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Experimental Study on Traceability of Absolute Radiometer to
Cryogenic Radiometer
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Abstract Metrological technique for traceability of an absolute radiometer to a cryogenic radiometer is studied.
With laser as the light source, a calibration experiment is implemented in the radiation power mode in which the
light spot does not fully cover the receiving plane of the absolute radiometer. The trap detector traceable to the
cryogenic radiometer is used as the etalon to calibrate the laser, and the value is transferred to the absolute
radiometer by substitution. The conversion from laser power to irradiance measured by the absolute radiometer is
achieved by calibrating the aperture area of the absolute radiometer. The calibration uncertainty of the absolute
radiometer used in the experiment is evaluated in detail by analyzing the calibration of the trap detector, the spatial
response uniformity at different positions of the conical cavity in the absolute radiometer, and the wavelength
selectivity of the cavity. The calibration uncertainty obtained is 0.86 % (coverage factor k=2).
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Fig. 2 Experimental device diagram of trap detector tracing to cryogenic radiometer
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Table 1 Calibration data of absolute power responsivity of

trap detector (09017 )

Wavelength /nm Power responsivity /( A« W)

488 0. 390860
514 0.412614
633 0.508590
647 0.520140
752 0.604980
799 0.642560
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Fig. 3 Experimental device diagram of absolute radiometer tracing to trap detector
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Table 2 Irradiance output at different positions of absolute radiometer

Irradiance /(W +« m %)

Spot position

Single measurement value

Average value

Center position 9717.
Move to left (1 mm) 981.
Move to right (1 mm) 975.

Move up (1 mm) 982.
Move down (1 mm) 980.

co w o1 O O

978.7 977.9 978. 2
980. 7 980. 2 980. 6
975.1 975.6 975.4
982. 4 982.6 982. 4
981.2 981.7 981. 2
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Table 3 Uncertainty assess of irradiance calibration of absolute radiometer
Uncertainty ) Uncertainty Uncertainty Relative
Source of uncertainty o )
component type distribution uncertainty /%
u, Measurement repeatability A Normal 0.030
u, Light source instability B Equidistribution 0.002
Uy Trap detector calibration B Normal 0.015
u, Interpolation calculation of standard value of trap detector B Equidistribution 0.030
us Nonlinearity of signal amplifier and monitoring detector B Equidistribution 0. 050
Absorptivity and wavelength f{latness of black coating of S
U ] Equidistribution 0.030
absolute radiometer
u; Absolute radiometer position response non-uniformity B Equidistribution 0.410
Uy Aperture calibration B Normal 0.100
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