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Introduction 

The aim of this paper is developing software for automated 
measurement of single photon detector (SPD) parameters 
based on avalanche photodiodes operating in the 
asynchronous photon detection mode at a modular research 
setup for quantum key distribution produced by QRate 
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Block diagram of an experimental setup for 
measuring SPD parameters 

The thermostabilized semiconductor laser operating in a pulsed mode 
on the standard telecommunication wavelength λ = 1550 nm 
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User interface of the software 
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LabVIEW code of the software 
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The software flowchart 

The SPD parameters are 
measured several tens of 
times, which are realized by 
a single measurement of the 
SPD parameters in cycle 1. 
During a given time, the 
laser generates pulses with a 
given repetition rate from 
the range from 0.5 kHz to 15 
kHz (cycle 2). SPD responses 
are fixed. Statistics are 
accumulated in array 1 over 
a time equal to the pulse 
repetition period. Using the 
obtained time distribution of 
SPD responses, SPD 
parameters are determined. 
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Calculation of SPD parameters  

Example of a SPD responses histogram 

Ncount - number of registered photons by SPD  
N - total number of photons arriving at SPD 
Nap  - number of afterpulses 
N1 - number of photons in one pulse 
Nimp  - number of pulses 
Eimp - pulse energy, E1 - energy of one photon 
Pimp  - pulses power, ν - pulse repetition rate 
h and c - fundamental physical constants 
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The results of measurements of photon detection 
probability 

The photon detection probability is practically independent of the pulse repetition 
rate, but has an extremum dependence on the degree of radiation attenuation. 
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The results of measurements of afterpulse 
probability and dead time 

The afterpulse probability and the dead time of SPD decrease with increasing 
frequency and tend to the corresponding constant values. 
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Dependences of photon detection probability, 
afterpulse probability and dead time on the 

duration of one measurement 

To measure the photon detection probability, duration of one measurement of 
2000 ms is sufficient. At the same time, for the correct measurement of the 
afterpulse probability and dead time, the duration of one measurement should be 
at least 8000 ms. 
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Conclusion 

Thus, as a result of this research, software was created to automate 
the measurement of parameters of single photon detectors at a 
modular research quantum key distribution setup. Using the 
developed software, the dependences of the SPD parameters such 
as photon detection probability, afterpulse probability and dead 
time on the pulse repetition rate, the degree of attenuation of laser 
radiation, and the duration of one measurement are measured. 
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