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Research progress of high power semiconductor laser pump source

Ma Xiaoyu'?,  Zhang Naling'?,  Zhong Li'?,  Liu Suping'?,  Jing Honggqi'
(1. National Engineering Research Center for Optoelectronic Devices, Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China;

2. College of Materials Science and Optoelectronics, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: High power semiconductor lasers are the main pump source for solid-state lasers and fiber lasers. The
improvement in the performance of laser pump sources directly promotes the development of solid-state lasers, fiber
lasers and other lasers. The article introduces the latest research progress of 8xx nm and 9xx nm semiconductor laser
pump sources. The output power research level of 8xx nm single-emitter laser has reached 18.8 W@95 pm, the output
power research level of 8xx nm laser bar has reached 1.8 kW(QCW), the output power research level of 9xx nm
single-emitter laser has reached 35 W@ 100 um, the output power research level of 9xx nm laser bar has reached 1.98 kW
(QCW). The output power of a narrow linewidth semiconductor laser with a linewidth <1 nm can reach 14 W. The
development trend of semiconductor laser pump source in the future is forecasted.
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(a) COS package single die (b) CS package single bar

Fig. 1 Semiconductor laser unit device Fig. 2 Schematic of semiconductor laser stack
(the picture comes from the internet) (The picture comes from the internet)
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TR A 22 W, WA 3 R M, AR B AT Y 880 nm LA LN A T IO #8 Hi R T R AR 19 W/@200 pm, Q& 4
Fis

F1 8xnm ¥ SEHRBAEHYIE

Table1 Output power of 8xx nm single-emitter lasers

year  wavelength/nm  output power/W  key parameters  conversion efficiency/% research group reference
2014 88x 18.8 95 um, 3.8 mm 58 USA, nLight [9]
2015 808 10 190 pm, 4 mm — Japan, Optoenergy [10]
2016 808 22 200 pm 54 JENOPTIK [11]
2016 808 9 140 pm, 2 mm 63% Coherent [12]
2019 808 14 200 pm, 4 mm 64 Ferdinand-Braun-Institut [13]
2019 808 2.8 100 pm, 2 mm - Wang Yue [14]
2020 880 19 200 pm, 4 mm - Institute of Semiconductors of CAS -
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(a) power-voltage-current and wall plug efficiency characteristics
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(b) life time tests on 4 mm long single-emitter diode lasers

Fig. 3 Output characteristics of the 808 single-emitter diode lasers reported by Jenoptik
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Fig.4 Comprehensive parameter test chart of 880 nm 200 um wide single-emitter semiconductor laser reported by Institute of Semiconductors, CAS
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Fig. 5 Output characteristics of the 88x nm single-emitter diode lasers reported by nLight in USA
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T2 100 WIS, B3 bR A w1 7 A A B ks S A B R il 45 05 48 105 pm, BUEFLAE 0.15 1B RS Ok
%, P K 976 nm I, it T AR5 100 W, 63 95 0.5 nm", v [ RF 2 B K OGRS 9 WL S W BT 5T B 4
24 H Ky 808 nm 1Y HLAE O AR 40 ) 0 2H 4R 1, #8582 300 pm, BUE AR 0.22 BOBEF, 7E 8.5 AL T
B th D% 162 W, FEARORILE] 84% . Jb 5t Tl KAEHGE 145 12 B R 860 nm, 4l i1 248 3 Wi FLAE 2
RO RN G E AR 105 pm . BUEFLAE 0.22 MOGEF i, JELF4 th D3R 33.4 W, JLEF RN G 808y 92.78% 1,
22 8xxnm BEEEAYKXBEREERERHR

Bifi 4 LA O A 8 D R A B, 8xx nm OGS [ AR AL 1 DI R O IR B W, RIS 1 D AT K 600 W,
e 2 froR o2,
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Table 2 Output power of 8xx nm laser bar

year  wavelength/nm output power key parameters fill factor/% research group reference

bar width: 3 mm; .
2012 88x QCW: 560 W . 80 USA, nLight [19]
cavity length: 3 mm

bar width: 1 cm; .
2013 808 CW: 150 W _ 50 USA, nLight [20]
cavity length: 1.5 mm

bar width: 3 mm; .
2014 88x QCW: 630 W ‘ 80 USA, nLight 9]
cavity length: 3 mm
bar width: 5 mm;

CW: 200 W - i
2016 808 Q cavity length: 1.5 mm Russia [21]

2016 880 QCW:250 W bar width: 0.5 cm 80 USA, nLight [22]

bar width: 5 mm;
2017 80x QCW:210 W . 72 M.A. Ladugin [23]
cavity length: 1 mm
bar width: 1 cm; .
2017 880 1.8 kW(200 ps, 14 Hz) . 80 USA, nLight [24]
cavity length: 3 mm
Xi’an Institute of Optics and
Precision Mechanics of CAS

2018 808 QCW: 500 W cavity length: 1.5 mm 80 OSRAM [26]

2017 808 QCW: 613 W cavity length: 2 mm 85 [25]

2020 8xx CW:200 W cm-bar - Institute of Semiconductors of CAS -

5% ¥ nLight™ 2 v 3 2o s 18 i Ak B AR 52 3 8 0 K 3 0 e HE 70
RSP TAE, B98N T 50% 4 808 nm Ot #8 1 4%, I K red: HT
1.5 mm, 7% 5 5 B R 58%, i Dy Al ik 150 W, i 75 5 200
B B R PR AN TR 6 BT AR B, OSRAM 7 7] 290 i 38 #3878 A
T4 80% 1Y 808 nm ORI A%, (175 34 D AOGIX, FEK 1.5 mm,
HL U A 400 A B, o % S2 %0 th D F2 3k ) 500 W, #E % 2 TR
£ 4% 19 i 7 41 38 7K 7 J2& nLight 19 U4 T8 X 5% 25 806 2% 12
2%, MEIE S 4F T (200 ps, 14 Hz) fi I TR Al 35 1.8 kWEY,

A% B A7 BT ) 9 8xx em-bar 2 4% 4% 15 T i D R T ik 0¢
200 W/bar, iz = H O 5% 4 3% 38 53%. R M 1 an &1 7 B
TN NGRS IE T I A K 1 80% 1 808 nm I 4 £ % 20 80 10 160 200
S BRSOG4, H TN =500 W AL, TH 6N curtentA
HLARBF T 7 4238 808 nm M VE 2221 SR MOE 28 11 &, % Fig. 6 Output characteristics of the 808 nm laser bar reported by
T 85%, WEAE i tH T %1k 613 W1,

150 |

efficiency/%

100 |

output power/W

nLight in USA (HT represents high temperature,
HE represents high efficiency)

H 7% Hamamatsu /A 7] — H 20 )1 T2 SR BOL & & BT [ 6 35 nLight #3619 808 nm L 4% MG 2840 A% ¢
R, ERWOCHRBILH A, BT 2300 A R EOL Horfr HT fR3R R ik, HE {0 R 0%

bar Z5 A5 B, G 3 K 808 nm Y L13713-16P808 - S A i ' #5455 B, 04 % 11 T R =53k 1600 W, fif [&] DILAS
SSAEIRE T AW T L R AR E B 8xx T H B E AR, AR 30 N EAS ALK, 7E 110 A R UIRAE] 3375 W,
R KT 60%, 25 °C G M 98 /N 0.7 nmP7),
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Fig. 7 Comprehensive parameter tests chart of 8xx nm (CW) semiconductor laser reported by Institute of Semiconductors, CAS
B 7 R S RBT ST BT A0 8xx nm % S22 S PR OGRS R S B0 A
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3020 W,

3 9xxnm RIFHWERESEEF
3 9xxnm BHEREEXLSEHALBRSEESRRBIR

9xx nm KU 2 ARBOG A C 2 BUCA TR E B S IR, ST EAOE AR RO &R A, i B R 3R
J& AllnGaAs/GaAs fit F k. 9xx nm B AR OGS 1 2F IR QN 58 3 R4, BUAastiis 40 8 (9 BIF 92 B0
F 1) PG, A e RYPF T 35 W@100 pm 5558 . 4N 2 KA RN H A1) Fujikura A 7, 92 [ JDSU /A A | £l
Jenoptik /A &l 25 By T R AR I F A B AR OGS, 36 E IDSU 24 715 3 o #98 F SE 50 E B T BR 2 SR Ok g
i HE DR NZEAILRN, SR T RO, R TR T A R A G\ 1) s (] e AL AR AU WSO [P, B
W T 100 pm 4556 . 5.7 mm FE ) 9xx nm P FAARBOGE, 55 KGE S 1 DIFREH) 29.5 W, K ZE SR & 8 Frast,
H 75 Fujikura 23 &) 6K 915 nm A9 0O 28 R A B A ik A XA B4 2 19 B X E 2544 (SAS) FEE X FR i
S o R 22 1 1, ek 220 ol R DA BEL Y SR T B A SR B, TR T O I B2 BT N AR B 0E B R O AR BRI AR REL, LAk
AR E B2 2 A5, B A TR XA B DT B A 2 0.4%, B OGR4 mm, 45 58 220 pm A B4 i Y
p#0T ik 25~33 W, 27 W B OG0 30T 38 60%5, 18 [El FBH A 5% Jr 38 2k FH fe 1 il v A8 4 2 Ak o =K, 3R
5 24.6 W@96 pum [ 7% 22 Ty K iy 04,

3 oxxnm ESEHEBASEHENE

Table 3 Output power of 9xx nm single-emitter semiconductor lasers

year  wavelength/nm  output power/W key parameters conversion efficiency/% research group reference
2009 980 20 96 um, 4 mm - Ferdinand-Braun-Institut [32]
2013 975 15 100 pm, 4 mm 74 Ferdinand-Braun-Institut [33]
2013 915 13.5 85 pum, 4 mm - S.McDougall [34]
2015 9xx 29.5 100 pm, 5.7 mm - USA, JDSU [35]
2015 915 18 150 pm, 5 mm 58 USA, nLight [36]
2015 915 24 100 pm, 4 mm 60 Japan, Optoenergy [37]
Research Institute of Tsinghua
2016 915 12.4 95 pum, 4.8 mm 60 . [38]
University in Shenzhen
2017 915 33 220 pm, 4 mm 60 Japan, Fujikura [39]
2018 940 14 100 pm, 4 mm 63 Ferdinand-Braun-Institut [40]
2019 975 20 200 pm, 4 mm 66.7 Japan, Fujikura [41]
2019 9xx 14.4 200 pm, 2 mm 71.8 Institute of Semiconductors of CAS [42]
2020 975 21 100 pm, 4 mm - Institute of Semiconductors of CAS [43]
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HREBE 2 AR DT T TE 9xx nm B4 P AR BOL SR 7 >0 100 um #5.7 mm)
T J& TR ARIBEFE, © 923 975 nm FI 915 nm HA45 05 i H a0l Sjof,'ST;iO °C infolded cavity
A3k 21 W@100 pm™, f5z 5 HOGFE B BCR KT 70%. FasE = (R=R=10%) Sleulated
T A i) COS # 4 9xx nm #4515 24 G U SO 25 8 1 2 3% g 20 oI
10~ 15 Wo 70N K G006 B9 940 nm F1 915 nm BAL4E 05 g ol “ﬁ.‘:.w.-o experimenta
1 TRk 30 W@230 pm, COS 25 1 4% 5 2 S 1k o E feﬁ: ;and\ard ity
A TR A 12~20 W, 10y (R,=100%, R,=1%)

1E 9xx nm % H.E R -G 7 |, 32 [E Fraunhofer 5§ 120 /™ 5 0 . . . .

0 10 20 30 40 50

ERA HE 200 pm G ZF, i il D% > 700 W, 3 [ nLight 4%
72 4~ 940 nm I K 1 AT HES AL 4 A 0T, SCHDOG LR
700 WEZE D% [ N O M KBRS WS T 976 nm i
R 700 W Y SCLF R A B
32 Oxxnm I REEE LB L

B % 9xx nm L2 FARBOGAPEBE MR T, Oxx nm BOGA A VE ARt R IR T, Gn gk 4 proR s, fEE
2 B 2 A5 55 B 58 i (Ferdinand-Braun-Institut) X} 940 nm™” 3G % B 4523 ) 3047 T B8 &8 1 B A & T BiF 19 1% 31,
JITRE T 18 R - BRSO 1 B 2% B 0 sk SR M A T B 1 BRSO 7 L 2%, L Hh T 36, M K 4 mm 14 30O 28 XU T B
EARAEMEE S 251 T (0.2 ms, 10 Hz), =70 °C B4 1 D 3835 1.98 kW, F 4303 57%, Hof th AP an s 9 plrR 7,

R4 9xxnm FAFELHHINER

Table 4 Output power of 9xx nm laser bar

current/A

Fig. 8 Output characteristics of the 9xx nm single-emitter
diode lasers reported by JDSU in USA

[# 8 3% JDSU I AY 9xx nm 25 MO #8151k

year  wavelength/nm output power key parameters fill factor/(%) research group reference
bar width: 1 cm;
2013 9xx QCW: 1.7 kW . 72 Ferdinand-Braun-Institut [45]
cavity length: 6 mm
2014 940 CW:200 W cavity length: 4 mm 50 Jenoptik [46]
bar width: 1 cm;
2015 940 QCW: 1.98 kW . 69 Ferdinand-Braun-Institut [47]
cavity length: 4 mm
2015 9xx >300 W - 60 USA, Trumpf Photonics [48]
bar width: 1 cm;
2016 940 QCW: 1 kW . 69 Ferdinand-Braun-Institut [49]
cavity length: 4 mm
bar width: 1 cm;
2017 940 QCW: 600 W . 70 M. M. Karow [50]
cavity length: 4 mm
2018 938 CW:476 W - 60 USA, Trumpf Photonics [51]
01 4 bar width: 1 cm; . 5
019 9xx 50 W cavity length: 4.2 mm 73 I1-VI Laser Enterprise [52]
2019 9xx 1 kW(0.2 ms, 10 Hz) - 87 Ferdinand-Braun-Institut [53]
bar width: 1 cm; i i i
2019 960 665.6 W(500 pis) ér w1 cm 63.8 Xi a? .Instltute of thlcs and [54]
cavity length: 2 mm Precision Mechanics of CAS
2020 9 CW: 300 W, b 0 Insti f Semicond f CAS
XX QCW: 996 W cm-bar 7 nstitute of Semiconductors o

2017 4F M. M. Karow 25 A\ T i3l T3 78 1 T4 70% 1 940 nm OGRS 4%, 4558 1 em. K 4 mm, 76 #E % 28 5%
T iyt TRl 600 W, #4430l 60%° . 3% [E Trumpf Photonics™ 2 1 45 i &% 2 il th o 2%, 3 5 oAk o8 A 4k
S 2 53 SR JH AT ol 10 3 v AR 46 T O DK 938 nm B IO T 4%, B A 4 Y B S 7R A A A kAT
PEREEIGA, 11 °C DAR, MLV 450 A B % 22 it D) 0l 476 W, e 808 B 60%, I I AR R 4n & 10
i REN,

AR BN FE 9xx nm A WOGRR I ST B B, BRI 4 940 nm B A0 RS H R A SR A R TR ATk
300 W, 2% i %5 L6 =50 °C B i 240 1 D 3200 1 kW, e KRG AR KT 70%, nl&l 11 fros . Ak, iRk Be 7h 22
i 25 MUARATE ZE B T 1) 104 F0 3 18 7K 8 B¢ 960 nm EL 4%, B 2 mm. 4598 10 mm, HAFE R T4 75%, 7E K58 R 500 ps.,
di 45 H 10% BBk b, i A I (D) R A B T 665.6 W, HUBFEHRUR A 63.8%, JR M S AR A il (Y I A 1
80% 1Y 940 nm % £2 L 2%, fi R =700 W,
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Fig. 9 Output characteristics of the 940 nm laser Fig. 10  Output characteristics of the 938 nm laser
bar reported by Ferdinand-Braun-Institut bar reported by Trumpf photonics
& 9 FBH #{3# (1) 940 nm [ 4% H0OG a8 4 e bk & 10 Trumpf photonics 218 [ 938 nm L 4325 4 it 5 1k
5
1000 +
14
800 +
13
= 600 F >
E N
400 | 12
200 11
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Fig. 11 Comprehensive parameter test results of 940 nm quasi-continuous laser bar reported by Institute of Semiconductors, CAS
FLL R RHBE K SR ST B4R 4 940 nm 7 48 4 L 4 Tk 5 MO ik 45

33 xxmm EFLEEEARRELSEH S

[ R O #5% T 458 2% B8 1 R IS 0 9 1% SE AR 2 050, B JL nm, R T 4R R SRR, AL TE L IR AR E 1 2R TR
AR TS AR Z —, 9xx nm 7E 28 B8 = 6 BT i 2 AR O AR IF ST e Qi 3R 5 R, X Tk &
RO, 0 R A SN B, ARAT 78 L TGt R UL DRI 2 AL 32 43 A1 A hiA% S SR (DBR) 4544
A4y Aii B 15 (DFB) &5 4, Hoab s B ERWNE 12 s . 755 FBH BF 5T T s 1T — F = 21 2% 5 1 R0 A A hiAs 5 o
(DBR) OGS, ZOG% R F TE it i 26 1 06 20 R0 B n; 15 Z0 ik il 4 7S B A A& Sl , W06 28 25 98 90 pm, U5 I
K 4 980 nm, i Tk 14 W, SGIELR 5/ F 1 omP, £ [ FBH #F 53 i 2K I 80 By V 7 2 It S 4 il £ (9 DFB
WOLES, A% T WU 976 nm. BT ZIEE] 11 W A& Dot &9 /D T 1 nm™, %[E OSRAM /23 F
WEH 1 976 nm BOG A T 2%, ZBOEAHA BGE BB, OGRS HOR A 15 mm-mrad B, 54550 D300 44
W, 18 Ot IR B 70, £ R A E R 2.9 W/(mmemrad), 3% O% #8425 K 4 mm, 45 9% 100 pm
Y30 R TG AR A AT, KB TR 2% 2R ) DBR 4544 il 25 19 980 nm = M) 824 AR BOG &, 7E8 T A 15 A
IO B s T 385K 10.7 W, HRu KR 979.3 nmi®,

£S5 oxxnm SHEFEELSEHALFARER

Table 5 Research progress of 9xx nm high-power narrow-linewidth semiconductor laser

year  wavelength/nm  output power/W device type spectral linewidth/nm research group reference
2010 975 10 DFB, second order grating <1 Ferdinand-Braun-Institut [57]
2010 980 14 DBR, sixth order grating <1 Ferdinand-Braun-Institut [58]
2012 976 11 DFB, eightieth-order grating <1 Ferdinand-Braun-Institut [59]
2014 970 6 DFB, eightieth-order grating <0.7 Jonathan Decker [60]
2017 975 5.5 DFB, second order grating <1 Mostallino [61]
2019 980 10.7 DBR, sixth order grating 2.77 Qiao Chuang [62]
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