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Abstract In response to the new definition of "Candela", the research on measurement of photodetector quantum
efficiency (QE) with entangled photon method is carried out, and a complete QE measurement setup is established.
From a Type-I phase match BBO crystal pumped by a 351.1 nm CW laser, the correlated photons are generated,
potomultiplier tube (PMT) QE is calibrated at 702.2 nm and 788.7 nm based on the coincidence count system which
is realized with a dual-channel gated photon counter. At the same time, the key factors which influence the QE
measurement are analyzed, including single-photon pulse acquisition, noise suppression and extraction, time related
character about coincidence, accidental coincidence counts, dark counts, transmittance of optics. In the end, the
measurement uncertainty of QE at the two wavelengths is less than 0.7% .
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Fig. 1 Block diagram of two-photon generation in
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Fig. 2 Schematic of photon detector's QE calibration system
based on correlated photons and coincidence

method
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Fig. 3 Schematic diagram of photon detector’'s QE measurement setup based on SPDC
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Fig. 4 Schematic diagram of coincidence counting using gated dual-channel photon counter
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Table 1 Comparision of photon counts in counting time of 400 s with SPDC on or off controlled by half-wave plate

Turn on SPDC

Coincidence count

Turn off SPDC

Test serial ; S :
Trigger channel count Coincidence count Trigger channel count

1 38561 1449430 6 34416
2 38651 1465479 6 33454
3 39119 1480382 2 32639
4 39089 1477994 5 32267
5 38386 1458783 9 31999
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Table 2 Filter transmittance data

Peak transmittance /% 50% bandwidth /nm

Filter Peak wavelength /nm
632. 8-trigger 632. 8
788.7-DUT 788.7
702. 2-trigger 702.2
702.2-DUT 702.2

53.2 1.2
76.8 9.6
85.5 1.0
60. 9 9.8
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Table 3 Total transmittance data of BBO along the

correlated photons propagation direction

Wavelength 702.2 nm(11.13°) 788.7 nm(12.69°)

Total transmittance

of BBO /%
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Table 4 Combined standard uncertainty of QE

measurement at 702, 2 nm

Item of uncertainty Type Freedom Uncertainty /%

BBO transmittance B oo 0.3
Filter transmittance B oo 0.3
Repeatability A 9 0.5
Combined uncertainty 0.7
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Table 5 Combined standard uncertainty of QE

measurement at 788. 7 nm

Item of uncertainty Type Freedom Uncertainty /%

BBO transmittance B o 0.3
Filter transmittance B o 0.3
Repeatability A 9 0.6
Combined uncertainty 0.7
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