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1. INTRODUCTION 

In this document the systematic procedure devoted to the complete calibration of the 
temperature sensors of each Photon Detection Module (PDM) at the focal plane of the 
ASTRI SST-2M telescope is illustrated. 

The temperature sensors in each SiPM board belong to the LM-60 series by Texas 
Instruments [R1]. They are precision integrated-circuit sensors allowing temperature 
sensing from -40°C to +125°C while operating from a single +2.7-V power supply. LM-
60 sensors are calibrated to provide accuracies of ±2°C at room temperature. 

The temperature sensors calibration of the PDM modules constituting the focal plane of 
the ASTRI SST-2M telescope is essential prerequisite for the MPPC sensors gain 
equalization, through the input DACs of the CITIROC front-end ASICs, managed by the 
front-end FPGA. 

Calibration of the central rear side temperature sensor of each PDM is performed, so 
that the remaining sensors of each board can be calibrated based on the calibrated 
one. 
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2. MEASUREMENT SYSTEM 

The instrumental apparatus developed at the COLD laboratory has been envisaged to 
provide a systematic characterization of each SiPM board constituting the camera focal 
plane of the ASTRI SST-2M telescope prototype.  

The calibration process of the temperature sensors on chip of the SiPM interface (I/F) 
boards of the ASTRI focal plane is obtained by means of two testing systems: 

1. the electronic board developed at the COLD laboratory, called “adapter board”, 
used for SiPM macro-pixels preliminary tests;  

2. a calibrated reference photodiode, manufactured by LakeShore and biased by 
an appropriate temperature controller developed by the company itself. 

As shown in Fig. 1, the adapter board is capable of addressing manually each of the 10 
temperature sensors through a dip-switch assembled on the top layer, that drives an 
analog multiplexer located on each SiPM I/F board, as shown in Fig. 2 [R3]. 

 

 
Fig. 1. Top side of the adapter board. On the upper central part the dip-switch is evident.  

 

Each I/F board has in total 10 temperature sensors: 9 located on the rear side and 1 
located at the center of the front side. We decided to calibrate only the central sensor 
at the bottom of the board, allowing calibration of the other 8 sensors in the bottom side 
of the board to be easily accomplished with respect to the calibrated one. 

 

dip-switch 



 
 ASTRI - Astrofisica con Specchi a  

             Tecnologia Replicante Italiana 

  Code: ASTRI-TR-OACT-3200-013  Issue: 1 DATE 25/07/2014 Page: 8 

 
 

All information contained in this document is property of INAF.  All rights reserved. 

 

 

Fig. 2. Bottom side of the n-th SiPM I/F board. Near the upper connector, the analog multiplexer 
can be recognized (highlighted with a red box).  

 

A specific mechanical support is realized to house the MPPC board; in particular, the 
black light-tight prevents accidental light exposure of the MPPC detectors and allows a 
thermal stabilization. The temperature control of the SiPM I/F is obtained through a 
cooling system designed at the COLD laboratory of INAF-OACT, based on a Peltier 
cell whose hot side is cooled by a CPU fan (see Fig. 3). 

 

 

Fig. 3. The left side shows the box hosting the adapter board and the SiPM I/F board connected 
onto it. On the right side, the thermoelectric cooler based on a Peliter cell is depicted.  
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For the Peltier cell and the fan, a dual power supply is used. The system is able to 
maintain the temperature stable in the 25-10°C range with the possibility of setting the 
working temperature in steps of 0.5°C. 

The temperature sensor located on the center of the bottom SiPM I/F board is 
calibrated by using a complete system manufactured by LakeShore, consisting of a 
calibrated temperature diode and an ad-hoc driver. Particular care is taken in placing 
the calibrated diode very close to each temperature sensor. In Fig. 4 the LakeShore 
controller and the calibrated diode are illustrated. 

 

 

Fig. 4.  LakeShore temperature measurement system. On the blue box, the calibrated diode. 

 

Fig. 5 reports the plot of the typical voltage values of a DT-470 diode temperature 
sensor, while the standard curve delivered with the calibrated diode is reported in Fig. 
6. 
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Fig. 5. Typical curve of the DT-470 calibrated temperature sensor. 

 

 

Fig. 6. Standard curve of the calibrated diode DT-470. 
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A light shield is realized on top of the adapter board in order to prevent light penetration 
through the back of the black-box, and helps to maintain stable the temperature inside 
the box, avoiding the heat exchange with the outside of the box. 

The calibrated temperature diode is positioned on top of the light-tight shield, between 
the two multi-pin connectors of the adapter board, as depicted in Fig. 7. This ensures 
that the calibrator diode and the sensors to be calibrated are very close to each other. 

The I/F board is then connected to the adapter board as in Fig. 8. 

 

 

Fig. 7. Positioning of the calibrated temperature diode on top of the light-tight shield. 
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Fig. 8. SiPM I/F board connected to the adapter board inside the light-tight box. 

 

The outputs of the calibrated diode are connected to the input of the LakeShore 
temperature controller. On the cool metallic plate of the Peltier cell a thin copper foil is 
connected to facilitate cooling inside the black box and speed up measurements, as 
shown in Fig. 9. Few millimeters separate the detection surface of the I/F board from 
the copper foil. 

In order to improve the cooling process, an air-to-direct Peltier system, manufactured 
by Laird and shown in Fig. 10, is placed on the bottom of the black box, allowing lower 
values of temperature to be quickly reached.  

The procedure followed for the temperature sensors calibration consists in measuring 
the temperature of the calibrator diode and the corresponding voltage acquired by a 
voltmeter of the LM-60 sensors of the I/F boards. 
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Fig. 9. Copper foil connected to the cool metallic surface of the Peltier cell. 

 

 

Fig. 10. Peltier cell connected to the bottom of the black box to empower the cooling process. 
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3. CALIBRATION CURVES 
Hereby, two different sets of measurements are performed: the first one for decreasing 
values of the temperature T from 25.5°C to 10.0°C, and the second one for increasing 
values of T from 10.0°C to 25.5°C. 

Acquisition is taken considering each temperature of the calibrator in steps of 0.5°C as 
a reference value. 

For each SiPM board, the two obtained curves (one for decreasing values of T and one 
for increasing values of T) are plotted on Excel along with their linearized lines. For 
each temperature T, average values and fitting curves are also graphed. 

However, the curves corresponding to increasing values of T are believed to be more 
accurate, because the entire calibration system spent much higher time for increasing 
temperature and turned out to be more controllable in temperature. A complete 
acquisition cycle for both falling and rising phases of temperature is estimated to be 
around 1 hour. (~15 minutes for increasing T  and ~45 minutes for decreasing T). 

In the following, the calibration results of the 37 SiPM I/F boards of the focal plane are 
reported. The various SiPM boards numbers are referenced through the distribution 
schematization depicted in Fig. 11 [R2]. 

 

 
Fig. 11. PDM reference distribution at the focal plane of the ASTRI SST-2M camera. 
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Fig. 12. Calibration curves for the LM-60 temperature sensor of the PDM 01. 

 

 

Fig. 13. Calibration curves for the LM-60 temperature sensor of the PDM 02. 
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Fig. 14. Calibration curves for the LM-60 temperature sensor of the PDM 03. 

 

 

Fig. 15. Calibration curves for the LM-60 temperature sensor of the PDM 04. 
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Fig. 16. Calibration curves for the LM-60 temperature sensor of the PDM 05. 

 

 

Fig. 17. Calibration curves for the LM-60 temperature sensor of the PDM 06. 
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Fig. 18. Calibration curves for the LM-60 temperature sensor of the PDM 07. 

 

 

Fig. 19. Calibration curves for the LM-60 temperature sensor of the PDM 08. 
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Fig. 20. Calibration curves for the LM-60 temperature sensor of the PDM 09. 

 

 

Fig. 21. Calibration curves for the LM-60 temperature sensor of the PDM 10. 

 



 
 ASTRI - Astrofisica con Specchi a  

             Tecnologia Replicante Italiana 

  Code: ASTRI-TR-OACT-3200-013  Issue: 1 DATE 25/07/2014 Page: 20 

 
 

All information contained in this document is property of INAF.  All rights reserved. 

 

 

Fig. 22. Calibration curves for the LM-60 temperature sensor of the PDM 11. 

 

 

Fig. 23. Calibration curves for the LM-60 temperature sensor of the PDM 12. 
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Fig. 24. Calibration curves for the LM-60 temperature sensor of the PDM 13. 

 

 

Fig. 25. Calibration curves for the LM-60 temperature sensor of the PDM 14. 
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Fig. 26. Calibration curves for the LM-60 temperature sensor of the PDM 15. 

 

 

Fig. 27. Calibration curves for the LM-60 temperature sensor of the PDM 16. 

 



 
 ASTRI - Astrofisica con Specchi a  

             Tecnologia Replicante Italiana 

  Code: ASTRI-TR-OACT-3200-013  Issue: 1 DATE 25/07/2014 Page: 23 

 
 

All information contained in this document is property of INAF.  All rights reserved. 

 

 

Fig. 28. Calibration curves for the LM-60 temperature sensor of the PDM 17. 

 

 

Fig. 29. Calibration curves for the LM-60 temperature sensor of the PDM 18. 
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Fig. 30. Calibration curves for the LM-60 temperature sensor of the PDM 19. 

 

 

Fig. 31. Calibration curves for the LM-60 temperature sensor of the PDM 20. 
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Fig. 32. Calibration curves for the LM-60 temperature sensor of the PDM 21. 

 

 

Fig. 33. Calibration curves for the LM-60 temperature sensor of the PDM 22. 
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Fig. 34. Calibration curves for the LM-60 temperature sensor of the PDM 23. 

 

 

Fig. 35. Calibration curves for the LM-60 temperature sensor of the PDM 24. 
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Fig. 36. Calibration curves for the LM-60 temperature sensor of the PDM 25. 

 

 

Fig. 37. Calibration curves for the LM-60 temperature sensor of the PDM 26. 
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Fig. 38. Calibration curves for the LM-60 temperature sensor of the PDM 27. 

 

 

Fig. 39. Calibration curves for the LM-60 temperature sensor of the PDM 28. 
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Fig. 40. Calibration curves for the LM-60 temperature sensor of the PDM 29. 

 

 

Fig. 41. Calibration curves for the LM-60 temperature sensor of the PDM 30. 

 



 
 ASTRI - Astrofisica con Specchi a  

             Tecnologia Replicante Italiana 

  Code: ASTRI-TR-OACT-3200-013  Issue: 1 DATE 25/07/2014 Page: 30 

 
 

All information contained in this document is property of INAF.  All rights reserved. 

 

 

Fig. 42. Calibration curves for the LM-60 temperature sensor of the PDM 31. 

 

 

Fig. 43. Calibration curves for the LM-60 temperature sensor of the PDM 32. 
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Fig. 44. Calibration curves for the LM-60 temperature sensor of the PDM 33. 

 

 

Fig. 45. Calibration curves for the LM-60 temperature sensor of the PDM 34. 
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Fig. 46. Calibration curves for the LM-60 temperature sensor of the PDM 35. 

 

 

Fig. 47. Calibration curves for the LM-60 temperature sensor of the PDM 36. 
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Fig. 48. Calibration curves for the LM-60 temperature sensor of the PDM 37. 

 

In each of the above figures, the blue data represent the calibration points obtained for 
decreasing values of T, while the red data stand for those obtained for increasing T. 
Average data are also shown for each temperature. 

Linear fits are reported for each set of measurements along with the relevant equations 
and errors. 

For a specific temperature, the average difference between the highest and lowest data 
points in the above plots divided by the average slope of the linear fits is found to be 
approximately ±1.5°, representing the average accuracy of the LM-60 temperature 
sensor, which turns out to be compatible with the relevant value reported in the 
reference manufacturer datasheet [R1]. 
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4. CONCLUDING REMARKS 
Concerning the rising phase of measurements, for each fixed temperature in the most 
probable range of interest (13-17°C), the relevant voltage values in mV are plotted in 
the form of histograms for the 25 central PDMs in the focal plane reference scheme in 
Fig. 11, and the resulting plot is reported in Fig. 49, showing the expected rising trend of 
the average acquired voltage with increasing temperature. 

 

 

Fig. 49. Histograms of the acquired voltage values for each fixed temperature in the range of 
13-17°C during the rising phase for the 25 central PDMs of the camera focal plane. 

 

In the temperature range of 12-18°C, the calibration data points for all 37 PDMs of the 
camera focal plane are reported in the plot of Fig. 50, while the global linear fit along 
with its equation and errors are depicted in Fig. 51. 

Due to the relatively large spread of the data points, for a fixed temperature, around the 
global linear fit (R2=0.9026…), the slopes and y-axis intercepts of the 37 linear fits of 
the calibration data points in the 10-25°C range are provided in Table I, along with their 
average values and standard deviations. 

As a final remark, calibration of the central sensor at the bottom of the SiPM board 
allows calibration of the other 8 sensors in the bottom side of the board to be easily 
accomplished with respect to the calibrated one. 
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Fig. 50. Calibration data points in the range of 12-18°C for all 37 PDMs of the focal plane. 

 

 

Fig. 51. Linear fit of the calibration data points in the range of 12-18°C for all 37 PDMs of the 
focal plane. 
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Table I. Slopes and y-axis intercepts of the 37 linear fits of the calibration data points.  
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