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Tab.2 Actual measurement of diffraction efficiency of self-traceable grating —1th-order at different incidence

angles
Incident Self-traceable grating diffraction efficiency measurement
angle 6/°) Maximum absolute deviation

& 1 2 3 4 5 6
65 0.31% 0.37% 0.35% 0.37% 0.40% 0.33% 2.59%
67 0.54% 0.52% 0.62% 0.52% 0.56% 0.52% 3.21%
69 0.63% 0.58% 0.67% 0.51% 0.57% 0.58% 3.23%
71 0.63% 0.52% 0.63% 0.47% 0.52% 0.52% 3.33%
73 0.54% 0.50% 0.57% 0.42% 0.52% 0.51% 3.38%
75 0.50% 0.44% 0.42% 0.37% 0.47% 0.47% 3.42%
77 0.42% 0.37% 0.32% 0.31% 0.37% 0.42% 3.47%
79 0.36% 0.27% 0.26% 0.21% 0.30% 0.31% 3.53%
81 0.26% 0.21% 0.19% 0.16% 0.21% 0.21% 3.48%
83 0.21% 0.15% 0.16% 0.14% 0.15% 0.16% 3.30%
85 0.11% 0.10% 0.11% 0.10% 0.09% 0.11% 2.96%
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Analysis and study of the diffraction efficiency of self-traceable grating
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Liang Lijie

, Liu Liqin®*, Guan Yugqing®*, Sun Jiayuan®, Zou Wenzhe*, Guo Chuangwei**,

Zhang Yujie*’, Chu Xiaoyao'**, Guo Bin', Lei Lihua™*

(1. College of Metrology and Testing Engineering, China Jiliang University, Hangzhou 310018, China;

2. Shanghai Institute of Measurement and Testing Technology, Shanghai 201203, China;

3. Shanghai Key Laboratory of Online Testing and Control Technology, Shanghai 201203, China)

Abstract:
Objective

Diffraction gratings are widely used in ultra-high precision displacement measurement systems,

instrument calibration and other fields. The self-traceable grating prepared by atomic lithography is different from

ordinary diffraction gratings in that its characteristic parameters can be directly traced to "meters" through natural

constants, so the grating has the natural advantage of being used as a ruler without measuring a fixed value.

Diffraction efficiency is an important indicator to measure the performance of gratings, and the diffraction

efficiency of self-traceable gratings will affect the accuracy and precision of measurement results. Therefore, by

analyzing the diffraction efficiency of self-traceable gratings, an important basis is provided for the preparation

and application of self-traceable gratings.
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Methods Based on the vector diffraction theory and rigorous coupled-wave method, a theoretical model of self-
traceable grating with a sinusoidal structure and its diffraction efficiency under different incident conditions are
established (Fig.2). The influence of structural parameters and laser incident conditions on the diffraction
efficiency of self-traceable gratings are analyzed using the method of controlling variables. The results of model
calculation are compared with the Gsolver simulation results to verify the feasibility of model calculation. A
measurement system for grating diffraction efficiency is constructed (Fig.10). Combined with the grating

equation, the diffraction efficiency corresponding to different Littrow angles is calculated (Tab.1).

Results and Discussions  The simulation results show that the diffraction efficiency of the self-traceable grating
—l-order is at its peak state, reaching 4.3%, when the incident wave is TM polarized, the incident wavelength is
420 nm, and the incident angle is 80° (Fig.6). In the Littrow structure, the diffraction efficiency of the self-
traceable grating —1-order is at its maximum, and is close to the peak diffraction efficiency of the self-traceable
grating corresponding to non-Littrow angles, when the incident wave is TM polarized, the incident wavelength is
415.51 nm, and the Littrow angle is 77.5° (Tab.1). The experimental results show that the variation trend of

diffraction efficiency is consistent with the theoretical calculation results (Tab.2, Fig.4).

Conclusions The diffraction efficiency of the self-traceable grating is analyzed by establishing a strict coupled
wave model of the self-traceable grating and solving the accurate solution of Maxwell's equation system that
satisfies the boundary conditions of the electromagnetic field in each region after the laser incident self-traceable
grating structure. Through the measurement and research of the diffraction efficiency of self-traceable gratings,
this paper provides an important basis for the preparation and application of self-traceable gratings. In the
practical application of self-tracing gratings, it is necessary to combine the influence of various parameters on the
diffraction efficiency and select the best incident conditions to maximize the diffraction efficiency. For the
diffraction efficiency analysis of self-traceable gratings, the factors affecting the structural parameters of self-
traceable gratings during the preparation process will be studied from the preparation principle of self-traceable
gratings, and combined with the grating diffraction efficiency analysis in this paper, so as to prepare a self-
traceable grating that maximizes diffraction efficiency.

Key words: self-traceable grating; rigorous coupled-wave method; diffraction efficiency; Littrow

angle;  measurement
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