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Chapter 8

Outlook

The pixel detector for the VELO upgrade should be installed before the next
long shutdown of the LHC accelerator that is planned from 2019 to 2020.
In this thesis we have demonstrated that the design of pixel sensors that will
meet the requirements and withstand the harsh conditions expected in Run 3 is
possible. Nevertheless, a number of additional studies are required to examine
whether the sensors qualify fully for the VELO upgrade .

8.1 Sensor design

The prototype irradiated sensors have a signal yield about 1000 e� higher than
the minimum required signal yield when operated at the benchmark voltage
of 1000 V, as discussed in Chapter 7.5. However, the sensors need to meet
the requirements imposed in Section 2.1 in the high luminosity environment
described in Section 2.2.2.

Resolution & efficiency

The sensors need to have high hit efficiency (> 99.9 %) along the whole pixel
matrix and close to the physical edge of the sensor. A high hit efficiency at
the edge of the sensor is required because, as demonstrated in Chapter 3, the
distance from the first active sensor element to the beam contributes signifi-
cantly to the IP resolution. A small inefficient region effectively leads to short
extrapolation distances and therefore good spatial resolution.

In Chapter 6 the efficiency of prototype active edge sensors is reported.
Although these sensors have a high hit efficiency at the edge, they cannot
be operated at high bias voltages therefore do not fully qualify for the the
VELO upgrade. The sensors that will be used in the upgrade feature a guard
ring design as described in Section 2.4.4. However, between the edge of the
pixel matrix and the sensor edge part of the sensor may be inactive due to the
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CHAPTER 8 OUTLOOK

presence of the guard rings. The hit efficiency at the sensor edge should be
evaluated and the inactive sensor area quantified.

Non-homogeneous irradiation

The exponential decrease of the fluence as a function of the radial distance
from the beam will result in a non-homogeneous irradiation along a sensor
tile. The fluence at the most irradiated part of the sensor tile is larger by a
factor 40 than the least irradiated part. The effective trapping rate and the
effective doping concentration in a sensor change as a function of fluence. As
a result, the charge collection efficiency is influenced. Therefore, studying this
effect is of importance for the VELO upgrade.
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Figure 8.1: The fluence profile at KIT. The outline of a sensor tile is superimposed.

To mimic the irradiation profile of a sensor tile after accumulating the max-
imum fluence, prototype sensor tiles have been irradiated with non-uniform
beam profiles at KIT in Karlsruhe [90] with 25 MeV protons and at the IRRAD
facility at CERN [91] with 24 GeV protons. An example of such a fluence pro-
file that was used in KIT is depicted in Figure 8.1. The outline of a sensor tile
is superimposed.

Vendor comparison

Based on the results presented in Chapter 7, the irradiated prototype silicon
sensors provided by the two vendors (namely Hamamatsu and Micron) qualify
for the VELO upgrade. The fact that the 50 µm thinner Micron sensor collects
the same amount of charge as the Hamamatsu sensors gives an advantage to
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8.2 READOUT/ASIC DESIGN

the Micron design since with smaller radiation length the same signal yield is
acquired. However, in order to select which vendor sensors are more suitable,
at least one sample with each of the sensor properties listed in Table 2.1 needs
to be tested. To come to a conclusion, the performance of the sensors after
non-homogeneous irradiation needs to be taken into account as this is a key
requirement for the VELO upgrade.

In this thesis the sensors are characterised using the Timepix3 ASIC, which
allows simultaneous ToA and ToT measurements. Timepix3 is the predecessor
of the ASIC that will be used in the VELO upgrade, VeloPix. With the avail-
ability of the Velopix ASIC, a new testbeam campaign will be commissioned
to fully characterise the chip.

8.2 Readout/ASIC design

The VeloPix ASIC is designed to cope with the high particle rate environment
of the LHCb upgrade. The performance of VeloPix has to be studied before the
VELO upgrade is completed in 2019 to examine whether the ASIC qualifies
for the upgrade. High rate tests need to be performed in order to measure the
hit rate of the VeloPix ASIC. These tests must take place in a facility, such as
Fermilab (USA), that can deliver a high particles flux with a frequency equal to
the bunch crossing of LHC. The successful operation of the Timepix3 telescope
has proved that using the same ASIC both in the telescope planes and the
DuT, a variety of measurements can be performed in order to characterise a
detector. A VeloPix telescope would be the ideal set-up to perform the final
measurements needed for the LHCb VELO upgrade.
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