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Wavelength Calibration for Ultraviolet Spectroradiometer
and Analysis of its Uncertainty
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Abstract: Referring to limitation of the conventional mercury lamp spectral calibration in ultraviolet wave band, a
spectral calibration device was built for ultraviolet spectroradiometer. The physical process and measurement chain of
spectral calibration were studied and twelve ozone absorptive spectral lines were calibrated. The measurement uncertainty
and combined standard uncertainty of influenced quantities of wavelength calibration were analyzed and the combined
standard uncertainty was 0.026nm. Spectral bandwidths can reach 1.0nm according to the analysis of optical CAD and
experiment results. The spectral calibration system does well in ultraviolet spectral calibration for spectroradiometer. The
calibrated results satisfy the spectral precision for ozone retrieval.
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Table 1 Deviation between readings and standard 12 wavelength nm E
12 wavelength First time Second time Third time § 0.010
252.000 0.006 0.006 0.007 %
273.620 -0.019 -0.006 -0.005 E 0
283.100 -0.006 -0.005 -0.001 g
287.700 0.006 -0.005 0.003 T 0010
292.290 0.018 -0.005 0.007 §
297.590 0.012 -0.006 0.005
301.970 -0.016 -0.006 -0.004 -0.020
305.870 0.001 0.018 0.009
312.570 -0.018 -0.018 -0.009 5
317.560 -0.019 0.006 -0.001
331.260 -0.005 -0.005 0.000
339.890 -0.009 0.006 0.002 Fig.5
Calibration error 0.006 0.006 0.007

(203)

Wavelength / nm

12

Result of 12 ozone absorptive spectrums calibration

for ultraviolet spectroradiometer
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Table 2 Influence of inherent characteristic in monochromator to spectrum bandwidth
Wavelength 4 /nm 120 160 340 400
AJs (Slit width=1.2 mm) 0.974 0.965 0.890 0.852
Grating theoretical resolution A4,/ nm 0.000 5 0.000 67 0.001 42 0.001 67
Blur circle/ mm 0.1 0.14 0.14 0.14
Ayl nm
A%y Inm 0.11 0.11 0.104 0.10
A Straight slit 7=12.5 mm 0.029 0.042 0.093 0.107
nm
: Curve slit(r=207 mm) =125 mm  0.047 0.034 0.024 0.040
Machining error A4y nm 0.02 0.02 0.02 0.02
Ao/ nm 0.121 0.117 0.109 0.110
AAlnm 0.981 0.972 0.897 0.859
0.1 nm
1.2 mm 1.0 nm 1.0
nm 2
3
Table 3 Bandwidth data of 12 characteristic wavelengths in ultraviolet spectroradiometer. nm
. Spectral FWHM e
Center wavelength Required FWHM — - — Average Standard deviation
First time Second time Third time
252.00 1+0.2,-0 1.167 1.156 1.167 1.16 0.01
273.62 1+0.2,-0 1.143 1.106 1.119 1.12 0.02
283.10 1+0.2,-0 1.156 1.131 1.144 1.14 0.01
287.70 1+0.2,-0 1.143 1.119 1.119 1.13 0.01
292.29 1+0.2,-0 1.119 1.107 1.131 1.12 0.01
297.59 1+0.2,-0 1131 1.107 1.119 1.12 0.01
301.97 1+0.2,-0 1131 1.095 1.119 1.12 0.02
305.87 1+0.2,-0 1.119 1.107 1.106 111 0.01
312.57 1+0.2,-0 1.143 1.131 1.107 1.13 0.02
317.56 1+0.2,-0 1.107 1.095 1.095 1.10 0.01
331.26 1+0.2,-0 1.095 1.095 1.071 1.09 0.01

339.89 1+0.2,-0 1.083 1.071 1.059 1.07 0.01
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Table 4 Uncertainties sources of wavelength calibration, overall uncertainty and freedom
Uncertainty component Uncertainty /nm Freedom
Mercury lamp standard wavelength 0.0001 oo
Repeatability of monochromator 0.005 15
Nonlinearity of monochromator 0.012 5
Differences between two diffusers 0.001 5
Repeatability of ultraviolet radiometer 0.023 14

Overall uncertainty 0.026 28911




2008 6 47

12
0.026 nm
1.0 nm

C-T

[1] Health D F Krueger A J. The Solar Backscatter Ultraviolet and Total Ozone Mapping Spectrometer (SBUV/TOMS) for
NIMBUSG [J]. Optical Engineering 1975 4(4) 323-331.

[2] . [D]. 2007.

HUANG Yu. Study on Radiometric Calibration of Ozone Vertical Detector [D]. Changchun Changchun Institute of Optics,
Fine Mechanics and Physics, Chinese Academy of Sciences 2007.

[3] : [D]. 2007.
LIN Xue-song. Study on Wavelength Accuracy and Lubrication Technology of Ultraviolet Ozone Vertical Probe [D].
Changchun  Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences 2007.

[4] . [M]. 1989.

LIN Zhong FAN Shi-fu. Spectrameter [M]. Beijing Mechanics Industry Press 1989.

[5] Geary J M. Introduction to Lens Design with Practical Zemax Examples [M]. California Willmann-Bell Publishing
Company Inc 2002.

[6] . [M]. 1983.

YUAN Xu-cang. Optical Design [M]. Beijing Mechanics Industry Press 1983.

[7] Joseph Reader Corliss Charles H. Wavelengths and Transition Probabilities for Atoms and Atomic lons [M]. Washington.
D. C, USA Center for Radiation Research National Measurement Laboratory 1980.

[8] . [M]. 2005.

FEI Ye-tai. Error Principle and Data Processing [M]. Beijing Mechanics Industry Press 2005.

[9] . 10 [ML]. 1999.

LI Shen-an. Chapter of Expression of Uncertainty in Measurement [M]. Beijing China Metrology Publishing House 1999.

[10] . [91. 2006 33(12) 32-38.

ZHOU Lei ZHENG Xiao-bing. High-accuracy Spectrometer for Measurement of Spectral Transmissivity [J]. Opto-Electronic
Engineering 2006 33(12) 32-38.



