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Abstract

This report presents the Summer Student Program project focused on the calibration
method for temperature measurement of each ASIC within the VErtex LOcator, a sub-
detector of the LHCb experiment at CERN. Using the WinCC Open Architecture tool,
a control panel is designed to display calibrated temperature data along with raw tem-
perature and voltage readings in real-time. This panel enhances error identification and
provides more precise experiment control when operating at power levels different from the
operational state.
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1 Introduction

The Large Hadron Collider beauty (LHCb) experiment specializes in exploring subtle distinc-
tions between matter and antimatter by studying a particular particle known as the ”beauty
quark”, ”bottom quark” or ”b quark.” In contrast to other experiments that enclose the entire
collision point with a sealed detector, the LHCb experiment employs a series of subdetectors
primarily to detect forward moving particles, those propelled by the collision in one direction.
The first subdetector is positioned close to the collision point, with subsequent subdetectors ar-
ranged one after the other along a 20 meter length. The LHC generates a variety of quark types
that swiftly decay into other forms. To capture the b quarks, LHCb has developed sophisticated
movable tracking detectors situated close to the path of the beams circulating within the LHC.

The VErtex LOcator (VELO) is the first positioned detector that surrounds the interaction
region at LHCb. Its principal task is to enable LHCb to trigger on and reconstruct displaced
vertices, as well as playing a significant role in the tracking. The detector consists of 52 mod-
ules, each equipped with four silicon pixel sensors capable of 40 MHz readout. Each sensor is
readout by three VeloPix ASICs, mounted in a module known as tile. Therefore, each module is
composed of 12 ASICs. The arrangement of the modules is such that they surround the beam
pipe, with the two halves of each module facing each other.

Figure 1: Artist’s impression of the VELO.

To protect the silicon tip from thermal effects after high irradiation, each module has an inte-
grated cooling system using evaporative CO2 circulating inside microchannels.

The work I have carried out on the VELO is needed to insure the safety of the detector.
During the production of the VELO modules, it was discovered that the glue used to attach the
VeloPix ASICs to the cooling substrate could detach, leading to a poor thermal connection to the
ASIC which could overheat. The cause of the glue issue was found and fixed, but the only way
to spot it if it ever happens in the install detector is to measure the temperature of the ASIC itelf.

My task has involved calibrating the temperature measured by each of the ASICs by creat-
ing a control panel through where the user can input a temperature to be used as reference for
the calibration and display the raw temperature, voltage, and calibrated temperature data for
each ASIC on the screen.

Once the calibration was done, we conducted experiments with the VELO at different oper-
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ating powers, where we monitored the difference in temperature observed between the various
power consumption mode and thereby verify the proper functioning of the subdetector.

2 Calibration

This section summarizes the reasoning and procedure followed to calibrate the temperature of
each ASIC of the detector individually so that the measured temperature is as close as possible
to the exact real-time temperature.

2.1 Structure per module

Each VELO pixel module consists of twelve VeloPix ASICs, each featuring a matrix of 256x256
square pixels with a size of 55 µm per side. These ASICs are grouped in sets of three, forming a
tile. Four tiles are then arranged in an ”L” shape around the LHCb beam pipe (see Figure 2).
To ensure full coverage in the inner region, two silicon sensors are mounted on each side of the
module, allowing for electrical connections to the innermost ASICs.

The cooling of the tile is supplied by a microchannel substrate onto which the tiles are glued.
However, the part of the silicon sensors close to the beam axis is most vulnerable to thermal
runaway.

Each module is equipped with four Negative Temperature Coefficient (NTC) thermistors, a
type of resistor that exhibits a change in resistance corresponding to temperature variations.
NTC thermistors, in particular, display a negative temperature coefficient, meaning their re-
sistance decreases as temperature rises. These thermistors have been strategically positioned
on the PCB alongside specific ASICs integrated into the sensor assembly, with one thermistor
allocated to each of the four tiles. NTC0, located within tile 0, is in close proximity to ASIC
VP1.1, while NTC2, situated within tile 2, is adjacent to ASIC VP3.1, see Figure 2. Therefore,
when the cooling connection between the ASICs and the cooling plate is functioning correctly,
these thermistors should register temperatures nearly identical to those of the corresponding
ASICs. This similarity in temperature allows for the use of these thermistors as calibration
reference points. However, in the event of a poor cooling connection, such as when the adhesive
delaminates, the thermistors will not detect any temperature changes. This is precisely why we
rely on the bandgap measurement as an alternative indicator in such situations.

For temperature calibration purposes, the temperature indicated by NTC2 serves as the reference
temperature for each module, although it is also possible to utilize data from NTC0. Prior to
calibration, it is essential to create a file for the moment when temperature data from NTC2 in
each module wants to be acquired. This file is utilized in the subsequent panel, which will be
explained later in the section 3, to calculate the corresponding offset for each detector ASIC.
The equation to be applied is as follows:

b = NTC2temp − 471.99 v (1)

Here, b represents the offset, NTC2 denotes the reference temperature taken for each module
(shared by all 12 ASICs) and the slope is obtained from the VeloPix manual, see Figure 3.

The Bandgap circuit is used to generate a stable reference voltage for the digital-to-analog
converters. The PTAT circuit is used to monitor the chip temperature since it will provide a
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Figure 2: View of a module with two 3x1 tiles on each side. Sensors at the back (VP3 and
VP0), sensors at the front (VP2 and VP1), microchannel cooling substrate (indicated by yellow
arrows), ASIC bottom sides (encircled in red).

linear temperature-dependent voltage. Through the experimental measurement of the PTAT
temperature and voltage a series of plots have been reconstructed which form the Figure 3,
being the intermediate function (represented in green) through which I have obtained the offset
equation b.

Figure 3: Simulated temperature measurement in VeloPix.

2.2 Temperature distribution

The horizontal and vertical dimensions of the substrate are 80 and 104 mm, respectively, result-
ing in temperature variations across its surface. Consequently, the reference temperature per
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module obtained from the NTCs cannot be generalized for all 12 ASICs within that module.

(a) Temperature probes.

(b) Temperatures profile, load on.

Figure 4: Images obtained from reference [1].

Based on previously acquired temperature distribution data from sensors placed on the sub-
strate, as shown in Figure 4, we have generated a temperature distribution graph under load
conditions for an approximate flow rate of 0.4 g/s (dark blue line in Figure 5).

Now that we have a better understanding of the temperature variation between each ASIC and
the reference temperature of NTC2, we can calculate more accurately the offset for each ASIC
by slightly modifying (1). This results in the equation (2).

b = NTC2temp +∆T − 471.99 v (2)
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Figure 5: Temperature distribution for a nominal flow rate of 0.4 g/s.

2.3 Temperatures obtained during calibration

This section shows the temperature distribution for five of the detector modules across their
surfaces. The first figure represents the raw temperature, in which we can observe a large tem-
perature variation between the ASICs (Figure 6). The second corresponds to the temperatures
calculated from a single reference temperature per module, i.e., following the equation (1) with-
out taking into account the temperature change along the surface. A nearly constant tempera-
ture distribution is observed along the modules (Figure 7). The last plot (Figure 8) corresponds
to the calibrated temperatures taking into account the temperature variation between ASICs
within the same module, i.e. using the equation (2). We can see less constancy.

Figure 6: Uncalibrated bandgap temperature.
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Figure 7: Bandgap temperature calibrated without the ∆T component.

Figure 8: Bandgap temperature calibrated with the ∆T model described in Fig. 5.

3 Control panel

To provide real-time monitoring of what is happening in the detector, a panel has been devel-
oped where the data for each ASIC in the detector can be displayed. Voltage data, calibrated
temperature or temperature calculated from the VeloPix manual (Bandgap Temperature or raw
temperature) can be displayed.

3.1 Development tool

For project implementation, a variety of tools and programming languages were employed. The
primary tool utilized for panel creation was SIMATIC WinCC Open Architecture, a system
designed for centralized process monitoring and operation. Configuration of the panel was
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accomplished by scripting in a language closely resembling C++. Additionally, to acquire
real-time data, generate graphs, and perform result comparisons, Python was utilized as the
programming language.

3.2 Structure and operation

The structure of the dashboard is divided into four tables to make the visualisation of the data
more comfortable and to be able to see all the data at a glance. In the columns we have ordered
the detector modules from 00 to 51, making a total of 52 columns. In the rows we have firstly
a number from 0 to 3 that indicates the sensor from which the data is obtained, followed by a
second number, from 0 to 2, that indicates which ASIC of the sensor data corresponds to.

To choose the type of data to be displayed in the tables, at the right of the tables there is
a drop-down menu with the option of displaying the voltage, the calibrated temperature or the
Bandgap temperature. To confirm the selected option, it is necessary to press the ”OK” button,
and the tables will display the values corresponding to the selected data type, see Figure 9.

Figure 9: Control panel area.

In the upper part there is a Text Rectangle where the name of the text file containing the
temperature data of the NTC2s to be used to recalibrate the temperature of each ASIC must be
entered. To recalibrate it, the button APPLY TEMP must be pressed once the file name has
been entered. This calculates, following the explanations given in previous sections, and saves in
another text file the offset corresponding to each ASIC of the detector. Finally, at the bottom,
there is the SAV E TEMP button which, when pressed, saves the calibrated temperature data
shown in the table in another text file. It is also possible by slightly modifying the script to save
the Bandgap temperature data. This last button was created with the intention of graphing and
visualizing the differences between the two types of temperature data displayed in the control
panel.

The appearance of the complete control panel can be seen in Figures 10a and 10b. In the
first one we are showing the uncalibrated or raw temperature while in the second one the cal-
ibrated one. We see clear contrasts between the two figures. While in 10a there are large
differences (as significant as 20 oC or even more) between the temperatures of different ASICs,
these discrepancies are reduced to approximately 4 oC in the calibrated temperature values
of 10b, bringing them closer to the expected operating temperature.
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(a) Bandgap Temperatures.

(b) Calibrated temperatures.

Figure 10: Real-time data control panel displaying calibrated and non calibrated temperature 
data
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4 Cross-checking of production measurements

The quality of the adhesive layer beneath the tiles is related to the temperature behavior as
a function of power. To verify this behavior by obtaining calibrated temperature data at ap-
proximately 12 W and 23 W, we can calculate the maximum absolute temperature variation
for each sensor in each module (Figure 11). We can see that the measurements of temperature
in absolute value obtained in the table are correct, maximum about 4 oC, which means that
the glue problem no longer exists for a long time due to correction during production. If the
detector is not in operation, we could use this method to compare the production side graphs.
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5 Conclusion

In this report, I have focused on developing a calibration method for temperature measure-
ment of individual ASICs within the VErtex LOcator (VELO), a vital subdetector of the LHCb
experiment at CERN. The aim was to address anomalies observed in previous temperature mea-
surements of the ASICs and ensure the VELO’s dependable performance under varying power
conditions.

Using the WinCC Open Architecture tool, we successfully designed a control panel that offers
real-time display of calibrated temperature data for each ASIC, alongside other temperature
and voltage readings.

Additionally, we conducted experiments with the VELO at various power levels, collecting
temperature data from the ASICs. We calculated the absolute differences between these tem-
peratures, serving as a crucial indicator of the VELO’s proper functioning.

In summary, the successful implementation of the temperature measurement calibration method
within the VELO, coupled with the development of the control panel, has contributed to im-
proved data quality and experiment control.
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