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RD50 Institutes Participating

The aim of the project was to fabricate the first segmented LGAD in 
thin (epytaxial) substrates.
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Different Measurements

 Diamond light source (Glasgow)

 CERN TCT setup 

 Santa Cruz TCT setup

 IBIC Sevilla (CNM)

Results presented at different RD50 workshops

M. Baselga´s PhD thesis.

Presented at the Trento Workshop in 2015.
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This project aims to fabricate, test and irradiate thin LGAD sensors. Thin
sensors offer many attractive features such as higher charge collection
efficiency, short drift time, and a signal that is both shorter and steeper while
retaining a large amplitude due to the multiplication mechanism.
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High-granularity Timing Detector
could be placed in front of LAr
Calorimeter endcap.

See Hartmut and Nicolo´s
talks.

The production will have geometries that can be used to evaluate
the application of LGAD sensors in forthcoming LHC experiments
such as TOTEM, HGTD and CT-PPS.
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Status of the project

 Simulation of the different geometries 
already concluded.

 Design of the mask in progress.

 Fabrication will start in January 2016.
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Mask design

The mask will include standard 
pads and test structures
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The project aims to replace Boron with Gallium

Dopants such as Ga or Al form complexes with radiation-induced defects, which may have less
impact on device performance, when compared to the boron related defect (Bi-Oi) complex. This
study demonstrates that using gallium as dopant in Si instead of boron can reduce carrier removal
effect.

1. G. Kramberger et al., “Radiation effects in Low Gain Avalanche Detectors after hadron irradiations”, 2015 JINST 10 P07006.
2. A. Khana, et al., “Strategies for improving radiation tolerance of Si space solar cells'', Solar Energy Materials & Solar Cells 75 (2003) 

271.
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Simulation of other p-layer doping ions: Gallium

Gallium has lower penetration than Boron, but higher diffusion (with annealing)

Simulation predicts that Gallium Implantation (Dose=1.3e13, Energy=60) through 

35 nm SiO2  is enough to obtain a similar doping profile than Boron Implantation

Gallium  Implantation. Silvaco TCAD Simulation

Active Gallium

Substrate Doping

Active Boron

Active Gallium

Substrate Doping

Active Boron
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Gallium  Implantation. Electrical Characterization. C(V). 1/C2

C(V): On Wafer

LGAD devices with Gallium Multiplication Layer have similar C(V) characteristics 

than PiN Detectors. We do not observe the multiplication layer depletion
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Gallium  Implantation. GEANT4 Simulation

60 keV z mean = 19,58 nm (mpv ≈ 22 nm) 
100 keV z mean = 39,46 nm (mpv ≈ 48 nm) 
120 keV z mean = 51,22 nm (mpv ≈ 61 nm) 
180 keV z mean = 90,87 nm (mpv ≈ 107 nm) 

35 nm

SiO2 Si
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35 nm SiO2

60 keV

Geant4 final position  vs  SRIM range
19,58                  vs    46,6  nm

Active Gallium

Substrate Doping

Active Boron

GEANT4

SILVACO

SRIM
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Work plan for Ga implantations

 New fabrication run.

 Pad diodes with P-junction made of Ga

 Test structures to calibrate simulation and 
ion implantation and diffusion.

 Different ion implantation energies will be 
used.
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Conclusions

 1st project on LGAD fabricated in epitaxyal
wafers can be considered concluded.

 2nd project on thin LGAD detectors is in 
progress. Designing the mask.

 3rd project on LGAD detectors fabricated 
with Ga will be submitted in this workshop
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Thank you for your attention !!!!


