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Belarus (Minsk), Belgium (Louvain), Canada (Montreal), Czech Republic (Prague (2x)), Finland (Helsinki, 
Lappeenranta), Germany (Berlin, Dortmund, Erfurt, Hamburg, Karlsruhe),  Israel (Tel Aviv), Italy (Bari, Bologna, 

Florence, Padova, Perugia, Pisa, Trento, Trieste, Turin), Lithuania (Vilnius), Norway (Oslo (2x)), Poland (Warsaw), 
Romania (Bucharest (2x)), Russia (Moscow), St.Petersburg), Slovenia (Ljubljana), Spain (Barcelona, Valencia), 

Switzerland (CERN, PSI), Ukraine (Kiev), United Kingdom (Exeter, Glasgow, Lancaster, Liverpool, Sheffield, University 
of Surrey), USA (Fermilab, Purdue University, Rochester University, Rutgers University, SCIPP Santa Cruz, Syracuse 

University, BNL, University of New Mexico)

The CERN RD50 Collaboration
http://www.cern.ch/rd50

• Approved as RD50 by CERN in June 2002

• Main objective:

252 Members from 50 Institutes

Development of ultra-radiation hard semiconductor detectors for the luminosity upgrade

of the LHC to 1035 cm-2s-1 (“Super-LHC”).

Challenges: - Radiation hardness up to 1016 cm-2 required

- Fast signal collection (Going from 25ns to 10 ns bunch crossing ?)

- Low mass (reducing multiple scattering close to interaction point)

- Cost effectiveness (big surfaces have to be covered with detectors!)

RD50: Development of Radiation Hard Semiconductor Devices for High Luminosity Colliders



The CERN RD50 in 2004

Barcelona CNM, Bari INFN & University , Berlin IKZ, Brookhaven National Laboratory, Bologna University, Bucharest NIMP, Bucharest

University, CERN, Dortmund, CiS Erfurt, Exeter University, Fermilab, Florence INFN and University, Glasgow University, Hamburg University,

Helsinki HIP, Ioffe St. Petersburg, ITE Warszawa, ITME Warszawa, Karlsruhe University KINR Ukraine, Lancaster University, Lappeenranta

University of Technology Finland, Liverpool University, University of Ljubljana, Institut de Physique Nucléaire Louvain, Minsk Belarusian

University, Montreal University, Moscow ITEP, University of New Mexico, University of Oslo, Padova INFN & University, Perugia INFN and

University, Pisa INFN and University, Prague Academy Institute of Physics, Charles University Prague, Prague CTU, Paul Scherrer Institut

Villigen, Purdue University, University of Rochester, Rutgers University, Santa Cruz Institute for Particle Physics, University of Sheffield,

SINTEF Oslo, University of Surrey, Syracuse University, Tel Aviv University, University of Torino, Trento ITC-IRST Microsystems Division,

Trieste INFN and University, Valencia IFIC, Vilnius University

52 Institutes   - 254 participants



Optimization of silicon tracking detectors 
working at low T ≈ 130K 

1999-2013
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1990-2004

H. Kagan, (P. Weilhammer) W. Trischuk

1995 - 2000 

1994 - F.Lemeilleur, 

G.Lindstroem, 

S.Watts

large-area silicon tracking detectors 
may be used at LHC 

First WBG under study at CERN

A DIAMOND IS FOREVER

T.Niinikoski, J. Harkonen

2002 - 2023 

E.Heijne

2001 - 2010 

M. Bruzzi 2002-2009, 

M. Moll 2005 -

G. Casse 2012 -

Brief history of CERN RDs





THE ROSE COLLABORATION 



PROPOSAL FOR FURTHER WORK ON RADIATION HARDENING OF SILICON DETECTORS

The ROSE Collaboration (R & d On Silicon for future Experiments)

Co-Spokespersons: Francois Lemeilleur, Gunnar Lindstroem, Steve Watts

• Brookhaven National Laboratory, USA H. W. Kraner, Z. Li

• Brunel University, UK A. Holmes-Siedle, I. Hopkins, J. Matheson, M. Solanky, S. Watts

• Institute of Nuclear Physics and Engineering, Bucharest, Romania A. Vasilescu

• Institute of Physics and Technology of Materials, Bucharest, Romania T. Botila, D. Petre, I. Pintilie, L. Pintilie

• University of California, Dept. of Materials Science, Berkeley , USA E. Weber

• University of Catania, Italy S. Albergo, R. Potenza

• Dortmund University, Germany C. Becker, A. Rolf, R. Wunstorf

• CERN, ECP Division, Switzerland G.L. Casse, B. Dezillie, M. Glaser, F. Lemeilleur, C. Leroy

• CERN, PPE Division, Switzerland S. Roe, P. Weilhammer

• Universita di Firenze, Italy U. Biggeri, E.Borchi, M.Bruzzi, E.Catacchini, E. Focardi, G. Parrini

• Hamburg University, Germany H. Feick, E. Fretwurst, G. Lindstroem, M. Moll

• Imperial College, University of London, UK. B. MacEvoy, G. Hall

• INFN, Pisa, Italy. R. Dell'Orso, A. Messineo, G. Tonelli, P. Verdini, R. Wheadon

• Kings College, University of London, UK G. Davies

• Institute for Nuclear Research, Kiev, Academy of Sciences, Ukraine P. Litovchenko

• Max Planck Institute, Munich, Germany G. Lutz, R.H. Richter

• Universita di Padova, Italy N. Bacchetta , D. Bisello, A. Giraldo

• Czech Technical University of Prague, Czech Republic S. Pospisil, B. Sopko

• PSI, Switzerland K. Gabathuler, R. Horisberger

• Laboratory of Non-Equilibrium Processes in Semiconductors, Ioffe Physico-Technical Institute, St. Petersburg, Russia

V. Eremin, E. Verbitskaya

• University of New Mexico, USA J.A.J. Matthews, S. Seidel

• University of Perugia, Italy P. Bartalini, G.M. Bilei, P. Ciampolini, D. Passeri, A. Santocchia

• Institute of Nuclear Physics Demokritos , Greece G. Fanourakis, D. Loukas, A. Markou, I. Siotis, S. Tzamarias, A. Vayaki

CERN/LHCC 96-23

P62 / LHC R&D

THE ROSE COLLABORATION 
CERN RD48

23 April 1996 
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Radiation Damage – A microscopic view
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Defect and material characterization



Si - Vacancy related point-defects: The A centre

oxygen-doped silicon dominant centers of vacancy capture may be
isolated interstitials Oi and trapping results in the formation of the
V-O centre, so-called A centre

EA =0.18eV

Ev

Ec

V-O

V-O defect ( A centre)

Watkins, Corbett: 
Phys.Rev.,121,4, (1961),1001

Doped Si - Vacancy related point-defects: The E centre
shallow dopants trap vacancies creating deep defects

→ carrier removal
→ intrinsic after
heavy irradiation

P-V    (E centre )
Oxygen: as interstitial, up to 1018cm-3 in Cz Si, (in Float Zone
[Oi]~1015cm-3), electrically inert.

It may give rise to shallow thermal donors (TDs) small clusters of
atoms formed at the early stages of oxygen aggregation, if [Oi]~
1017cm-3 or higher.

Ec

EE=0.4eV

Ev

Ec cn
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P P-V

n-type intrinsic

Borchi, Bruzzi, Li Pirollo, IEEETNS 47, 2000



Point-defects involving more than one vacancy

V2, V2O, V3O etc..

Divacancy V2

V2O

Lee, Corbett: Phys.Rev.B,13,6, (1976),2653

10 MeV protons           24 GeV/c protons           1 MeV neutrons

[Mika Huhtinen NIMA 491(2002) 194]

.. And CLUSTERS

Initial distribution of 
vacancies in  (1m)3

after 1014 particles/cm2







============================================================= 

First Announcement of the "1st Workshop on Radiation Hard Semiconductor Devices for Very High Luminosity Colliders" 

held at CERN, 28-30 November 2001 

http://cern.ch/ssd/ 

============================================================= 

The detector developments for the Large Hadron Collider (LHC) at CERN have pushed the present day tracking detectors to 

the very edge of the current detector technology with respect to radiation hardness and readout speed. However, in future high 

luminosity hadron colliders the innermost semiconductor-based particle trackers will face even higher radiation levels with 

charged hadron fluences well above 5x1015 particles/cm2. 

So far only few experiments have been performed in this fluence range and it seems obvious that the present-day technology 

has to be improved with respect to radiation tolerance in order to be fully operational in future colliders.

Cinzia, Christian, Michael

====================================================================== 

Workshop topics: 

- High luminosity colliders and their requirements

- New device structures

- Defect engineered silicon 

- Operational conditions

- Other semiconductor detectors 

- Simulations
=========================================================================== 

Towards a new COLLABORATION : RDXX

1st Workshop on Radiation hard semiconductor devices for very 
high luminosity colliders at CERN -- 28-30 November 2001

What’s New ?

❑ P-type Si
❑ Cz Si   
❑ Thin sensors
❑ 3D ( columnar sensors )
❑ (WBG) SiC, GaN

https://ssd-rd.web.cern.ch/rd/


Silicon 3D radiation sensors: general characteristics; irradiation test results

Sherwood Parker and Christopher Kenney (LBL Berkeley,USA)



The 2017 High Energy and Particle Physics Prize of the EPS for an 
outstanding contribution to High Energy Physics is awarded to Erik H.M. 
Heijne, Robert Klanner, and Gerhard Lutz “for their pioneering contributions 
to the development of silicon microstrip detectors that revolutionised high-
precision tracking and vertexing in high energy physics experiments.”





n-on-p silicon, under-depleted:

•Limited loss in CCE

•Less degradation with under-depletion

•Collect electrons (fast)

n+on-p

p-type silicon after high fluences:

reality is more complex (e.g. double junction)!



WBG == no leakage current !!



Jaakko Härkönen

Panja Luukka and Jaakko

Eija Tuominen



Epitaxial SiC Schottky barriers 

for radiation and particle detection

M. Bruzzi, M. Bucciolini, R. D'Alessandro, S. Lagomarsino, S. Pini, S. Sciortino

INFN Firenze - Università di Firenze

F. Nava INFN Bologna – Università di Modena

M. Bruzzi - 1st RD50 Workshop CERN 2-4 October, 2002

Property Diamond 4H SiC Si

Bandgap [eV] 5.5 3.3 1.12

Breakdown Field [V/cm] 10
7

4·10
6

3·10
5

Electron mobility [cm
2
/Vs] 1800 800 1450

Hole mobility [cm
2
/Vs] 1200 115 450

Saturation velocity [cm/s] 2.2·10
7

2·10
7

0.8·10
7

Effective atomic number Zeff 6 ~10 14

Dielectric constant r 5.7 9.7 11.9

e-h creation energy [eV] 13 8.4 3.6

minority carrier lifetime [s] 10
-9

5·10
-7

2.5·10
-3

Wigner Energy [eV] 43 25 13-20





LHCC minutes: “The Committee considers that the proposed experimental 
programme is sound and that the results of the R&D would be important 
for future high luminosity colliders, including an upgraded LHC. 

However, the Committee asks the Collaboration to present a clearer and 
simpler organizational structure that will see through the main lines of 
R&D of the overall programme and that will include the assignments of 
individuals to particular tasks. “







Abe Seiden and Hartmut Sadrozinski
from the SCIPP archives

2013

2007

SiC



In-one

2006





RD50 Workshops (cern.ch)

Cheers from old fellows looking forward to
enjoy future collaboration together ! 

https://rd50.web.cern.ch/workshops/default.html

