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Design of 500 W—-output fiber—coupled diode laser module

Wu Hualing'?, Guo Linhui'?, Yu Junhong'?, Gao Songxin'?, Wu Deyong'?

(1. The Key Laboratory of Science and Technology on High Energy Laser, China Academy of Engineering Physics, Mianyang
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Abstract: In order to realize the output of high power semiconductor laser with uniform brightness,
symmetrical shape and high symmetrical beam quality, a high power fiber—coupled diode laser system based
on mini—bar was proposed, and Zemax was used to simulate a 500 W —output fiber —coupled diode laser
system with a fiber of 200 wm core diameter and 0.22 numerical aperture. In the system, mirror—stripe mirror
system was put forward to compress the beam size in the fast axis of diode array in terrace structure, and
polarization multiplexing was used to double the output power without changing the beam parameter product.
Then, a beam expander system was taken to reduce the residual angle in slow axis, and an aspherical lens
was used to coupled the shaping beam into the fiber. Based on the existing condition, 4 diode laser arrays
(each contains 5 mini—bar) in terrace structure were used to validate the design. The output power of the
fiber—coupled diode laser system can achieve 506 W, and the brightness is 10.3 MW/(cm?- sr), while the E-O
efficiency is 43.0% at operation current of 37 A. Design and experiment all show the fiber—coupled diode
laser system can work steadily with output power over 500 W. This module can be used in material
processing and many other areas.
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Tab.1 Characteristics of diode laser chips

Parameter Characteristic
Number of emitters per bar 5
Pitch/pm 1000
Single emitters area/pm? 100x1
Peak output power/W 40
Centre wavelength/nm 976
FWHM emission bandwidth/nm <4

Fast axis divergence 46°(95% energy)

Slow axis divergence 6.2°(95% energy)
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(a) Simulation of collimation

0.72 mm

(b) P4 & fA(FA: 2.5 mrad, SA: 10 mrad)
(b) Residual divergence angle(FA: 2.5 mrad. SA: 10 mrad)
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Fig.1 Collimation in fast and slow axes
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Fig.2 Principle of mirror—stripe mirror system
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Fig.3 System overall optical path layout
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Tab.2 Beam parameter changes during beam

shaping
Size/mm Residual angle/mrad
Item
FA SA FA SA
After collimation 14.25 5.00 2.5 10.0
After compress 7.50 5.00 2.5 10.0
Polarization multiplexing 7.50 5.00 2.5 10.0
After expander system 7.50 10.00 2.5 5.0
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Fig.4 Sketch of experimental setup
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Fig.5 Experimental light spot

NFE R BT G 2 5, R A
SRS HLA TR, Ik 3 FiR

%3P 142 KR W — HIFIE 8 & M4 ) &
T, 3+4 KR = HFIE DU B B [ =S [ 0, 1+2+

3+4 iR A H .

I X LS AR A I, SE R I A A PR S
JnE S H P Ty e RS 7.95 mm, A R HE
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Tab.3 Comparison of experiment and design

Size/mm

Residual angle/mrad

Item Theoretical value Experimental value Theoretical value Experimental value
FA SA FA SA FA SA FA SA

1 6.75 5.00 7.10 5.15 2.5 10.0 2.7 10.3

2 6.75 5.00 7.05 5.05 2.5 10.0 2.6 10.4

3 6.75 5.00 7.08 5.02 2.5 10.0 2.8 10.2

4 6.75 5.00 7.12 5.10 2.5 10.0 2.7 10.4
142 7.50 5.00 7.85 5.16 2.5 10.0 2.7 10.5
3+4 7.50 5.00 7.92 5.15 2.5 10.0 2.8 10.5
1+2+3+4 7.50 5.00 7.95 5.30 2.5 10.0 2.8 10.5
After BES 7.50 10.00 8.00 10.50 2.5 5.0 2.8 5.3
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Fig.6 Output power and coupling efficiency
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