13 2 Vol. 13 No.2
2020 4 Chinese Optics Apr. 2020

2095-4531( 2020) 02-0249-09

(1. 130033;
2. 100049)
200 ~ 800 nm 0.018 nm 0.001 nmo
:TP394.1; TH691.9 TA doi: 10. 3788 /C0.20201302. 0249

Broad band and high resolution scanning
spectrum calibration technology
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Abstract: In order to achieve rapid and high spectral resolution detection in the broad band from ultraviolet to
near infrared with an atomic emission spectrometer an ultra-precision rotation stage is used to drive grating ro—
tation to realize spectral segment-scan with high speed and high precision functioning together with an imaging
CCD. However during the scan the wavelength increment of detector pixel changes nonlinearly with the an—
gle of the grating and the wavelength increments of different pixels are different which becomes an obstacle
to accurate spectral calibration. To compensate for the nonlinearity of the grating dispersion the corresponding
relationship between the wavelengths of the pixels at both ends of the detector and the rotational angles of the
grating is calculated based on the grating equation while the wavelengths of the other pixels are calculated by

using the wavelengths of the pixels at both ends with the linear dispersion law. Thus with this methodology
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the calibration of the full band of wavelength is implemented. After calibration according to the corresponding
relationship between the angle and the detection wavelength band the grating is driven to rotate successively to
realize the spectral segment-scan with high resolution and high speed in broad band. The wavelength accuracy
and repeatability with this method are tested by using a mercury lamp. The results show that the wavelength
accuracy is better than 0. 018 nm and the wavelength repeatability is better than 0. 001 nm in the wave band
from 200 nm to 800 nm.
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1 Fig.2  Grating dispersion and spectral scanning principle
Fig. 1  Spectral scanning system with broadband and
high resolution N
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1 550 ~600 nm
Tab.1 Results of calibration at 550 ~ 600 nm

/(°) /nm /nm /pm

1 61.608 6 545.7203 552.749 3 6.87
2 61.1854 552.7561 559.743 6 6.83
3 60.762 9 559.750 4 566.696 1 6.79
4 60.3411 566.7028 573.606 5 6.75
5 59.92 573.613 2 580.474 5 6.71
6 59.499 6 580.4812 587.299 8 6.66
7 59.079 9 587.3064 594.082 6.62
8 58.6609 594.088 7  600.821 6.58

—— Calibration result
800+ —— Fitting curve

elength/nm

Equation

y=y0+A*sin(pi*(X-XC)'w
2 400 = (P (XXCYw)
Adj. R-Squa 1

Value Standard Err
X -59400.8557 13.46988
474082.076 3563278
1366.43384 0.14301
YO -340.62555 0.13051
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Fig.5 Wavelength calibration function and sine fitting
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Fig.6  Detected spectrum of mercury lamp

2

Tab.2 Wavelength accuracy test results (nm)

253.652 253.655 253.655 253.655 0.003 <0.001

404.656 404.675 404.674 404.674 0.018  0.001

546.074 546.091 546.091 546.091 0.017 <0.001

576.96 576.967 576.967 576.967 0.007 <0.001

763.511 763.515 763.515 763.515 0.004 <0.001

800.616 800.62 800.62 800.62 0.004 <0.001
3 3
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