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Abstract A three-mode non-mode selective photonic lantern (PL) with mode conversion and lossless transmission
characteristic is used to achieve coherent beam combining of a diode laser at 976 nm. Compared with the conventional
spatial aperture coherent beam combining of diode lasers, the proposed beam combining field does not produce side flaps
and has high beam quality. By simulating the beam combining characteristics of the PL and building a complete beam
combining experimental system, final 976 nm diode laser fundamental mode output power reached 99.7 mW with a
conversion efficiency of 33.2%. The experimental results show that this beam combining system achieves mode
conversion and enables the diode laser to output in fundamental mode, demonstrating a promising method for coherent
beam combining of diode lasers.
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Fig.1 Schematic diagram of the structure and cross section of
the PL
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Fig. 2 Mode transmission characteristics of the MSPL. (a) Schematic of single-mode fiber cross section;
(b)-(e) LP,,, LP,,,, LP,;, OAM,, mode
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Fig. 3 Mode transmission characteristics of the NMSPL. (a) Schematic of single-mode fiber cross section; (b) output mode (not unique)
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Table 1 Three-way fiber inputs of NMSPL
Input .
. Core 1 Core 2 Core 3
(amplitude, phase)
I, (1,0) (1,0) (1,0)
I, (1,0) (0.5,7) (0.5,m)
L (1,0) (1,7) (0,0)
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Fig. 4 Mode control simulation of three-mode NMSPL
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Fig. 5 Schematic diagram of coherent diode laser beam combining system based on PL.
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Table 2 Operating parameters of PM

Parameter Numerical value
Operating wavelength 950-1150 nm
Electro-optical bandwidth 2 GHz

V. RF (radio frequency) @50 kHz 1.5V

PM J2 I 2 28 48 A% 0 A R 43 o S 56 4R
TR E £, LA AR AL iy 2 B b 6 i i 4ROIR S R & A ik
A% o PL G20 o B8 B3 05 th 43 oRBE 40 P ik,
o — % E R A UE CCD ARAL, LA 3T 37 56 B X
Ve BE Ol 2. 25 em 19 ™ 3B BEAE N E B B L IR TE
PNl R A bt A TORG AR R R L 0 TR B O 1 B
FEH T E 1 976 nm (1 K25 I, Hrp 2l R% S I U 2
ol 9: 1. gt — B FEFE O 30 em PR AEFIOR , IF
i3 FLAE N 50 pm MR FLER G HE G LRI 2 o L
FEFE I 28 A, BRI AR TR ARG . D
LP,, #5200 2 A A & 48 M RE VEAS o8 %, 1P, B X 7E
£ 1) BLAT OGR4, T LP, F P, 2 7 I £ 1) B A
JEBRE . FE T B R A 7E O R T 28 2 A
Bt oL ok X B B ' SR A ) A R AT ORAE DU X 3
LPo, I LP B 8 3 06 20 2 ' ri 38 0 38 % 46 ol Fi £
5 A WAL AT B B R B (SPGD) 45 i B ik 7= 1k —
ZAVBEMLTPE i e, IF 4 AR S ik 284 PM L, 7
FR A5 A5 0 LA 5 i o ph B AL TP e RS R B R 42 T
FRPEA R B AR AL, SR I T BT A 1% O SR A4 A A 4 o H
FE I EH N E] PM o st R b 38 i g R Ok
E P 3 HL 0 (B Aae A AR R B0 m, A W7 0E 47 0
FF S W CCD ABLEE I 2 (1% BHE , DAt B AR 1T
L2 SRS, DT S5 30 2 3 AR SO B 0O BE 9 B X
il

4 SLEER S0

4.1 REHMENE
SLH RGO A A B BRE SR AT 2k
A MR AR AR S B S R AR T B A
BT RFED L E R A R, BT
B
I, =101g( P,/P...) (3)
o IO R TS, B S dB s PR 976 nm S
SRBOE I AGTE PL B ) S AT R P, N &
PL & 05 i i thOC R T R BEOL S A D 3R
5 mW I 4R HEAT 22 R D 3R KIS N 5 mW L £ 1
JE] 100 mW , 0 2 45 58 G & 6 TR o 6 RE i e (R
4.78 dB, B & G 00 B0 FE BE A A S R A0 1 i 4
o FE PR ZF B A 100 mW S BT Bt e i
T AR E] 99. 7 mW X N At O LPo 4, B 25 0% 42

£ 61EFES5H/2024 £33 A/BAEEFZHE

6 ROAELEAAE S MATIRLR

Fig. 6 System loss versus input power
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Fig. 7 CCD near-field spot images of actual observed modes. (a) CCD near-field spot image in open-loop condition; (b)-(d) CCD near-

field spot images of LP,,, LP,;, and LP},, in closed-loop condition
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