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This paper presents the development of the GBTX radiation hard ASIC test bench. Developed for the LHC
accelerator upgrade programs, the GBTX implements bidirectional 4.8 Gb/s links between the radiation hard
on-detector custom electronics and the off-detector systems. The test bench was used for functional tests
of the GBTX and to evaluate its performance. Total Ionizing Dose and Single-Event Upsets tests were also
performed and the results will be presented in this paper.

Summary
The developed test bench consists in a custom build PCB, called the Stand-Alone Test board (SAT board),
which allows performing Bit Error Rate (BER) tests on the GBTX ASIC using full data payload. To do so the
SAT board hosts the GBTX ASIC, an ALTERA Cyclone V FPGA and the necessary interconnection between
both to perform full BER tests. This consists in two SFP+ modules for the high speed 4.8 Gb/s optical link and
40 e-links (80 Mbit, 160 Mbit or 320 Mbit) for the data transmission plus 2 e-links (80 Mbit) for the slow control
channel, summing up to 126 differential lines. The necessary GBTX configuration signals are controlled by
the Cyclone V, which has firmware capable of acting as a slow control device and as a front-end device with
adaptable phase-shifted clocks for input data alignment. The GBT-FPGA latency-optimized firmware is also
implemented on Cyclone V in order to emulate an off-detector system. The Cyclone V can produce Pseudo
Random Bit Sequence (PRBS) patterns for the BER tests and is controlled via Ethernet using an UDP protocol
communication managed by a Graphical User Interface implemented in JAVA.
Automated tests were developed using the SAT board which allowed the automatic performance character-
ization of several GBTX‘s circuits, such as the xPLL, phase-shifter and clock manager. Total Ionizing Dose
(TID) tests were performed using photons (x-ray, CERN) up to 100 Mrad ionizing dose, and results show 16.3%
total jitter variation for the SER eye diagram and 12.5% total jitter variation for the phase-shifter at 320 MHz
with no degradation of the data transmission performance. Single Event Upsets (SEUs) tests were performed
in the Centre de Ressources du Cyclotron, Louvain-la-Neuve, Belgium, in the Heavy Ion Irradiation Facility.
The GBTX ASIC was irradiated using high penetration particles (Argon, Neon, Nickel and Krypton) and the
measured SEU cross section will be given in the full paper.
This paper aims to report the GBTXASIC sensitivity to radiation and to help the GBTXASIC users to integrate
the ASIC in their systems.
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