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Abstract: Predictable Quantum Efficient Detector (PQED), as a photodiode based artefact, 
has demonstrated its potential of being a primary standard detector through comparison to the 
established standard; the Cryogenic Radiometer (CR). Up until now, the internal quantum 
efficiency of PQEDs is only predicted by means of software simulations. This work presents a 
feasibility study to predict the internal quantum efficiency of photodiodes with a novel 
experimental technique, at room temperature, based on temperature sensors. 
 

The PQED[1,2], a radiometer based on the simulated response[3] of silicon photodiodes, is a simplified 
primary standard of optical power measurement. Its predicted internal quantum efficiency, is confirmed by 
comparison to an electrical substitution CR. No simple experimental techniques exist to provide an independent 
validation of a PQED, but a demonstration of a new principle at cryogenic temperatures is conducted[4]. 

This work presents a feasibility study to apply this principle to predict the internal quantum efficiency of 
photodiodes at room temperature. The measurement principle is based on the possibility to run the photodiode in 
two different modes of operation, photocurrent mode and electrical substitution mode. Photodiodes are usually 
run in photocurrent mode. The feasibility is to check if the photodiode could be run in thermal electrical 
substitution mode at room temperature.  

The test device consists of a bare chip photodiode, with a sensitive thermistor glued at its backside, 
mounted on a circuit board on top of a brass socket. The circuit board works both as a weak heatlink and chip 
carrier. In photodiode open circuit, when a laser beam impinges the photodiode, equilibrium inside the diode is 
quickly achieved and a temperature rise proportional to the power of the laser is seen. The same temperature rise 
can be achieved by electrical substitution, realised through forward bias of the photodiode.  

The aim is to develop a system that has equivalent response in optical and electrical heating mode. The 
system in electrical substitution mode is expected to work very well for higher power levels (>10 mW). The 
challenge is to have a system working over the linear range of a photodiode, though bias depended, typically 
limited to the order of mW. The first tests of the system and results from different measurement strategies will be 
given in figure 1.  

 
Figure 1. - One cycle on-off voltage bias fitted to an exponential curve to characterise the response of the system at 1 mW. 
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