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Radiation Standard Transfer in 232-400 nm Band Based on
Solar Blind Filter Radiometer
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Abstract The influence of out-of-band leakage on the measurement of ultraviolet (UV) band by traditional filter
radiometer is serious. The solar blind phototube is used as the detection unit of the UV filter radiometer, the
system-level relative spectral flux responsivity of each channel of the solar blind UV filter radiometer is measured by
the built comparison measurement device, and then the absolute spectral irradiance responsivity of the UV filter
radiometer is calibrated by using the irradiance standard lamp traced to the Nation Institute of Metrology, China
(NIM). The monochromator system is used to complete the comparison between the UV filter radiometer and the
standard detector traced to National Institute of Standards and Technology (NIST), and the maximum difference
between the two results is 2.09% , which verifies the accuracy of radiation standard transfer. Finally, through the
construction of solid angle, the 232—400 nm radiation standard is transferred to the UV integrating sphere radiation
source with large aperture and large dynamic range.
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Fig. 2 Flow chart of ultraviolet standard transmission
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Table 1 Parameters of R6800U-11 phototube
Parameter Description
Spectral range /nm 160-350
Photocathode Cs-Te
Ambient temperature /°C —80-50
Diameter of photocathode area /mm 8
B 20 mA@250 nm
Radiant sensitivity /(A « W 1) 5
and 25 C
Dark current /pA 1
Recommended operating voltage /V 15
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Fig. 4 Measurement of halogen tungsten lamp light
source of using 280 nm channel by solar blind

phototube ultraviolet radiometer
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Fig. 5 Schematic diagram of photodetector substitution method with monitor
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Fig. 6 Measuring devices for spectral flux responsivity
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Table 2 Parameters of Newport-918D standard detector

Parameter Description

0.2-1.1

Spectral range /pm

4% @200-219 nm
2% @220-349 nm
1% @350-949 nm
4% @950~1100 nm

Calibration uncertainty

Linearity /% +0.5

Material Silicon-ultraviolet enhanced
Active area /cm’ 1
Active diameter /cm 1.13
Shape Cylinder
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Fig. 7 Physical drawing of ultraviolet optical path

Fig. 8 Physical drawings of standard detector and

phototube assembly
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Table 3 Spectral irradiance values of standard lamp (£ =2)

Spectral irradiance /  Measurement
Wavelength /nm

(uW s ecm™” « nm™ ') uncertainty /%

250 0.0150 2.10
260 0.0254 1. 80
270 0.0427 1.70
280 0.0679 1. 60
290 0.1030 1. 40
300 0.1500 1. 30
310 0.2140 1. 30
320 0. 2960 1. 30
330 0.3970 1. 20
340 0.5260 1. 20
350 0.6750 1. 20
360 0. 8590 1.10
370 10. 7000 1.10
380 13. 1000 1. 10
390 15. 8000 1.10
400 19. 1000 1.10
450 39. 3000 0.99
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Fig. 10 Calibration of spectral irradiance responsivity

by using 300 nm channel
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radiometer and standard detector

5 AN RE BEVEAL

SR AMIE G R R S T AT 4 1 A G R T

FRF A8 A B B 32 A D' 13 S D S iy R RN
Wff 22 BE 2R HIOE S A RIS E B IR (5 A BB E
JEE RN AL AR O BR) TR I AN B A L OB AR S TR
M) 7 85 I AN i 2 R 0 4 B A Y U FE AN
JE B (0.500%0), ML R R SR AR B AN B 8 T
(0. 100 % ~0. 200 %0 ) bR LT 't 1% 8 5 B A o 1)
ANH 2 BE (P E R RA R BE S ) . EAMNEE
ARSI 5 AR AT R AR 2 A S E SR
A B IR 22 0. 200% , HE ME S E
0.400% . FBEIREE BB R FeZE £0.5 °C L5 & MM
TN E R 0.030%0 , A DN 0 FR B A &=
HEAT » Z4 UG A BIASHA 2 B2 0. 500% . LAk, 45
THEAT RS (R4 R R P = WROFE 254 18, R AE 23 5] AR
T8 FE e A AL ARG R 5 R A I S B E R
0.010% ., #iHEY AT E LK 4,

6 MR EARESL 8 2 RN BR
5 S B B 4 1 5 I B9 2 o
(EPNEECE LNV SR G iR IR S

ST 1% Y ] ) A E AL, B0 T 232 nm il B
254 nm #iA ., 5 4 RN SIS B AW IE T IR

1012002-8



MR

FE 4235 F10H/2022 £ 5 B/RFER

Z NIST AR SR B 0 1 32 2% DU 4% B Wi 17 2
PRl AL A 2 200 nmm, JRREAR AT ) B o S 7 T 1)

AHERE] 250 nm . BEE T bR R I A k0 5 b g Ot
Jr AR ST EHEA T 28 G G2 0] 6 T e S R W) 7 TE A

R4 BT ST R AR VAT A 246 T 't 3% w1, R HCI e R 4 E

Table 4 Measurement uncertainty of absolute spectral responsivity based on irradiance standard lamp

Uncertainty
Uncertainty Uncertainty Uncertainty Uncertainty Uncertainty Uncertainty .
Influence factor at 280 nm / at 300 nm / at 320 nm / at 340 nm / at 365 nm / at 380 nm / at 500 nm
% % % % % % e
320 nm) /%

Responsivity of each

channel of radiometer 2.210 2.210 2.210 2.210 1. 200 1. 190 2.210
Wavelength uncertainty

of monochromator 0. 500 0. 500 0. 500 0. 500 0. 140 0.110 0. 500
Current measurement 0. 200 0. 200 0. 100 0. 100 0. 100 0. 030 0. 200
Standard lamp of spectral irradiance 2. 100 2. 100 1. 100 1. 100 1. 100 1. 100 2.100
Distance measurement (500 mm) 0. 200 0. 200 0. 200 0. 200 0. 200 0. 200 0. 200
Repeatability 0. 400 0. 400 0. 400 0. 400 0. 400 0. 400 0. 400
Temperature 0. 030 0. 030 0. 030 0.030 0. 030 0. 030 0. 030
Stray light 0. 500 0. 500 0. 500 0. 500 0. 500 0. 500 0. 500
Non-linearity 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Wavelength uncertainty 0. 240 0.210 0. 190 0. 160 0. 140 0.110 0. 210
Bandwidth effect 0.001 0.001 0.001 0. 001 0. 001 0. 001 0.001
Spatial uniformity 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Interpolation 0.570 0. 270 0. 270 0. 270 0.270 0.270 0.270
Aperture area 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Combined standard uncertainty 2. 350 2. 300 1. 420 1. 420 1. 340 1. 330 2. 300
Expanded uncertainty (k=2) 4. 700 4. 600 2. 800 2. 800 2.700 2.700 4. 600
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Fig. 12 Radiance result of ultraviolet integrating sphere
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Table 5 Measurement uncertainty of ultraviolet integrating sphere radiation source
Uncertainty
Uncertainty Uncertainty Uncertainty Uncertainty Uncertainty Uncertainty .
Influence factor at 280 nm / at 300 nm / at 320 nm / at 340 nm / at 365 nm / at 380 nm / at 500 nm
% % % % % % e
320 nm) /%
Responsivity of each

channel of radiometer 2.170 2.170 2.170 2.170 2.100 2.100 2.170
Standard detector 2.000 2.000 2.000 2.000 2. 000 2.000 2.000

Wavelength uncertainty _ _
of monochromator 0. 500 0. 500 0. 500 0. 500 0. 500 0. 500 0. 500
Current measurement 0. 200 0. 200 0. 200 0. 200 0. 100 0. 100 0. 200
Repeatability 0. 400 0. 400 0. 400 0. 400 0. 400 0. 400 0. 400
Integrating sphere system 0. 960 0. 890 0. 810 0. 780 0. 680 0.670 0. 780
Surface nonuniformity 0. 810 0. 810 0.720 0. 690 0. 680 0.670 0. 690
Angle nonuniformity 0. 460 0. 250 0. 300 0.270 0. 260 0. 240 0. 270
Xenon lamp stability 0. 230 0. 230 0. 230 0. 230 0. 230 0. 230 0. 230
Stray light 0.500 0. 500 0. 50 0.50 0.500 0. 500 0. 500
Non-linearity 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Wavelength uncertainty 0. 240 0. 240 0. 240 0.210 0.190 0. 160 0. 210
Bandwidth effect 0. 001 0. 001 0. 001 0. 001 0. 001 0.001 0. 001
Spatial uniformity 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Interpolation 0.570 0.570 0.570 0.270 0.270 0.270 0.570
Aperture area 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Combined standard uncertainty 2.500 2. 480 2. 450 2. 380 2. 350 2. 350 2. 380
Expanded uncertainty (k=2) 5. 000 5. 000 4. 900 4. 800 4. 700 4. 700 4. 800
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