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The Predictable Quantum Efficient Detector (PQED) is a silicon-based optical sensor
which is designed to convert every photon in the incident photon flux to an electron-hole
pair. The sensor thus produces a photocurrent with the spectral responsivity of R(A) =
eA/he depending only on fundamental constants and wavelength. In this work, we de-
scribe recent advances in achieving the ideal photon-to-electron conversion ratio within
the uncertainty of a few tens of ppm (parts per million) [1].

We performed optical studies of silicon p-type 7-reflection trap detectors made of
two induced-junction photodiodes with SiO2/SiNx passivation layer. The PQED has 50
ppm spatial uniformity of responsivity in the center of the aperture and exceptionally low
reflectance below 1 ppm in the spectral range from 400 nm to 800 nm. Very small reflec-
tance allows to avoid correction due to reflectance losses and makes the PQED insensitive
to small shifts of incidence angle. The recombination loss of the electron-hole pairs was
determined by measuring the photocurrent ratio of the SiO2/SiNx PQED and earlier SiO:
passivated PQED [2] using the same incident photon flux in both sensors. The results in-
dicate that at 488 nm wavelength the losses of both types of sensors are similar within the
measurement uncertainty of 30 ppm. At the 785 nm wavelength, the recombination loss
of the SiO2/SiNx PQED is 75 ppm lower than that of the earlier 5iO2 PQED.

The responsivity of the earlier SiO: passivated PQED was compared with a cryogenic
electrical substitution radiometer [3] with the result that the photon-to-electron conver-
sion losses are (76 = 60) ppm and (117 + 60) ppm at the wavelengths of 532 nm and 760
nm, respectively [4]. The conclusion is that the PQED with SiO2/SiNx passivation layer
tends to have recombination losses at the level of a few tens of ppm, a value that is lower
than achieved with any other silicon sensor produced earlier.
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