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Research context and motivation Adopted methodologies
During the foreseen High-Luminosity (HL-LHC) upgrade of the Large Hadron Collider Design implementation:
(LHC), the electromagnetic calorimeter (ECAL) of the Compact Muon Solenoid (CMS) wil Online data selection: Look-ahead algorithm for gain data selection
have tolcqpe with a challenging increase in the number of interactions per bunch crossing Lossless data compression: simplified Huffman code in order to reduce the output
and radiation levels. A bandwidth: data output format is optimized on code probability
The CMS detector is one of the general-purpose particle Endcapregio/'j" Data frame and trailer generation: Cyclic Redundancy Check information

transmitted in the frame trailer (data width: 32 bit polynomial: x'2+ x"+ x3+ x2+ x+ 1)
Data flow synchronization: handshake process for idle pattern insertion
Radiation damage mitigation techniques:
Triple Modular Redundancy applied to registers and Finite State Machine
Hamming code for the FIFO: 32bit - 38bit

physics detectors at the LHC.

ECAL is compact, hermetic and fine-grained detector, it
contains homogeneous lead-tungstate scintillating crystals
and its purpose Is to measure the energy of electrons and
photons that are crucial for Higgs boson precision studies.

The HL-LHC conditions are a significant challenge to both detector performance and Spatial separation (at least 20 um) between triplicated entities in order to avoid
longevity because the HL-LHC will provide: radiation-induced errors on more than one entity copy
Higher instantaneous and integrated luminosity; Software:

Increase of the number of proton-proton interactions per bunch crossing;
6x increase in the accumulated radiation dose with respect to LHC.

Verilog for RTL code, Genus and Innovus (Cadence) for synthesis and Place&Route
purposes and Python scripts for debugging

VHDL for FPGA firmware

Novel contributions

Addressed research questions/problems

To provide the desired energy resolution over the full range of the signal events, the readout

system must be fast to minimize the event-pile-up, the impact of signals generated by direct
hits of particles in the photodetectors and to optimize the time resolution. Moreover the
readout system must have a low power consumption and radiation hard components.
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