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Design of visible multi-band laser beam combining system
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Abstract : A laser beam combining system is designed to realize the precision combining of multiple laser beams of dif-
ferent wavelengths in visible wavelengths. The long focal lens and high beam reduction lens with large surface array
photodetectors are used to achieve high precision and real-time monitoring of the laser beam pointing and position. The
high precision angle adjustment device and position adjustment device are used to achieve real-time compensation of
the beam pointing and position monitoring errors. After completing the design, processing and precision tuning of the
beam pointing and position monitoring lenses ,the monitoring accuracy of the position monitoring device is 0. 054 mm
and that of the pointing monitoring device is 3.5 prad;after completing the detailed design of the beam position cor-
rection device, the pointing correction two-dimensional pendulum mirror and the beam combining process of the
closed-loop control system,the beam combining accuracy of the combining system is experimentally tested and ana-

lyzed. The experimental results show that the pointing accuracy is 6. 17 prad and the position accuracy is better than
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0.66 mm for static beam in a short time ;the pointing accuracy is 18.46 prad and the position accuracy is better than

0.72 mm for dithered beam in a long time. The designed laser beam combining system not only has high beam combi-

ning accuracy, but also can realize the automatic compensation of beam drift error in time ,which will meet the applica-

tion requirements of the system.

Keywords : visible laser;laser beam combining;deviation monitoring;close-loop controlling ; automatic correction

1 3 §

Bl Tk F AR ) & R Hotim T ot iR 3
A UE TP A SN R TR | 2 i Bo i N 7
SRR AR B (HJ2 B G HOGA S OB B A
TIRARR, s BA w3 Se i ot e
BRI AN BRI

WA RBEARMEE L, B2 T AR
FEHTER, AT AR B HOGR PEGE A, (A
JEXT G ORI R G | R4k S AL S R R
JEREEKR I HEAE O A ITHE N, R G AR
BE AR BTt R i R AT B Tz R R
AT AT LA O G R w5 ol K AR
MZSEAH, GRS AT T HIot R R 2 W)
JEHEA B, RS A R R B A (R A O R
AR RS AR RCE R (0 F B R
KRR IR TAE ; P A AT IO v i1 Be
T P 2 BEAS R K I OB HET T 6 B, & AR 2
B R AR R B2 5 25 [R5 R R E 24T A AL
Bim fHR R BT 2 . F6 AN [R5 K A
IS 2%, vT LA BE £ R [ 1 A& o 07 X R AT 0Ok
S0 LA

R TSI P BOOG RS G R S SR A
INE RIS S 15 % 4% 6 SO (R TR S 3R 22 R AT B B b
% e BRI ) A 2 %o RO A ) R A
PEATSZA W, FH DA R 3R 25 48 1E B AR ) s Xt
REG AR R BAEF EEMWE L, BRI
Tl R T — M EE EBOOC R EE RS, H
SRR VR B I 45 1 7 3h R A SR IR R
KPR TR T — Bl A e Hi P e R sh 2 1) —
Yt £ B VR AR A SR R BT RO T A B O 2
B w2 M AME R G . KREEHLI ZIREEN
T — b FTE LPP-EUV JGIE 093806 s i 5
Pl RS % RGN A s g A LR 7
BRI ERIE, A AL G R Ge 5 2%, i HOG R B Eh
KU ARG T — R A A AR O ) 2%
A7 Tl 25 0 7 W T 5 s S S I B PR R D R B

X ] T AE AR R B8 R O R it 17 A 3h
KIE,
2 EIHERERE

HRE A O R N K, B A R RS
THERRINE 1 Fis,

F1 BAERRARERIITER
Tab. 1 Design requirements for the laser

beam combining system

No. Ttems Requirement
1 Wavelength/nm 400 ~900
2 Aperture/mm =d40
3 Height of beam/mm 180
4 Precision of angle/ prad 20
5 Positional accuracy/mm 1
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Fig. 1 Schematic diagram of wavelength combination principle
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Fig. 2 Principle for laser beam combining system
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Fig. 3 Measuring principle of laser position error
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Fig. 4 Measuring principle of laser angle error
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Tab. 2 Industrial camera performance parameter table

No. Ttems Parameters
1 Pixel size/ pum’ 3.5x 3.5
2 Pixel numbers 2448 x 2048
3 Frame rates/ (f + s~') 22
4 Response wavelength/nm 350 ~950
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Fig. 5 Monitoring device of laser error
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Fig. 6 Principle and structure of laser beam lift-right
error adjusting device
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Fig. 7 Principle and structure of laser beam high-low
error adjusting device
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Fig. 8 Diagram of servo control system
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Fig. 9 Structure of laser beam angular error adjusting device
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Fig. 10 Closed-loop laser beam control and calibration flow chart
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Fig. 11 Schematic diagram of beam combination accuracy test system
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Fig. 12 The coordinate of two beams at 100 m and 200 m
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Fig. 13 Simplified geometrical relation of two beams
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Fig. 14 Real-time measurement of angle error in X-Y direction
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Fig. 15 Real-time measurement of position error in X-Y direction
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