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Welcome / 1

Workshop opening
Authors: Aneliya Karadzhinova-Ferrer1; Michael Moll2

1 Rudjer Boskovic Institute (HR)
2 CERN

Corresponding Authors: michael.moll@cern.ch, aneliya.karadzhinova@cern.ch

Welcome of the participants; general information regarding this Workshop

LGADs / 2

Timing resolution on a 3D silicon pixel detector
Authors: Dario De Simone1; Christopher Betancourt1

Co-authors: Gregor Kramberger 2; Maria Manna 3; Nicola Serra 1; Giulio Pellegrini 4

1 Universitaet Zuerich (CH)
2 Jozef Stefan Institute (SI)
3 Centro National de Microelectronica - CNM-IMB-CSIC
4 Centro Nacional de Microelectrónica (IMB-CNM-CSIC) (ES)

CorrespondingAuthors: nicola.serra@cern.ch, christopher.betancourt@cern.ch, gregor.kramberger@ijs.si, maria.manna@imb-
cnm.csic.es, dario.de.simone@cern.ch, giulio.pellegrini@csic.es

We report on the measurements of time resolution for double-sided 3D pixel sensors with a single
cell of 50 µm × 50 µm and thickness of 285 µm, fabricated at IMB-CNM and irradiated with reactor
neutrons to 8e14 MeV neq/cm2 and then to 2.3e15 MeV neq/cm2. Measurements were conducted
using a radioactive source at a temperature of -20 and 20 \textdegree C in a bias voltage range of
50-300 V. The reference time was provided by an LGAD detector produced by Hamamatsu.
In order to reduce the effect on jitter a detector has been produced and tested with the same technol-
ogy but with a thickness of 235 µm. The results obtained are compared to measurements conducted
prior to irradiation.

Defect Characterization / 3

The boron-oxygen (BiOi) defect complex induced by irradiation
with 23 GeV protons in p-type epitaxial silicon diodes

Authors: Chuan Liao1; Eckhart Fretwurst2; Erika Garutti2; Joern Schwandt2; Yana Gurimskaya3; Isidre MateuNone;
Michael Moll3; Marcos Fernandez Garcia4; Leonid Makarenko5; Ioana Pintilie6

1 Hamburg University (DE)
2 university of hamburg
3 CERN
4 Universidad de Cantabria and CSIC (ES)
5 B
6 NIMP Bucharest-Magurele, Romania
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CorrespondingAuthors: marcos.fernandez@cern.ch, joern.schwandt@cern.ch, erika.garutti@physik.uni-hamburg.de,
eckhart.fretwurst@desy.de, ioana@infim.ro, gurimskaya@gmail.com, chuan.liao@desy.de, isidre.mateu.suau@cern.ch,
makarenko@bsu.by, rd50@cern.ch

In this work theThermally Stimulated Current (TSC) technique has been used to investigate the prop-
erties of the radiation induced BiOi defect complex by 23 GeV protons, including activation energy,
capture cross section, defect concentration as well as the annealing behavior. At first isothermal
annealing (at 80 ℃ for 0 to 180 minutes) followed by isochronal annealing (for 15 minutes between
100 ℃ and 180 ℃ in steps of 10 ℃ ) studies had been performed in order to get information about
the thermal stability of the BiOi defect in 50 Ω cmmaterial after irradiation with 23 GeV protons to a
fluence of 6.91×1013 p/cm². The results will be presented and discussed. Furthermore, the extracted
data from TSC measurements are compared with the macroscopic properties derived from current-
voltage (I-V) and capacitance-voltage (C-V) characteristics. In addition the introduction rate of BiOi
as function of the initial doping concentration was determined by exposing diodes with different re-
sistivity (10 Ωcm, 50 Ωcm, 250 Ωcm, and 2 kΩcm) to 23 GeV protons. These results will be compared
with data from DLTS measurements achieved by the team of the RD50 “Acceptor removal project”
.

LGADs / 4

The ”1 micron” project
Author: Nicolo Cartiglia1

1 INFN Torino (IT)

Corresponding Author: cartiglia@to.infn.it

Resistive readout allows designing thin sensors with a small material budget and excellent spatial
resolution. In this contribution, I will present how exploiting the properties of AC-LGAD is it possi-
ble to reach a spatial precision of 1 um with large pixels (150-200 um), keeping the material budget
low enough to meet the stringent requirement of the future e+e- experiments.

CMOS / 5

Irradiation study with passive CMOS pixel detector structures on
RD50-MPW2 chips
Author: Igor Mandic1

1 Jozef Stefan Institute (SI)

Corresponding Author: igor.mandic@ijs.si

RD50-MPW2 is pixel detector prototype fabricated in 150 nm High Voltage CMOS technology at
LFoundry. It is a successor of RD50-MPW1 chip developed within RD50 collaboration to study this
technology for future experiments. Chips were manufactured on p-type silicon with different initial
resistivities and irradiated with neutrons in reactor in Ljubljana. E-TCT and I-V measurements were
made with passive pixel test structures. Depletion depth was measured as a function of bias voltage
with E-TCT to extract information about effective space charge concentration. Dependence of Neff
and detector current was studied as a function of neutron fluence. Measurements were repeated
after several annealing steps at 60 C.

LGADs / 6
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Preliminary USTC-1 LGAD Results and Large Array Characteri-
zation for HGTD
Authors: Xiao Yang1; Chihao Li2; Jiajin Ge2; Tao Wang2; Xiangxuan Zheng2; Yanwen Liu2; Yusheng Wu1

1 University of Science and Technology of China (CN)
2 University of Science and Technology of China (CN)

Corresponding Authors: xiao.yang@cern.ch, yusheng.wu@cern.ch, yanwen.liu@cern.ch, tao.wang@cern.ch, ji-
ajin.ge@cern.ch, zxx0209@mail.ustc.edu.cn, chihao.li@cern.ch

We will present the preliminary test results of the USTC first batch LGAD, which is designed by
USTC focusing on deep implantation and carbon diffusion techniques to improve the irradi-
ation hardness. The design follows the ATLAS-HGTD specifications with 50 um active thickness
and 8-inch wafers are used. In the first prototyping run, 6 wafer splits with different gain layer
dose and depth have been fabricated. The test results include I-V, C-V, and TCT with both laser
and the beta source. USTC group also focuses on the large array characterization with the self-
designed readout system and probe-cards for the coming application’s QA requirement on ATLAS.
We have achieved stable and low noise measurement on the 5x5 and 15x15 HPK prototype arrays
for HGTD.

LGADs / 7

A summary of the radiation resistance of carbonated gain im-
plants
Author: Marco Ferrero1

Co-authors: Nicolo Cartiglia 2; Roberta Arcidiacono 3; Matteo Milanesio 4; Marta Tornago 3; Federico Siviero
3; Marco Mandurrino 3; Valentina Sola 3; Maurizio Boscardin 5; Matteo Centis Vignali 6; Giovanni Paternoster 7;
Giacomo Borghi 8; Francesco Ficorella 6; Omar Hammad Ali 6; Gian Franco Dalla Betta 9; Lucio Pancheri 10

1 Universita del Piemonte Orientale/INFN Torino (IT)
2 INFN Torino (IT)
3 Universita e INFN Torino (IT)
4 Università degli Studi di Torino
5 FBK Trento
6 FBK
7 Fondazione Bruno KEssler
8 Fondazione Bruno Kessler
9 Universita degli Studi di Trento and INFN (IT)
10 University of Trento

CorrespondingAuthors: gborghi@fbk.eu, lucio.pancheri@unitn.it, matteo.centis.vignali@cern.ch, ficorella@fbk.eu,
boscardi@fbk.eu, gian.franco.dalla.betta@cern.ch, matteo.milanesio@edu.unito.it, valentina.sola@cern.ch, oham-
madali@fbk.eu, cartiglia@to.infn.it, marco.ferrero@cern.ch, federico.siviero@edu.unito.it, marco.mandurrino@cern.ch,
roberta.arcidiacono@cern.ch, paternoster@fbk.eu, marta.tornago@cern.ch

A new Ultra Fast Silicon Detectors production (UFSD3.2) has been produced
by Fondazione Bruno Kessler (FBK) in Trento, in collaboration with
University of Trento and National Institute of Nuclear Physics in Turin
(INFN); this production aims to improve the radiation resistance of the
multiplication layer (gain layer).

Previous FBK-UFSD productions (UFSD2 and UFSD3) demonstrated that the
co-implantation of carbon into the gain layer mitigates the acceptor
removal mechanism. In UFSD2 and UFSD3, the gain implant has been enriched
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with carbon in a range of dose 1C-10C [a.u.]. The carbon enrichment showed
unexpected effects: the active fraction of boron into the gain implant
decreases with increasing carbon dose (carbon-boron capture); the
intrinsic radiation resistance of carbonated gain layers is better for
carbon dose 1C than higher doses.

In UFSD3.2, a carbon dose in a range 0.4C-1C has been implanted, in the
order to identify the optimal carbon dose that maximizes the radiation
resistance and minimizes the carbon-boron capture.

In this contribution: we will report a mapping of carbon-boron capture in
a range of carbon dose 0.4C-10C; we will show the acceptor removal
coefficients measured on gain implants enriched with carbon doses 0.4C,
0.6C, 0.8C and 1C, irradiated with neutrons up to fluence of 2.5E15n_eq/cmˆ2.
Our studies show a link between the dose where carbon-boron capture starts
and that that makes the most radiation resistant gain implant

CMOS / 8

Radiation tolerant small-pixel passiveCMOS sensorswithRD53A
readout
Author: Yannick Manuel Dieter1

Co-authors: Michael Daas 1; Jochen Christian Dingfelder 1; Tomasz Hemperek 1; Fabian Huegging 1; Jens Janssen
1; Hans Krueger 2; David-Leon Pohl 1; Tianyang Wang 1; Pascal Wolf 2; Norbert Wermes 1

1 University of Bonn (DE)
2 University of Bonn

Corresponding Authors: wolf@physik.uni-bonn.de, fabian.huegging@cern.ch, yannick.manuel.dieter@cern.ch,
tianyang.wang@cern.ch, jens.janssen@cern.ch, jochen.christian.dingfelder@cern.ch, david-leon.pohl@cern.ch, michael.daas@cern.ch,
wermes@uni-bonn.de, hans.krueger@cern.ch, hemperek@physik.uni-bonn.de

With the HL-LHC upgrade of the ATLAS detector, the surface of the ATLAS pixel detector will
increase from 2 m² to approximately 13 m² . Therefore, commercial CMOS processing lines offer-
ing high production throughput at comparatively low costs, represent an attractive option for such
large-area detectors. Further benefits originate from multiple metal layers, metal–insulator–metal
capacitors, and polysilicon layers which offer enhanced sensor designs through additional routing
options.

Thinned, small-pixel passive CMOS sensors in 150 nm technology offered by LFoundry were manu-
factured and assembled into hybrid pixel modules using the RD53A readout chip.

The sensors were characterized, before and after irradiation to fluences of 5× 1015 neq/cm² and 1×
1016 neq/cm², in the laboratory and also using aminimum ionising electron beam. Their performance
in terms of noise and hit-detection efficiency equals that of conventional planar pixel sensors. Special
emphasis will be put on the results after a fluence of 1 × 1016 neq/cm² yielding a hit-detection
efficiency of approximately 99 %.

Detector Characterization and Simulation / 9

Irradiation of gate-controlled diodes and MOS capacitors with
60Co-gamma photons
Author: Patrick Asenov1

Co-authors: Panagiotis Assiouras 1; Ioannis Kazas 1; Aristoteles Kyriakis 1; Dimitrios Loukas 1
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1 Nat. Cent. for Sci. Res. Demokritos (GR)

CorrespondingAuthors: aristoteles.kyriakis@cern.ch, dimitrios.loukas@cern.ch, patrick.asenov.asenov@cern.ch,
ioannis.kazas@cern.ch, panagiotis.assiouras@cern.ch

During the era of the High-Luminosity (HL) LHC the experimental devices will be subjected to
enhanced radiation levels with fluxes of neutrons and charged hadrons in the inner detectors up to
˜2.3x1016 neq/cm2 and total ionization doses up to ˜1.2 Grad. A systematic program of irradiation
tests with neutrons and charged hadrons is being run by LHC collaborations in view of the upgrade
of the experiment, in order to copewith the higher luminosity of HL-LHC and the associated increase
in pile-up events and radiation fluxes. While most related studies focus on irradiation with neutrons,
hadrons or X-rays, in this work, a complementary radiation study with gamma photons from a 60Co
source is presented. The doses are of the orders of tens of kGy. The irradiated test structures contain
among others gate-controlled diodes (GCD).Surface and bulk components of the electric current can
be separated through IV measurements on a GCD, and the interface recombination velocity and
interface state density can be determined from the surface current. Here, the alterations in the GCD
current components after irradiation are investigated. MOS capacitors are also located on the test
structures and the CV measurements on them are compared with the output of a TCAD simulation.
The devices under test are made of oxygen enriched float zone p-type silicon.

LGADs / 10

First results from thin silicon sensors for extreme fluences
Authors: Valentina Sola1; Roberta Arcidiacono1; Giacomo Borghi2; Maurizio Boscardin3; Nicolo Cartiglia4; Marco
Ferrero1; Francesco Ficorella5; Simona Giordanengo6; MarcoMandurrino7; LucaMenzio8; MatteoMilanesio9; Ennio
Monteil1; Giovanni Paternoster10; Federico Siviero1; Marta Tornago1

1 Universita e INFN Torino (IT)
2 Fondazione Bruno Kessler
3 FBK Trento
4 INFN Torino (IT)
5 FBK
6 Istituto Nazionale di Fisica Nucleare
7 INFN
8 Torino University and INFN
9 Università degli Studi di Torino
10 Fondazione Bruno KEssler

CorrespondingAuthors: marco.ferrero@cern.ch, ennio.monteil@cern.ch, marta.tornago@cern.ch, luca.menzio@edu.unito.it,
ficorella@fbk.eu, federico.siviero@edu.unito.it, giordane@to.infn.it, boscardi@fbk.eu, roberta.arcidiacono@cern.ch,
paternoster@fbk.eu, valentina.sola@cern.ch, marco.mandurrino@to.infn.it, matteo.milanesio@edu.unito.it, gborghi@fbk.eu,
cartiglia@to.infn.it

The first production of thin LGAD sensors from FBK has been completed.
The preliminary electrical characterization of sensors before irradiation will be presented and dis-
cussed.

LGADs / 11

Status of CNM LGAD Runs
Authors: Albert Doblas MorenoNone; Salvador Hidalgo1; Giulio Pellegrini2; Neil Moffat3; Angel Merlos Domingo4;
DavidQuirion5; Jairo Antonio Villegas DominguezNone; David Flores Gual6
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1 Instituto de Microelectronica de Barcelona (IMB-CNM-CSIC)
2 Centro Nacional de Microelectrónica (IMB-CNM-CSIC) (ES)
3 University of Glasgow (GB)
4 Instituto de Microelectronica de Barcelona IMB-CNM(CSIC)
5 IMB-CNM, CSIC
6 Instituto de Fisica Corpuscular (ES)

Corresponding Authors: jairo.villegas@imb-cnm.csic.es, hidalgo.salvador@cern.ch, giulio.pellegrini@csic.es, al-
bert.doblas.moreno@cern.ch, angel.merlos@csic.es, neil.moffat@cern.ch, david.quirion@imb-cnm.csic.es, david.flores.gual@cern.ch

In this contribution, we will present our latest LGAD developments. We have completed the fabri-
cation of two LGAD runs and another two are currently being fabricated. The 1st run, AIDA2020
v2, has already been presented at the 35th RD50 workshop, which is a repetition of the previous
AIDA2020 run. We have since performed more measurements which show improved results, and
these will be presented. The 2nd run is devoted to calibrating our 6-inch technology in 50 µm epi-
taxial wafers. In this run, pad diodes were fabricated with a variety of boron implantation doses,
calibrated with the previous 6-inch runs. Preliminary results of the electrical characterization will
be presented. The performance of this run is crucial to select the best technological parameters for
the new ATLAS-CMS Common Run. We will base our technological parameters on the 6-inch runs
in SOI and epitaxial wafers. Lastly, we are developing a newAC-LGAD run in 6-inch wafers.

LGADs / 12

Preliminary test results on LGAD devices
Authors: Enrico Giulio Villani1; StephenMcmahon1; Philip Patrick Allport2; Daniela Bortoletto3; Richard Plackett3;
Konstantin Stefanov3; Laura Gonella2; Martin Gazi3; Jonathan Mulvey4; Douglas Jordan5

1 Science and Technology Facilities Council STFC (GB)
2 University of Birmingham (UK)
3 University of Oxford (GB)
4 University of Birmingham
5 Teledyne

CorrespondingAuthors: daniela.bortoletto@cern.ch, konstantin.stefanov@open.ac.uk, martin.gazi@cern.ch, stephen.mcmahon@cern.ch,
enrico.giulio.villani@cern.ch, richard.plackett@cern.ch, philip.patrick.allport@cern.ch, laura.gonella@cern.ch, jfm035@bham.ac.uk,
douglas.jordan@teledyne.com

First batch of LGAD devices, developed by RAL, University of Oxford, University of Birmingham
and Open University in collaboration with T2ev semiconductor foundry, have been designed and
fabricated for fast timing applications and potential use in HGTD for ATLAS.

Up to eight different LGAD device flavours, differing in energy and dose of the implanted gain layer,
have been fabricated on 6’’wafers.
On each wafer, both LGAD and PiN diodes of same layout are available for comparison of perfor-
mances.

Preliminary test results on the first batch of LGAD structures, including description and details of
simulations of the devices , will be presented.

Description of coming tests and plans for next fabrication iteration will also be given.

Detector Characterization and Simulation / 13

Gamma, neutron, proton irradiated p-type silicon MOS capaci-
tors with aluminium oxide.
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Authors: Maria Golovleva1; Jennifer Ott2; Shudhashil Bharthuar3; Timo Hannu Tapani Peltola4; Akiko Gäddä5;
Mihaela Bezak6; Jens Erik Brucken3; Jaakko Härkönen5; Panja Luukka7; Tuure Tuuva7

1 Lappeenranta University of Technology, Helsinki Institute of physics
2 Helsinki Institute of Physics (FI), Aalto University
3 Helsinki Institute of Physics (FI)
4 Texas Tech University (US)
5 Helsinki Institute of Physics
6 Lappeenranta University of Technology, Ruđer Bošković Institute
7 Lappeenranta University of Technology (FI)

CorrespondingAuthors: maria.golovleva@lut.fi, jennifer.ott@helsinki.fi, shudhashil.bharthuar@cern.ch, erik.brucken@cern.ch,
tuure.tuuva@cern.ch, timo.hannu.tapani.peltola@cern.ch, panja.luukka@cern.ch

We report on the study of response of the MOS capacitor with atomic layer deposited (ALD) Al2O3
layer on p-type silicon substrate to neutron, proton, and gamma irradiation. Alumina films are
prominent for use as passivation layers in silicon radiation detectors instead of surface electron
accumulation termination structures as alumina forms negative oxide charge on the silicon-oxide
interface. In order to investigate the interface charges and surface damage after irradiation with dif-
ferent particles electric characterization of MOS capacitors were conducted by capacitance-voltage
measurements. The results are described in correlation with the changes in effective oxide charge.
TCAD simulations accompanied the study. The flat band and hysteresis of C-V curves after gamma
irradiation showed development of mobile charges in dielectric film. Proton and neutron irradiated
samples demonstrated decrease of capacitance in the accumulation regionwhich can be explained by
displacement damage. At the same time, the observed shift of effective oxide charge with increase of
irradiation indicates the surface charge accumulation. The findings of bulk damage were described
by a creation of BiOi level.

CMOS / 14

Characterization of passive CMOS strip detectors
Authors: Arturo Rodriguez Rodriguez1; Dennis Sperlich1; Ingrid-Maria Gregor2; Jan Cedric Honig1; Leena Diehl1;
Liv Wiik-Fuchs1; Marc Hauser1; Marta Baselga3; Surabhi Sharma3; Tianyang Wang4; Tomasz Hemperek4; Ulrich
Parzefall1

1 Albert Ludwigs Universitaet Freiburg (DE)
2 DESY & Bonn University
3 Deutsches Elektronen-Synchrotron (DE)
4 University of Bonn (DE)

CorrespondingAuthors: ulrich.parzefall@cern.ch, tianyang.wang@cern.ch, marc.hauser@cern.ch, surabhi.sharma@cern.ch,
marta.baselga@cern.ch, arturo.rodriguez.rodriguez@cern.ch, jan.cedric.honig@cern.ch, liv.antje.mari.wiik@cern.ch,
leena.diehl@cern.ch, ingrid.gregor@desy.de, dennis.sperlich@cern.ch, hemperek@physik.uni-bonn.de

An increasing trend towards full silicon trackers in future high energy physics experiments provokes
the need to cover increasingly large areas with silicon detectors. As a consequence, detector designs
that utilize cost-effective production processes are becoming more important. Employing CMOS
production lines for sensors allows large and high-resistive wafers at low cost, making them a prime
candidate.
In this talk we will present the first laboratory measurements of novel passive CMOS silicon strip
sensors developed by the ATLAS Collaboration.
The study contains three different strip flavors fabricated on a 150 µm wafer by LFoundry on a 150
nm process. The strip sensors have a length of up to 4 cm, formed by stitching of individual ele-
ments.
The initial characterization of the sensors includes current-voltage, capacitance-voltage and inter-
strip capacitance measurements. Further measurements on the sensor performance include source
measurements and characterization with different laser techniques.
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A main focus of the study were position dependent measurements to achieve the main goal of under-
standing the impact of the stitching process employed on the functionality of the sensors.

LGADs / 15

Simulation and testing results of the low gain avalanche diodes
developed by IHEP and IME in China
Authors: Mei Zhao1; Tao Yang1; Kewei Wu1; Mengzhao Li1; Gangping Yan2; Gaobo Xu2; Xin Shi1; Zhijun Liang1;
Joao Barreiro Guimaraes Da Costa1

1 Chinese Academy of Sciences (CN)
2 Institute of Micro Electronics (IME) of Chinese Academy of Sciences

Corresponding Authors: tao.yang@cern.ch, mei.zhao@cern.ch, guimaraes@ihep.ac.cn, mzli@ihep.ac.cn, zhi-
jun.liang@cern.ch, xin.shi@cern.ch, kewei.wu@cern.ch

The ATLAS experiment High Granularity Timing Detector (HGTD) project has been approved as a
part of the Large Hadrons Collider Phase-II Upgrade (HL-LHC). The Low- Gain Avalanche Detector
(LGAD) with time resolution better than 50ps is the key technology to separate collisions in limited
space which has been studied and researched by many institutes. This talk will present the simula-
tion and testing results about 50um thick LGAD sensors designed by the Institute of High Energy
Physics (IHEP) and fabricated by Institute of Micro Electronics (IME) of Chinese Academy of Sci-
ences. Testing results show that the IHEP-IME sensors with different doping profiles have different
breakdown voltages(VBD) and capacitance-voltage properties, which are consistent with the simu-
lation results. Beta testing results show that the time resolution of IHEP-IME sensors are better than
40ps and the collected charges of IHEP-IME sensors are larger than 20fC before irradiation.

CMOS / 16

Active pixel matrix measurements of irradiated RD50 HV-CMOS
prototypes
Author: Patrick Sieberer1

1 Austrian Academy of Sciences (AT)

Corresponding Author: patrick.sieberer@cern.ch

The active matrix of the RD50 HV-CMOSMPW2 prototype consists of 8x8 pixels with analogue fron-
tend only. While former measurements on irradiated sensors have been performed only at passive
test-
structures, first results of the irradiated active matrix are discussed in this presentation. The test
structures do have a similar layout than the active matrix, but only one pixel at a time can be mea-
sured by contacting it with probe needles. Each pixel of the active matrix can be readout one after
the other. A slow control using a shift-register allows to automatize readout. A DAQ system has
been developed already and has been successfully verified on non-irradiated chips. Details about the
DAQ system have been reported in the last workshop as well. The same system is used for reading
out the irradiated sensor samples. A setup for using a radioactive source together with the MPW2
is established as well.
Moreover, preparations for a first test beam at MedAustron, a clinical proton beam facility close to
Vienna, are ongoing. This needs a new trigger setup and a slightly adapted readout system, which
is currently under development.
In this contribution, we will show results from measurements of the irradiated matrix and compare
them with the unirradiated sensors. A beta source is used to generate signals in the sensor for com-
parison. Finally, first thoughts about a setup and an outlook for a first test beam using the active
matrix of MPW2 are given.
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Defect Characterization / 17

Structural, compositional and defect studies onhadron irradiated
B-doped silicon diodes
Authors: Cristina Besleaga Stan1; Ioana Pintilie2; Andrei Nitescu1; Andrei Kuncser1; Stefan Neatu1; Dan Simion1;
Lucian Filip1

Co-authors: Eckhart Fretwurst 3; Joern Schwandt 3; Gregor Kramberger 4; Michael Moll 5

1 National Institute of Materials Physics
2 NIMP Bucharest-Magurele, Romania
3 Hamburg University
4 Jozef Stefan Institute
5 CERN

CorrespondingAuthors: lucian.filip@infim.ro, da.simion@infim.ro, joern.schwandt@cern.ch, gregor.kramberger@ijs.si,
cristina.besleaga@infim.ro, stefan.neatu@infim.ro, eckhart.fretwurst@desy.de, ioana@infim.ro, andrei.nitescu@infim.ro,
michael.moll@cern.ch, andrei.kuncser@infim.ro

HRTEM, LA-ICP-MS and DLTS techniques were employed to characterize several types of B-doped
silicon diodes after irradiation with hadrons. The HRTEM results on LGAD samples irradiated with
1019cm-2 show that there is a preferential grouping of defects along tracks normal to the film surface.
We will present the LA-ICP-MS technique, recently installed in NIMP, with which we could estimate
the Boron concentration not only in themoderate doped LGADs gain layer but also in high resistivity
EPI and FZ silicon. The DLTS results on samples of different resistivity and impurity content are
presented and discussed in relation with the acceptor removal process.

RD50 Beta source measurement systems (Friday) / 18

Sr90-Beta Setup at CERN SSD: Hardware and Data Analysis
Author: Julian Alexander Boell1

Co-authors: Marcos Fernandez Garcia 2; Michael Moll 3; Esteban Curras Rivera 3

1 Hamburg University (DE)
2 Universidad de Cantabria and CSIC (ES)
3 CERN

CorrespondingAuthors: esteban.curras.rivera@cern.ch, marcos.fernandez@cern.ch, julian.alexander.boell@cern.ch,
michael.moll@cern.ch

A Sr-90 based beta- particle setup was developed and commissioned at CERN-SSD for measuring
silicon sensors, specifically their timing properties. Herein, we detail what hardware is thereby
deployed, how the setup is operated, as well as data processing and analysis of measurements, for
which the open-source programs TRICS and ROOT are used.

LGADs / 19

LGAD measurements from different producers
Authors: Gregor Kramberger1; Alissa HowardNone

1 Jozef Stefan Institute (SI)
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Corresponding Author: gregor.kramberger@ijs.si

The performance of latest LGAD sensor prototypes from different producers were studied before
and after irradiations with neutrons. The charge collection, timing and gain layer depletion voltages
were compared.

RD50 Beta source measurement systems (Friday) / 20

JSI charge collection/timing setup
Author: Gregor Kramberger1

1 Jozef Stefan Institute (SI)

Corresponding Author: gregor.kramberger@ijs.si

The hardware, DAQ and analysis software of the JSI setup will be presented.

Transient Current Techniques (Thursday) / 21

Characterization of advanced detector and electronic devices per-
formed at RBI
Author: Aneliya Karadzhinova-Ferrer1

Co-authors: Andreo Crnjac 1; Toni Dunatov 1; Dinko Ferencek 1; Milko Jaksic 2; Marija Majer 1; Branka Mihaljevic
1; Francisco Rogelio Palomo Pinto 3; Matej Roguljic 1; Andrey Starodumov 1

1 Rudjer Boskovic Institute (HR)
2 Rudjer Boskovic Institute, Zagreb, Croatia
3 Universidad de Sevilla (ES)

CorrespondingAuthors: andrei.starodoumov@cern.ch, dinko.ferencek@cern.ch, matej.roguljic@gmail.com, aneliya.karadzhinova@cern.ch,
francisco.rogelio.palomo.pinto@cern.ch, jaksic@irb.hr

The PaRaDeSEC project “Particle and Radiation Detectors, Sensors and Electronics in Croatia“is an
ERA Chair Horizon 2020 in the EU Framework Programme for Research and Innovation. A national
center for development of radiation particle detectors, sensors and their associated electronics was
successfully established as a result of the PaRaDeSEC project. The new Center for Detectors, Sensors
& Electronics –CDSE is an independent RBI unit with a focal point of all activities related to the
development, testing and construction of devices for the Nuclear, Particle and Astro-Particle, as well
as Medical Physics Experiments and applications.

Advanced detector and electronic device testing activities are performed at the RBI’s irradiation
facility and the accelerator center (the largest experimental complex in Croatia).

The Radiation Chemistry and Dosimetry Laboratory at RBI has a high intensity gamma radiation
source of Co-60 (2 PBq radioactivity) that is capable of delivering a large range of dose rates and
can provide an excellent environment for radiation hardness studies. The facility is equipped with
a specially designed and constructed setup with a temperature regulated environment accompanied
by actively monitored dosimetric measurements. In this work we demonstrate that this setup is ideal
for irradiation tests of both detector structures and integrated circuits.

The Ion Beam facility at RBI is equipped with a microprobe system that can deliver a variety of ions
(from H to Au) into a 1 μm spot size at their respective energies (maximal energy between 8 MeV
for protons and 25 MeV for heavy ions). The focused IBIC technique produces a spatially resolved
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Charge Collection Efficiency 2D map of different pad and pixelated detector structures. Moreover,
the versatile capabilities of the microprobe at RBI is capable of evaluating the behaviour under ion
irradiation of specific areas and elements inside sensors and electronic circuits. This makes it the
ideal tool for SEEmapping onmicroscopic scale and finding the sensitive circuit elements responsible
for the failure of the device. The facility is able to provide a Si and Cl ion beam with energy of 25
MeV that correspond to LET of 14.5 and 17.9 MeV-cm2/mg (respectively) inside Si substrate devices.
The dependence of LET with depth was observed and presented in this work.

The techniques presented here are specially relevant for HVCMOS because they need CCE, TID
and pinpoint accuracy SEE analysis due to their monolithic integration of detector and read out
electronics in the same dye.

LGADs / 22

Electrical and timing performance of AC-LGADs
Authors: Alessandro Tricoli1; Gabriele Giacomini1; Gabriele D’Amen1

1 Brookhaven National Laboratory (US)

Corresponding Authors: gabriele.d’amen@cern.ch, alessandro.tricoli@cern.ch, giacomini@bnl.gov

LowGain Avalanche Diodes (LGADs) are characterised by a low to moderate gain (2 - 100), short rise
time, high signal-to-noise ratio and exhibit excellent timing performance (30-40 ps), however fine
pixelization of LGADs is difficult to achieve. To provide fine spatial resolution the AC-coupled LGAD
(AC-LGAD) approach was introduced. In this type of device, the signal is capacitively induced on
fine-pitched electrodes placed over an insulator. AC-LGAD prototypes are designed and fabricated
at Brookhaven National Laboratory (BNL) and segmented in both pixel matrices and strips with
different configurations. These prototypes are characterized by IV, CV and TCT scans, and their time
resolution is measured by studying the time coincidence between signals generated in two sensors
by beta particles from a 90Sr source. Test results of AC-LGADs fabricated at BNL are compared
to those obtained at a test-beam at FNAL with 120 GeV protons and those of LGADs fabricated at
BNL and HPK. Simulations are used to get insight on the generation of the signal induced on the hit
pixels/strips and their neighbours.

Defect Characterization / 23

An increase of the quantum yield in highly irradiated Si.
Author: Juozas Vaitkus1

Co-authors: Vilius Vertelis 2; Vaidotas Kazukauskas 2; Juozas Vysniauskas 2

1 Vilnius University
2 Vilnius University

Corresponding Authors: jvysniau@gmail.com, juozas.vaitkus@ff.vu.lt

Themeasurement of spectral dependence of photoconductivity permits to investigate the deep level
spectrum, recombination at the surface and photoelectric quantum yield.
This presentation deals with observation of an increase of quantum yield at lover photon energy in
highly irradiated Si in comparison with less or non-irradiated Si. The effect was observed in neutron
irradiated Si to the fluence 1e16 cm-2 and higher. It is attributed to the impact ionization via deep
levels.
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Defect Characterization / 24

Defect investigations of electron irradiated p-type Si sensors
Authors: Anja Himmerlich1; Yana Gurimskaya1; Isidre MateuNone; Ana Ventura Barroso2; Vendula Maulerova3;
Esteban Curras Rivera1; Michael Moll1; Ioana Pintilie4; Chuan Liao3; Eckhart Fretwurst3; Joern Schwandt3; Leonid
Makarenko5

1 CERN
2 Universite de Geneve (CH)
3 Hamburg University (DE)
4 NIMP Bucharest-Magurele, Romania
5 Byelorussian State University (BY)

CorrespondingAuthors: michael.moll@cern.ch, ioana@infim.ro, anja.himmerlich@cern.ch, isidre.mateu.suau@cern.ch,
ana.ventura.barroso@cern.ch, chuan.liao@desy.de, vendula.maulerova@cern.ch, gurimskaya@gmail.com, leonid.makarenko@cern.ch,
eckhart.fretwurst@desy.de, esteban.curras.rivera@cern.ch, joern.schwandt@cern.ch

P-type silicon exposed to high radiation environment undergoes an apparent deactivation of the
boron dopant –known as the so-called Acceptor Removal Effect (ARE). To investigate the impact of
high energy electrons of different fluences on the ARE, p-type Si diodes, irradiated at the CLEAR
facility at CERN with 200 MeV electrons as well as sensors irradiated with 5.5 MeV electrons at Be-
larusian State University in Minsk were characterized.
In this talk radiation induced changes in the macroscopic device properties extracted from C(V)
and I(V) measurements will be presented. Furthermore, an overview of the microscopic radiation
induced defects, investigated by TSC (Thermally Stimulated Current technique) as well as DLTS
(Deep Level Transient Spectroscopy) measurements will be given. Both techniques provide informa-
tion about defect characteristics such as activation energy, capture cross section or defect concentra-
tions, and enable to calculate the defect generation rates for the electron irradiated sensors.

Defect Characterization / 25

Alpha irradiation induced stability studies in single crystal dia-
mond radiation detectors
Author: N V L Narasimha Murty1

Co-authors: Mohapatra Sarthak 2; Sahu P K 3; Vala Sudhir Sinh 4; Abhangi Mithul R 5

1 Associate Professor, IIT Tirupati
2 Research Scholar
3 Associate Professor
4 Scientific Officer - E
5 Scientific Assistant -D

CorrespondingAuthors: nnmurty@iittp.ac.in, sudhir@ipr.res.in, mitul@ipr.res.in, sm43@iitbbs.ac.in, pks@iitbbs.ac.in

The time stability of a single crystal diamond radiation detector in response to alpha particle irradi-
ation is studied in this work. A diamond detector is fabricated from a free-standing single crystal
diamond plate and is packaged for the alpha irradiation studies. The detector under the bias voltage
of +70 V is kept under constant alpha irradiation from a mixed α-source having major activity from
239Pu and minor activity from 238Pu. The diamond detector is found to be stable for the tested
period of 4 hours, in consistent with the work carried out by Girolami et al. [1]. To further test the
stability of the detector against alpha irradiation for increasing time duration and at the same time
avoiding any avalanche related multiplication effects, the irradiation is again carried out for nearly
12 hours without the application of the bias voltage. It is found that the performance of the detector
is degraded severely after the irradiation and this can be attributed to the alpha irradiation induced
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polarization effects in the diamond detector [1,2]. This phenomenon is found to be reversible and
after subsequent room temperature annealing with and without bias, the detectors are functioning
as expected.

References:
[1] M. Girolami, A. Bellucci, P. Calvani, C. Cazzaniga, M. Rebai, D. Rigamonti, M. Tardocchi, M.
Pillon, D.M. Trucchi, Mosaic diamond detectors for fast neutrons and large ionizing radiation fields,
Phys. Status Solidi. 212 (2015) 2424–2430.
[2] M. Rebai, A. Fazzi, C. Cazzaniga, G. Croci, M. Tardocchi, E.P. Cippo, C.D. Frost, D. Zaccagnino,
V. Varoli, G. Gorini, Time-stability of a Single-crystal Diamond Detector for fast neutron beam diag-
nostic under alpha and neutron irradiation, Diam. Relat. Mater. 61 (2016) 1–6.

Detector Characterization and Simulation / 26

Analysis of I-V characteristics as a method in the study of radia-
tion degradation of Si detectors
Authors: Vladimir Eremin1; Daria Mitina1; Elena Verbitskaya1; Igor Eremin1; Nadezda Fadeeva1

1 Ioffe Institute

CorrespondingAuthors: vladimir.eremin@cern.ch, igor.pti@mail.ioffe.ru, elena.verbitskaya@cern.ch, dary.mitina@gmail.com

Generation of the current by radiation-induced defects in Si p-n junction detectors is one of the pro-
cesses responsible for their radiation degradation. In the study, analysis of the I-V characteristics
is performed for the profiling of radiation defects acting as current generation centers. The experi-
mental results are obtained for the Si p+-n-n+ diodes with a nonuniform defect distribution induced
by radiation with Ar ions that form heavily damaged cluster-rich region produced by silicon recoils
in the track end. Processing of the I-V characteristics showed that the current generation rate dis-
tribution along the track is nonmonotonous and its maximum is shifted from the track end towards
the p+ contact. This evidences that formation of radiation defects related to the impact of recoils
significantly suppresses the current generation.

Transient Current Techniques (Thursday) / 27

Investigation of the amplitude decrease in subsequent pulse de-
tection in irradiated silicon sensors
Authors: Leena Diehl1; Riccardo Mori1

Co-authors: Liv Wiik-Fuchs 1; Ulrich Parzefall 1; Karl Jakobs 1; Dennis Sperlich 1; Marc Hauser 1

1 Albert Ludwigs Universitaet Freiburg (DE)

CorrespondingAuthors: leena.diehl@cern.ch, dennis.sperlich@cern.ch, karl.jakobs@uni-freiburg.de, ulrich.parzefall@cern.ch,
riccardo.mori@cern.ch, liv.antje.mari.wiik@cern.ch, marc.hauser@cern.ch

During edge- and Top-TCTmeasurements using subsequent laser pulses with a pulse repetition time
of several microseconds, a significant decrease in the measured signal amplitude has been observed.
The charge created during the pulses has severe effects on the electrical configuration of the sensor.
This can be explained by either trapping of charge carriers which alter the charge distribution and
in turn the electric field profile –known as the polarization, or in case of non-depleted bulk as a
consequence of dielectric relaxation, when the almost-intrinsic irradiated bulk restoration after the
charge perturbation of the steady state electrical configuration is relatively slow –often described
with time dependent weighting field.
This study investigates different dependencies of the decrease on voltage, fluence, laser intensity,
type of created carrier and time between pulses. It includes simulations of the electric field change
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and a fit model for trying to discriminate between trapping induced polarization and relaxation
effects.

Defect Characterization / 28

Electron, neutron andproton irradiation effects on four-quadrant
SiC radiation detectors
Authors: Joan Marc Rafí1; Giulio Pellegrini1; Philippe Godignon1; Sofía Otero Ugobono1; Gemma Rius1; Vainius
Dauderys1; Isao Tsunoda2; Masashi Yoneoka2; Kenichiro Takakura2; Gregor Kramberger3; Michael Moll4

1 Instituto de Microelectrónica de Barcelona, CNM-CSIC
2 Kumamoto College, National Institute of Technology (KOSEN)
3 Jozef Stefan Institute
4 European Organization for Nuclear Research (CERN)

CorrespondingAuthors: jm.rafi@csic.es, sofia.otero@imb-cnm.csic.es, isao_tsunoda@kumamoto-nct.ac.jp, yoneoka@kumamoto-
nct.ac.jp, michael.moll@cern.ch, vainius.dauderys@imb-cnm.csic.es, gregor.kramberger@ijs.si, gemma.rius@csic.es,
takakura@kumamoto-nct.ac.jp, philippe.godignon@imb-cnm.csic.es, giulio.pellegrini@imb-cnm.csic.es

Owing to their low dark current, high transparency, high thermal conductivity and potential ra-
diation hardness, there is a special interest in silicon carbide devices for radiation monitoring in
radiation harsh environments or operation at elevated temperatures.
In this work, segmented four-quadrant pn junction diodes produced on epitaxied 4H-SiC substrates
are studied. The impact of 2-MeV electron, neutron and 24-GeV/c proton irradiations (up to fluences
of 1x1016e/cm2, 3x1017n/cm2 and 2.5x1015p/cm2, respectively) on the electrical characteristics
is studied by means of current-voltage (I-V) and capacitance-voltage (C-V) techniques. Relevantly,
similar low reverse currents for irradiated SiC devices are obtained regardless of particle type and
applied fluences, which are at least about four orders of magnitude lower than comparable Si de-
vices. Electrical rectification character of the diodes is lost for the highest fluences. The effects of
irradiation on interquadrant resistance and charge build-up in the interquadrant isolation are also
assessed. Additionally, device performance as a detector is investigated under irradiation with a col-
limated 239Pu-241Am-244Cm tri-alpha source. As a validation for sensing applications, SiC device
performance as a radiation detector is preserved at room temperature, at least up to 2x1015n/cm2

as well as all other reached electron and proton fluences.
Summarizing, advantages of using SiC devices in alpha particle detection in harsh environments can
be envisaged. This study contributes to the milestones in fabrication and radiation hardness assess-
ment of new radiation detectors based on wide bandgap materials, and it is in alignment with the
new materials research line objectives in the current RD50 5-years work program.

Detector Characterization and Simulation / 29

Determination of proton hardness factors with commercial PiN
diodes
Authors: Ioannis Kopsalis1; Konstantinos Nikolopoulos1; Laura Gonella2; Patrick Ryan Knights1; Philip Patrick
Allport2; Tony Price1

1 University of Birmingham (GB)
2 University of Birmingham (UK)

CorrespondingAuthors: laura.gonella@cern.ch, t.price@bham.ac.uk, patrick.ryan.knights@cern.ch, philip.patrick.allport@cern.ch,
ioannis.kopsalis@cern.ch, konstantinos.nikolopoulos@cern.ch

The radiation hardness of detectors is of paramount importance for the success of the scheduled
High Luminosity upgrade of the CERN Large Hadron Collider. This has driven a global campaign
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for sensor characterisation and irradiation testing facility qualification. The effect of radiation dam-
age from various particle species and energies are conventionally communicated in term of the
equivalent 1 MeV neutron fluence, related by a hardness factor. The University of Birmingham,
in collaboration with CERN and Karlsruhe Institute of Technology, have performed a campaign of
measurements to determine the proton hardness factor at several irradiation facilities, using commer-
cial BPW34F PiN diodes. Recently, Bonn University has commissioned a proton irradiation facility
at Bonn Isochronous Cyclotron of Helmholtz Institut für Strahlen- und Kernphysik (HISKP) and
utilised the same technique to estimate the corresponding hardness factor. The diodes used in this
study have now been measured at the University of Birmingham, following an identical procedure
to the earlier studies. A summary of the measurement campaigns will be given and the results of
recent measurements of these diodes will be reported.

RD50 Beta source measurement systems (Friday) / 30

Characterization with a β-source setup of the FBK UFSD 3.2 &
HPK2 LGAD productions
Author: Federico Siviero1

Co-authors: Roberta Arcidiacono 1; Nicolo Cartiglia 2; marco costa 3; Valentina Sola 1; Marco Ferrero 1; Marta
Tornago 1; Marco Mandurrino 4; Matteo Milanesio 5; Maurizio Boscardin 6; Matteo Centis Vignali 7; Giovanni
Paternoster 8; Gian-Franco Dalla Betta 9; Francesco Ficorella 7; Lucio Pancheri 10; Omar Hammad Ali 7; Giacomo
Borghi 11

1 Universita e INFN Torino (IT)
2 INFN Torino (IT)
3 University of Torino
4 INFN
5 Università Torino
6 FBK Trento
7 FBK
8 Fondazione Bruno KEssler
9 INFN and University of Trento
10 University of Trento
11 Fondazione Bruno Kessler

Corresponding Authors: gianfranco.dallabetta@unitn.it, lucio.pancheri@unitn.it, paternoster@fbk.eu, oham-
madali@fbk.eu, gborghi@fbk.eu, marco.mandurrino@to.infn.it, valentina.sola@cern.ch, roberta.arcidiacono@cern.ch,
matteo.centis.vignali@cern.ch, boscardi@fbk.eu, mcosta@to.infn.it, marco.ferrero@cern.ch, ficorella@fbk.eu, car-
tiglia@to.infn.it, marta.tornago@cern.ch, matteo.milanesio@edu.unito.it, federico.siviero@edu.unito.it

In this contribution, I will present the characterization of the latest LGAD productions manufactured
at FBK (UFSD3.2) and HPK (HPK2), performed with the β-source (Sr90) setup of the Torino Silicon
Lab (INFN–University of Torino). In particular, I will focus on temporal resolution and gainmeasure-
ments of either irradiated (up to a fluence of 2.5E15 neq/cm2 ) and non-irradiated devices. Results
on sensors with different gain layer depths and carbon implantation doses will be shown.

In addition, I will compare the performances of FBK UFSD3.2 sensors with four different active
thicknesses (25, 35, 45, 55 μm).

I will also discuss the issues faced during the development of a dry and cold (-30℃) setup and provide
some informations on the Torino β-setup, both on the hardware and software side.

Transient Current Techniques (Thursday) / 31
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Capabilities of testing detectors for high energy physics by MeV
energy ions

Authors: Milko Jaksic1; Stjepko FazinicNone

1 Rudjer Boskovic Institute, Zagreb, Croatia

Corresponding Authors: jaksic@irb.hr, stjepko.fazinic@irb.hr

By shrinking the sizes of detectors used in high energy physics experimental setups, techniques that
can characterise detectors at the micrometer size levels are getting more and more attention. This
may be one of the reasons why the Ruđer Bošković Institute (RBI) and its microprobe based IBIC (ion
beam induced charge) system, attractedmore than 20 users from the high energy physics community
during the course of the AIDA2020 project. Several important developments and improvements,
initiated by users, have been in the meantime accomplished and as such the IBIC setup is now much
more suitable for testing of different detectors, from simple basic structures to complex monolithic
prototypes and devices.

In this presentation we will show the main characteristics of the present setup for IBIC and ion
beam induced TCT, that are an integral part of the ion microprobe end station. Ion beams of the
MeV energy range (0.1 to 25 MeV, depending on the ion mass), with respective ranges in silicon
between 1 and 500 um, are provided by one of the two electrostatic accelerators (1.0 and 6.0 MV
tandems). Experiments are generally performed in vacuum chamber. However new in-air setup can
be used for larger detector structures, which can be exposed to proton beams with still small enough
spot sizes (3-10 um). Several characteristic applications of the system within the AIDA2020 will be
presented together with a foresight to new future projects that may be beneficial to high energy
physics community.

LGADs / 33

Double Sided LGADs for 5D Measurements
Author: Ronald Lipton1

Co-author: Ryan Heller 1

1 Fermi National Accelerator Lab. (US)

Corresponding Authors: ronald.lipton@cern.ch, ryan.heller@cern.ch

We describe and simulate a concept which combines small pixels enabled by 3D sensor-electronics
integration with gain produced by a Low Gain Avalanche Diode (LGAD) layer (inverted LGAD). The
detector is double-sided, with electrons collected by the cathode, which provides timing information,
and an anode with small pixels to provide position and angle information. The cathode can be
coarse grained, providing timing with fewer fast amplifiers to limit power consumption. The anode
layer benefits from the gain of the LGAD, with larger signals that also limit the power needed.
Position can be reconstructed by measuring the pattern of total charge deposited on the anode.
Angle and depth of charge deposit can be measured by the shapes of the anode pulses. We describe
a fabrication option based on buried layers. We also describe a possible assembly technology based
on 3D integration.

Detector Characterization and Simulation / 34

Radiation effects in the CMS phase 1 pixel detector

Author: CMS CollaborationNone
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Corresponding Author: danyyl.brzhechko@cern.ch

Radiation defects induced by the harsh radiation environment in the CMS experiment heavily impact
the operation of the upgraded silicon pixel detector, that has been installed in the beginning of 2017.
During the data taking period of 2017-2018, the phase 1 CMS pixel detector, composed of 4 barrel
layers and 3 endcap disks, has experienced up to 1 × 1015neq/cm

2. In this presentation we will
discuss the evolution of the detector properties, such as leakage current and depletion voltage under
irradiation. We present the simulation of evolution of these quantities in 2017-2018 for barrel and 2
endcap regions, and compare it with the data.

Transient Current Techniques (Thursday) / 35

Charge collection characterization of irradiated diode using anovel
edge-on electron beam technique
Authors: Mohammadtaghi Hajheidari1; Joern Schwandt1; Erika Garutti2; Aliakbar Ebrahimi3

1 Hamburg University (DE)
2 university of hamburg
3 DESY

CorrespondingAuthors: joern.schwandt@cern.ch, aliakbar.ebrahimi@desy.de, mohammadtaghi.hajheidari@desy.de,
erika.garutti@physik.uni-hamburg.de

The charge collection of two n+p+p+ pad diodes has been measured using a 5 GeV electron beam
(at DESY) entering from the 150 µm thick side edge side of diodes. Using the EUDAQ telescope it is
possible to precisely reconstruct the beam position. The collected charge as a function of the beam
position along the diode thickness is investigated.
This measurement technology is novel and comparable to the better-known edge-TCT. The align-
ment of the beam direction with respect to the diode surface was done online during the data taking.
The diodes have an area of 25 mm2 and a p-doping concentration of 4 × 1012 cm−3. The measure-
ments were performed at −20 ◦C for bias voltages up to Vbias = 800 V. One diode was irradiated
with 23 MeV protons to a 1 MeV neutron equivalent fluence of Φeq = 2 × 1015 cm−2. The second
diode was not irradiated. For the non-irradiated diode, the charge profile is uniform as a function
of the beam position. For the irradiated diode, the charge profile is non-uniform and the changes as
the applied bias voltage.
This work presents the procedure of measurement and the online alignment along with the results
obtained for two diodes.

Detector Characterization and Simulation / 36

Update on radiation damage investigation of epitaxial p-type sil-
icon using Schottky and pn-junction diodes
Author: Enrico Giulio Villani1

Co-authors: Christoph Thomas Klein 2; Fergus Wilson 1; Garry Tarr 2; Hongbo Zhu 3; Igor Mandic 4; Ioannis
Kopsalis 5; Laura Gonella 6; Philip Patrick Allport 6; Robert Vandusen 2; Thomas Koffas 2

1 Science and Technology Facilities Council STFC (GB)
2 Carleton University (CA)
3 IHEP (CN)
4 Jozef Stefan Institute (SI)
5 University of Birmingham (GB)
6 University of Birmingham (UK)
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CorrespondingAuthors: robert.vandusen@carleton.ca, igor.mandic@ijs.si, thomas.koffas@cern.ch, laura.gonella@cern.ch,
zhuhb@ihep.ac.cn, ioannis.kopsalis@cern.ch, garrytarr@cunet.carleton.ca, christoph.klein@cern.ch, philip.patrick.allport@cern.ch,
enrico.giulio.villani@cern.ch, fergus.wilson@stfc.ac.uk

This project focuses on the investigation of trap energy levels introduced by radiation damage in epi-
taxial p-type silicon. Using 6-inch wafers of various boron doping concentrations (1e13, 1e14, 1e15,
1e16, and 1e17 cm−3) with a 50 µm epitaxial layer, multiple iterations of test structures consisting
of Schottky and pn-junction diodes of different sizes and flavours are being fabricated at RAL and
Carleton University.

Updates and details on the initial fabrication phase of devices on high resistivity wafers will be
given. IV and CV scans of fabricated test structures have been performed and cross-checked between
institutes, the results of which will be presented.

In collaboration with Semetrol LLC (USA) and the National Institute of Material Physics, Bucharest-
Magurele, Romania, samples of both Schottky and pn-junction diodes have been further investigated
using Deep-Level Transient Spectroscopy (DLTS) and Thermal Admittance Spectroscopy (TAS) to
characterise trap energy levels in unirradiated devices.

The findings aswell as plans formeasurements of samples irradiated at the University of Birmingham
and the Jožef Stefan Institute, Ljubljana, will be discussed.

CMOS / 37

Inter-pixel resistance measurements of irradiated pixel sensors
with different isolation structures
Author: Sinuo Zhang1

Co-authors: Sabine Hartung ; David-Leon Pohl 2; Jochen Christian Dingfelder 1

1 University of Bonn (DE)
2 University of Bonn

Corresponding Authors: sinuo.zhang@cern.ch, jochen.christian.dingfelder@cern.ch

So-called “passive CMOS” pixel and stript sensors using commercial CMOS chip fabrication lines
have become an interesting alternative to standard planer sensors. An important question is how
the resistance between electrodes changes as a function of irradiation fluence for various implant ge-
ometry. We present preliminary results on the measurements of the inter-pixel resistance of passive
CMOS sensor test-structures fabricated in the LFoundry 150 nm CMOS technology. The inter-pixel
resistance of two types of test-structures, namely with and without equipping p-stop isolation be-
tween pixel implants, were evaluated by fitting the current-voltage behavior between a single pixel
and the surrounding pixels. Unirradiated samples of both types deliver a resistance of ∼ 1014 Ω.
Results from the samples after 14MeV proton irradiation (5×1014 neq cm−2 −1×1016 neq cm−2)
reveal a drop of the resistance by approximately 3 orders of magnitude for the structures with p-
stop and approximately 6 orders of magnitude for the ones without p-stop. From the data, no clear
dependence of inter-pixel resistance on the proton irradiation fluence is observed.

Defect Characterization / 38

Discussion: Defect and Material Characterization
Corresponding Author: ioana@infim.ro
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Detector Characterization and Simulation / 39

Discussion: Detector Characterization and Simulation

Corresponding Authors: joern.schwandt@cern.ch, gianluigi.casse@cern.ch

RD50 Beta source measurement systems (Friday) / 40

Comprehensive mip particle measurement and analyses system

Author: Vagelis Gkougkousis1

1 CERN

Corresponding Author: vagelis.gkougkousis@cern.ch

RD50 Beta source measurement systems (Friday) / 41

Beta setup in Zurich
Authors: Anna Macchiolo1; Matias Senger1

1 Universitaet Zuerich (CH)

Corresponding Authors: matias.senger@cern.ch, anna.macchiolo@cern.ch

RD50 Beta source measurement systems (Friday) / 42

Discussion on Beta Setup

RD50 Beta source measurement systems (Friday) / 43

Coffee Break

LGADs / 44

Efficiency estimation on irradiated LGAD with respect to sensor
stability

Corresponding Author: vagelis.gkougkousis@cern.ch
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LGADs / 45

Characterization of CMS-ETLHPK2 LGAD samples before irradi-
ation
Author: Marcos Fernandez Garcia1

Co-authors: Ana Ventura Barroso 2; Esteban Curras Rivera 3; Ivan Vila Alvarez 4; Julian Alexander Boell 5; Michael
Moll 3

1 Universidad de Cantabria and CSIC (ES)
2 University of Barcelona (ES)
3 CERN
4 Instituto de Física de Cantabria (CSIC-UC)
5 Hamburg University (DE)

Corresponding Author: marcos.fernandez@cern.ch

LGADs / 46

Preliminary results frommortality studies conducted on the LGADs
using the ELI fs-laser beam
Author: Gordana Medin1

Co-authors: Gregor Kramberger 2; Jakob Andreasson 3; Jiri Kroll 4; Kamil Kropielniczki 3; Mateusz Rebarz 3; Michal
Tomasek 5; Nicolo Cartiglia 6; Tomas Lastovicka 5; Valentina Sola 7

1 University of Montenegro
2 Jozef Stefan Institute (SI)
3 Extreme Light Infrastructure
4 Czech Academy of Sciences (CZ)
5 Acad. of Sciences of the Czech Rep. (CZ)
6 INFN Torino (IT)
7 Universita e INFN Torino (IT)

Corresponding Author: gordana.medin@gmail.com

We report on the first results of a mortality campaign on the Low Gain Avalanche Detectors (LGAD)
produced by Hamamatsu (HPK) as prototypes for the High-Granularity Timing Detector (HGTD) in
ATLAS. The study was conducted at the ELI Beamlines site during the ELI RD50 campaign as part
of the ELI User Experiment that has been recently selected from the ELI User Call proposals. The
HPK-P2 (WF25) sensors from the most recent run production were irradiated with neutrons in the
JSI research reactor of TRIGA type in Ljubljana on the four fluences, (4, 8, 15, 25) x 1014neq cm-2,
and subjected upon the carefully designed fs-laser based mortality study. The research strategies
and applied methodology will be explained, and the results discussed. The preliminary results will
be opened to conversation and feedback from the RD50 collaboration. The plans will be discussed
too.

LGADs / 47

Discussion on LGADs
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CMOS / 48

Discussion: CMOS sensors
Corresponding Author: vilella@hep.ph.liv.ac.uk

Transient Current Techniques (Thursday) / 49

An update report on the upgrade of the TCT - TPA/SPA experi-
mental station at the ELI Beamlines facility
Author: Gordana Medin1

Co-authors: Gregor Kramberger 2; Jakob Andreasson 3; Jiri Kroll 4; Kamil Kropielniczki 3; Mateusz Rebarz 3; Michal
Tomasek 5; Nicolo Cartiglia 6; Tomas Lastovicka 5; Valentina Sola 7

1 University of Montenegro
2 Jozef Stefan Institute (SI)
3 Extreme Light Infrastructure
4 Czech Academy of Sciences (CZ)
5 Acad. of Sciences of the Czech Rep. (CZ)
6 INFN Torino (IT)
7 Universita e INFN Torino (IT)

Corresponding Author: gordana.medin@gmail.com

The already approved concepts of TCT-TPA and TCT-SPA (both developed within the RD50 Collabo-
ration) have been brought by the RD50 Montenegro team to the pan-European Research Infrastruc-
ture and laser facility ELI Beamlines in March 2020. RD50 Montenegro team partnered with RD50
teams from Slovenia, Italy, and the Czech Republic. The idea was to build an additional research
TCT infrastructure for RD50 and a powerful and comprehensive research tool for wider community
of users. The uniqueness will be the opportunity to use both, TCT-SPA and TCT-TPA techniques,
with the possibility for the wavelength, power, and repetition of the fs- laser beam to be varied and
tuned. Beside the TCT technique, a new research line such as the mortality study with high pulses
is under development and the protocol may be standardized in the future. By exposing technology
to a field that it has not been previously used for, new use cases for the technology may potentially
emerge.
Within the ELI Beamlines department for Structural Dynamics the Ultrafast spectroscopy group
possesses unique know-how and expertise, as well as cutting-edge laser technologies that are con-
tinuously being developed and refined. To the project they contribute state-of-the-art knowledge
and technology transfer related to ultra-short pulse lasers, advanced spectroscopy methods and in-
strumentation. Experimental time at the ELI Beamlines facility is provided as part of the normal
user operations (within the framework of the ELI access policies) and as part of in-house science
and development projects. The know-how and the expertise potential of ELI is enhanced locally by
the logistic help of the RD50 Czech collaborators. The sensors and readout boards, as well as exper-
tise support are provided by INFN and JSI.
In June 2020, the first initial steps and the jitter study on LGAD using the fs- laser beam have been
shown on the 36th RD50 Workshop. In the meantime, the significant investment in the experimen-
tal station was done by ELI RP4: Applications in Molecular, Bio medical and Materials Science. An
access to ELI through an application by Montenegro team to ELI Open User Call was gained in
September and after the application of Montenegro Rd50 team was selected Eli gave priority to the
applied project. In this presentation we will give an update report on the upgraded TCT-TPA/SPA
set up and discuss the plans towards future upgrades.
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Transient Current Techniques (Thursday) / 50

Discussion on TCT/IBIC techniques

Detector Characterization and Simulation / 51

Measurements of Sensor Radiation Damage inthe ATLAS Inner
Detector using Leakage Currents

Corresponding Authors: aidan.grummer@cern.ch, sally.seidel@cern.ch

Non-ionizing energy loss causes bulk damage to the silicon sensors of the ATLAS pixel and strip
detectors.This damage has important implications for data-taking operations, charged-particle track
reconstruction,detector simulations, and physics analysis. This talk presents simulations and mea-
surements of the leakage current for the ATLAS pixel detector as a function of location in the detector
and time, using data collected in Run 1 (2010-2012) and Run 2 (2015-2018) of the Large Hadron Col-
lider. The extracted fluence shows a much stronger |z|-dependence in the innermost layers compared
to calculations. Furthermore, the overall fluence is significantly higher on the second innermost
layer with an increasing agreement with calculations at higher radii. These measurements are an
important validation of thesimulation models and can be used in part to justify safety factors for
future detector designs and interventions.

Transient Current Techniques (Thursday) / 52

Thefirst TPA signal in LGAD (HPK-P2/HGTDand FBK-W1/UFSD)
and PIN using the ELI fs-laser
Author: Gordana Medin1

Co-authors: Gregor Kramberger 2; Jakob Andreasson 3; Jiri Kroll 4; Kamil Kropielniczki 3; Mateusz Rebarz 3; Michal
Tomasek 5; Nicolo Cartiglia 6; Tomas Lastovicka 5; Valentina Sola 7

1 University of Montenegro
2 Jozef Stefan Institute (SI)
3 Extreme Light Infrastructure
4 Czech Academy of Sciences (CZ)
5 Acad. of Sciences of the Czech Rep. (CZ)
6 INFN Torino (IT)
7 Universita e INFN Torino (IT)

Corresponding Author: gordana.medin@gmail.com

The first TPA signal in LGAD at the TPA/SPA experimental research station, that is under develop-
ment at the premises of the research infrastructure and laser facility ELI Beamlines, is presented. The
RD50 campaign at ELI’s site for the ELI fs- beam profile study and TPA signature was conducted in
Oct/Nov 2020 and performed under the ELI User Call Framework after an application byMontenegro
team was submitted to the ELI User Call on the behalf of the RD50 Collaboration and accepted as the
user experiment with priority. The study was performed on LGADs (HPK-P2 (HGTD):WF25, FBK
(UFSD):W1) and their reference PIN sensors. Active thickness of INFN LGAD is 55 μm and support
wafer is 570 μm, while active thickness of HPK-P2 is 50 μm and support wafer is 200 μm. The TPA
signal is obtained by focusing fs-1550 nm beam by X100 NIR APO objective. The sensor samples

Page 22



The 37th RD50 Workshop (Zagreb – online Workshop) / Book of Abstracts

were illuminated in the centre of PAD. The TPA control pots, the spatial beam profile characterisa-
tion and sensor (LGAD& PIN) characterisation (gain layer depletion and full depletion voltage) will
be presented. This program will continue at ELI in future.

CMOS / 53

Proposal: Passive CMOS submission for sensors and test struc-
tures
Corresponding Authors: pohl@physik.uni-bonn.de, david-leon.pohl@cern.ch
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