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Responsivity Calibration Technology for Pyroelectric Terahertz Detector
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* International College of Chongqing University of Posts and Telecommunications, Chongqing 400065, China

Abstract In order to ensure the accuracy and reliability of terahertz radiation intensity measurement, the
responsivity calibration of pyroelectric terahertz detectors is carried out. First, a terahertz detector responsivity
calibration device is constructed based on the substitution method, and the combined standard uncertainty of the
device is 2.4% . Then, the 12D-3S-VP type terahertz detector is calibrated by the calibration device at the frequency
point of 1.63 THz, and the responsivity calibration result is 197.6 mV/W, which is consistent with the value given
by the manufacturer. The self-developed pyroelectric terahertz detector is calibrated, and the responsivity and the
combined standard measurement uncertainty are 362. 2 mV/W and 2. 7% respectively. Finally, the standard
deviation of the calibration result is compared with the combined standard uncertainty, and it is found that the
standard deviation is in a reasonable range, which further proves the rationality of the calibration method,
calibration results and uncertainty analysis.

Key words detectors; responsivity; calibration; terahertz
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Fig. 1 Schematic diagram of responsivity calibration system for terahertz detector
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Table 1 Uncertainty analysis of responsivity calibration system

Source of uncertainty Uncertainty Uncertainty type  Probability distribution

Responsivity of standard detector u, =2.0% B Uniform
Output measurement of DUT u,=9.0x10° B Uniform
Output measurement of standard detector w;=9.0X10° B Uniform
Stability of terahertz source wu,=1.2% B Uniform
Environment noise u; =0.43% A Uniform

R R HE A v A bR E AR E B R
Sl

=./(2.0%)% (9.0 X10 ") (9.0 X10 )% +(1.2%)? (0. 43%)* =2.4%, (2)
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Table 2 Comparison of terahertz detector calibration research works

Calibration Uncertainty of power Uncertainty of
Institution Universality
frequency /THz standard (k=1) calibration system (£ =1)

PTB 1. 00-5. 00 1.6% 2.0% Good

NIST 0.76, 2.52 3.3%

NMIJ 0.30, 1.00, 1.50 2.1%

NIM 0.60-0. 90, 2.52 1.6% 2.0% Good
Our group 0. 84-7. 00 2.0% 2.4% Good
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Table 3 Calibration data of 12D-3S-VP type

terahertz detector

Time Ux, U, Una U, R 4. corrected
1 0. 006 1. 457 0. 005 1.052 197. 999
2 0.006 1.421 0.007 1.024 197. 219
3 0. 004 1. 385 0. 005 0.996 196. 908
4 0.005 1.411 0. 004 1. 031 200. 433
5 0.006 1.422 0.006 1.028 198. 049
6 0.005 1. 386 0.005 0. 987 195.120
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Table 4 Calibration data of 6342A type terahertz detector

Ueq —

Time Ux. U, U U, R 4, corrected
1 0. 005 1.433  0.006 1.876  359.333
2 0. 005 1.413  0.004 1.833  356. 447
3 0. 004 1.396  0.004 1. 854 364. 684
4 0. 005 1.393  0.006 1. 844  363.363
5 0.007 1.417  0.005 1.855  360.028
6 0. 006 1.393  0.004 1. 871 369. 362
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