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Adiabatic calorimeter as high accuracy T-calibrator 

 
Temperature is one of the most important and popular quantities in human activities. 

Despite of a huge number of digital thermometers appearing in the last decade as 

home appliances for the temperature range -50 to +150 
0
C with 0.1 

0
C resolution, 

their accuracy and stability are low. These use silicon diode as sensor as such or in 

specialized integrated circuits performing signal conditioning. But, their low quality 

originates in lack of proper calibration. More exactly, although silicon diodes have 

the same voltage-temperature slope (-2.5 mV/ 
0
C or 10 mV/

0
C for integrated circuits), 

the offset parameter is different even in the same batch of the production line. This 

needs periodic calibration and proper adjustment of each thermometer as all, so the 

cost will rise considerably. 

The same problem of proper calibration stands for thermometers using other kind of 

sensors, so that for practical reasons (many thermometers, rapid calibration and their 

calibration on site) the fluid baths are replaced by portable dry block calibrators. 

However, these have some unsolved problems, namely at least the followings:  

 

(i) many users, even metrologists, consider only calibration of sensors not of 

thermometers as overall;  

(ii) dilemma of what is the correct calibration: (a) by removing the external 

sensor protection in view to minimize temperature gradients between 

reference thermometer and the one under calibration, or (b) by considering 

the overall sensor assembly as it is used in operating conditions; 

(iii) temperature gradients appeared in the dry block are not measured.  

 

My firmly answers to these questions are: 

 

(iA)  calibration must be performed on the overall measuring instruments; 

(iiA)  sensor must be kept as close as possible to the reference value; 

(iiiA)  gradients values around the reference and under calibration sensors must be 

properly measured because they define the calibration uncertainty. These gradients 

increase with the difference between room temperature (RT) and calibration 

temperature (see thorough studies on ISOCALT calibrators [1]). 

 

Calorimetric systems allow to control and minimize these temperature gradients. In 

the previous studies, differential and adiabatic calorimeters are considered for T 

calibrations [2] with accuracies better than 0.01 
0
C. In the present note adiabatic 

calorimeter designed and used for hydration processes in concrete mixtures [3] is 

used for T calibrations of thermometers with silicon diodes in package DO35 on the 

temperature range of RT to +80 
0
C by using water as immersion liquid. Thermometer 
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with integrated circuit LM335Z in package TO92 (not calibrated) is used as reference 

thermometer. 

 

Adiabatic calorimeter 
 

Figure 1 schematically shows the cross section of adiabatic calorimeter vessel. 

Adiabatic function is realized when temperature of the inner shield is maintained 

equal with the one of the specimen holder, so that if in the tested specimen does not 

occur any transformation process, its temperature is maintained constant for long time 

depending on the adiabatic accuracy. There are some construction tricks and special 

skills in realizing high adiabatic accuracy. Actual adiabatic calorimeter was able to 

maintain constant specimen temperature at 0.01 
0
C accuracy even for 1 week in the 

range of RT to + 80 
0
C. Stability of adiabatic accuracy depends on RT fluctuations 

near RT, but becomes immune to higher temperatures. 

Figure 2 shows the cross section in the specimen holder adapted for temperature 

calibrations. 

Operating temperature can be extended to lower and higher values by using proper 

materials and special accessories.  

Pictures of the adiabatic calorimeter and specimen holder are shown in Figures 3 and 

4, respectively. 

Figure 5 shows the electronic blocks used for calibration experiments. 

 

Experimental results 
 

Operating procedure: an amount of 0.8 L of hot water is placed in the specimen 

container taken off from the calorimeter and the temperature sensors are fixed in the 

lid as it results from Figures 2 and 4. Special care needs by passing the connecting 

wires through the two lids of the external and the inner shields, respectively. Water 

temperature is monitored with reference thermometer until almost constant value is 

reached after that the assembly is placed carefully in the calorimeter closing properly 

the lids with connecting cables. Adiabatic condition is realized by adjusting the 

balance (zero) potentiometer from the front panel of electronic block 3 Figure 5 and 

continuously following the reference temperature. This stage takes approximately 1 

hour depending on the experience gained by the operator. After measurements 

performed at the resulted constant temperature it is possible to decrease or increase to 

a new constant temperature by adjusting the balance potentiometer. For greater and 

faster decrease simply disconnect for a period of time the electronic block. It is more 

suitable to perform experiments at decreasing steps of temperature. For more efficient 

increasing temperature steps it needs heating and stirring elements inserted in the 

liquid bath. 

Calibration experiments are performed on series of commercial 1N4148 silicon 

diodes and selected Zener diodes with narrow Uz values all in DO35 packages. 
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Conditioning circuit is presented in Figure 6, so that out voltage, T(V), is proportional 

with measured temperature. Circuit allows adjusting offset (RO) and gain (RG) 

resistors in view to optimize measurements. It is important to note that this circuit is 

differential and ensures high stability at great gain.  

LM335Z is used as reference temperature sensor according to application note given 

by manufacturer. T(V) and reference temperature are measured with the same digital 

multimeter (V563, Meratronik, Poland) having 5 digit mantissa. This corresponds to 

0.01 
0
C resolution for reference temperature. 

Figure 7 shows typical calibration curve and linear fit values for one diode. For all 

tested diodes the slope values are practically the same. It is important to reveal 

differences experienced in offset values. These are greater for common 1N4148 

silicon diodes even for close specimens of the same production batch and smaller for 

Zener diodes. 

Figure 8 and Table 1 present isothermal average T(V) and associated standard 

deviation values for most common Zener diodes measured on 10 specimens from the 

same batch of each type. It is important to reveal the structural origin of these 

differences in offset value. Sze and Ng shows that temperature variation of 

semiconductor diodes originates in the energy band gap of intrinsic semiconductor, 

Eg, so the offset is given by its value at 0 K according to the relationship (Figure 6, 

p.16 [4]): 

                                        Eg(T) =  - α*T^2/(T + β)  +  Eg(0)                                 (1) 

 

where α and β are specific constants. This equation leads to the following dependence 

of T(V) for p-n junction in a silicon diode (eqn. (11), p. 747 [4]): 

 

                                      T(V) = - (kB*T/q)*|A| +  (Eg(0)/q)                                   (2)  

 

where kB = Boltzmann constant, q = electron charge and A < 0 is a parameter 

insensitive to T variation. The final offset (Eg(0)/q) results to be an intrinsic 

characteristic of the silicon chip and its variation for chips originated from the same 

single crystal means structural differences due by defects and/or internal stresses. 

This random anisotropy can be revealed by etching techniques [5] as it was 

thoroughly studied, mainly by calorimetry, in the series on amorphous-crystalline 

coupling in polyethylenes and other crystalline materials [6]. Doping procedures in 

obtaining p and n species are in fact etching processes amplifying this anisotropy in 

the mother intrinsic silicon chips. Offset value obtained by temperature calibration 

can be used as an intrinsic pattern of mother silicon chips by considering standard 

doping conditions and an estimation of Eg(0).  

In view to minimize offset the p-n junction of the bipolar transistor is currently used 

as temperature sensor. However, thorough experiments according to topoenergetic 

principles [7] will identify more accurately structural elements responsible for this 

phenomenon.  
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Concluding remarks 
 

1. Adiabatic calorimeter allows high accuracy and long term stability for 

isothermal conditions with practically zero temperature gradients in the 

immersion bath. 

2. It needs a small immersion bath with no moving parts and low consumption of 

energy and can be adapted for much lower and higher temperature ranges.  

3. It results once again linear temperature dependence of silicon diodes as such or 

included in integrated circuits having signal conditioner, on the most used 

temperature range in human activities (-50 to +150 
0
C).  

4. Value of T(V) measured at standard temperature and conditioning circuit 

(Figure 6) for a diode doped also in standard conditions is a good measure of 

offset and energy gap of the intrinsic silicon chip.  

5. It can be used efficiently to resume experiments at higher accuracy on NTC 

thermistors [8] and other similar experiments according to the topoenergetic 

principles (for instance to reveal with high accuracy the dynamics of basic 

fixed points in ITS-90 [2]) in view to establish the exact corrections of ITS-90 

(see studies on phase transitions using adiabatic calorimetry [9-10]). 
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