Design of a multi-function ASIC for reading out large
SiPM-based systems
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Granularity is a key parameter for both electromagnetic and hadronic calorimeters. While the granularity of electromagnetic calorimeters
can be enhanced using silicon pixels, alternative solutions are required for hadronic calorimeters due to their larger dimensions. Increasing
granularity in hadronic calorimeters improves the reconstruction of hadronic jets and enables access to the substructure of overlapping jets.

A widely adopted strategy for future hadronic calorimeters is the use of multi-channel photodetectors, such as Multi-Anode PhotoMultiplier
Tubes (MA-PMTs) and Silicon PhotoMultipliers (SIPMs). This poster presents a novel readout device that combines_channel equalization
with the ability to fully configure the readout granularity through the analog summation of user-selected input channels. This approach
reduces the number of required ADCs, thereby lowering the overall cost of granularity enhancement in large-scale photodetector systems.

The discrete-component prototype

The prototype consists of 6 printed circuit boards with high-bandwidth Integrated Circuits (ICs), designed to host a
64-channel MAPMT (Multi-Anode PhotoMultiplier Tube) with a sensitive area of 18 x 18 mm? and an anode pitch of 2.54 mm.
The boards are connected by high-speed board-to-board connectors arranged to form the faces of a parallelepiped. As a
proof-of-concept prototype, no constraints were imposed on system size or power consumption (approximately 25 W).
The features of this device are: che
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¢ Equalization of the 64 individual MAPMT channels; : -
+ Configuration of the analog signal sum of an arbitrary number of channels; D>
+ Full scalability. :

3D model of the prototype and
corresponding circuit diagram
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The selected channels and all amplification settings are configured via a custom-developed GUI.

Prototype tests with a MAPMT |

The prototype was tested in terms of shape stability and linearity of the analog sum of an arbitrary number of channels using two different
approaches: first, by injecting an input signal into the 16 central readout channels; second, by performing tests with a laser system and a
Hamamatsu MA-PMT (R7600-300-M64) [1]. PMT ANODE #
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¢ The readout prototype guarantees pulse shape stability and linearity in the analog sum of the signals; o wie i o
¢ The resistive summing networks do not alter the shape of the outputs; _ s oo T I i wica
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¢ Jitter time ~ 50 ps — good data transmission. = i
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Tests demonstrated excellent stability
in pulse shape, linearity, and timing
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Towards the ASIC version |

Italian institutes Field of interest

Encouraged by the prototype results, the purpose now is to develop a analog 64-channel ASIC version of the NEN Pisa
device.

Architecture development

Universita di Siena Architecture development

The project is included in the WP3 of DRDG6 (3.3.2 TileCal subtask) and is part of the FCC Pisa group activities. INFN Torino ASIC design

INFN Pavia Interface to HiDRa
application

Prototype tests with discrete components and single-channel SiPMs have started in Pisa, while the ASIC design is
being finalized. Tests with a 64-channel SiPM (Hamamatsu S13361-3050AE-08) will begin in the coming weeks.

INFN Milano e Universita Interface to HiDRa
dell’Insubria application

ASIC architecture ASIC simulations

Input stage Analog sum

An initial step involves creating an ASIC prototype with a smaller number The final choice ot the analog
of channels (for instance, 8). summing algorithm will depend on

N = number of analog sums
out

Block Diagram simulations to assess whether to
use a highly flexible ASIC with
multiple analog switches or a
cascaded structure to mitigate
device non-uniformity.

Input stage: includes a
sample-and-hold (S&H) circuit for all N
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Analog sum stage: produces the e RSSO, Simulations will be used to validate

timing signal control, and threshold setting

programmable analog sums. A coople the final technology (65 nm or 28
delayed external trigger will From & GUI - nm) and are now underway in Pisa.

External trigger ; :
F.Scuri (INFN Pisa)

activate the analog SUMSs. G. Mazza (INFN Torino) & F. Scuri (INFN Pisa)

Input driver
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Digital stage: handles device configuration (threshold values, sum Future plans

configuration) and manages timing/control signals (accepted trigger, busy,

data ready, etc.) ¢ Test the discrete-component prototype using the 64-channel SiPM,
also in preparation for a possible ALLEGRO HCAL test beam in 2028,

if the ASIC is not ready by then.
o Simulate the ASIC architecture to optimize the summing algorithm.

The basic version can be enriched with additional features to meet the
needs of future users.

Presenter: martina.cucinotta@cern.ch



mailto:martina.cucinotta@cern.ch

