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• Radiation-hard semiconductor devices in the R&D forefront
of sub-atomic physics community for 25 years
• Led to construction of Si tracking detectors at the LHC and HL-LHC

• Focus shifting to meet the technology challenges for future colliders
beyond the HL-LHC
• ILC, CLIC, FCC-ee, CEPC, FCC-hh,…

• Extremely high radiation levels close to collision points
• Will exceed 1017 neq/cm2.

• Poses major challenges on semi-conductor technology
• Material quality (defects, doping, radiation effects,…)
• New materials beyond Si (which may reach its limitations)
• Understand physics of radiation damage

• And develop microscopic physics models
• Sensor design, detector layouts, readout ASICs, data handling,…

2020 Update of European Strategy:
“Need to maintain a strong focus on detector R&D to be able to prepare 

and eventually realize experimental research programs.”
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R&D Aspects for Radiation-Hard 
Semiconductor Devices I

Theme 1: Radiation induced material defects, modelling, device characterization (Si)
• Calculate defect kinetics and the corresponding device parameters

• Inform dedicated models for defect generation and evolution of clusters
• Assess the role of intentionally added impurities and identify optimal impurity concentrations
• Initiate and perform irradiation campaigns, short and longer-term annealing studies

• Provide input to the models being developed
• Fabricate and test progressively more complex device structures using new defect engineered material

• E.g., epitaxial wafers of various doping concentrations
• Develop a sustained program of macroscopic properties measurements

• I-V characteristics, charge collection efficiencies,…
• Improve on the device characterization through the introduction of advanced experimental techniques

• DLTS methods, Two-Photon Absorption (TPA), Edge-TCT techniques,…
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• Improve on the device characterization through the introduction of advanced experimental techniques

• DLTS methods, Two-Photon Absorption (TPA), Edge-TCT techniques,…

Theme 1 builds on the extensive infrastructure developed in Canada for the ATLAS-ITk project
• Leverages on the very significant CFI, NSERC and TRIUMF investment
• Ensures the continuous use of the developed infrastructure/equipment beyond the timescale of the ITk project
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Signific
ant overlap with the ATLAS-IT

k operational needs

• Detector aging, ra
diation damage, performance deterioration

• Detector re
sponse sim

ulation/digitiz
ation, event re

constru
ction performance
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R&D Aspects for Radiation-Hard 
Semiconductor Devices II

Theme 2: New device structures and materials
• Evaluate slim edge sensor designs for homogeneous signal readout
• Participate in the design, modelling and prototyping of sensors with intrinsic gain

• Low Gain Avalanche Detectors (LGAD)
• Couple spatial to temporal resolution to improve performance under high pileup conditions

• Design, modelling and fabrication of HV-CMOS monolithic large area devices
• Evaluate performance with integrated radiation dose, high occupancy, process speed
• Fabricate HV-CMOS monolithic large area demonstrator

• Study the feasibility of new GaN-based radiation-hard devices
• Contribute to the deployment of the Timepix-3 detector in the ATLAS experiment

• Measure luminosity and induced radioactivity
• Contribute to the development of the Timepix-4 chips

• Eventually to be deployed/tested in the HL-LHC

Theme 2 R&D to be pursued in parallel with that outlined in Theme 1 
• Leverages on new collaboration with NRC
• Could allow for exploration of commercial/industrial applications
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R&D Examples – Material Defects
Radiation Damage of Epitaxial p-type Si
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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
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R&D Examples – New Structures
LGAD Project, study radiation effect on Gail Layer (GL) charge amplification
• LGAD and PiN diodes share the same layouts on each split
• Three different gain layer doses and energy 
• Fabrication expected July 2020

*
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R&D Examples – New Materials

1e12 1e13

1e151e14

HV

GND

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
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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
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Knowledge Transfer
Accelerating Innovation

CERN Technology Portfolio

A pixel detector read-out chip for X-ray imaging and particle track 
reconstruction developed by the Medipix3 Collaboration.
  

Timepix3 is a general-purpose integrated circuit suitable for readout of both 

semiconductor detectors and gas-filled detectors. Timepix3 can be used in a wide 
range of applications varying from X-ray imaging to particle track reconstruction. 
Depending on the application requirements, users can choose one out of three 

data acquisition modes available in the Timepix3. In the data driven mode both 
arrival-time information and charge deposit information are sent off chip for each 
hit together with the coordinates of the active pixel. The chosen architecture allows 
for continuous and trigger-free readout of sparsely distributed data with the rate up 
to 40 Mhits/s/cm2.
For imaging applications and for calibrations, the possibility exists of operating in 

frame-based (non-continuous) data read-out mode.

CONTACT PERSON

aurelie.pezous@cern.ch

Find out more at:
kt.cern

TIMEPIX3

FEATURES

•	 Pixel	size	55μm	x	55μm.
•	 256 x 256 pixels.
•	 Timepix3 is suitable for read-out of both semiconductor 

detectors	and	gas-filled	detectors.
•	 Single thresholds per pixel each with 4 bits of local 

adjustment.
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•	 TSV ready.
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•	 Particle track reconstruction.
•	 Timepix3 is suitable for readout of both semiconductor 

detectors	and	gas-filled	detectors.
•	 Electron microscopy.
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Carleton University Coding
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� Carleton University Coding Boot Camp …
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E. G. Villani 
STFC Rutherford Appleton Laboratory

Update on Radiation damage investigation of 
epitaxial P- type Silicon using Schottky/PN 

junctions
LGAD – GaN activities

E.G.Villani,  36th RD50 Workshop, CERN
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Qualification of the Hybrid to Sensor Epoxy for ATLAS ITk
Tony Affolder1, Vitaliy Fadeyev1, Cole Helling1, Forest Martinez-Mckinney1, Serguei Kachiguin1, Luise Poley2, Nicola Pacifico3, Marcela Mikestikova4, Kazu Hara5, Vladimir Cindro6, Sven Wonsak7

1: University of California Santa Cruz 2: Lawrence Berkeley National Lab 3: CERN 4: Prague 5: Tskuba 6: Ljubljana 7: Liverpool
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Charles University
(/university/charles-university)

Czech Technical University in Prague
The Czech Technical University in Prague (CTU) is one of the biggest and oldest
technical universities in Europe.

— cvut.cz

Masters at the Czech Technical University in Prague

 Engineering & Technology (1)
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The Czech Technical University in Prague belongs to the top 500 universities in the world and the top 250
universities in Europe.

Ranking Year
Rank 
(in the world)

Rank 
(in Europe)

Times Higher Education World University Rankings 2020 801 362

QS World University Rankings 2020 498 215

Shanghai Jiao Tong Academic Ranking of World Universities 2019 701 274

Check out the 17 best universities in the Czech Republic (/best-universities/czech-republic)
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programmes



Study at the Czech Technical University in
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Prague, Czech Republic
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top 100 university (THE, QS), with
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courses in the UK. The University’s

international community of over
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to spend study time overseas.

The University's undergraduate

honours degrees in arts, social

sciences and science o_er the

flexibility to study several subjects

before choosing a

specialism. Their taught Masters

programmes follow a set structure,

usually over 12 months. 

Their graduates are highly sought

after both in the UK and overseas.

95.9% of students are in

employment or further study within

6 months of graduation.

International

Canadian
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Researchers

Name Institution FTE
Nigel Hessey TRIUMF 0.5

Fabrice Retiere TRIUMF 0.05
Bernd Stelzer SFU 0.1

Matthias Danninger SFU 0.1
Alison Lister UBC 0.05
Claude Leroy UdeM 0.25

Richard Teuscher UoT /IPP 0.1
Nikolina Ilic UoT/IPP 0.2
Claire David York 0.1

Thomas Ko↵as Carleton 0.35
Razvan Gornea Carleton 0.1
Dag Gillberg Carleton 0.05
Ryan Gri�n Carleton/NRC 0.1
Garry Tarr Carleton 0.1

Table 1: Grant Eligible Researchers.

7

• 14 researchers from 8 institutes, 2.15 FTE

• Strong overlap with the ATLAS-Canada ITk research teams
• Inherit/share ITk infrastructure
• Build on ITk expertise in Canada

• Strong research ties with ITk-Canada effort
• Research also beneficial to ITk operations/performance
• Large fraction of FTE shared with ITk-Canada effort

• Large number of younger physicists
• Half of the people listed hired in the last 5 years
• Not surprising given scope of proposed R&D

• Large number of physicists attracted from abroad
• Some with strong ties to international partners
• Enhanced ability to attract international HQP
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HQP
Expected HQP training:
• 2 RA/post-doc FTEs
• 4-5 graduate students

• Potentially shared projects with ATLAS-ITk
• MRS-funded technical personnel
• TRIUMF Science/Technology Dept. personnel

HQP (being) trained on radiation-hard technologies:
• 9 Ph.D. students; 7 M.Sc. students
• 7 RAs
Long list of valuable training skills:
• Semi-conductor device physics; material science
• Semi-conductor device layout design; TCAD modelling
• Semi-conductor device fabrication processes
• FPGA programming; DAQ techniques; ASIC logic verification/simulation

HQP will acquire high value-added skills valued by industry
offering career options beyond the academia
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Outlook: FCC-ee/hh Program

FUTURE CIRCULAR
COLLIDER STUDY

EXPANDING
OUR HORIZONS

Contact

E-mail address:   fcc.office@cern.ch

Postal address:   FCC Office
    Mailbox M22100
    CERN - CH1211
    Geneva, Switzerland

Telephone:   +41 22 767 4058

Fax:    +41 22 766 9731

Further information

fcc.web.cern.ch

This project receives funding from the European Union’s Horizon 
2020 research and innovation programme under grant 654305.
The information herein only reflects the views of its authors.

FUTURE CIRCULAR
COLLIDER STUDY

Eur  CirCol

� s� &UTURE�#IRCULAR�#OLLIDER��&##	
  Circumference: 90 -100 km
  Energy: 100 TeV (pp) 90-350 GeV (e+e-)

 s� ,ARGE�(ADRON�#OLLIDER��,(#	�
� � ,ARGE�%LECTRON
0OSITRON�#OLLIDER��,%0	
  Circumference: 27 km
  Energy: 14 TeV (pp) 209 GeV (e+e-) 

 s� 4EVATRON
  Circumference: 6.2 km
  Energy: 2 TeV (pp)

Education, Communication and Outreach Group
April 2016
CERN-Brochure-2016-003-Eng

The aim of the Future Circular Collider (FCC) study is to develop a conceptual 
design for a post-LHC particle accelerator infrastructure in a global context.

Expanding our understanding of the fundamental laws of nature requires the 
energy frontier to be pushed much further. Reaching this goal within the 21st 
century in an economic and energy efficient way calls for a large circular collider.

The study is a direct response to a high-priority request from the 2013 update of 
the European Strategy for Particle Physics which stipulated that:“CERN should 
undertake design studies for accelerator projects in a global context, with 
emphasis on proton-proton and electron-positron high-energy frontier machines. 
These design studies should be coupled to a vigorous accelerator R&D programme, 
including high-field magnets and high-gradient accelerating structures, in 
collaboration with national institutes, laboratories and universities worldwide.”

This is in line with the recommendations of the United States’ Particle Physics 
Project Prioritization Panel (P5) and of the International Committee for Future 
Accelerators (ICFA).

The international FCC collaboration, hosted by CERN, brings together, as of March 
2016, more than 70 institutes from around the globe. It is open to universities, 
laboratories and research centres of scientific excellence, as well as to high-tech 
companies. This set-up forms the core of a globally coordinated strategy of actions 
designed to converge towards a single vision. 

By the end of 2018, the FCC collaboration will deliver a conceptual design report, 
together with preliminary cost estimates and feasibility assessments.

The conceptual design report and an active R&D portfolio of new technologies 
developed in collaboration with leading research institutes and industries will lay 
the foundations for the implementation of a future collider.

• Particle physics community gradually shifting focus towards the post-LHC era
• Ample physics motivation:

• Uniquely map properties of Higgs and EW gauge bosons
• Improve discovery reach of new particles at highest mass
• Improve sensitivity to elusive phenomena at low mass
• Facilitate search for Dark Matter
• Probe energy scales beyond direct kinematic reach

• Physics program implementation requires development of new technologies
• Transition of radiation-hard R&D to new tracking detector development

• Focus R&D to specific experimental challenges:
• Tracking detector layout
• Sensor design, granularity, material budget
• Optimize detector sensitive area
• Optimize detector coverage
• DAQ architecture to cope with high data rates
• On-detector readout electronics
• Performance tailored to physics program needs

Normal development/construction cycle
of an approved particle physics experiment
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Exploitation of Timepix
Detector Capabilities for
Imaging in Ion Beam
Radiotherapy

By Mária Martišíková

a  German Cancer Research Center (DKFZ), Heidelberg, Germany

b  Heidelberg Institute for Radiation Oncology (HIRO)
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Societal and Economic Impact
Numerous applications with potentially significant economic impact:

• Material fabrication technology, optoelectronics, deep space exploration, nuclear technology, medicine
• Established connection with Timepix/Medipix efforts, one of CERN’s technology transfer vehicles

EXAMPLE: International Space Station
• Monitor radiation environment of space station
• 5 Timepix sensors into laptop USB ports!

2019-09-08, 1)01 PMTimepix at the International Space Station | Medipix

Page 1 of 2https://medipix.web.cern.ch/projects/timepix-international-space-station

Timepix at the International
Space Station

In 2012 the Timepix chip arrived at the International Space Station. This was the culmination

of efforts by collaboration members at the Institute of Experimental and Applied Physics in

Prague and the University of Houston, Texas, to use the chip for monitoring the radiation

environment of the station. Five chips were plugged into the USB ports of the station laptops

and immediately started delivering data to the Earth-based team in Houston. This team is

now carefully analysing the data and comparing it with data from the more conventional but

rather bulky area-monitors.
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EXAMPLE: Ion Beam Radiotherapy Imaging
• Requires new methods of radiation dose measurement

• Single-particle tracking, energy deposition, particle type sensitivity

• System of Timepix detectors put together
• Assembly very similar to ATLAS-ITk
• Measure deposition of single ion energy
• Allows for high-contrast images

Credit: Airbus Industries

EXAMPLE: NavCam System, JUICE
• Harsh radiation environment to survive for 11 years
• Fluences within 2 orders of magnitude of LHC!
• Total integrated dose could exceed 1MRad
• Knowledge transfer between CERN-ESA

GaN
Devices
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Summary
• International physics community gradually shifting its focus to the post-LHC era

• Excellent opportunity for Canadian sub-atomic physics to join international detector R&D efforts from early on
• Builds on infrastructure and knowledge gained during the ATLAS-ITk project

• Ensures continuous use of >$24M investment by Canadian funding agencies, universities and TRIUMF
• Ample scope to develop robust R&D efforts on radiation-hard semi-conductor devices

• Theme 1 focuses on Si pushing its capabilities and understanding its limitations
• Of major importance on ITk operations and for predicting its long-term performance

• Theme 2 investigates new materials and device structures to overcome challenges of future colliders
• Aim to reach fluences at 1017 neq/cm2 where Si may actually fail

• Enhance Canadian presence at CERN in international collaborations other than ATLAS
• By participating in the RD50 collaboration and the Medipix/Timepix collaborations

• Allows for Canadian participation in major future CERN collider projects
• FCC-ee and FCC-hh whose combined program will cover the next seven decades

• Provides for HQP to participate in R&D on cutting-edge technologies
• New knowledge creation with wide range of economic and industrial applications
• Skill development of immediate use in modern knowledge-based economy

• Unique example of basic science research with wider societal and economic impact


