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Comparison experiment of cryogenic radiometer of different

calibration optical path
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(1. Key Laboratory of Optical Calibration and Characterization, Chinese Academy of Sciences, Hefei 230031, China;
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Abstract: Cryogenic radiometer currently is used as the supreme standard for the measurement of light
power, whose accuracy evaluation can be acquired through the results between different cryogenic
radiometer equipment. With trap detector serving the transfer standard and the calibration optical path in
cryogenic radiometer being distinct, a comparison experiment was carried out between two equipments for
the first time in China. The absolute spectral responsivity of transfer standard was calibrated at 633 nm
wavelength. The results show that the consistence of absolute spectral responsivity is 3.6x10~ and the
combined uncertainty is 3.3x10™" (k=1). It is proved that the two cryogenic radiometer equipments are of
high reliability and accuracy.
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Fig.1 Novel calibration system of cryogenic radiometer
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Tab.1 Technique parameter comparison of cryogenic
radiometer between AIOFM and 41st
Institute of CETC

Technical

. . AIOFM 41st institute of CETC
specifications
Instrument
I MCR
model Cryorad C
Spectrum 0.25-50 pm 0.25-50 pm
Recei
eoetver 2K-mW-' 1.2K-mw"'
response
Dynamic range  Max to 0.25 mW Max to 2 mW
Absolut
sorte +0.005% +0.005%
accuracy
Receiver .
>0.999 98(632.8 nm)  >0.999 9(200—-2 000 nm)
absorptance

Refrigeration Liquid nitrogen Mechanical refrigeration

mode Liquid helium Liquid helium
Calibration
Y type -
structure
Demount
Brewster No Yes
window
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Fig.2 Schematic diagram of absolute spectral responsivity calibration of transfer detector in the 41st of CETC

VIS: visible. IR-LPC: infrared laser power controller. VIS-LPC: visible laser power controller. IR-LPC: infrared laser power controller.
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Fig.3 Cryogenic radiometer calibration optical path
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Fig.5 Transfer detectors in the detector cavity
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Tab.2 Comparison of absolute spectral responsivity

of transfer detector between two units

Absolute spectral responsivity of transfer

. -1
Wavelength detector/A - W

41st of CETC AIOFM

633 nm 0.506 3 0.504 5
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Tab.3 Uncertainty component of absolute spectral

responsivity at 633 nm wavelengths in the

41st Institute of CETC

Source Uncertainty

Optical power measurement 0.032 534%

Detector calibration 0.000 500%
Detector drift 0.000 500%

Amplifier calibration 0.010 000%

Amplifier drift 0.001 000%
Laser stability 0.005 000%
Positional reproducibility 0.005 000%

Measurement repeatability 0.015 808%

Total uncertainty 0.023 9%
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Tab.4 Uncertainty component of absolute spectral

responsivity at 633nm wavelengths in AIOFM

Source Uncertainty
Electrical power 0.00 671%
Receiver absorptance 0.001%

Heating nonequivalence 0.000 519 5%

Output 0.000 244 %

Spatial uniformity 0.0199%
Linearity 0.004 34%
Stability 0.006 87%
Polarization sensitivity 0.004 92%

Repeatability 0.002 906 57%

Total uncertainty(k=1) 0.023 08%
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