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A brief history of the
RD50 Collaboration

... in perspective of RD50 Hamburg team ..
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|
5050 ....how it all started! @N

°... out of my perspective (198x - 1999)

e ...remember,

| 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?

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

[4] Hmm, | wonder who
will teach and supervise
all those students, help
them if they don’t know
how to go on ??

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

[2] Good idea!
Let’s get started.
..but who will do all the
measurements Gunnar?

[1] Eckhart, we need to start
R&D on radiation damage in
silicon detectors.

[Foto: R.Wunstorf ca.1988] M.Moll, Symposium in Honor of Dr.Eckhart Fretwurt, June 2018 -3-



... and then ?

the data? lab?

Uuuweeeee

Kein
Problem!
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- liquig Nitrogen 3y around

.. Open transport in the trunk of our car
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Generations of PhD students in Hamburg @

* ...working on the “Hamburg Model” 1987 - 2001

Systematische Untersuchungen zur
Strahlenresistenz von Silizium-Detektoren

fiir die Verwendung in of Damage Effects and Corresponding
Hochenergiephysik-Experimenten

Investigation on the Long Term Behaviour

Defects in Detector Grade Silicon

Renate Wunstorf 1992 ) after Neutron Irradiation

Torsten Schulz 1992

Radiation Tolerance of Silicon Particle
Detectors for High-Energy Physics
Experiments

Henning Feick 1997

Look at that
smile, |

S'llf{adlalit']m;' [l)aIBa%e ltn @ 5a certainly
111con articie eteciors had a gOOd
— microscopic defects and macroscopic properties — 3 time!

Michael Moll 1999

Microscopic Investigations
on various Silicon Materials
Irradiated with different Particles

with the DLTS Method _and many, many

diploma students.

Martin Kuhnke 2001
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Nukleare Messtechnik

* Thank you Eckhart, thank you Gunnar
and all the Nukleare Messtechnik team
for the great years in Hamburg!

v, | ‘n J,‘
1999 ..inspiring visitors

M.Moll, Symposium in Honor of Dr.Eckhart Fretwurt, June 2018 -7-



,RDSO ..we deserve a break now. @

*“Karin is not around,
let’s have a cigarette before we continue.”

®...0.k. lets try again from another perspective:
How did RD50 start?
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The ROSE Collaboration
* R&D on radiation damage CERN - RD48

* RD2 - formed 1990 ROSE

Research and development
On Silicon for future Experiments

°* RD48 — The ROSE
CO"aboratiOr\ (1995'2000) RD48 Spokespersons:

Dr. Francois Lemeilleur
Prof Dr. Dr. he. Gunnar Lindstrém
Prof Dr. Stephen J. Watts

ROSE representative at CERN:
Dr. Michael Moll

= 23-24.10.2000 6" ROSE
Workshop

* Last RD48 Workshop,
discussions how to continue
are starting.....

About ROSE

http://rd48.web.cern.ch/RD48/
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0 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:
e 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

dthI] of
emlco nduct, hdecf)lla
vie

COIllde,.s”
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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)

MINUTES OF THE 159th MEETING OF THE RESEARCH BOARD
HELD ON THURSDAY, 30 May 2002

3. REPORTS AND MATTERS ARISING FROM THE LHCC MEETING OF
15-16 MAY 2002

M. Calvetti reported on the 58" meeting of the LHCC.

He also described a new R&D proposal [10] that intends to develop semiconductor devices
that could operate at hadron collider luminosities as high as 10** ¢cm™® s™'. The LHCC
estimated that the proposed programme of research is sound and therefore recommended
approval of this proposal with the proviso that the collaboration presents a clearer
organizational structure. The Research Board concurred with this recommendation. The
new R&D project will be known as RDS0.

In the ensuing discussion on semiconductor R&D Schlatter pointed out that, whereas
CERN resources was wished for, these were not available.

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”
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The first RD50 Organigram

Spokesperson
Mara Bruzzi

INFN and University of Florence

1\’

Deputy-Spokesperson
Claude Leroy

University of Montreal

N

Defect / Material
Characterization

Bengt Svensson
{Oslo University)

Defect
Engineering

Eckhart Fretwurst
{Hamburg University)

New
Materials

Juozas V. Faitkus
(Vilnius University)

Macroscopic
Effects

Stanislav Pospisil
{Prague University)

*Pre-irradiation
SIMS, [F. PL.
Hall, FPP.....

*Theory
Defect formation,
defect annealing,
ENergy states,.....

sPost-irradiation
TSC, DLTS. EFR,
PICTS....

*Oxygenation
sDimerization
*(Other impurities
H, N, Ge, ...
*Thermal donors
*Pre-irradiation
procedures

New
Structures

Mahfuzur Rahman

Glasgow 1 Iﬂ.!"ﬂ[ﬁilk'

Full Detector
Systems
(convener to
be nominated )

* SiC
+ CdTe
» pther materials

*Test structure
characterization
IV, CV. CCE
+NIEL
*Device modeling
*Operational
conditions

*3D detectors

sThin detectors

*Cost effective
solutions

*LHC- like tests
*Links to HEP
*Links to R&D
of electronics
*Comparison:
pad-min- full
detectors

CERMN contact: Michael Moll

LHCC presentation: May 2002
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RD50 Organigram 2018

©

Co-Spokespersons

Gianluigi Casse
(Liverpool University, UK

& FBK-CMM, Trento, Italy)

and Michael Moll

(CERN EP-DT)

Defect / Material
Characterization

loana Pintilie
(MIMP Bucharest)

Detector
Characterization

Eckhart Fretwurst
(Hamburg University)

New Structures

Giulio Pellegrini
[CNM Barcelona)

Full Detector

Systems
Gregor Kramberger
I:Ljubljana University)

Characterization of
microscopic properties
of standard-, defect
engineered and new
materials pre- and post-
irradiation

DLTS, T5C, ....

S5IMS, 5R, ...

NIEL (calculations)
Cluster and Point defects
Boron related defects

sCharacterization of test
structures (IV, CV, CCE, TCT,.)
*Development and testing of
defect engineered devices
*EPI, MCZ and other materials
*NIEL (experimental)
*Device modeling
*Operational conditions
+*Common irradiations

* Wafer procurement (M.Moll)
= Acceptor removal (Kramberger)
* TCAD simulations

* 3D detectors

* Thin detectors

* Cost effective solutions

* Other new structures

» Detectors with internal gain

*LGAD: Low Gain Avalanche Det.

* Deep depleted Avalanche Det.
*» 5lim Edges
* HVYCMOS

= | GAD (S.Hidalgo)
» HVCMOS (E. Vilella)
* 5lim Edges (V.Fadeyev|

* LHC-like tests
* Links to HEP(LHC upgrade, FCC)
* Links electronics R&D
* Low rho strips
= Sensor readout (Alibava)
* Comparison:

- pad-mini-full detectors

- different producers
*Radiation Damage in

HEF detectors
*Timing detectors
sTest beams

(M.Bomben & G.Casse)

Collaboration Board Chair & Deputy: G.Kramberger (Ljubljana) & J.Vaitkus (Vilnius), Conference committee: U.Parzefall (Freiburg)
CERN contact: M.Moll (EP-DT), Secretary: V.Wedlake (EP-DT), Budget holder & GLIMOS: M.Moll & M.Glaser (EP-DT)

LHCC presentation: May 2018
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o RD50 success stories: p-type silicon

A

n-in-p segmented sensors: not mentioned in proposal
First “very encouraging” results on p-type strip sensors presented

LHCC 2005

n-in-p microstrip detectors

RD50

LHCC 2005

Annealing of p-type sensors

—El_l_

LHCC 2006

n-in-p: - no type inversion, high electric field stays on structured side
- collection of electrons

RD350

n-in-p microstrip detector

* n-in-p microstrip detectors on p-type FZ (280pum thick, 80pm pitch, 18pum implant )
s Detectors read-out with 40MHz time [days at 20°C]

=250 l 20,2 500 1000 1500 2000 2500

A 20p . . - - 2l

]
. .
\1050 Thin p-type pixel sensors @=
* Thin FZ p-type pixel sensors: 75 to 300 um with 450 pm edge (MPI/CIS/VTT)
* ATLAS FEI4, 25 MeV protons, 800 MeV protons, neutrons, data obtained with beta source
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* Detectors irradiated with 5 10"* n_ /cm? * Detectors irradiated

|I| d=75 . =10, HLL
* 100um thick sensors give more charge than up to 1.4 10'° n, /fem? Co] =
75um thick sensors, both saturate with voltage * Sensor modules e ¢
® 200 um thick sensors give more charge still functional (even [ ] a2
than 300 pm thick sensors at moderate voltage if in homogeneously [ ] 4200 @14, cis-B2
* Beam tests show 97-99% hit efficiency irradiated) [TW ] a=300 . =13, cis-c
(thickness tested 100 -200 um, 500V) []=10" neycn’

hen, 25" RD50 Workshop Nov. 2014

LHCC 2015

S. Terzo, 24!" RD50 Workshop June 2014 I, RD50 Status Report, June 2015 -14-
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RDS0

n-in-p microstrip detectors

LHCC 2007

n-in-p: - no type inversion, high electric field stays on structured side
- collection of electrons

n-in-p microstrip p-type FZ detectors (Micron, 280 or 300um thick, 80pum pitch, 18um implant )

Detectors read-out with 40MHz (SCT 1284) time [days at 20°C]
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= no reverse annealing visible in CCE measurements

* n-in-p sensors are now strongly considered

for neutron and proton irradiated detectors

for ATLAS upgrade (previously p-in-n was used)

Mara Bruzzi and Michael Moll on bekalf of the RD30 CERN Colilaboration — LHCC, November 21, 2007 -9-

Today: For HL-LHC upgrades the
trackers and the pixel will be based
on n-on-p technology!
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Device Engineering: 3D detectors

p* and n* polysilicon electrodes in narrow columns along the detector thickness.

Depletion depth develops laterally - Typical electrode distances: 50-100 lUm.

Very fast collection times, low full depletion voltages (~10V), full charge collection over the
300um detector active thickness

Size up to ~lem?

E15 55 MeV PROTONS/CM2
1D SENSOR, 100 MICRON HITCH

First radiation i AR 1
hardness tests after
10% em? 55MeV

protons ( measured
with IR LED )

R. Bates, | Workshop on Radiation hard
semiconductor devices for high luminosity
colliders, CERN, November 2001.

LHCC 15May 2002 M. Bruzzi

3050 New structures: 3D sensors

* 3D sensors: Mastering the technology
(CNM-Barcelona, FBK-Trento)

= Reproducible, reliable results
before and after irradiation

Double sided 3D

Bump_ ;7|

Charge Collection S190 Vs. HY for P-krr Devices @ -20C

3D P-TYPE Detector

CNM_100 Prr. 1.97E15

= CNM_97 Peirr.492€15 Tuned TOT
RN 3 B G0ETE
—=— CNM_34 Prr.511E15

|
e

- Passiv

ToT (MPV)

Si-P Poly-N+
10 um

N-diffusior

| Pdiffusion

s a o\ogﬂ

(IFAE Barcelona), 19™ RDS0 Workshop, Nov. 2011]

G.Casse and M.Moll, RD50 Status Report, June 2012 -16-

RD50

n* electrodes

3D Detectors: New Archite

etacionStace o Simplified 3D architectur:
* n* columns in p-type
* operation similar to stan

s Simplified process
* hole etching and doping only done once

* no wafer bonding technology needed
p-type substrate

AE07
uniform or grid-patterned (@)
p-doped backplane AE07
- simulated cel
e Fabrication planned for 2005 <
o INFN/Trento funded project: & %7 Impact pin 250m
collaboration between IRST, ©
Trento and CNM Barcelona TE07
e Simulation 25um
e CCE within <10 ns UE+00 T T
OE+00 IEI"@ 2E-08 3E08 4E-08
e worst case shown Time (s)
(h“ in middle of Cf:ll) C. Piemonte et al. Presented at STDOS, June 04,
Hiroshima, in press on Nucl. Instrum. Meth A. -4

May 2014 — ATLAS IBL installed
...3D detectors are operating in the LHC
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Success stories: Characterization tools

* Many tools and characterization techniques developed by RD50 ... examples

: RD50 Charge collection and velocity profiles [
RD50  Edge-TCT to Study Fields &N Charge collection and velocity profiles {§5)
- RDS0 Micron p-type sensor CHARGE COLLECTION PROFILE
som— ~ o
® Edge-TCT: lluminate sensor « Expectation (@ L f\( \"\\ ) — 8 oot S
from the side « Significant electric field only in I ] / \ | [T e P . R r—w”‘“”“ /w””—'“"“”‘l
A depleted silicon o PR — )= [1(,0)dt onas A I
® Scan across detector thickness P . Q o L1 [y=220 m T o) ! ()t wazy - il
o Charge generated in undepleted part of uo ( \ \ —mzf e " R
® Measure charge and induced detector is lost oo | N (E \ 1
; . © | s e
current as function of depth « Field not easy to probe but = Q sonf- | Vi~ 16V u‘;:: 1 ‘
5 5 : S J V™ E |\ =
® Reconstruct electric field recently became accessible using ] o Vom0V = A S g
Edge-TCT B o J s 1 & . o T ]
) 5 | I(y,t ~0)oc ¥ (depth) [um]
a (y’ ) V.tV 25ns ]
2 = ) -
. ] i ﬂ VELOCITY PROFILE Onip < @ >= .! 1.0t §
- ‘ v 2
[* e 2 Q = — 7 £
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. : N : - I S
¥=0 " ! 2 & ity P » 2
& || o+ implant (all conected to HV) \ = = v [}
. % | ot implant cted 1 ‘ £ U { R 0 v o3 ?
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ot implant S o ~ M i ~J
v e g N N F oW R TR
= NOTTO SCALE ! ¥ (depth} [ ] VM S
Gianluigi Casse and Michael Moll on behalf of RD50 — LHCC, March 23, 2011 —  Slide 22

Gianluigi Casse and Michael Moll on behalf of RDS0 — LHCC, March 23, 2011 —  Stide 21

a05®  TPA - Two Photon Absorption

* Investigation on a new technique

for sensor characterization (TPA - TCT) 2-Photon \\

= Deposition of charge at specific position in detector

= Laser: A ~ 1300 nm; P ~ 50-100 pJ; AT ~ 240 fs Sp o

= Proof of principle achieved: focal plane J
Diode

Displacement

e
§ | Confocal
! = (1-Photon)

, 80X Njpgey 5~ 280-um,

Carga calculada del Scan vertical-Diodo WIF9-TPA-V=500

i 1 A - ‘ A + r spot size ~ 10~0.8 ym & 20~3.4 ym

Oaplacement um ' + z spot size - 10~13 pm & 20~60 ym

[1.Vila, 25* RDS0 Workshop, CERN, November 2014] G.Casse and M.Moll, RDS0 Status Report, June 2015 -21-

LHCC 2015 : TPA-TCT

Fretwurt, June 2018 -18-
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0 Success stories: LGAD sensors

* Born out of RD50 “charge multiplication studies” ., LGAD within RD50 Collaboration

. . . . * 2010: LGAD activities started with CNM project
R050 First production of low gain diodes @ « 2012: First 4 inch wafer, 300 pm thick, LGAD

* 2014: First 200 um thick LGAD. First Gallium Proces
* 2015: First PiN on 6 inch wafer. First Inverse

* Diodes with implemented multiplication layer (deep p+ implant)
= Following APD concept N gptnede

-/

_ggr-h—

/

‘ n** - p*-p—p* stucture ‘ - \

Y
P-type multiplication layer

/
e

* Gain of ~10 before irradiation
= Spectra are Landau spectra (0Sr)
* Gain reduces with irradiation
= Dropping to about 1.5 after 2e15 n/cm2. Why? Boron removal in p-type
= Current and noise scale as expected with multiplication

Ptype (-Jsubstrate

HGTD/CTPPS

* FBK, Trento: 1% batch of LGAD in 2016, 2" in 2017 (processed, being characterized)
= p-side and n-side segmentation, pixel, strip, AC coupling, ... (see Annex)
* Today: CNM Spain, FBK Italy and HPK Japan produced LGAD’s (3 suppliers)

16 Pallmerint ot al i ouwe Galn Auslanche Detactare (| GCANY Varbay 2010 G.Casse and M.Moll. RD50 Status Reoort. Mav 2017 -18-

[G.Kramberger, 22 RD50 Workshop, Albuquerque, June 2013] G.Casse and M.Moll, RD50 Status Report, June 2013 -12-

':R'DSO LGADs for precision timing

RDSO LGAD for Tlmlng Appllcatlons * LGADs with thickness of 50 or 35 ym 3 e e
70 HPK D50 & B35 Resolution -20C O S00 pre-rad -20C + az ’ Il:te; 02 TIWIEWRE:GZ
* LHC experiments starting to implement/plan on ; & S G 20c LandauNoise T “Distortion TOTDC
Si based timing detectors with RD50 technology = N t - - -
% T . ypical |mens|on‘ of active regmr! = 1lmm
* CTPPS — CMS-TOTEM Precision Proton Spectrometer ! ;n w© ;, - ements w‘|th gt Pamcle?
= Installed in 2016 YETS in two Roman pots two planes of 2 3w .,: Taagg s * Readout electronics plays major role in
segmented LGAD CTPPS: 45um thick LGAD (SOI) E & v e, 43 timing applications
= Time resolution measured by CTPPS (at high voltage!) = & .
+ 45 um LGAD on SOI - 1.7 mm? e f; 0 20 0 &0 = = 35 pm devices (biased up to 500V):
« 27ps single device; 16 ps with 3 layers (@ 230 V) D e 1y 3 cain ! + o, =27 ps up to @, =10%5cm™
* ATLAS AFP - Forward Proton : ‘A § P “'E;?:?D&Bas Optimized Resolution ‘s 36 ps up to d)e: "
* 30 ps up to 3x10* n_/cm? : T [ ammsac ° %
" 57psat 10 n, Jem (@ 620V) ‘ I s\ )
* ATLAS HGTD - High Granularity Timing Detector HGTD LGAD on 50 e“‘\,S 3 ‘“\\
* CMS Timing layer m “

= Planning for hermetic timing detector for phase II;
= CB approved a full coverage eta 0 - 3 timing layer for Ml
crystals in the barrel and LGAD as baseline in th

Y ECT TR

7_018 - e
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0 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 (3x10% n,, cm™)

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)

M.Moll, Symposium in Honor of Dr.Eckhart Fretwurt, June 2018 -21-



....producing publications (e.g. 2005)

* RD50 produced long articles: Eckhart consumed 3 pages for the title and abstract

Recent advancements in the development of raditiom/hiri/. * ..plus typo:
semiconductor detectors for SSEHC. S-LHC (Super — LHC)

....became

E. Fretwurst™*| J. Adey”, A. Al-Ajili¢, G. Alfieri?, P.P. Allport®, M. Artuso’, ] .
S. Assouak?, B.S. Avset”, L. Barabash', A. BarcZ, R. Bates®, S.F. Biagi®, HL-LHC (High Lumi - LHC)
G.M. Bilei’, D. Bisello', A. Blue®, A. Blumenau®, V. Boisvert™, G. Bolla”,

Available online at wawsciencedirect.com
INSTRUMENTS
science (joinecre
@ IETHODS

" C. Lebel”, K. Leinonen, C. Leroy”, Z. Li*,

P. Litovchenko', A. Litovchenko'. A. Lo Giud

ynski', P. Luukka®, A. Macchiolo®, L arenko™",

L. Mandi¢*®, C. Manfredotti’, N. Manna®, S. Marti i Garcia Marunko™,
K. Mathieson®, J. Melone®, D. Menichelli®, A. Messineo®, J. Metcalf

S. Miglio?, M. Mikuz*®, J. Miyamoto", M. Moll*’, E. Monakhov", F. Mo:

. E. Nossarzewska *P_ P. Olivero™, V

", Paolini®, C i*, U. Pein®, G. Pell

ca, C. Piemonte’, G.U I’ign;ncl". N. Pinho", L. Pintilie",

. Pintilie®, ', P. Polozov®, A. Popa®, J. Popule™, S

A. Pozza’, . J.M. Rafi*, R. Rando', R. Roede!

S. Ronchin®, C. Rott", A. Roy", A. Ruzin*’, H.F.W.

¢ s**. M. Scaringella®, L. Schiavulli*‘, S

id Metiods in Physi

Recent advancements in the development of radiation hard
semiconductor detectors for S-LHC

E. Fretwurst™*, J. Adey®, A. AL-Ajili€, G. Alfieri’, P.P. Allport®, M. Artuso', T
S. Assouak®, B.S. Avset”, L. Barabash', A. Barcz, R. Bates®, S.F. Biagi®,
G.M. Bilei*, D. Bisello', A. Blue, A. Blumenau®., V. Boisvert™, G. Bolla",
G. Bondarenko®, E. Borchi®, L. Borrello. D. Bortoletto®, M. Boscardin",

L. Bosisio®, T.J.V. Bowcock®, T.J. Brodbeck'. J. Broz*. M. Bruzzi®,
A. Brzozowski', M. Buda". P. Buhmann®, C. Buttar®, F. Campabadal®, P. Sellin**, D. %
D. Campbell', A. Candelori, G. Casse®, A. Cavallin®, . Charron’, B. Sopko™, V. Sopko™. N. Spencer™®, J. Stahl®, D. Stolze™, R. Stone
A. Chilingarov', D. Chren™, V. Cindro™, P. Collins™, R. Coluccia™, J. Storasta®*, N. Strok: M. Sudzius™, B. Surma®, A. Suvorov®,

D. Contarato®, J. Coutinho®, inningham®, G.-F. Dal B.G. Svensson”, P. Tipton™ M. Tomasek™, A. Tsvetkov®, E. Tuomine
. W. de Boel R. Demina™, P. Dervan E. Tuovinen™. T. Tuuva® M. Tylchin®. H ay

Eberle °, V. Eremin™", V. Vaitkus
L. Wilhelm*,

P. Sicho™,

F. Fizzotti®, C. Fl
E. Gaubas™, M.

C. Go
joss”, A. Goul

ZOir 3 gori’,
A. Grillo*, A. Groza', J. Guskov*°. L. Haddad®, J. Harkénen*,
F. Hauler*, M. Hoeferkamp*™, F. Honniger*, T. Horazdovsky
R. Horisberger*l, M. Horn®, A. Houdayer”, B. Hourahine®, G. Hughes',
. llyashenko™", K. Irmscher*’, A. Ivanov*", K. as*®, K.M.H. Johansen‘,
B.K. Jones', R. Jones®, C. Joram™, L. Jungermanr inina™", P. Kaminski",
A. Karpenko', A. Karpov®, V. Kazlaus **_ V. Kazukauskas®™, V. Khivrich',
V. Khomenkov', J. S . J. Klaiber-Lodewigs". R. Klingenberg"’,
P. Kodys", Z. Kohout"* Korjenevski™, M. Koski
aev’. G. Kramberger™®, O. Krasel”, A. Kuznetsov’, S. Kwan*,
S. Lagomarsino®, K. Lassila-Perini*P, V. Lastovets| G. Latino*™, 1. Lazanu®",

Abstract

E. Grigoriev”, /

ed sil

red si
ke SIC and GaN as well as exter

presented and discussed.
© 2005 Elsevier B.V. All rights reserved.

PACS: 29.40.Gx: 29.40.Wk: 6182 Fk

Keywords: Radiation damage: Semiconductor detectors; Def

M.Moll, Symposium in Honor of Dr.Eckhart Fretwurt, June 2018 -22-



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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D50 The RD50 Collaboration @N

°* RD50: 59 institutes and 345 members...
.. forminga COLLABORATION !

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.

M.Moll, Symposium in Honor of Dr.Eckhart Fretwurt, June 2018 -30-



RD50 Tomorrow

* 5 year work plan submitted to LHCC on 31.May 2018
= ...justin time for the 1.6.2018 (...a special day, Eckhart’s Birthday, see next slide).

https://cds.cern.ch/record/2320882/files/LHCC-SR-007.pdf
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D50 Dr. Eckhart Fretwurst @

; 80 years
appy Birthday Eckhart
and

Many thanjks f
0
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P.S.: We co
unt on your Contribution for the future
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