
 
 

 
 

 
Eng. Proc. 2022, 4, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/engproc 

Abstract 

Optical Studies of a High-Performance Predictable Quantum  

Efficient Detector Based on Induced-Junction Photodiodes  

Passivated with SiO2/SiNx † 

Mikhail Korpusenko 1,*, Ozhan Koybasi 2, Farshid Manoocheri 1, Jarle Gran 3 and Erkki Ikonen 1,4 

1 Metrology Research Institute, Aalto University, 02150 Espoo, Finland; farshid.manoocheri@aalto.fi (F.M.); 

erkki.ikonen@aalto.fi (E.I.) 
2 Department of Microsystems and Nanotechnology (MiNaLab), SINTEF Digital, 0373 Oslo, Norway; 

ozhan.koybasi@sintef.no 
3 Justervesenet, 2027 Kjeller, Norway; jag@justervesenet.no 
4 VTT MIKES, VTT Technical Research Centre of Finland Ltd., 02150 Espoo, Finland 

* Correspondence: mikhail.korpusenko@aalto.fi 

† Presented at the 9th International Symposium on Sensor Science, Warsaw, Poland, 20–22 June 2022. 

Keywords: silicon photodetector; inversion layer photodiode; induced-junction; primary standard; 

predictable quantum efficiency 

 

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(λ) = 

eλ/hc 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 SiO2 

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 SiO2 PQED. 

The responsivity of the earlier SiO2 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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