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R&D Examples – Material Defects
Radiation Damage of Epitaxial p-type Si – Schottky Diodes + pn Junctions
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Si wafers (6 inches) of different epitaxial doping levels each
• P type doped with different epitaxial doping levels

• 10 Wafers /each doping type



R&D Examples – New Structures/D-MAPs

3 Depleted Monolithic Active Pixels Sensors (DMAPS) designed so far
submission dates in timeline, chip delivery ~0,5-1 year later

All of them in LFoundry 150nm process

High resistivity substrates (up to ~2kOhm/cm)
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RD50-MPW1

RD50-MPW2

RD50-MPW3

2017 2018 2019 2020 2021 2022 + RD50-MPWx chips – Sensing diode

Cross-section

▪ Large fill-factor pixel

▪ PSUB layer isolates NWELL from DNWELL

▪ CMOS electronics in pixel area are possible

▪ Detector capacitance has 2 contributions

▪ P-substrate/DNWELL

▪ PSUB/DNWELL

▪ Total pixel capacitance

▪ RD50-MPWx ▪ ~250 fF

▪ Equivalent Noise Charge (ENC)

▪ RD50-MPWx ▪ ~50 e–

Total capacitance
50 µm x 50 µm pixel 
(RD50-MPW1)
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327-30 September 2021 – Oxford (virtual) E. Vilella (Uni. Liverpool) – VERTEX

Contributions
50 µm x 50 µm pixel 
(RD50-MPW1)

• 3 Depleted Monolithic Active Pixels Sensors (DMAPs) designed
• Submission dates in timeline, chip delivery ~0.5 – 1 year later

• All in LFoundry 150nm process

• High resistivity substrates (up to ~2 kOhm/cm)

CERN-RD50 CMOS Working Group
▪ CERN-RD50 collaboration

‒ Radiation hard semiconductor devices for very high luminosity colliders
‒ >400 people
‒ 64 institutes

▪ CMOS Working Group

‒ Programme to study and develop monolithic CMOS sensors with
o High radiation tolerance
o High granularity
o LFoundry 150 nm HV-CMOS

‒ Programme includes
o ASIC design
o TCAD simulations
o DAQ development
o Performance evaluation

‒ Involved resources
o >40 people
o 17 institutes

601.04.2022 – H6 Beam Line 2022 Users Meeting – Eva Vilella



R&D Examples – New Structures/LGADs
Study radiation effect on Gain Layer (GL) charge amplification
• LGAD and PiN diodes share the same layouts (4mm, 2mm, 1mm)

• Three different gain layer doses and energy 

• Fabrication completed at Teledyne-e2v (UK)

418/11/2021 Martin Gazi, 39th RD50 Workshop

Teledyne e2v LG AD project

• LGAD: Low Gain Avalanche Detector

• Targeting track timing resolution of approx. 30-50 ps over detector lifetime 
• Time resolution benefits from high slew rate -> increased by introducing internal gain

• Impact ionization in gain layer -> boron implantation (p+) 

• Pre-manufacture simulation done in TCAD

• University of Oxford, University of Birmingham, 
Open University, Rutherford Appleton Laboratory

6”  wafer

LGAD

Gain layer
Low Gain Avalanche Detectors (LGAD)
• Aim: Track timing resolution of ≈30-50 ps over detector lifetime 

• Boron implantation forms gain layer (p+) -> impact ionization

• Time resolution of LGAD benefits from high slew rate, which is increased by 
introducing internal gain G

22/06/2021 Martin Gazi, 38th RD50 Workshop 4

PiN diode LGAD

5

o The gain of our devices can be calculated by injecting charge via a 1064nm IR laser

o We do this for a range of bias voltages, and the output signal is then amplified by a Particulars AM-02 A RF amplifier and 

the signal is recorded. We integrate these signals and then take a ratio between the LGAD and PiN to calculate the gain 

(assuming the PiN has a gain of ~1)

o The plot on the right shows the gain for a 4mm LGAD from Wafer A. There is good agreement with our colleagues at RAL 

(green solid line) where an identical LGAD was tested under the same conditions

o Note that this LGAD is 4mm in size and has undergone thermal annealing after dicing. The LGAD's discussed in the rest 

of this talk are 1mm and have not undergone thermal annealing after dicing



R&D Examples – New Materials
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PCB holding up to 40 NRC 1x2 mm2 GaN devices, divided into 4 blocks.

Each block of 10 devices receives a different p fluence, up to 1e15 [cm-2] 

NRC 1x2 mm2 GaN HEMT layout

Each 1x2 mm2 chip contains 4 

HEMTs, differing in gate length

Vbias

NRC GaN Fabrication Process Radiation Hardness

Modified GaN HEMT structure as rad-hard sensor for ionizing 

radiation 
• GEANT4 simulations of 500 keV normally incident β-particles on a GaN

slab demonstrate sufficient energy deposition for detection

• TCAD simulations being performed on the modified GaN HEMT to 

investigate if gain can be achieved in a similar manner to that of LGADs

• Aim to irradiate some GaN HEMTs fabricated by NRC with 26MeV p up 

to fluences of 1015 [cm2] (TID  around 230Mrad [GaN]) to compare with 

previously irradiated Panasonic GanFETs used in Strips ITK



R&D Framework – CERN Collaborations

The RD50 CollaborationThe RD50 Collaboration
• RD50:  63 institutes and 370 members

3. June 2020 RD50 Spokespersonreport - M.Moll - G.Casse 2

50  European institutes
Austria (HEPHY), Belarus (Minsk), Czech Republic (Prague (3x)), 
Finland (Helsinki, Lappeenranta ), France (Marseille, Paris, Orsay), 

Germany (Bonn, Dortmund, Freiburg, Göttingen, Hamburg (2x), 

Karlsruhe, Munich(2x)), Greece (Demokritos), Italy (Bari, Perugia, Pisa, 

Trento, Torino), Croatia (Zagreb), Lithuania (Vilnius), Montenegro 

(Montenegro), Netherlands (NIKHEF), Poland (Krakow), Romania
(Bucharest), Russia (Moscow, St.Petersburg), Slovenia (Ljubljana), 

Spain (Barcelona(3x), Santander, Sevilla (2x), Valencia), Switzerland

(CERN, PSI, Zurich), United Kingdom (Birmingham, Glasgow, 

Lancaster, Liverpool, Oxford, Manchester, RAL)

8 North-American institutes
Canada (Ottawa), USA (BNL, Brown Uni, 

Fermilab, LBNL, New Mexico, Santa Cruz, 

Syracuse)

1 Middle East institute
Israel (Tel Aviv)

2 Asian institutes 
China (Beijing-IHEP, Hefei), India (Delhi)

3 new members 2019

Full member list: www.cern.ch/rd50

• 63 institutes, 370 members
• 50  European institutes
• 8 North American institutes

• 2  Asian institutes

• 1  Middle East institute

New!

An international collaboration that aims to provide radiation-hard 

semiconductor devices for future colliders


