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Table 1 Design indexes of Fresnel lens

Index Value
Spot radius <1 mm
Lens transmittance >80.0%
Energy collection efficiency >33.3%
Effective aperture 300 mm
Wavelength range 400-950 nm
Focal length 670 mm
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Fig. 3 Design flow diagram of Fresnel lens
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Table 2 Optimization design results of Fresnel lens annuluses

Band No. Radius /mm Radius of curvature /mm Thickness /mm Quadric coefficient Spot radius /mm

5 5 —332.286 5.00 8.00000 0.142

25 25 —327.562 5.80 —6.55594 0.798

45 45 —324.636 7.81 —3.66291 1.418

65 65 —321.006 11.07 —2.91641 2.217

85 85 —316.763 15.58 —2.63004 3.094
105 105 —312.407 21.34 —2.49031 3.901
125 125 —306.418 28.42 —2.41282 5.049
145 145 —300.822 36.70 —2.36496 6.019
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Fig. 4 Ray tracing diagram of Fresnel lens after optimization of 15th annulus shape
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Fig. 7 Simulation analysis of beam convergence performance of Fresnel lens
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Fig. 10 Fresnel lens processing physical picture
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Abstract

Objective To collect long-distance and wide-spectrum signals of laser filament-induced plasma spectroscopy, a high-efficiency
collecting system with a large-aperture Fresnel lens is necessary so that the fluorescence spectrum signals can be converged and
coupled into a fiber spectrometer. Although conventional non-imaging Fresnel lenses have superior energy collection efficiencies, the
focusing performance of the lens is affected by spherical aberration and dispersion, which are induced by the increased aperture. This
leads to difficulties in spectrum analysis at high resolution. Therefore, optimizing the ring shape of the Fresnel lens and improving the

performance by considering source parameters, volume size, and lens specifications are crucial to the design of the collecting system.

Methods A large-aperture Fresnel lens collecting system 1s designed using loop optimization of each ring with multiple software
programs. The system consists of seven Fresnel lenses with a diameter of 300 mm and a focal length of 670 mm. To optimize the
energy collection efficiency and the focusing spot size in the Zemax sequence mode, a multi-ring aspheric Fresnel lens is designed
using Code V and MATLARB softwares, and the lens is modeled and analyzed using the LightTools software. This method reduces
the spherical and chromatic aberrations of the large-aperture Fresnel lens, making the efficiency of energy coupling into the optical
fiber improved and the convergence spot size reduced. Therefore, the signal intensity of the fiber spectrometer can be raised
effectively.

Results and Discussions The surface shape of the single-ring band is optimized in the Code V software by controlling the light
spot radius and the convergence angle (Fig. 4). The loop optimization of multi-ring bands is carried out in the MATLAB software
using the same optimization method (Table 2) and the focusing spot size is analyzed in the Code V software. In addition, the Fresnel
lens model is constructed in the LightTools software (Fig. 7), and the full width at half maximum of the focus spot and the energy
collection efficiency are calculated (Fig. 8). Finally, the tolerance of the lens is analyzed according to the manufacturing process
(Fig. 9). In the simulation, the Fresnel lens energy collection efficiency and the spot diameter are 52.2% and 2.051 mm, respectively.
In contrast, the energy collection efficiency measured in the experiment and the light spot diameter are 34.9% and 2.260 mm,
respectively. The differences between the simulation and experiment results are possibly owing to the errors in manufacturing and
assembly.

Conclusions In this study, the large-aperture Fresnel lens is investigated according to the requirements of the collecting system of
laser filament-induced plasma spectroscopy. A design method of large-aperture Fresnel lenses is proposed using several software
platforms, which improve the collection efficiency and reduce the influence of aberration. After the design and optimization of the
multi-ring using Code V and MATLAB softwares, along with modeling and analysis using LightTools software, a collection
efficiency of 52.2% for the lens and a focusing spot size of 2.051 mm are achieved. Due to the errors in manufacturing and
measurement, the collection efficiency is 34.9% in the experiment, which meets the application requirements of the system. The
simulation and experiment results show that the design method can reduce the aberration of a large-aperture Fresnel lens and facilitate
collection of long-distance and wide-spectrum signals efficiently.

Key words nonlinear optics; optical design; Fresnel lens; filamentation Lidar; collection system; aspherical lens

0708010-7



	2　设计指标
	3　设计原理
	4　菲涅耳透镜设计
	4.1　菲涅耳透镜面形设计
	4.2　菲涅耳透镜面形误差分析

	5　菲涅耳透镜样件的加工及性能测试

