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Abstract The optical system is the core part of a spectrometer, and it determines the basic properties and the
volume of the entire instrument. Advantages and disadvantages of several optical systems are analyzed, and the
asymmetric Czerny—Turner system is adopted. The resulting optical path optimized with Zemax has an overall
resolution of 1.8 nm, and a measurement range of 200~900 nm. Relative error of wavelength is controlled to be
below 0.05 nm, with cubic spline interporlation coefficients obtained from Matlab and HG- 1 mercury—argon
used as the calibration light source. Analyses on data for comparision with the USB4000 fiber spectrometer
show that both of the design and implementation are feasible.
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Fig.1 Cross—asymmetric Czerny—Turner optical system
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Table 1 Initial parameters of the system structure

Collimation lens Grating Focus lens Incident angle  Diffraction angle
Focal length Aperture Line density  Blaze wavelength  Focal length Aperture i 0
62 mm 10.3 mm 0.6 line /um 430 nm 70 mm 17.5 mm -28.7° 13.9°
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FIH Zemax BRAFHEAT N2 RGBS HT o W06 62 2R G0 1 F 1w &1 an 181 2 i 7, DAL Hon] 20, Sl e 14
CCD ANTE B A R4 8 i A1 b, T Z 8% oD 5 B A g W s 2 A PR B AR R . I R B B 1%
W ALAR AR e R AE B CCD b, RIBf e di /> T 24 8O . BLCCD 5 565 1 9 /1 Fn CCD 21 3R 5 1k
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F) A4S 1 P 1 3 RN, B R B R L AR 25 mm, CCD 5 ¥ 85 2 [ A9 525 1 59.5 mm 4% 4 53.6 mm .
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Fig.2 Optical system plan before optimization
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Fig.3 Optical system plan after optimization
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Fig.4 Spot diagrams. (a) 200 nm; (b) 300 nm; (¢) 550 nm; (d) 800 nm; (e) 900 nm
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Table 2 Wavelength calibration data

Fitting Theoretical Measured pixel Standard Calibration Relative
coefficient pixel number number wavelength /nm wavelength /nm error /nm
178.69136 953 949 365.015 365.023 0.008

0.19493 1170 1164 407.783 407.824 0.041
7.87126x107 1311 1304 435.833 435.859 0.026
7.37x107" 1858 1847 546.074 546.064 -0.010
2009 1997 576.96 576.984 0.024
2019 2007 579.066 579.054 -0.012
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Table 3 Measured wavelength data for comparison

Ocean Optics Independent design
Standard wavelength /nm
Wavelength /nm Relative error /nm Wavelength /nm Relative error /nm
365.015 364.690 -0.325 365.023 0.008
407.783 407.240 -0.543 407.824 0.041
435.833 435.370 -0.463 435.859 0.026
546.074 545.520 -0.554 546.064 -0.010
576.96 576.490 -0.470 576.984 0.024
579.066 578.460 -0.606 579.054 -0.012
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