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EVOLUTIONS IN THE DEVELOPMENT OF A 
MEASUREMENT REFERENCE STANDARD FOR THE 

TEMPERATURE RANGE ABOVE 962 ºC 
 

Dumitru DINU1, Marius Dumitru NEAGU2, Ion ASAVINEI3 

 
Lucrarea prezintă activităţile de realizare de artefacte şi măsurări 

efectuate la Institutul Naţional de Metrologie în scopul etalonării termometrului de 
radiaţie LP3 din dotare la punctul fix de definiţie a SIT-90 de solidificare a 
cuprului, ca etapă iniţială pentru realizarea SIT-90 în domeniul temperaturilor 
înalte situate peste 962 oC. Totodată sunt prezentate consideraţii generale asupra 
etaloanelor şi a metodelor de lucru la materializarea şi menţinerea SIT-90 în 
domeniul termometriei de radiaţie. 

 
The paper describes the development of artifacts and performance of 

measurements in the National Institute of Metrology with the purpose of calibrating 
its own radiation thermometer LP3 at the ITS-90 defining fixed-point of 
solidification for copper, as an initial stage in the realization of  ITS-90 in high 
temperature range above 962 ºC. It also makes general considerations on the 
measurement standards and working methods used for the materialization and 
maintenance of ITS-90 in radiation thermometry.  
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1 Introduction 
 

The progress of the National Institute of Metrology (NMI) in the practical 
realization of the ITS-90 (International Temperature Scale of 1990) [1] in the 
range of high temperatures above 962 ºC is presented in this paper. The starting 
point in the achievement of this purpose is the use of a photoelectric 
monochromatic radiation thermometer owned by the NMI - Thermometry 
laboratory, one of those currently used by the national metrology institutes at the 
top of the traceability scheme of temperature measurements results. 
 The ITS-90 materialization at these high temperatures, involves in the first 
place the development and utilization of a fixed point blackbody as a primary 
reference standard for the calibration of the radiation thermometer, as indicated in 
Chapter 2. The works performed in the NMI laboratory are presented in Chapter 3 
and Chapter 4. 
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2 General considerations on the measurement standards and working 
methods used for the materialization and maintenance of ITS-90 in 
radiation thermometry 

 
2.1 General 
The measurement of a body temperature by means of a radiation 

thermometer is based on the temperature dependence of spectral radiance from 
that body. In the particular case of a blackbody, this dependence is established by 
the Planck relation (1). 
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where Lλ,bb(T) is the spectral radiance, for non-polarized radiation of wavelength 
in vacuum λ of the blackbody, at the T thermodynamic temperature, while c1 and 
c2 are the first constant and the second constant of the radiation (c1 = 3,741 774 
9×10-16 W⋅m2; c2 = 1,438 769×10-2 m⋅K). 

In the range of high temperatures above the Ag solidification point of 
961,78 ºC, the practical temperature which approximates the thermodynamic 
temperature [2, 3], that is the International Kelvin Temperature T90, is defined by 
ITS-90 in the relation 
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where T90 (X) is one of the following temperatures specific to the solidification 
points (defining fixed points): T90(Ag) = 961,78 °C, T90(Au) = 1064,18 °C şi 
T90(Cu) = 1084,62 °C, while Lλ,bb(T90) and Lλ,bb[T90(X)] is the spectral radiance in 
the relation (1), at the temperature T90 and T90(X).  
 
 2.2 Realization and maintenance of ITS-90 

The equation (2) involves that the instrument used, that is the radiation 
thermometer, is of monochromatic type with a known effective wavelength and 
that at least the reference source at the calibration temperature T90(X) is the 
blackbody immersed in the solidifying melted metal (silver, gold or copper) [4]. 

Irrespective of the solution chosen for the practical realization of ITS-90, 
the fixed point calibration is required as a main operation which allows the 
determination of the output measurement signal of the radiation thermometer 
proportional with T90(X) of the equation (2). 

The national metrology institutes generally use the following three 
solutions of practical realization of ITS-90 above 962 ºC [5]: 

(i) The result of the fixed point calibration is transferred to a reference 
wolfram strip lamp, determining the current at the lamp which corresponds to a 
radiance temperature of the lamp equal to the fixed point temperature. 
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The different temperatures T90 are established and then maintained on the 
lamp by measuring the radiance ratios and obtaining a series of pairs of current 
values and radiance temperature. The radiance ratios are to be adjusted, when 
necessary, depending on the non-linearity of the thermometer. An interpolation 
relation between temperature and current may be established to provide a 
continuous connection between the two quantities. 
 (ii) The result of the fixed point calibration is transferred to a reference 
wolfram strip lamp. 
 The different temperatures T90 of a source are established by measuring 
the output signal related to the source at T90 and the signal related to the reference 
lamp at fixed point temperature, and measuring the ratios between the two signals 
using the definition equation of ITS-90. The signal ratios are adjusted, when 
necessary, depending on the non-linearity of the thermometer. 
 (iii) The result of the fixed point calibration is maintained on the 
thermometer. 
 The different temperatures T90 are established as a function of the output 
signal values of the thermometer. The signal ratios are calculated with reference to 
the output signal representative for T90(X) and, if necessary, adjusted for the non-
linearity of the thermometer. 

 
 3. Measurement standards used 

 
 3.1 Radiation thermometer 
 The radiation thermometer used to perform the measurements described in 
this paper is a photoelectric monochromatic type LP3, with series number 80-36, 
designed and manufactured by IKE (University of Stuttgart) employing the 
measurement principle developed by PTB. This principle is based on the 
photoelectric effect produced by a thermal radiation flux with a narrow 
wavelength band, incident on a detector. Its output signal is proportional to the 
radiance of the incident radiant flux. This is why the radiation thermometer LP3 is 
also called “linear”. 
 Figure 1 presents the main constructive elements of the radiation 
thermometer LP3. The thermometer LP3 consists mainly of the optical system, 
photodiode (silicon thermal radiation detector) and the measurement signal 
evaluation system. The frontal lenses making up the objective 1 form an image of 
the radiation source (the source is not present in the figure) in the plan of the field 
diaphragm 2. The field diaphragm consists of a circular aperture with a diameter 
of 0,25 mm made in a plane mirror named “field stop”. The reflected image may 
be observed by the human operator through the ocular 3 of an adjustable telescope 
allowing the proper focus and alignment of the optical system. The field 
diaphragm’s aperture defines the measuring area, which is the area of that part in 
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the source surface which sends the radiation to be measured by the thermometer. 
The radiations crossing the field diaphragm are converted into parallel rays on 
passing through a collimating lens. They go further through one of the neutral 
filters 4 (filter A), the opening diaphragm 6 whose circular aperture has a 
diameter of 10,5 mm and which allows only the passage of those rays leaving the 
source at a solid angle, and one of the interferential spectral filters 5 (filter B). 
Then the radiation is focused on the selected silicon detector type Hamamatsu 
S1336-18BK 7, by means of an optical adapter consisting of a three-lens 
adjustment system. The filters are fixed in two rotating holders A and B allowing 
them to be successively used. The protection cell 9 having a controlled and 
constant temperature, incorporates both the photodiode and the electronic circuit 
processing the photocurrent 8 which includes the analog/digital converter (ADC). 
The numerical display device 10 located on the frontal panel, displays 
simultaneously the photocurrent and radiance temperature and alternatively, the 
temperature of the thermostated protection cell which is pre-set at 29,3 oC, and the 
filter selectors, switches 11 and 12. The frontal panel also features the power 
connecter and coupling connector to the calculator by interface RS 232. For the 
purchase and processing of the measured values, the program LP3DE provided by 
the producer is used. 
As it features the possibility to change the objective lenses, the spectral filters, the 
neutral filters and field diaphragm, the radiation thermometer LP3 may be adapted 
to a variety of sources to be measured. The nominal value of the wave length 
defined by the spectral filter, given by PTB, is λ= 651,9 nm corresponding to 
position B1 of the selector, where the spectral band width is of 10 nm HBW. 

The nominal values of the transmission factor of the grey glass (neutral 
filter) are: τ = 1,0 and τ = 0,01 corresponding to the positions of the selector A1 
(without a grey glass) and of selector A2. The diameter of the target source whose 
temperature is to be measured belongs to the range 0,6 mm … 1,8 mm which 
corresponds to the range 400 mm … 1000 mm of the distance between the target 
and frontal lens. The measurement ranges given by the constructor are: for 
temperature, from 950 K to 2600 K with the filters A1B1 and to 3800 K with the 
filters A2B1, while for the output signal (photocurrent), from 50 pA to 800 nA, 
with the possibility of selecting, irrespective of the filter combinations, one of the 
sub-ranges: R1 (50 pA … 8 nA) and R2 (1 nA … 800 nA). 
 Considering that the ratio in the relation (2) may be determined by the 
measurement of the photocurrents when the thermometer is successively 
compared with the reference source at temperature Tr, and the source to be 
measured at the unknown temperature Tx, the average effective wavelength λef 
which depends on the two temperatures and the effective wavelength limit λefl [6, 
7], approximation of the Planck relation (1) to the Wien relation [6, 8], then the 
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calculation relation of temperature Tx in terms of the photocurrent ifc displayed by 
thermometer LP3, is [9]: 
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 Tr and ifc(Tr) are determined from calibration or are taken from 
specifications [9]. ξ  is a correction factor which takes into account the spectral 
emissivity of source, the transmittance of the windows and neutral filters and the 
reflectance of mirrors, as well as other optic components which are present in the 
optical path, but were not present and taken into consideration at calibration.  

A silicon photodiode type detector is known for its excellent stability and 
linearity properties. That is why the silicon photodiode is recommended to be 
used in radiation thermometers which operate directly with the photocurrent and 
where the temperature-signal relation is based on the radiation theory. Such a 
thermometer, like LP3, is used as a standard for the maintenance and transfer ITS-
90 in compliance with scheme (iii) at point 2.2. 
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 The producer provides also for another relation, more effective, (4), used 
by thermometer LP3 to calculate the temperature Tc of the measured source in 
terms of the photocurrent ifc [10, 11, 12] which is not based on the ration relation 
(2) and allows the calculation of the effective wavelength limit [6, 7]. 
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where A, B and C are constant parameters, specific to each thermometer, which 
are determined usually by calibration of the thermometer at no less than three 
reference temperatures. Another way to determine the three parameters is given in 
[13]. 
 For the thermometer LP3, the constants A, B, and C were determined and 
given by the producer, but they may be reconfigured when necessary, without the 
producer’s contribution. 
 The relation (4) determines the effective wavelength limit which is 
calculated by the empirical relation (5) [10, 11] and is used to determine the 
average wavelength from (3). However, PTB has approximated this wavelength 
with the value λef = 651,9 nm. The differences between Tc and Tx found by PTB for 
the thermometer LP3 in the range temperature (1050 … 2300) K are within -0,72 
K to 0,31 K. 
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 3.2 The blackbody and the oven used to realize and reproduce the 
solidification point for copper (1084,62 ºC) 
 According to Kirchoff law [14], the thermal radiation emitted by the walls 
inside a closed cavity which are in a thermodynamic equilibrium is a black body 
radiation. The spectral density of a volumetrical radiant energy wλ(T) is the same 
at any point inside the cavity, depends on the wavelength λ and the temperature T, 
but does not depend on the material of which the walls are made or on their shape. 
Access into this cavity is made through a small hole in the cavity walls, like the 
hole 1 in figure 2. The radiation emitted through the small hole is considered only 
the radiation generated inside the cavity, which is a good approximation of the 
black body radiation. The surface area of the small hole in the wall behaves like a 
black body. The smaller the surface area of small hole compared to the surface of 
inner walls, the better the black body approximation through the surface area of 
the small hole. 
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 Figure 2 shows the schematic design of a black body designed and 
achieved in the NMI laboratory, while figure 4 shows two images of the crucible 
containing the black body. The construction consists of three parts: black body 2 
provided with a diaphragm delimiting the circular sighting hole 1, the crucible 4 
also containing the lid 41 and the metal (copper) 3 where, when melted, the 
blackbody is immersed, reaching the fixed point temperature ITS-90 for copper 
solidification. The typical curve describing the melting and solidification of the 
metal is presented in fig. 3. 
 
 
 
 
 
 
 
 
 The blackbody has a sighting length of 80 mm, the inner diameter of 8 mm 
and wall thickness of 1 mm. The sighting hole of the radiant cavity where the 
thermodynamic equilibrium at the copper solidification temperature is achieved 
has 1 mm in diameter. The cylindrical body of the crucible is 120 mm long, 30 
mm in outer diameter and 4 mm in wall thickness. The black body is tightly fixed 
in the crucible by pressing.  
The cylinder body and the closing lid which are also tightly fixed by pressing will 
have an aperture of 0,5 mm to allow the overflowing copper to be evacuated in 
case of overheating. All the components are made of pure spectral graphite with 
impurity content lower than 5×10-6. The choice of graphite is dictated by its 
excellent qualities of emissivity, thermal conductivity and workability. 
 For filling with copper and the subsequent reproduction of solidification 
point, the black body is introduced in an oven like that in Fig. 5, mainly consisted 
of: casing 1, lids 2 and 3, crucible 4, copper 5, black body 6, sighting cone 7, 
press disks 8 and 9, aluminum oxide tube 10 with the heating resistor 11, 
aluminum oxide diaphragms 12 and 13, ceramic fiber insulation 14 and 15. At the 
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back side of the oven there is a connecting piece 16 for argon filling and a hole 17 
for temperature control thermocouple. 

 
 The images in fig. 6 are views of the two frontal faces of the oven: 6 (a) is 
one with the sighting cone. 
 
 
 
 
 
 
 
 
 
 The copper filling is made with the oven in a vertical position while the 
whole assembly is maintained at a temperature with (3…5) ºC higher than the 
copper melting temperature. The operation was performed in argon atmosphere. 
After filling the crucible with copper, the lid was tightly pressed. 
 The hole of the black body is delimited by a platinum diaphragm which 
facilitates the thermometer centering. Because the platinum emissivity is much 
lower than the graphite emissivity, the hole of the black body appears much 
brighter than the platinum ring at high temperatures. 
 The copper quantity for filling the crucible is about 800 g and its purity 
should be higher than 99.99 %. 
 The calculated spectral emissivity λε  of the black body cavity is higher 
than 0.9999. In conclusion, the luminance temperature of the black body is the 
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same with the real temperature while the corrections to be made are considered 
null. 
 

4. The calibration of the radiation thermometer LP3 to the blackbody 
for copper solidification point (1084,62 oC) 
 
 The black body of copper fixed point (solidification point) achieved by the 
NMI and presented at point 3.2 was used for the first time in 2007 for the 
calibration of the radiation thermometer LP3. At that stage, the calibration mainly 
consisted in comparing the thermometer indications to the reference black body. 
 The thermometer LP3 had been previously calibrated at PTB (Germany) 
by comparison with two wolfram strip temperature lamps type Polaron, one with 
high vacuum and series P95 and the other with pressurized gas and series P98. A 
primary calibration was not performed at PTB, which involved calibration at 
black body. In this case, the gold point value was preserved on the temperature 
lamp P95. The calibration certificate issued by PTB establishes the relation 
between the temperature indicated by the thermometer LP3 and the spectral 
radiance temperature of the standard used for the calibration of the thermometer 
(wolfram strip lamp). The extended uncertainty obtained at PTB for spectral 
radiance temperatures between 1050 K and 2300 K, falls in the range (0.7…2.3)K 
depending on the temperature values. 

For the calibration of the thermometer LP3 at copper fixed point black body at 
NMI, the distance between the pyrometer objective and the black body hole was 
of 630 mm. The power supply of the oven through the autotransformer was of 7.5 
A for melting and between 6,2 A and  
6,5 A for solidification. Five solidification plateaux with durations ranging of 
(13…21) minutes were performed within two weeks. The measurement results 
were registered every minute and displayed and stored on a computer. For each 
plateau, the average of the values indicated by the thermometer LP3 was 
calculated and the deviations of the averages were found within the limits of 
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(+0.01…+0.30) ºC. The average of the five plateaux was tCuI = 1084.80 ºC, 
different by 0,18 ºC from the ITS – 90 (tCu = 1084,62 ºC). Fig. 7 shows the 
graphics of one of the above-mentioned solidification plateaux. According to the 
[9], because the deviation of the average value keeps under 0,2 K, the values of 
the previous calibration remain valid [15]. 

 
5 Conclusion 
 
The fixed point calibration is to be concluded by completing the 

measurements presented in Chapter 4 with the stage of uncertainty sources 
evaluation and of measurement uncertainty estimation. 

The standards and measurements presented in Chapters 3 and 4 provide a 
good premise for the NMI to continue the research and the ITS-90 materialization 
in radiation thermometry, mentioned in the three solutions of practical realization 
referred to at point 2.2. 
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