
Michael Moll
CERN, Geneva, Switzerland

32nd RD50 Worskhop, Hamburg, 4-6. June 2018

Symposium in Honor of Dr.Eckhart Fretwurst

A brief history of the 
RD50 Collaboration

… in perspective of RD50 Hamburg team ..

OUTLINE: • RD50 Collaboration
 Institutes, researchers and organisation

 Achievements and outlook on activities

• Recent scientific results & Work Program 2018-2023
 Defect and Material Characterization

 Detector Characterization

 New Detector Structures

 Full Detector Systems

• Request to the LHCC



….how it all started!

•… out of my perspective (198x - 1999)

•…remember, 

I was still a young student in Hamburg

so, from the outside things might have looked different
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How did it all start?
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[1] Eckhart, we need to start 
R&D on radiation damage in 

silicon detectors.

[2] Good idea!
Let’s get started.

..but who will do all the 
measurements Gunnar?

[4] Hmm, I wonder who 
will teach and supervise 
all those students, help 
them if they don’t know 

how to go on ??

• Potentially like this: Jungiusstrasse, Hamburg, maybe rainy afternoon, around198x.

[3] Eckhart, don’t worry!
We will build a team with 

lots of students.

[Foto: R.Wunstorf ca.1988]



… and then ?
• ..and the next step potentially like this: equipping the lab.
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How to get 
the data?

How to 
equip the 

lab?

Uuuweeeee

Kein
Problem!

P.BuhmannP.Buhmann



…let’s do irradiation tests
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Generations of PhD students in Hamburg

• …working on the “Hamburg Model” 1987 - 2001
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Renate Wunstorf 1992

Torsten Schulz 1992

Henning Feick 1997

Michael Moll 1999

… and many, many 
diploma students.

Martin Kuhnke 2001

Look at that 
smile, I 

certainly 
had a good 

time!



Nukleare Messtechnik
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1994

1999 ..inspiring visitors

• Thank you Eckhart, thank you Gunnar 
and all the Nukleare Messtechnik team 

for the great years in Hamburg!



..we deserve a break now.

•“Karin is not around, 
let’s have a cigarette before we continue.”
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•…o.k. lets try again from another perspective: 
How did RD50 start?



R&D on radiation damage before RD50

• R&D on radiation damage

• RD2 – formed 1990

• RD48 – The ROSE 
Collaboration (1995-2000)

 23-24.10.2000 6th ROSE 
Workshop

• Last RD48 Workshop, 
discussions how to continue 
are starting…..
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http://rd48.web.cern.ch/RD48/

http://rd48.web.cern.ch/RD48/


2001/2002: The RD50 story begins
• 28-31 November 2001 “1st Workshop on Radiation hard semiconductor devices for 

very high luminosity colliders” [100 participants]
• 15 February 2002: Proposal submitted to the LHCC   

[proposal drivers & editors: C. Da Via, M.Moll, C.Joram, ]

• 25 February 2002: Formation of the Collaboration
47 members: 45 Institutes and 2 Industrial Partners 
 ….and the first official role within the collaboration goes to:
• Collaboration Board Chair: Dr.Eckhart Fretwurst

 Spokespersons: Mara Bruzzi (Florence) and Claude Leroy (Montreal)

• 14/15 March 2002:  Discussion of Proposal in LHCC closed session
• 15/16 May 2002: Proposal presented to the LHCC (open session)
• 30 May 2002: Proposal approved by Research Board and project defined as RD50
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Approval and Baptism

• 30 May 2002 : Research Board approves the proposal

 ..following the recommendation of the LHCC (Large Hadron Collider Committee) 
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Born in times of strong 
funding concerns for 
the LHC construction; 

guideline at CERN :
“O.k, you can spend 
some time on R&D, 

but don’t ask for 
resources and don’t 

take any visible role in 
an R&D collaboration”



The first RD50 Organigram
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LHCC presentation: May 2002 



RD50 Organigram 2018
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LHCC presentation: May 2018 



LHCC 2005LHCC 2005

RD50 success stories: p-type silicon

• 2002:  n-in-p segmented sensors: not mentioned in proposal

• 2004:  First “very encouraging” results on p-type strip sensors presented
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LHCC 2006 LHCC 2007

LHCC 2015

Today: For HL-LHC upgrades the 
trackers and the pixel will be based 

on n-on-p technology!



RD50 success stories: 3D detectors
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May 2014 – ATLAS IBL installed
…3D detectors are operating in the LHC



Success stories: Characterization tools

• Many tools and characterization techniques developed by RD50 … examples
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Success stories: LGAD sensors
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• Born out of RD50 “charge multiplication studies”



Success stories: Defect Characterization
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RD50 so far…    Main Achievements

• Development of the p-type silicon strip and pixel technology

• Double column 3D detectors and first industrialization at CNM and FBK

• Convincing demonstration of the performance of planar segmented sensors to the maximum 
fluences anticipated for the HL-LHC (3x1016 neq cm-2)

• Extensive evaluation of defect engineered Silicon and other semiconductor materials

• Observation and explanation of charge multiplication in highly irradiated sensors operated at 
high voltage

• Design and production of LGAD (Low Gain Avalanche Detectors) for 4D tracking

• Development of several unique characterization methods and systems for sensor and material 
analyses: Transient Current Technique (TCT), Edge-TCT, Two Photon Absorption (TPA)-TCT, 
Alivaba readout system and standardized measurement and analyses procedures, partly now 
marketed through spin-off companies

• Defect characterization: identification of defects responsible for the degradation of various 
detectors parameters defining the state of the art in the corresponding solid state community

• Data collection and development of damage parameters/models essential for sensor design 
(TCAD parameters) and for planning the running scenarios of LHC experiments and their 
upgrades (evolution of leakage current, CCE, power consumption, noise,….)

• Close links to the LHC experiments (upgrades and operation)
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….producing publications (e.g. 2005)

• RD50 produced long articles: Eckhart consumed 3 pages for the title and abstract
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• …plus typo:

S-LHC (Super – LHC)
….became 

HL-LHC (High Lumi – LHC)



32 Workshops

• 2 Workshops per year: One at CERN in November and one outside in summer

• The R&D highlights of the year  ..and a lot of fun.
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June 2018
Hamburg



RD50 - May 2004 - Geneva

M.Moll, Symposium in Honor of Dr.Eckhart Fretwurt, June 2018 -24-



RD50 - Prague - 2006
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.. RD50 budget holder    



RD50 - Vilnius - 2007
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.. with cake and press conference at the Center of Europe 



RD50 - Ljubljana - 2008
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RD50 - Freiburg - 2009
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RD50 - Barcelona - 2010
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The RD50 Collaboration

• RD50:  59 institutes and 345 members…

… forming a COLLABORATION! 
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The RD50 community brings together:
solid state physicists; device physicists; 

experts of radiation-matter interactions; 
high energy physicists; electronics system designers;

ASICs designers; sensor foundries. 

This community has learned to work towards common goals developing 
methods, tools and standards that are world reference for the domain. 

This vast expertise is an unsurpassed basis for continuing research 
towards sensor solution for future challenges.



RD50 Tomorrow

• 5 year work plan submitted to LHCC on 31.May 2018

 ….just in time for the 1.6.2018 (…a special day, Eckhart’s Birthday, see next slide).
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https://cds.cern.ch/record/2320882/files/LHCC-SR-007.pdf

https://cds.cern.ch/record/2320882/files/LHCC-SR-007.pdf


Dr. Eckhart Fretwurst
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