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lasers, but with the increase of laser output power, the output beam aperture and the system volume increase
gradually, which make the design of adaptive optical correction system more difficult. Therefore, under the
premise of meeting the requirements of conjugate detection in the adaptive optical correction system, it is of
certain research significance to optimize the size parameters of the detection system as a whole, and realize
the detection of multiple parameters such as wavefront phase and beam quality evaluation. In this paper, we
realized the multi-parameter detection of 160 mmx120 mm rectangular beam emitted by slab laser under the
condition that the overall size of the system is 350 mmx180 mmx220 mm (length x width x height). Accord-
ing to the technical requirements of large detection apertures, limitation of tube length and long exit pupil dis-
tance, firstly, the dual-Gaussian initial structure was used to eliminate the aberration. Combined with the as-
pheric surface technology, the design scheme of splitting detection after high-ratio beam compression was ad-
opted to realize the simultaneous detection and evaluation of multiple parameters. Secondly, the initial para-
meters of the system were determined based on the principles of telephoto imaging and conjugate imaging.
Thirdly, the simulation model of the detection system was established to analyze the imaging quality and the
tolerance of the system, which were implemented to provide the basis for the construction of the experiment.
Finally, the experiments were carried out to verify the design results. Results indicate that the conjugate
wavefront detection, light intensity uniformity detection and beam quality evaluation of 160 mm x 120 mm
rectangular beam can be realized under the conditions of the object-image conjugation and size constraint
conditions. In the experiment, the S factor of the measured beam is 1.24 times the diffraction limit, and the

uniformity is 73.8 %, which meet the technical requirements.
Key words: slab laser; adaptive optical correction; rectangular beam; conjugate wavefront detection; beam
quality evaluation
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Tab. 2 Lens data of the main beam compression system

Type Radius Thickness Glass
Even Asphere 440.000 22.893 H-ZLAF52A
Standard —2924.268 1.000 -
Standard 231.431 28.018 H-ZLAF55D
Standard 925.079 56.403 -
Standard 394.602 10.800 H-ZF73
Standard 64.282 30.000 H-ZLAF68C
Standard 191.455 154.885 -
Standard —13.435 2.009 H-ZLAF55D
Standard —1053.154 4.077 -
Standard —20.488 4.037 H-ZLAF53B
Standard —13.485 0.811 -
Standard 311.182 4.496 H-ZLAF53B
Standard —25.212 41.405 -
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Fig. 5 Image quality evaluation results of the main beam compression system
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Tab.3 Lens data of beam quality detection subsystem
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Fig. 6 Wavefront aberration of the beam quality detection subsystem
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Fig. 9 Evaluation results of the image quality of the beam quality detection system
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Tab. 4 Tolerance data of beam quality detection system

. . Decenter  Tilt
No. Radius Thickness/mm X/Yymm (X)) Index  Abbe.

Lenl +0.02 +0.025 +0.01 +0.7  £0.0005 +0.08%
Len2 +0.02 +0.025 +0.01 +0.6  £0.0005 +0.08%
Len3 +0.02 +0.025 +0.01 +0.7  £0.0005 +0.08%
Len4 +0.03 +0.025 +0.03 +0.1  £0.002 +0.2%
Len5 +0.03 +0.0375 +0.01 +1.5  £0.002 +0.2%
Len6 +0.03 +0.0375 +0.02 +1.5  £0.002 +0.2%
Len7 +0.03 +0.0375 +0.02 +2 +0.002  +0.3%
Len8 +0.03 +0.0375 +0.02 +2 +0.002  +0.3%
Len9 +0.03 +0.0375 +0.02 +2 +0.002  +0.3%

Fz5 ARRERMNAELZH 1000 XFFFT HER
Tab.5 1000 Monte Carlo statistical analysis results of

the beam quality detection system

Percentage of Monte Carlo/% RMS Wavefront
98 0.2715
90 0.1871
80 0.1586
50 0.1109
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Tab. 6 Lens data of the beam uniformity detection sub-

system
Radius Thickness Glass
66.752 3.964 H-ZFTLA
Infinity 0.800 -
—154.456 6.000 H-ZF7LAGT
—340.621 117.358 -
—5.693 3.326 H-K9L
=1.277 1.000 -
—23.127 3.893 H-ZLAF68N
—10.385 3.000 -
—6.247 3.950 H-K9L
—6.247 26.932 -
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Fig. 10 Wavefront aberration of the beam uniformity detection subsystem
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‘ Fig. 12 2D diagram of the beam uniformity detection sys-
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tem with an ideal lens
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Fig. 13  Evaluation of the image quality of the beam uniformity detection system
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Tab.7 Tolerance data of the beam uniformity detection system

No. Radius Thickness Decenter (X/Y)/mm Tilt (X/Y)/(") Index Abbe.
Lenl +0.02 +0.025 mm +0.01 +0.8 +0.0005 +0.08%
Len2 +0.02 +0.025 mm +0.01 +0.6 +0.0005 +0.08%
Len3 +0.02 +0.025 mm +0.01 +0.8 +0.0005 +0.08%
Len4 +0.03 +0.035 mm +0.03 +1.5 +0.0005 +0.2%
LenS +0.03 +0.035 mm +0.01 +1.5 +0.003 +0.2%
Len6 +0.03 +0.035 mm +0.03 +1.5 +0.003 +0.2%
Len7 +0.03 +0.035 mm +0.03 +3.0 +0.001 +0.2%
Len8 +0.03 +0.035 mm +0.03 +3.0 +0.003 +0.2%
Len9 +0.03 +0.035 mm +0.03 +3.0 +0.003 +0.2%
Lenl0 +0.03 +0.035 mm +0.03 +3.0 +0.003 +0.2%
Lenll +0.03 +0.035 mm +0.03 +3.0 +0.003 +0.2%

* 8 KRMAMRMAL 1000 ARFRT FER
Tab.8 1000 Monte Carlo statistical analysis results of

the beam uniformity detection system

Percentage of Monte Carlo RMS Wavefront
98% 0.2403
90% 0.1874
80% 0.1625
50% 0.1189
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Fig. 15 Spot array image of Hartmann sensor
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Fig. 16 Detection image of the beam quality
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Fig. 17 Detection image of the beam uniformity
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