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Radius of curvature /mm Conic 4th order term

6th order term

8th order term 10th order term 12th order term

0.285 —0.98 —3.17

—10.62

9.96 —819.05 8900.16

225 S NI, O A SR DU A% M 9 BT AR A A4 0 B
B9 06 B A1 151 2 Ca) i 7, G IR DA 28R DL BERE
SR A T b e DO, A A B A v P RE L L (E TR
PRA T 1) (% 7 1)) DG B fi 7 S AR T — E R B O

1, I8 WA 2R OGS T FOCREAFAE , X s ot i
PR RN o AR S Y R, O T RE T b A E A
FEL B8 2% BIOG #1800 g o oz 58 90 2 ] 2 () I 7S £ o o
DX fE i B S

(@ () 140
120
100 +
80

60

Y /um

40

20 F

0

-20

0
136

138 140 142

X /um

144 146

0 0.05 0.10

0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

X /mm

P2 ORI B I X O SRR Xk o7 14 T A A R A P o () 00 A5 380 140 00 BRE 1T 5 (b ) R ol e 2 45 38 1T 4 JE0 8 Jm 8 20 2 Tk 4 23
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Abstract

Objective In the field of optics, micro-cylindrical lenses and cylindrical lens arrays are commonly used optical devices usually
processed by traditional mechanical grinding, ultraprecision turning, and die forming. In the process of diamond lathe machining, the
tool machining step often has a constant period, resulting in the formation of a periodic texture structure corresponding to the knife
pattern on the lens surface. This structure causes an obvious diffraction phenomenon under strong laser irradiation and produces stray
light that interferes with the optical path in the optical system, seriously affecting the function of the optical system. However, there

are few reports on this phenomenon at present, resulting in a lack of theoretical guidance for solving this problem.

Methods To analyze the influence of stray light on the surface of a 100- pm-diameter micro-cylindrical lens caused by lathe
machining, a model of the periodic texture structure is constructed, and the influence of the surface periodic texture structure on
diffractive stray light is analyzed. The theoretical diffraction model of the structure is established by using Fourier optical theory, and
the intensity distribution rules of the diffracted light field at different depths are calculated. The theoretical rules obtained are basically
consistent with the physical optics simulation and experimental test results of the commercial optical software Virtuall.ab, and the

theoretical model is verified theoretically and experimentally.

Results and Discussions Based on the model of the periodic texture structure, the light spots of the ideal lens are compared with
those of the lens with the periodic texture structure. As shown in Fig. 5, compared with those of the ideal lens, the light spots of the
lens with the periodic texture structure produce obvious diffractive stray light along the fast axis direction. In view of this
phenomenon, the beam intensity distributions are calculated and simulated at different depths of the periodic texture structure on the
surface of the micro-cylindrical lens, as shown in Fig. 6. It can be seen that, the deeper the periodic structure, the stronger the
diffractive stray light generated. When the surface texture depth of the cylindrical lens is greater than 16.2 nm, the diffracted stray
light is more significant, which has a significant impact on the optical performance of the device. This is basically consistent with the
experimental result. Finally, according to the research results, a method is proposed to control the depth of the periodic structure and

destroy the periodic characteristics of the surface to weaken the diffractive stray light.

Conclusions In this study, the relationship between the periodic texture of the micro-cylindrical lens and the diffracted stray light of
the beam is studied, an analysis model of the periodic texture structure of the micro-cylindrical lens is established, and theoretical
calculation and simulation analysis methods for analyzing the relationship between the periodic structure and the intensity of the
diffracted stray light are given. This research provides a theoretical analysis method for solving the problem of diffractive stray light

caused by periodic knife grain in the machining process of micro-cylindrical lens.

Key words diffraction; periodic texture; microcylindrical lens; Fourier optics; stray light
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