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Design of large-aperture multi-band beam quality detection system
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Abstract: Spectral synthesis technology is an important technical approach to achieving high-energy laser
output. Ensuring high-quality laser output under the premise of high-power output has become the most ur-
gent goal in further developing spectral synthesis technology. Aiming at the challenge of parameter detection
for 155 mm x 140 mm rectangular aperture, (1064 + 3) nm, (1030 + 3) nm, and (635 £ 5) nm band beams,
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we design a large-aperture multi-band multi-parameter detection system. The wavefront detection unit is
based on Kepler’s telescopic structure, the conjugate relationship between the deformable mirror and the mi-
crolens is constructed, at the same time, the compressed beam matches the detector size. The front group ob-
jective lenses adopt a Cassegrain structure to solve the problem of color difference correction in large-aper-
ture and multi-band. The rear group of mirrors adopts a three-piece apochromatic refractor group, which
compensates for the color difference while accounting for the non-thermal design. It can be used for com-
pensation to the residual thermal difference of the front group of objectives and the thermal difference of the
rear group of mirrors. After passing through the wavefront detection unit, the beam quality and beam uni-
formity can be measured. In order to improve the environmental adaptability of the system, it was designed
through an optical passive anthermic method at 20 °C+10 °C. Finally, the system was installed and tested,
and the wavefront spot image collected by the wavefront detection camera was restored using the Zernike
wavefront restoration method. The measured RMS value of the wavefront of the system is better than 0.0524
A (A=632.8 nm), the beam uniformity is better than 0.893, and the beam quality B factor is better than 1.26

times the diffraction limit at 10 °C-30 °C.
Key words: multi-band multi-parameter detection non-thermalized design wavefront measurement beam
uniformity beam quality

2016 Du Y ZHM!

[12] 31

[4-5]

] | [l 2017 6]
)]
B 2020
[10]
[17]
0.05A A=532 nm 2022
[18]
1 064 nm
[11]
[12]
155 mmx140 mm 1064+

3 nm 10303 nm 635+5 nm

2012 Schulze CH
2013
Niedrriter R D [ 1



934

17

155 mmx140 mm

360 mmx
200 mmx300 mm  x X
2
3
4
RMS M15
2.1
1
1
Wavefront detection system
HR1
HR2
= [19]
HR3
B-S1
B-S2 —
HR4 Beam uniformity Detector
inspection system
Wavefront detector - -
Beam quality inspection
system
1

Fig. 1 Schematic diagram of large-aperture multi-band be-

am quality detection system 25

Tab.1 Technical index of mechanical structure of

large-aperture multi-band beam quality detec-
tion system

360 mmx200 mmx300 mm  x x

< 25kg

20 °C+10 °C

JGS2
TC4

TC4

2
155 mmx140 mm
210 mm



4 J 935
2 3
Tab. 2 Technical index of the wavefront detection sys- Tab.3 Lens parameters of wavefront detection system
tem /mm /mm
-576.126 -260.000 MIRROR
3 -69.040 150.000 MIRROR
1306:;3 2;"5151?]3;21 Infinity 141.761 —
155 mmx140 mm -192.097 4.000 H-ZPK5
110.2 -35.350 2.998 —
< 1% -33.460 3.000 H-F4
RMS < M15 -236.455 3.000 —
20 °C+10 °C -376.700 3.000 H-LAF3B
10°C 30°C PV< M10 -116.680 30.000 —
PV  RMS RMS< M20
RMS < M8 2992
2.2.1
20 °C+10 °C
[20] 3
RMS 6.343 um
2 1540.24 mm
[ONORONORONONO!
150.81 mm 268.784 mm a=
Ba
10.21 307.759 mm kel b Bk
B=
®OOO®® ®,
a
a
CFORCH OHCHONO)
ONONORONOROROLS
3

Fig. 2 Schematic diagram of the optical structure of the
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Fig. 11 Optical structure of beam quality detection subsys-
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12
Fig. 12 Optical path of beam quality detection system
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