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Abstract The power improvement of semiconductor lasers is of great significance to several fields, including those of
national security, laser communication, laser detection/sensing, laser lighting, medical treatment. As the semiconductor
laser beam combining technology can considerably improve the output power while ensuring the beam quality, it has
attracted wide attention in recent years. Spectral beam combining (SBC) and coherent beam combining (CBC) are two
typical semiconductor beam combining technologies, and many institutions have made breakthroughs in relevant research.
In this paper, the development of these semiconductor laser beam combining technologies is reviewed and their prospect is
discussed.
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spectral beam combining (SBC)
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Fig. 5 Characteristics of SBC system with 11 laser diodes. (a) Output spectrum; (b) curve of output power versus input current'”
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Table 1 Recent developments of SBC technology with closed loop
Year Institution Number of combining routes Output power /W Beam quality M* Reference
2000 MIT 4 11 ~20 [13]
2004 Aculight 200 27 1.5 [14]
2006 MIT 100 35 1.35 [15]
2008 MIT 25 20 10 [16]
2008 Coherent 49 100 ~16 [17]
2009 BUT 19 20.1 32 [18]
2009 DUST 12 9 6.4 [19]
2009 Coherent 50 146 32.5 [10]
2010 Fraunhofer 8 28 (pulse peak power) 2 [20]
2010 DUST 12 9.3 5.3 [21]
2012 Alfalight 19 200 76.2 [22]
2012 TeraDiode - 2030 3.75 [23]
2013 CIOMP 19 50.8 10.9 [24]
2013 CIOMP 56 140. 6 14.14 [25]
2013 DUST 2 3.9 1.3 [26]
2014 BUT 13 58.8 1.6 [27]
2015 CAEP 27 127 11.5 [28]
2017 CAEP 27 579.2 18.4 [29]
2017 CAEP 9 44 12.2 [30]
2018 CAEP 162 710 7.3 [31]
2018 TRUMPF - 4000 50 [32]
2020 CIOMP 19 363.5 16. 37 [33]
2021 Sichuan University 12 350 16.2 [34]
2021 Sichuan University 12 600 32.4 [35]
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wavelength-lock and superposition
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Table 2 Recent developments of SBC technology with open loop

Number of

Wavelength-lock device ~ Year Institution Output power /W . Beam quality M*  Reference
combining routes
2006 MIT 89.5 3 26 [41]
Chirp VBG 2008 BUT 11.2 49 6 [42]
2009 Coherent Inc. 130 50 32.5 [10]
i . . 2006 . 10 25 13 [43]
Diffraction grating University of Potsdam
2010 14 25 12 [44]
TFF 2017 TRUMPF 1100 230 19 [45]
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Fig. 7 Diagram of SBC system based on wavelength-lock with TFF and superposition with optical gratings'*”
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Fig. 8 Output characteristics of SBC with open loop using TFF™. (a) Output power versus input current; (b) light spot distribution
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Table 3 Recent developments of external cavity CBC technology

Number
Year Institution  rout Power /W Line width /pm  Phase-lock technology Key device CBC mode Reference
of routes
2008 CNRS 9 1.7 100 Tilt VBG Far-field [48]
2009 MIT 11 7 - SCOWL array Far-field [49]
2010 ORNL 47 12.8 70 V type cavity Far-field [50]
Talbot cavity External phase
2010  CNRS 10 0. 365 adjustment-+phase Near-field [51]
grating
2013 ORNL 10 4.5 ~0.016 V type cavity Far-field [52]
2015 CNRS 2 5.9 - Narrow band filter grating MOPA chips Near-field [53]
] External cavity with ) . i .
2017 CNRS 5 7.5 - ) MOPA chips+DOE  Near-field [54]
phase gratings
) Integrated board area .
2018 ORNL 10 4.8 100 Talbot cavity LD Far-field [55]
(a) (b)
: : : Intra-cavity diffraction
E{q:'}in é{d)}out . {(D}" 0.8 ¥ ?36/5 b ¥ v d b
s = :
: [ : B, =2A
- D p D. . T
: ; & gos} 63% B =44 |
g 50% - 5A
o4 -
3]
@©
=
i 8 02f
DOE, FAC 1FAC DOE,
1
———_Extended cavity : 43240123 4

Diffracted order

Fl12 B THEIBBOCE R I CBC ™ (a) RETE5H L 5 (b) AN [ 477 5 S0 2 52 43 A

Fig. 12 CBC with conical amplification chip™. (a) System structure diagram; (b) power distributions of different diffraction orders
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Table 4 Recent developments of active phase control CBC technology

o Number of Combing )
Year Institution Power /W . Key technology/device Reference
routes efficiency / %
1995 Mecdonnell 900 5.5 15.2 Phase adjustment on chips [58]
1995 SDL Inc 4 5 91.4 MOPA chips [59]
2009 MIT 218 38.5 72 SCOWL array [49]
) SPDG algorithm—phase locking with
2012 MIT 21 1.2 81 . [60]
DOE gratings
SPDG algorithm+beam combination
2012 MIT 47 40 87 o . [46]
with DOE gratings
2017 CNRS 5 11.3 76 DOE [54]
2019 CNRS 3 12.9 65 Phase adjustment on MOPA chips [61]
2019 CNRS 2 13 70 Phase stabilization [62]
2019 CNRS 4 9.7 66 MOPA chips+phase adjustment with PZT [63]
2019 CNRS 4 22.7 64 Quasi-continuous output [64]
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o Number of Combing )
Year Institution Power /W - Key technology/device Reference
routes efficiency /%
2019 Russian Academy of Sciences 20 1 - Zigzag structures [65]
i Near-field combination— polarization
2020 CIOMP 4 6.9 72 o [66]
combination
2021 FBH 4 17 >80 Special MOPA chips [67]
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Fig. 15 MOPA quasi-continuous CBC based on conical amplification chip'™. (a) System structure; (b) output characteristics
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