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Abstract: Vacuum ultraviolet spectral radiometers is one of the most important instruments for space ex-
ploration, which is used to detect the distribution of ionosphere and ozone. It is a key procedure to cali-
brate vacuum ultraviolet spectral radiometers before launch. At present the lower calibration capability of
National Institute of Metrology in non vacuum ultraviolet band is 200nm. In order to solve the calibration
of the radiation parameter of the vacuum ultraviolet spectral radiometers in 115nm, the calibration method

of the spectral radiance of the vacuum ultraviolet band, mean 115nm-200nm was studied. There Two cali-
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bration methods are designed to solve the problems of low uniformity of calibration source, long value
transfer chain and insufficient lower limit of calibration band. They are based on the calibration methods of
vacuum ultraviolet standard diffuse reflectors and standard vacuum ultraviolet radiometer. In the method
based on the standard diffuse reflectors, the vacuum ultraviolet BRDF or BTDF measurement standard
component is developed to measure the lowest wave band is 115nm. In the method based on the standard
radiometer, the corresponding standard design method of vacuum ultraviolet spectral radiance transfer is
proposed, the standard field of view angle is 2° and the verification is completed under vacuum condition.
A new standard vacuum ultraviolet diffuse transmission device is proposed. It is spatial distribution charac-
teristics are measured and has a good uniform radiation Lambert characteristics in the range of ==10°. The
calibration devices are developed, and the value transfer chain and measurement uncertainty were ana-
lyzed. The results showed that the BRDF measurement uncertainty component was reduced and the mea-
surement uncertainty was better. The calibration test of the payload on FY satellite was carried out by us-
ing the calibration device. The uncertainty of spectral radiance measurement in the range of 115nm-200nm
is 12% (k/=2), and the payload runs well in orbit. The research on the calibration method and equipment
of vacuum ultraviolet spectral radiometer is of great significance to the research and application of vacuum
ultraviolet space exploration technology.

Key words: vacuum ultraviolet; spectral radiance; diffuse transmission; calibration; uncertainty of mea-

surement
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Fig.1 Schematic of calibration device based on standard

diffuse reflector
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Fig.2 Schematic of calibration device based on VUV

standard radiometer
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Fig. 3 Schematic of VUV standard radiometer
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Fig.4 The spectral response of detector
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Tab.1 Standard radiometer verification data sheet

Irradiance  Radiance L
Number E(W/ (W/mm?®. E/L

mm?) sr) T

Devia-

tion from

1 0.008792 0.00277 3.16355 0.75%
2 0.008786 0.00275 3.18609 1.5%
3 0.008795 0.00273 3.21447 2.4%

4 0.008779 0.00278 3.14668 0.2%
5 0.008795 0.00276 3.17694 1.2%
6 0.008781 0.00275 3.18428 1.4%
7 0.008793 0.00278 3.15169 0.4%
8 0.008791 0.00276 3.17550 1.1%
9 0.008786 0.00276 3.17369 1.1%

10 0.008778 0.00278 3.14632 0.2%
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Fig. 6 Design form and object of standard diffuse reflector
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Tab.2 Data of BRDF test of standard diffuse reflector

0
30° 35° 40° 45°
¢
315° 0.785 0.778 0.776 0.769
320° 0.786 0.781 0.772 0.763
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Fig. 10 Result of BRDF test of standard diffuse reflector
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Tab.3 Uncertainty and subscale of standard radiometer

Sources of uncertainty Symbol 1o nm= 150 m=
130 nm 200 nm

Uncertainty introduced by traceability of detector responsivity Ups) 4.5% 1.0%

Uncertainty introduced by measurement of photosensitive surface area of detector Upn 0.2% 0.2%

Uncertainty introduced by measurement of solid angle of aperture U, 0.3% 0.3%

Uncertainty introduced by measurement repeatability Uy 1.5% 1.0%

Relative combined standard uncertainty Ur,(a) 4.8% 1.5%
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Tab.4 Uncertainty subscale of standard diffuser BRDF
Sources of uncertainty Symbol 115 nm~130 nm 130 nm~200 nm

Uncertainty introduced by radiance measurement of reflection Ur(g,) 5.0% 2.0%
Uncertainty introduced by irradiance measurement of incidence Ug, 4.5% 1.5%
Uncertainty introduced by optical alignment Us 3.0% 3.0%
Measurement uncertainty introduced by system repeatability Uy 2.0% 2.0%
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Fig. 12 Calibration results of VUV spectroradiometers
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