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Abstract
Measurements of Single Event Upsets (SEUs)
in the configuration memory of the readout
control FPGA in the ALICE TPC detector have
been performed during stable beam condi-
tions in the period from May to August 2011.

Introduction
• The Time Projection Chamber (TPC)[1] is the main tracking detec-

tor of the ALICE experiment[2]. The 18 trapezoidal sectors on each
side of the TPC are divided into 6 readout partitions. Each readout
partition is controlled by the Readout Control Unit (RCU) (green)
which is connected to a number of front-end cards (yellow).

• The RCU is in charge of the data readout for the TPC with the
main contol functionality implemented in an SRAM based FPGA
from Xilinx. Due to the radiation induced by the colliding proton
beams, Single Event Upsets (SEUs) are expected in the configura-
tion memory of this FPGA. A reconfiguration solution has there-
fore been implemented to detect and correct these SEUs [3],[4].

SEU reconfiguration & monitoring
The Readout Control Unit (RCU)

The main components of the recofiguration so-
lution are the radiation tolerant Flash based sup-
port FPGA from Actel [5] (the reconfiguration
controller), and a Flash memory device for stor-
age of original configuration data. The support
FPGA can be remotely controlled through the
Detector Control System (DCS) [6].

Readback and reconfiguration

By continuously reading back the configuration
memory of the RCU main FPGA, an SEU is de-
tected by comparing the read back data to the
original data stored in the Flash memory. If
different, the corrupt part of the configuration
memory is reconfigured with the correct data.
The solution is based on partial reconfiguration
which allows to reconfigure a subset of the con-
figuration memory without interrupting the op-
eration of the RCU main FPGA [7].

Online monitoring of SEUs

A dedicated user interface has been imple-
mented using PVSSII [8]. It provides online
monitoring of the reconfiguration solution and
the number of detected and corrected SEUs.

Measurement results
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The analysis is based on the integrated luminosity [9] (for fills > 1 nb−1) and number of SEUs accu-
mulated during stable beam conditions for pp collisions at a center-of-mass energy of

√
s = 7 TeV.

In total 1552 SEUs were corrected in the period of May until August ( fills 1783 - 2010 ).
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• The number of SEUs in the configuration
memory of the FPGA is assumed to be
proportional to the fluence of high energy
hadrons (HEH) (∼ > 20 MeV).
• A good qualitative agreement is found

when comparing the relative radial distribu-
tion of measured SEUs to Monte Carlo sim-
ulation (PbPb) [3] result of the HEH fluence.
• However, the small asymmetry observed

between the A-side and C-side (Muon ab-
sorber side) is in contradiction to the simu-
lations results.
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Measurement entries: 1486

The left plot shows that the occurance of SEUs are evenly distributed in time. The SEU bit locations
are also evenly distributed (middle) within the configuration memory of the FPGA. This is expected
with a uniform exposure of radiation and also seen during irradiation tests (right).

Summary
The measurement results show an linear dependence between the number of SEUs in the configu-
ration memory of the RCU main FPGA and the cumulative integrated luminosity. Approximately
0.5 SEUs can be expected in the system of 216 FPGA per integrated luminosity of 1 nb−1 during pp
collisions at

√
s = 7 TeV.

References
[1] The ALICE TPC Collaboration, J. Alme, et.al. , The ALICE TPC, a large 3-dimensional tracking device with fast readout for ultra-high multiplicity events, Nuclear Instruments and Methods in Physics

Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 622(1):316 – 367, 2010.
[2] The ALICE Collaboration, K. Aamodt, et.al., The ALICE experiment at the CERN LHC, Journal of Instrumentation 3 (08) (2008) S08002.
[3] Ketil Røed, Single Event Upsets in SRAM FPGA based readout electronics for the Time Projection Chamber in the ALICE experiment, PhD thesis, University of Bergen, Norway, 2009
[4] Johan Alme, Firmware Development and Integration for ALICE TPC and PHOS Front-end Electronics, PhD thesis, University of Bergen, Norway, 2008
[5] Actel Corporation, APA750 and A54SX32A LANSCE Neutron Test Report, white paper Edition (Dec. 2003).
[6] M. Richter, et.al., The control system for the front-end electronics of the ALICE time projection chamber, Nuclear Science, IEEE Transactions on, 53(3):980–985, June 2006.
[7] Xilinx, Inc., Virtex-II Pro and Virtex-II Pro X FPGA User Guide, UG012 v4.2 Edition (Nov. 2007).
[8] ETM professional control GmbH, A Siemens Company, Kasernenstrasse 29, A-7000 Eisenstadt, Austria. (PVSS: Prozess Visualisierungs und Steuerungs System)
[9] LHC Programme Coordination web pages: https://lpc-afs.web.cern.ch/lpc-afs/LHC/luminosity_data.txt. Accessed August 31, 2011.


