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Analysis and Design of Grism Linear-Wavenumber

Spectroscopic Optical System
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Engineering, Soochow University, Suzhow, Jiangsu 215006, China;
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Abstract In the spectral domain optical coherence tomography system, the linear-wavenumber spectrometer can not
only reduce the interpolation error of the image and improve the image quality, but also improve the imaging speed
and sensitivity of the system. Therefore, in view of the shortcomings of the existing grism spectroscopic optical
system, a method combining grism structure spectroscopy and object image aberration compensation is proposed in
this paper. By introducing distortion and vertical axis chromatic aberration, extremely high wavenumber linearity is
achieved. A linear-wavenumber spectrometer with a working band of 750—950 nm, a spectral resolution of 0.1 nm,
and a length of the system is about 148 mm is designed. The design results show that the wavenumber linearity of
the spectrometer reaches 0.0056, which is about 11 times that before aberration compensation. Simulation analysis
results show that the spectroscopic system can significantly improve the sensitivity of the optical coherence
tomography system. Compared with the uncompensated system, the sensitivity of the compensated system at an
optical path difference of 3.5 mm is increased by 7.8 dB.
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Table 1 Index parameters of the spectroscopic system

Spectral Spectral Spectrum

F-number

range /nm  resolution /nm width /mm

750-950 0.1 4.8 20. 4
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Fig. 1 Schematic diagram of the grism splitting
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Fig. 2 Analysis result of the ZnS prism. (a) Ay under different a; (b) change curve of R s with a
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Fig. 8 Aberration analysis of the objective lens. (a) Vertical axis chromatic aberration; (b) relative distortion
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Table 2 Minimum R g of the grism spectroscopy method under different materials

Material BK7 F2 SF10 H-ZLLAF71 H-ZF62 LLASF35 ZnS
n(A) (0. 85 pm) 1.510 1. 607 1. 709 1. 830 1. 891 1. 995 2.306
a /() 52.9 49.0 45. 4 42.0 40.3 38.1 32.0
R s 0. 0664 0.0634 0.0611 0. 0590 0.0582 0. 0569 0. 0539

3 RBAIETTETER A BT BB/ R s

Table 3 Minimum R g of the the prism correction method under different materials

Material BK7 F2 SF10 H-ZLAF71 H-ZF62 LASF35 ZnS

n (1) (0. 85 pm) 1.510 1. 607 1.709 1.830 1.891 1.995 2. 306
B/ 29.0 28.5 28.1 27.8 27.6 27.3 26.9

a /(") 65. 6 60. 1 55.3 51.0 48.5 45.9 37.7
Rys 0.0058 0. 0063 0.0068 0. 0066 0. 0079 0. 0069 0.0094
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Table 4 Tolerance range of the optical system

0.95

Parameter Value
Radius N=1
Thickness /mm 0.03
S+ A irregularity AN =0.3
Index 0. 0005
Abbe /% 0.5
Decenter X /Y /mm 0.02
Tilt X/Y /(") 1
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Table 5 System indicators before and after
tolerance allocation
Before After
Parameter

distribution distribution

Encircled energy (A=750 nm) /%  87.3 70.1
Encircled energy (A=838 nm) /% 86. 2 86. 1
Encircled energy (A=950 nm) /% 85.6 79.4
Rys 0. 0056 0. 0057
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Fig. 12 Spectral curve. (a) Spectral curve of the light source; (b) radiation intensity
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