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 E: BIHIEHIR T 780 nm KRR SR EOLA BRI E & . R 48 A ML 2 SO DT R A%
B AN IE S5 44, 43 3048 FH GaAsP il GalnP 1 &2 BF RLDE 5 )2, B2 2 HA &5 1 B 09 AlGalnP #4 KL, & Bk 5 0%
TR B 0.15 eV, T2 5B G2 BR 0.28 eV, Ml T H I F M . 1.55 pm JR 6 BR b 2 B IS 45 AL 10 4 PR
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FUT A & ZnSe Blifk 2 . 2% 98 150 pm. B K 4 mm 09 BT B8 4, ZE ML UM 1S AR, B R E S TR 16.3 WK H B
COD M 4, &} R FHK KT 1.27 W/A, G B 30R Hh 58%, 18 4l & B/ 9.9°, Jeils L= % b 1.81 nm, LW TN
40% Y JE K B 4%, 78 192 A TR S8 3% Sk I R 180 W, OB BE 43 Rl 50.7%, S B BE AL M 2.2 nm,
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High power semiconductor lasers with output power over 16 W for single
emitter and 180 W for bar operation at 780 nm under CW operation

LiYi"?, Wang Haomiao?,  Zhang Liang"?, He Yuwen'?,  Zhou Kun'?, = Du Weichuan'?,
He Linan'?, Hu Yao?, WuDeyong'?, Gao Songxin'?,  Tang Chun'?
(1. Institute of Applied Electronics, CAEP, Mianyang 621900, China;
2. The Key Labtorary of Science and Technology on High Energy Laser, CAEP, Mianyang 621900, China)

Abstract: The single emitter and bars of 780 nm semiconductor laser have been designed and fabricated. The
epitaxial layers were prepared by the metal organic chemical vapor deposition technology. GaAsP and GalnP were
used as the quantum well and waveguide layer, respectively. The confinement layers were AlGalnP material with low
refractive index. The bandgap between the quantum well and the waveguide layer was 0.15 eV, while the bandgap
between the waveguide layer and the confinement layer was 0.28 eV. The high bandgap was effective in suppressing
carrier leakage. The 1.55 pum thick large optical cavity epitaxy structure increases the beam’s size and alleviates the
cavity optical surface damage problem. The asymmetric structure suppresses high-order fast axis modes. Using the
ultra-high vacuum cleavage and passivation technology, an amorphous ZnSe passivation layer was deposited on the
laser cavity facets. The ZnSe passivated single emitter device with 150 um width and 4 mm cavity length, did not
show COD phenomenon with 16.3 W continuous-wave output, when the current was 15 A. In this case, the slope
efficiency reached 1.27 W/A while the electro-optic conversion efficiency was 58%, and the divergence angle of slow-
axis was 9.9° and the spectral width was 1.81 nm. The 1-cm laser bar with lateral emitter fill factor of 40%, reached
continuous-wave 180 W outputpowerat 192 A, and the electro-optic conversionefficiency was 50.7%, the spectral width was
2.2 nm.
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A (Tm:YAG) B A BOG AT LIk & D2 780 nm 2 AR BOG A = AR Y, P K 766 nm P Tk T2 il 4 J8 28 <
WOt (K-DPAL) B, SR, 7 7xx nm I BE S i 2035 AT 5 T 356 7 0 1 9xx nm I3 B 07 EL Pk ik, IR 2 —
T I B T AR R R L H 7 BRI 59 1 A R PN R T SOR AR, 55— i R D K O T RE R L, IR
FBm HUZE s U A, 3T SO R 2R AR, 51 I T 2% AR B4 (COMD) , 1M i g 2k 8. IR, 2%
B8 Txx nm I B T AT T A B R BT, B A0 SR FH R ' s A1 S 5 A R RS i 2% i Sk AR AR s T Ty 2R % ), B R
COMD |51 1 76 8 A A T 5 A o0 o T e Ak B AR

Wit 25 Y 28 AT 2 e I B G R R SR AN, B Txx nm 2 SR SO RS B T SRR AT R [ P 4
PSS . E PR L, 2011 4F, 3 [ nLight 2 7 4)3H 3 T AlGalnAs #1RHA R 9 786 nm I 1 200 um 4% 58 5.4, 1
JEHIAR 10 WOR 2 T 5 W/100 pm) B FL G R0R 64%, TRl & BLMA 50°, 185l & B 10°( 1/ gt ), i p &4
P& 1.7 nm, F A8 BT /NI, 2020 4, 35 [E Coherent 24 R #2 1 JE T JC Al M BHE U5 X /9 793 nm % K 4% 9E 100 um
A FE S A BT IES T 5.6 W, HLOGRUR N 60.3%, 18 % & # M 8.8°(95% REH )", 2020 4F, 18 [ FBH A 5% T 4t i
HIET GaAsP MBEHAT IR IX (Y 780 nm I K 4558 90 pm 145, 7E 10% (525 L. BKFE 10 ms BBk 46 0F T, Bk b2 14 W
(X W Z6 T % 15.6 W/100 pm) , R 45%; T 1200 pm 5% 55 5045 Bk i ) 28 60 WO i 28 D% 5 W/100 pm) , 205 50%,
PR AU 13°(95% figm)P . EINJTT, 2019 4F, BIIEGEOGH A AlIERE T InGaAsP & FB/AlGalnP %52 755 nm
WK 4% TE 350 pm PG 7 SR T 12.7 WKL £R IR 3.6 W/100 um) , R0 54%, P fh & WM 37°, 18 4 & A
8°(FWHM), Jf-£: 5 3800 h i) i % 4%, 2021 4F, w4y e i A L 2= B 53 T i 38 35 T GaAsP it B /GalnP % 3
JZ 1 780 nm P K 45 T 100 um B, i SEE I DI ARAE 10,1 WIS 2508 D1 R Rk 3] 54%, B & B A 460, 12 5 & B
£ 7°(95% Rt JEi 14 % 2.6 nm, £ VBG AMEBIUE i P4 58K % 0.06 nm, P LMk Hi 7 Fli5 0.23 nm™,
2023 4F, JhM KOG Bl R I8 5 T GaAsP & T-BE/AIGaAs i 5 2 19 780 nm K 45 5% 150 pm L4515 22 ) K 24
16.3 WX 28 % 10.9 W/100 pum) , R 2 60%, 5.4 A i 5 o BLOE RO 71%, Pl & 1A 39.9°(FWHM), Jf-7E 6 A
2830 600 h B A A % 4%, M7E 7xx nm KINFEE 5% (L FES)) BOGAS 7 TR IE A £, 2012 4F, 3¢ [5 DILAS 23 A #iziE
55T GaAsP i 1 B 780 nm P K 19 19 AU 5%, AN KOG RUARBE 150 pm, 2L 110 W, HOGRUR 2 57%, 79 W
12 il & BOF 10.4°(95% fiE ), i Ig4 58 2.2 nm™, 2021 4E, X FBH #7457 T i £ T GaAsP & T B /AlGaAs
P FIZH 780 nm P K 5 &GS EL Sk, 7E 0.5 ms Bk P AT 10 Hz R AR R, fkob D= 172 Wi, [ N 307 % T 7xx nm
R L AR WSS . MW AEHA R E &, 7xx nm 6 H 3l % 5 T AlGalnAs 5% GalnAsP #1 B, 5 58 AlGalnAs
AR Z2 1) DR A1 J2 1 0 4L 0 R 1) o ol B T LA 00 o) 28 O - oM 8 R v O8N R | R TR S R R A S A
Ao, JE T ' 450 3 B RLATG, PR kG A 90 DX 038 0 O R B AIRAT SE LD, JE4R GalnAsP A RMA R A0 s 2 A 7T g o
T YA A AR AR A5 B e % o T T S R a2 i B R O T (L P O ) AR 48 1R o AR SR A GaAsP/GalnP 1 2 F
B /i 38 0 2 06 XA B [T SR FH R B ALGalnP 1 K BRI 2, X MR A M RMA R 3B 8.

AR 4% GaAsP/GalnP 4 E 4544 1 45 K 32 780 nm AR BOG S, SR FH e 45 Bt BR 1 2 A b4 o) 28 0 1 1t
% DT 2 e PN it 280%, O R R R 8 25 g 0L D A0 s TR e A B AR 4 8 17 T T 0 R o e ) BRSO AR R R R
B TPR KT 16 W, B SR K H H DR 180 W, Sk [T RE JAIF 21 (1) B0 k3 780 nm L 2% fit i i £2 U1 A5 4 o

1 =g itHE

K4 8 A ML 2 AT (MOCVD) 771578 n 8 GaAs(100) 8 it i€ A= K T GaAsP/GalnP 14 £ A9 780 nm
LSRRI AIMNE R . BAKEER Ay A 52 K Y AE GaAsP BT B (9 nm JE ) 41, Hidfk A 450 nm JE Ay Zn 522
p BN 1100 nm JE ) Si #5874 n il GalnP 3% 2. EA1IEE 8 1800 nm JE 11 (AlysGag s)o.sIng sP R )2 F . & I
JZREEE 200 nm W E B S p B GaAs #EilZE . B 1R AMESS R REAT E, Kb i B S 0SR20 B 0.15 eV,
P52 5 BRI 2 2l B 0.28 eV, afy I 458 e A 380400 i) 28 o - 1t 8 9 VR

THE A E 2 0 47 59 25 568X o0 A 8] 2 fioR, SR 1.55 pm 819 KOG 22 sk S 25 R 38 1O 18X
(R RS, PTI98 /IN Bt D' Ty 58 8, % A s 1 400405 [ . (R R SR s P BB A A B8 (TM) . — BB (TM) . B A
(TM,) o A PR HF AR E WUR, Bt & TP T80 p B 0% 3 2 0907 B, R0 — BB — B8 9 R ] X+ 23 )
M 1.32%, 0.66% Fi1 0.01%, 3% Ffr =l Xof F 14 A s 25 Jis 235 g T A0 il bRty 2 B A5, 2 4 SR ASE RS, Rty 1S B A
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Fig. 1 Energy bands diagram of 780 nm Fig.2 Refractive index and mode distribution diagram
diode laser of 780 nm diode laser
Pl 1 780 nm 2 A OGS E Y BE A 45 1 E 2 780 nm 2 SAAROGAMNE Y I 5T 3 K O6 5 45 A
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p I LT IR 28 & Ti/PYAu LR . 80 &4 7 J5 B T R 28 & Ni/AuGe/Pt/Au 5 A n i1 HLHE o SR I ELZS ¥ 11070 MPa HY
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il 45 19 780 nm 4% FE 150 pm OGS4 19 3% 22 D R AR MR LS S An 1] 4 FrR o A A1 % 21K 20 €. A
DL W2 B A B 1A, X A B (i H O 5 B 0.17 kA/em?, BHALER N 1.27 WA, 8 ETEHL I 6.5~ 135 A 2
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Fig.3 SEM photo of deep isolation groove between Fig. 4 Optical output power, voltage, and conversion efficiency as
emitters on bar function of current of 780 nm single emitter
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ZnSe FifLIEHE = T COMD,

5 REOEEAE 1S AR FINAms 5 ma . £ 163 W HZ TAEYIRT, 95% T & & F s rg
I 0| 950,=45°, BRI 1) 0)950,=9.9%0 M2 HUM ZHMESEHY | 4558 . A . Z0IR PR BE | M 1) 9 S 4548 . AL
IMEEH R AW . QAT SCATIR Y 1.55 pm JE B KOG# s FAMEZEHY . 150 pm 4558 . 4 mm 5K . 900 nm %1 sk 5
JE T 5T F g | S 1] 33 T 2548, COS FHAE B AR AF T, 075 H A8 il 2% 180fA 150 B R U O A T R AP I 3 D
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Fig. 5 Far field of 780 nm single emitter Fig. 6 Spectrum curve of 780 nm single emitter
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SR (0 H OB RIOR L B SRR 2N 7% LRI 1 R IR Pyoa= (Unogr—1)Prigns PHIGTE — 52 (49 BT % R b = i &=
FEREEHE  HOGROR, BR T AMEZE A LA, AR TRt T AR R G RRR, R B AR R K A 4% B SR ek /)
RN I, A A WA AT A5 o T R R R B BE T o A0 R e R HOARE T, T AR A AT g

200 60
180 | = power 1.85 1.0
6ol efficiency = /._.—-—:*'* {50
—=— voltage _ 0.8
140 40 o 1180 .
2 20} S HY
5 100} 305 |5 2 2" FWHM: 2.2 nm
3 2 TS 5
= 807 {203 - E 04}
60
1.70
40 + 10 0.2
20
T e 1.65 0 . .
0 25 50 75 100 125 150 175 200 765 770 775 780 785 790 795
current/A wavelength/nm
Fig. 7 Optical output power, voltage, and conversion efficiency as Fig. 8 Spectrum curve of 780 nm
function of current of 780 nm diode laser bar diode laser bar
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Table 1 Performance comparison of 7xx nm diode laser single emitters

diode laser single emitter conversion fast axis slow axis spectral
. wavelength/nm . power/W . . . .
emitter width/um efficiency/% divergence/(°) divergence/(°) width/nm
nLight!"”! 786 200 10 64 50 (FW1/e%) 10 (FW1/e?) 1.7
Coherent!""! 793 100 5.6 60.3 / 8.8 (FW95%) /
Ferdinand-Braun-Institut!” 780 90 14 (pulse) 45 / / /
Ferdinand-Braun-Institut™” 780 1200 60 (pulse) 50 / 13 (FW95%) /
Raybow Optoelectronics!'?! 755 350 12.7 54 37 (FWHM) 8 (FWHM) /
Institute of Applied Electronics, CAEP!"! 780 100 10.1 54 46 (FW95%) 7 (FW95%) 2.6
7 71
Everbright Photonics!"¥ 780 150 39.9 (FWHM) / /
16.3 60
this work 780 150 16.3 58 45 (FW95%) 9.9 (FW95%) 1.81

2 Txxnm FHE LML

Table 2 Performance comparison of 7xx nm diode laser bars

diode laser bar wavelength/nm  emitter number emitter width/um  power/W  conversion efficiency/%  spectral width/nm
DILAS®! 780 19 150 110 57 22
Ferdinand-Braun-Institut'"! 780 5 / 172 (pulse) 57 /
this work 780 19 200 180 50.7 2.2
3 & it

AR SCHETF TCAR IR X GaAsP/GalnP 15 1 25 2 7 BEATRE, 254 AE X RR KOE I T, A5 11 9 450 RE AR B A4 7

SRR ANE 25 ), R R T 3L 45 L T R AR R T T COMID o8] {0 A0 8 4 ] S o T 3 A K 3 2R 780 nm
KoL 45TE 150 um B S P EESEET HT 16.3 W, HEOGRLE 58%, 188l & WU 9.9°, BETE 1.81 nm; JHK [ 45 22t 180 W,
HLGELR 50.7%, 15 58 2.2 nm, B 8 A9 780 nm [ 45 fe i i 4R T R
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