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Abstract: To achieve periodic closed-loop correction of multiple lasers with different wavelengths in the vis-
ible wavelength band, a laser beam combining system is designed. This system involves independent monit-
oring and adjusting of beam pointing and position deviation. First, according to the application requirements

of the system, the design indexes of the beam combining system and the overall beam combining scheme are
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proposed. Then, based on the overall beam combining scheme, we establish the beam control model for the
beam combining system. Through numerical simulation experiments, we obtain the solution method for beam
control of the beam combining system. The closed-loop beam combining system realizes independent monit-
oring of the unit beam’s pointing and position deviation through the respective beam pointing and position
monitoring device. The monitoring results are then used to calculate the control quantity of the beam adjust-
ing device. The independent and efficient adjustment of beam pointing and position deviation is achieved us-
ing a two-dimensional swing mirror and a one-dimensional platform, respectively. Finally, a closed-loop
beam combining simulation experimental system with beam monitoring and adjustment device is built using
two laser beams of different wavelengths. The periodic closed-loop beam combining system is verified to have
an effective beam combing effect. The experimental results demonstrate that over an extended operational
period, both lasers achieve precise beam combining with the reference optical path. Furthermore, the beam
combining pointing accuracy is better than £7 prad, and the positioning accuracy is better than +0.84 mm.
The laser beam combining system developed in this study boast high beam combining accuracy, a fast correc-
tion speed, and excellent augmentability for multiple laser beams. Besides, it can accomplish periodic closed-

loop beam combining of laser beams, ensuring long-term working stability of the combined laser.
Key words: laser beam combining; beam monitoring; beam control; beam direction deviation; beam position-

al deviation

R o %7 SRS AT, AER R B S8R
BAR, Joikil LB BER Z X0 & /ARG
TR e 5 Z A, SR HDEHRE B2 ) R G0
JCAAYFE ] AL B i 22 PEAT R E, ALBERDE R
PR B R R S, 1T HL R B 3R T 1O RAA I Y
RWORFIRGSE TR o M /RIE T R T —Fh ik
JEROCHE LR SE . Hoa i DG A R 23 1] 2%
A SR G Sl SEBOCHRR 1] RO i 22 B
IEY, Z AR GERES LB 107 BT KR 2 (4 el
PETRS BE, ARG AT B BN S A%, RIER I 17Ol
PVRIIMERE . RIEBLTIRAPE T —MRHIPI
JF L i 2 K 1 7P A4 2 8] R S DA ol RO e
B RPEOC R 1) AL E i 22 EA T AMER 0D R

1 3l

e

Bt G R (T RO HL ) BRI BEA AN
Wik 5, XGRS0 TAR B BAR 1 TR
EOR . IR Z B R — Lo R HORBUR
T E R FEME, {H L 4K P v X A2 T AR R
i, P, RIZ BEOLHREE SR INE, 52
ME PR RIPFRBOCH Al T2 et
Yt AR FBLz —M,

OB R T5E EE R 200 AT AR
FH A TR A5 RE 8 AR A5 85 e Y L PR
i, HXZ 55 R I RIOERRDETE | Ik XA
L SRR SR A, AR T e X

S TR P AR R Z M . AR
FCAT LA A Gl A A AR TR IR SR Bk
AR S RAE ARG S IR ARG RN
SRANTARRE KL, AT R T A O 22 0] Dl
JCUE BEEOCHA TR A . BB R RERS S
BRSO A I, T HHA TR B e

N T SEMZHHOCHARRE AR, 225
BRI PO BT HE B ], USRS &
FEMERZS A0 BT o e WO GHE A
I s 2R Tl G SO B 0 T R R R

HARGS, thEREEBE R F G BV S P2
WF T T —Fh i FH7E LPP-EUV JEIE Fh A9
SN SR RS . Z RGN N E ST
WOGH B 7 B AFE m EAT 0, 7E EIR RS
i, BTG ER A 25 B R T R B R AT
T, PRGOS A B 1% 985 91 R R M B e 4 . AR
TR T S B IO ARG HE GO, $2 0 T —Fh
OGS ) 5 (57 0 22 0 S W) | 3 <7 A T g JE 40
PER AR R G, AT T A A5 1A IEE
FEL, T LA T 45301 R e i i o 4



344 FEYEE (REs0) 7%
8 R 22 PRI, ARG EAT YRR A B W 22 1Y
2 &kitERL R W, e R T E AR M w 2ZE R . B

RYEERARGE T & RHOE R I 5K,

e T AR RGBSR, Wk 1 PR,
F1 HAARRFRITEX

Tab.1 Design requirements for beam combining sys-

tem

Items Requirement

Wavelength/nm 400 ~ 900

Aperture/mm =040

Precision of directio/urad +20

Precision of positional/mm +1

Direction correction range/prad Ox=+600; Gy =+600

Positional correction range/mm =475
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Fig. 1 Overall layout of laser beam combining and closed-loop correction system
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Tab.2 Pointing adjustment simulation experiment data

i W0 552 5.5 V2B
ks, ks, FbEe  EERE BM e
—1500 0 —749.886 0 —0.228 0
—1000 0 —499.992 0 -0.016 0

-500 0 —249.959 0 —0.082 0

500 0 249.958 0 0.084 0
1000 0 499.922 0 0.156 0
1500 0 749.886 0 0.228 0
0 —-1500 0 —1060.652 0 —0.012
0 —1000 0 —707.099 0 —0.011
0 =500 0 —353.546 0 —0.010
0 0 0 0 0 0
0 500 0 353.546 0 0.010
0 1000 0 707.099 0 0.011
0 1500 0 1060.652 0 0.011

250 250 124.982 176.790 0.036 —0.019

500 500 249.930 353.630 0.140 —0.108

1000 1000 499.740 707.450 0.520 —0.485
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Tab.3 Simulation experiment data of left and right position adjustment
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