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Abstract A composite method is proposed to correct the astigmatism, which aims at the problem that the
astigmatism of the wide band of the Czerny-Turner structure spectrometer is hard to correct at the same time. With
the new approach, when the ability of the first-order astigmatism correction reaches the limitation on wide broadband
wavelength, the astigmatism opposite trend of added cylindrical lens is used to further compensate the residual
astigmatism in the optical system. The astigmatism compensation formula on marginal waveband of with composite
method is deduced. With the composite method, an anastigmatic Czerny-Turner structure on near-infrared waveband
ranging from 900 nm to 1700 nm is designed. The simulation results of Zemax show that the root-mean-square
(RMS) value of full-band and full fields of view is less than 14 pm, modulation transmission function (MTF) is higher
than 0.7, and the spectral resolution is 1.5 nm at all wavelengths. The composite method achieves simultaneous
correction of astigmatism at near-infrared 800 nm wide waveband, which can avoid energy transverse spread. The
method can be applied in structure design at other wavelengths, and it is meaningful for designing broadband
anastigmatic optical systems.
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Table 1 Basic parameters of anastigmatic C-T structure

Characteristic Value
Wavelength range 900~1700 nm
F number 8
Grating groove 300 lp/mm
Slit dimensions 1 mmX25 pm
Pixel size of detector 50 pm X250 um
Number of pixel 256
Focal length of cylindrical lens 100 mm
Thickness of cylindrical lens 5 mm
Refractive index of cylindrical lens 1.46

®2 ERINEMBE CT &5HBHFSH

Table 2 Designed parameters of anastigmatic C-T structure of composite method

Specification Initial parameter Optimized parameter
Ae 1300 nm 1300 nm
ai 7° 6.963°
as 10° 9.761°
i 6° 5.769°
R, 180 mm 181.832 mm
R, 180 mm 178.315 mm
L. 77.929 mm 77.928 mm
L. 90 mm 91.123 mm
Ly 66.898 mm 76.902 mm
Ly 109.429 mm 105.267 mm
o 15.935° 14.367°
S 100 mm 79.674 mm
t 5 mm 5.083 mm
L. 11.788 mm 11.701 mm
Y 14.569° 14.614°
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Fig. 12 MTF curves of composite C-T structure. (a) Marginal wavelength of 900 nm;

(b) marginal wavelength of 1700 nm; (c) central wavelength of 1300 nm
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