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Overview of CNM LGAD results 

with B, Ga and C diffused Si-on-Si and epitaxial wafers



Outline

ÅMotivation

ÅRadiation damage

ÅCNM LGAD technologies (Si-on-Si and low resistivity epitaxial wafers)

ÅLGAD performance 

o Electrical characterization (IV/CV)

o Auto-triggering measurements Ÿ define operating voltages 

o Beta source measurements for single pad sensor

- Collected charge

- Time resolution

o Transient Current Technique (TCT) measurements

- Inter-pad (IP) gap on 2×2 LGAD arrays 

- Gain on single pad sensors

ÅSummary and outlook
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Motivation

ÅLow Gain Avalanche D iode (LGADs) sensors 

o Originally developed by CNM to explore the possible improvement towards radiation 

hardness (through charge multiplication)

o Later proposed for timing applications

- Achieving a time resolution of about 30 psbefore irradiation

ÅInterest to study LGADs and their performance at high fluences beyond 10 15 neq/cm 2

o Performance remains challenging due to degradation of the gain layer

o Investigate new doping materials (B, Ga), substrates and new geometries

o Deliver thin sensors providing good time resolution, fine segmentation, radiation hardness

ÅATLAS and CMS experiments have chosen the LGAD technology for the H igh 

Granularity T iming Detector (HGTD) and for the End-Cap T iming Layer (ETL)

o ATLAS : 4 fC at 2.5×1015 neq/cm2 at (max) 600 V, 50 pstime resolution (talk)

o CMS : 10 fC at 1.5×1015 neq/cm2 at (max) 600 V, 50 pstime resolution (talk)
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https://indico.cern.ch/event/797047/contributions/4455187/
https://indico.cern.ch/event/861104/contributions/4514661/


Radiation damage

ÅSilicon pixel detectors are especially important for the precise determination of tracks and 
vertices, enabling the selection of interesting events through the identification of b-jets (b-tagging)

ÅParticle accelerators are improved to further probe the energy frontier delivering higher energies 
and increasing the number of collisions per unit time

ÅAt High Luminosity LHC (HL-LHC):

o The number of collisions per bunch crossing will be increased 

o The instantaneous luminosity will be approximately a factor of ~5 higher than the LHC nominal values

o Several LHC experiment sub-systems will require an upgrade in order to cope with the high rate, hit 
occupancy and radiation environment

ÅTwo main types of radiation damage:

o Bulk damage due to Non Ionizing Energy Loss (NIEL)

- Effective doping concentration, acceptor removal, leakage current, trapping

o Surface damage due to Ionizing Energy Loss (IEL)

- Accumulation of positive charge 

ÅNew solutions have to be found for the silicon sensors and 
the associated front-end electronics
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CNM LGAD technologies

ÅCNM Run 10478 B, B+C, 

10924 Ga (2017-2018)

o 50 µm active thickness

o 4ó Si-on-Si wafers

o W4 B: ὠ σͯψὠȟὠ τͯςὠȟὠ ρͯσπὠ

o W5 B+C: ὠ σͯψὠȟὠ τͯςὠȟ

ὠ ρͯρπρτπὠ

o W6 Ga:
ὠ σͯς φτὠȟὠ τͯπ ψπὠȟὠ ρͯτπὠ

o Expected gain higher than 20

o B dose: 

1.5×1013 at/cm2

o Ga dose: 

6×1013 at/cm2

ÅCNM Run 12916 AIDA2020

o 50 µm active thickness

o Si-on-Si wafers

o ὠ σͯψὠȟὠ τͯςὠȟὠ ψͯυὠat 

room temperature

o B dose: 1.8×1013 at/cm2

ÅCNM Run 13002 EPI (2021)

o 6ó epitaxial wafers

o 55/525 µm

o Substrate resistivity = 0.001-1 Бcm

o Epi-layer resistivity ~ 200 Ýcm 

o ὠ σͯπὠȟὠ σͯυὠȟὠ τͯππὠat

room temperature

o B dose: 2×1013 at/cm2
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talk@30th and talk@32nd RD50 Workshop talk@37th RD50 Workshop talk@RD50 Workshop

https://indico.cern.ch/event/637212/contributions/2608652/
https://indico.cern.ch/event/719814/contributions/3022492/
https://indico.cern.ch/event/896954/contributions/4106303/
https://indico.cern.ch/event/896954/contributions/4106303/


Electrical characterization 
(I-V room temperature)
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Electrical characterization
(C-V room temperature)
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