-3.0 A. When
the operating current is increased to 3.0 A, the voltage is 25.1 V, and the output power of 26.32 W is obtained from the fiber with a
core diameter of 105 pm and numerical aperture of 0.22. The electro-optical conversion 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. Using spatial
beam combination and fiber coupling technology, a laser output with a high power, narrow line width, and stable spectrum is
obtained. The output power of 26.32 W 1s 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%. Further experimental studies will be conducted to reduce coupling loss and
improve spectral locking quality, and then combined with spectral beam combination technology, higher power blue semiconductor

lasers will be obtained.

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