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The |dea

Investigate the partial activation of the boron atoms implanted in the LGAD gain layer to enhance the
tolerance to radiation
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The Motivation

If the reactions

B, + Si; — B,

B, + O, — B,0,

are main players in the acceptor removal process, increasing the fraction of B, already
present in the lattice, may protect B, from removal

HPK already tested the half activation of boron (HAB) showing an improvement in the
gain layer radiation tolerance [1]

It is possible that there is an interval in the fraction of active / implanted boron which
minimise the acceptor removal and it needs to be carefully investigated

[1] K. Hara et al., Improvement of timing resolution and radiation tolerance for
finely segmented AC-LGAD sensors, 18th "Trento" Workshop on Advanced Silicon
Radiation Detectors (2023), indico.cern.ch/event/1223972/contributions/5262001
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Partial Activation of Boron

Isochronal annealing of boron
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Partial Activation of Boron

Isochronal annealing of boron
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Partial Activat

on of Boron

Isochronal annealing of boron
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List of Participants — IN PROGRESS

INFN Torino — Coordination and characterisation
CNM - Sensor production

FBK — Sensor production

INFN Perugia — Simulation and characterisation
University of Montenegro — Characterisation
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List of Participants & Activity Plan

INFN Torino — Coordination and characterisation
CNM - Sensor production

FBK — Sensor production

INFN Perugia — Simulation and characterisation
University of Montenegro — Characterisation

The production of two sensor batches is foreseen, one from CNM and one from FBK

The simulation of the process, the design and simulation of the devices, and the sensor
characterisation before and after irradiation are necessary, and, of course, irradiation is
crucial
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Production Proposal by FBK & CNM

A production batch will consist of 8 wafers:

> 4 wafers with different implanted boron dose
> 4 wafers with same implanted boron dose + carbon
> each wafer will be cut in 4 parts that will receive different annealing

4 x (

V. Sola et al.
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Estimate of the Core Cost by FBK

It is forseen a cost saving on

— layout design

— reticles

— substrates

resulting from previous production batches

Production costs:

— process

— external implant of Carbon
— on wafer testing

—dicing
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Estimate of the Core Cost by CNM

It is forseen a cost saving on

— layout design

— reticles

resulting from previous production batches

Production costs:

— substrates = usage of RD50 common substrates?
— process

— external implant of Carbon

— eventual external implant of Boron

— on wafer testing

—dicing
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Summary

= We propose an RD50 common project to investigate the Partial Activation of
Boron to enhance the radiation tolerance of the gain implant

= Two foundries expressed their interest in participating to the project
— Two sensor batches will be produced, one by each foundry

= We are looking for potentially interested institutes to join the project activity
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Radiation tolerance improvement — trial1

Samples: HGTD prototype
(DC-LGAD)

HPK is investigating to improve their (poor) radiation hardness !
HAB = Half Activated Boron
dope Boron more than required -> insufficient annealing process
->Borons not in Si lattice work to suppress “acceptor removal” e.g. capture O
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