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This paper presents characterization of the first 

prototype of a predictable photodiode cryogenic 

radiometer (PPCR) at 77 K. The PPCR combines 

a predictable quantum efficiency detector (PQED) 

with a cryogenic radiometer (CR). When 

combining these two inherently different primary 

standards for measuring optical power on the 

same device, systematic error sources are 

eliminated, and the relationship between the 

elementary charge e and Planck’s constant h can 

be found from the modelled responsivity of the 

PQED.  

INTRODUCTION 

The PPCR combines high accuracy standards from 

two sides of fundamental physics. On one side, there 

is the cryogenic radiometer (CR) from 

thermodynamics, and on the other side the 

predictable quantum efficiency detector (PQED) from 

electromagnetism. The potential of exploiting the 

PQED as a new radiometric standard in different 

applications will be explored in the European 

Metrology Research Programme (EMRP) through the 

NewStar project [1].  

   The idea of combining two different methods of 

measuring optical power to determine Planck’s 

constant has already been explored by Razet et al. 

[2]. They used a photon-counting detector and an 

electric substitution radiometer to determine Planck’s 

constant. However, the determination of the quantum 

efficiency of the photon-counting detector yielded a 

high relative uncertainty of 3.4 %.  

    In this work, we have substituted the photon-

counting detector with a PQED [3-5], operating under 

near ideal response condition to minimize the 

uncertainty in internal quantum efficiency potentially 

down to 1 ppm (parts per million) [4-6]. In addition, 

the PQED is the light absorber in the CR operation 

mode, eliminating systematic errors such as reflection 

and absorbance differences between the two primary 

standard modes.  

    By combining the PQED primary measurement 

and CR to measure the optical power of a stabilized 

laser source, we show that the relationship between 

the elementary charge e and Planck’s constant h can 

be  extracted. In addition, the extraction of e/h tests 

the validity of the two independent primary standards 

for measuring optical power. 

MEASUREMENT SETUP 

 

WORKING PRINCIPLE 

The principle of the PPCR is to measure optical 

power under PQED mode and compare it with the 

power measured under CR mode. This is performed 

in three measurement series, denoted as PQED-, 

optical CR- and electrical CR mode.  

   In the PQED mode, the PQED functions as a 

simple photodiode where it is exposed to illumination, 

and the generated photo current Iphoto is measured. 

While illuminated, the PQED is put under reverse 

bias voltage to minimize the loss of response due to 

recombination of the optically generated electron-

hole pairs. Disregarding reflection losses, the PQED 

responsivity is given by 
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Here e is the elementary charge, λ is the optical 

wavelength, h is Planck’s constant and c is the speed 

of light in vacuum. δ λ
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Fig. 1 shows the I-V characteristics of the PQED 

photodiodes including the calculated power. The red, 

horizontal line shows the optical power as extracted 

from the PQED mode. By finding the cross-section 

between the two power curves, an approximated 

voltage is chosen to electrically heat the PQED. 

 

 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSIONS 

The results from two different electrical CR 

measurements and one optical CR measurement are 

shown in Fig. 2. It should be mention that the 

temperature sensor is monitored by its resistance 

value and, thus, the coordinate has a unit related to 

resistance. The optical power of 0.3331 mW was 

found from a linear interpolation between the two 

measurement series of the electrical CR mode – one 

above and one below the approximated value. The 

interpolated value differed slightly from the value 

found in PQED mode of 0.3333 mW. 

   The time constant (1/e) for both the optical and 

electrical CR mode was roughly 90 seconds, while 

the sensitivity of the CR was found to be 

approximately 1.1 K/mW. Both the sensitivity and the 

time constants, which are closely related, can be 

tuned through heat link engineering. 

   A source of error in the measurement is the 

resistance in the wires. Current flowing between the 

PQED and the contact point where the real voltage is 

measured, will dissipate heat, which will be  

 

 

 

 

 

 

 

 

 

 

transported partly along the wires, and not be 

measured by the temperature sensor at the backside 

of the PQED. This means that the applied electrical 

power will not give sufficient temperature rise and 

will result in an overestimation of the optical power 

in the CR mode. The true optical power will be lower 

than estimated. 

   As mentioned, the PQED is assumed to have an 

ideal responsivity. However, if there are internal 

losses in the PQED, the true power will be higher 

than estimated from the PQED mode. The internal 

quantum deficiency δ(λ) can be estimated by 

simulations, see Tang et al. [7].  

SUMMARY 

A working prototype of a predicable photodiode 

cryogenic radimeter has been described and 

demonstrated. Some sources of error are discussed, 

and improvements will be performed.   
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Figure 2. Electrical and optical heating of the PPCR. 

Inset shows values for applied electrical power and 

calculated optical power. 

Figure 1. IV characteristics for silicon photodiode. 

Current and power as a function of voltage. The red 

horizontal line shows the optical power from the PQED 

measurement. 
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