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Abstract In this study, the diffraction efficiency analysis of a rectangular groove grating and a triangular groove
grating was performed using the vector diffraction theory. Accordingly, the diffraction efficiency of the triangular
groove grating was found to be about one time higher than that of the rectangular groove grating. Based on a new
five-axis ultra-precision single-point diamond lathe cutting technique, the diamond tool-head movement errors, the
movement spacing standard deviation range and the machining deviation of grating line position are determined and
the effect of tool-head wear on grating diffraction efficiency was also analyzed. On this basis, a convex blazed
grating with curvature radius of 70 mm, groove density of 60 line/mm, and diameter of 52 mm was developed. And
the peak relative diffraction efficiency is larger than 80% and the average relative diffraction efficiency is larger than
60% in the 1000-2500 nm spectral region. The actual hyperspectral data obtained during the flight shows that the
shortwave infrared imaging spectrometer developed using the proposed convex grating meets the requirements of
geological remote-sensing technology.

Key words gratings; imaging spectrometry; convex grating; diffraction efficiency; ultra-precision machining; short
wave infrared
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Fig. 1 Diagram of Offner imaging spectrometer
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Table 1  Specifications of imaging spectrometer

Content

1000-2500 nm

Parameter

Wavelength range

Spectral resolution 10 nm
Focal length 130 mm
F number F/2.2

Linear dispersion 7.5 nm/pixel

Height:12 mm.
Slit dimension
320 pixel X256 pixel

30 pm X 30 pm

Detector array size

Detector pixel size

# 2 e S B

Table 2 Parameters of convex grating

Content

1000-2500 nm

Parameter

Wavelength range
Curvature radius 70 mm
Diameter 52 mm
Groove density 60 line/mm
Diffraction order +1
Incident angle 30°
Above 60 %

Below 0.1%

Diffraction efficiency /%

Intensity ratio of stray light
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Fig. 4 Simulation curves of diffraction efficiency of rectangular groove convex grating.

(a) Under different groove depths; (b) under different wavelengths
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Fig. 5 Simulation curves of diffraction efficiency of triangular groove convex grating.

(a) Under different angles; (b) under different wavelengths
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Table 3 Diffraction efficiency of gratings with different groove types %
Structure Maximum Average At initial wavelength At terminal wavelength
Rectangular groove 40.5 7 32
Triangular groove 88.9 31 60.5
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(b) under effect of ghost line; (¢) standard deviation under effect of stray light
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Fig. 8 Influence of residual fillet of diamond grave on diffraction efficiency of grating. (a) residual fillet diagram;

(b) diffraction efficiency of grating with different residual fillet
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Table 4 Data list of groove spacing

No. d /pm No. d /pm No. d /pm No. d /pm
1 16.698 11 16.664 21 16.652 31 16.652
2 16.626 12 16.713 22 16.668 32 16.646
3 16.708 13 16.619 23 16.624 33 16.674
4 16.699 14 16.722 24 16.623 34 16.616
5 16.705 15 16.685 25 16.714 35 16.644
6 16.670 16 16.706 26 16.684 36 16.696
7 16.654 17 16.629 27 16.700 37 16.670
8 16.685 18 16.646 28 16.655 38 16.678
9 16.696 19 16.729 29 16.723 39 16.701
10 16.639 20 16.695 30 16.701 40 16.642
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Fig. 12 Diagram of grating diffraction efficiency

testing device
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