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Contribution ID: 1 Type: not specified

Effect of Fe-implantation on the electrical
characteristics of p-type Si-based diode.

Tuesday, 29 November 2022 12:00 (20 minutes)

The effects of Fe-implantation on the electrical characteristics of Au/p-Si Schottky barrier diodes
(SBD) were studied using current-voltage (I–V) and capacitance-voltage (C–V) techniques. The ac-
quired results showed that the Si-based diodes were well fabricated, and Fe-implantation changed
the normal diode’s I-V behaviour from typical exponential to ohmic. The ohmic behaviour was de-
scribed in terms of the defect levels induced by Fe that were positioned in the middle of the energy
gap of Si. The C-V results show that Fe generates high density of minority carriers in p-Si which
agrees with the increase in reverse current observed in I-V results. Also, the diode parameters
in terms of saturation current, ideality factor, Schottky barrier height, doping density, and space
charge region (SCR) width were used to investigate the effect of Fe in p-Si-based diode. Owing
to the changes observed, which are analogous to those induced by dopants found to improve the
radiation-hardness of silicon, it is safe to say that Fe can also assist in the quest to improve the
radiation-hardness of silicon using defect-engineering method.

Primary author: Mr BODUNRIN, Joseph (Department of Physics, College of Science, Engineering
and Technology, University of South Africa, Private Bag X6, Florida, 1710, South Africa)

Co-author: Prof. MOLOI, Jonas (Department of Physics, College of Science, Engineering and Tech-
nology, University of South Africa, Private Bag X6, Florida, 1710, South Africa)

Presenter: Mr BODUNRIN, Joseph (Department of Physics, College of Science, Engineering and
Technology, University of South Africa, Private Bag X6, Florida, 1710, South Africa)
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Contribution ID: 8 Type: not specified

TPA Laser Experiment on the MPW2 HVCMOS
MAPS chip

Friday, 2 December 2022 11:10 (20 minutes)

We present here the mapping of charge collection efficiency for the MPW2 monolithic detector us-
ing the TPA-TCT technique in z-scan mode. The TPA-TCT mappings show the non-homogeneities
of the detector pixel electric field due to the biasing and to the presence of microelectronic struc-
tures at different depths.The work demonstrate the usefulness of the TPA-TCT mapping to assess
the quality of a pixel monolithic detector.

Primary authors: Dr PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla (ES)); Mr PAPE,
Sebastian (Technische Universitaet Dortmund (DE))

Co-authors: Dr HINOJO MONTERO, Jose Maria (Universidad de Sevilla (ES)); Prof. MOLL, Michael
(CERN)

Presenter: Dr PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla (ES))
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Contribution ID: 9 Type: not specified

Including radiation damage effects in ATLAS
MonteCarlo simulations: status and perspectives

Tuesday, 29 November 2022 14:20 (20 minutes)

Signal reduction is the most important radiation damage effect on performance of
silicon tracking detectors in ATLAS. Adjusting sensor bias voltage and detection threshold can
help in mitigating the effects but it
is important to have simulated data that reproduce the evolution of performance with the
accumulation of luminosity, hence fluence.

ATLAS collaboration developed and implemented an algorithm that reproduces signal loss and
changes in Lorentz angle due to radiation damage. This algorithm is now the default for Run3
simulated events. In this talk the algorithm will be briefly presented and results
compared to first Run3 collision data.

For the high-luminosity phase of LHC (HL-LHC) a faster algorithm is necessary since the
increase of collision, event, track and hit rate imposes stringent constraints on the
computing resources that can be allocated for this purpose.
The philosophy of the new algorithm will be presented and the strategy on how to implement it
and the needed ingredients will be discussed.

Primary authors: BOMBEN, Marco (APC & Université de Paris, Paris (FR)); OF THE ATLAS
COLLABORATION, on behalf

Presenter: BOMBEN, Marco (APC & Université de Paris, Paris (FR))
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Contribution ID: 10 Type: not specified

Spatio-temporal dynamics of charge transport in
LGAD probed with focused ion beams

Thursday, 1 December 2022 09:00 (20 minutes)

Here we present new insights into the effects of LGAD gain suppression obtained using Ion Beam
Induced Charge (IBIC) technique with the ion microprobe setup at the Ruđer Bošković Institute.
This experimental setup allows us to investigate properties of the signal induced by single ions
in the MeV energy range, and thus probe charge transport in the detector at spatial and temporal
scales relevant to understanding the underlying charge carrier dynamics. These unique capabilities
were exploited in this study: The density of injected charge carriers was varied by using different
ion species, energies, and angles of incidence with respect to the electric field direction, and the
influence on signal gain was compared for different cases. The microscopic mechanism of gain
suppression was explained within the framework of the drift-diffusion model of charge carrier
transport, and the results were supported by simulations using the KDetSim code. The crucial
influence of ionization density on the charge multiplication processes is discussed. Furthermore,
ion- TCT analysis provided us with additional information on the electric field screening in the
device during charge collection after high density ionization events.
Finally, a few selected studies of semiconductor detector probing using ion microprobe at RBI are
presented to demonstrate additional setup capabilities that could be of potential benefit to the
community.

Primary authors: CRNJAC, Andreo (Ruđer Bošković Institute); JAKSIC, Milko

Co-authors: KRAMBERGER, Gregor (Jozef Stefan Institute (SI)); RODRIGUEZ RAMOS, Mauricio
(AAI@EduHr Single Sign-On Service)

Presenter: CRNJAC, Andreo (Ruđer Bošković Institute)
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Contribution ID: 11 Type: not specified

Deep Junction LGAD: a new approach to high
granularity LGAD

Thursday, 1 December 2022 14:10 (20 minutes)

Low Gain Avalanche Detectors (LGADs) are silicon detectors with modest internal gain (up to
˜50) that allows the sensor to be very thin (20-50 um). LGADs are characterized by an extremely
good time resolution (down to 17ps), a fast rise time (˜500ps) and a very high repetition rate (˜1ns
full charge collection). In a broad array of fields, including particle physics (4-D tracking) and
photon science (X-ray imaging), LGADs are a promising R&D path. However, due to structures
required to provide electrostatic isolation between LGAD pixels, the granularity of production-
level devices is limited to the 1x1 mmˆ2 scale. Applications in particle physics and photon science
demand granularity scales of 100x100 umˆ2 or better. Several promising approaches to improve
this current limitation of LGADs are currently in R&D status. In this talk, we’ll present a recent
new idea involving a buried gain layer to overcome the current granularity limit: the DJ-LGAD.
The concept behind DJ-LGAD will be explained, then promising preliminary results from the first
prototype production of DJ-LGADs will be shown.

Primary authors: SEIDEN, Abraham (University of California,Santa Cruz (US)); Prof. SCHUMM,
Bruce Andrew (University of California,Santa Cruz (US)); GEE, Carolyn (University of California,Santa
Cruz (US)); SADROZINSKI, Hartmut (SCIPP, UC santa Cruz); Dr OTT, Jennifer (University of Califor-
nia,Santa Cruz (US)); MAZZA, Simone Michele (University of California,Santa Cruz (US)); ZHAO,
Yuzhan (University of California,Santa Cruz (US)); ZHAO, Yuzhan (University of California Santa
Cruz)

Presenter: MAZZA, Simone Michele (University of California,Santa Cruz (US))
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Contribution ID: 12 Type: not specified

Pulsed and continuous neutron beams at the CNA
HISPANOS facility

Tuesday, 29 November 2022 15:20 (20 minutes)

Neutrons play a key role in many aspects of science and technology. Just to mention some exam-
ples, neutrons are responsible for the nucleosynthesis of elements in the stars or the functioning of
fission and fusion reactors, but they are also a source of problems due when one considers the dam-
age that they cause to, for instance, cells in radiotherapy cancer treatments or electronics devices
in almost any environment, from flying airplanes to underground accelerator facilities. Therefore,
neutron beams are needed for research in nuclear reactions, detectors tests, dosimetry, R2E, etc.

In Spain, the CNA HISPANOS facility in Seville is the only accelerator-based neutron beam facility.
AT HISPANOS, neutrons with energies ranging from thermal (˜25 meV) to fast (up to 10 MeV) are
produced by means of 7Li(p,n), 2H(d,n) and 8Be(p/d,n) reactions. The beams can be continuous
or bunched in pulses of only 2 ns, which allows for time-of-flight experiments or time resolved
detector tests. The ion bean currents of a few uA provide fast neutron fluxes of about 1e9 n/s,
reaching doses of ˜1 Sv/h at at 30 cm from the target.

Access to HISPANOS is available free of charge through the Transnational Access projects H2020-
ARIEL and H2020-EUROlabs.

Co-authors: FERNANDEZ MARTNEZ, Begona; GOMEZ-CAMACHO, Joaquin (Universidad de
Sevilla); QUESADA MOLINA, Jose Manuel (Universidad de Sevilla (ES)); MILLAN CALLADO, Maria
Angeles (Universidad de Sevilla (ES)); PEREZ MAROTO, Pablo (Universidad de Sevilla)

Presenter: Dr GUERRERO SANCHEZ, Carlos (Universidad de Sevilla (ES))
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Contribution ID: 13 Type: not specified

Radiation Tolerance Study of CNM-IMB Run #15246
Thursday, 1 December 2022 11:50 (20 minutes)

We present the results of the Radiation Tolerance Study (Electrical and Radioactive Source char-
acterization) performed at the IFCA on Carbonated-Enriched Gain-Layer and Standar Gain-Layer
small sensors (single diode) from the Run #15246 production of CNM-IMB.

Primary authors: SIKDAR, Anup Kumar (Indian Institute of Technology Madras (IN)); QUINTANA
SAN EMETERIO, Cristian (Universidad de Cantabria and CSIC (ES)); NAVARRETE RAMOS, Efren
(Universidad de Cantabria and CSIC (ES)); Dr VILA ALVAREZ, Ivan (Instituto de Física de Cantabria
(CSIC-UC)); GONZALEZ SANCHEZ, Javier (Universidad de Cantabria and CSIC (ES)); FERNANDEZ
GARCIA, Marcos (Universidad de Cantabria and CSIC (ES)); JARAMILLO, Richard (IFCA)

Presenter: NAVARRETE RAMOS, Efren (Universidad de Cantabria and CSIC (ES))

Session Classification: Low Gain Avalanche Detectors

April 17, 2024 Page 7



41st RD50 Work ⋯ / Report of Contributions Two Photon Absorption –Transie ⋯

Contribution ID: 14 Type: not specified

Two Photon Absorption –Transient Current
Technique: Techniques for the investigation of

segmented sensors and the influence of temperature
Wednesday, 30 November 2022 15:45 (20 minutes)

The Two Photon Absorption –Transient Current Technique (TPA-TCT) setup at CERN uses a 430
fs pulse fiber lasers, with a wavelength of 1550 nm, which is in the quadratic absorption regime of
silicon. Highly focusing optics are used to only generate excess charge carriers in a small volume
(approximately 1µm × 1µm × 20µm) around the focal point of the laser beam, which enables a res-
olution in all three spatial directions. This three dimensional resolution is particular useful for the
investigation of segmented detectors. The TPA-TCT was used to investigate a passive strip CMOS
detector. This talk presents the results of this study and introduces the weighted prompt current
method and the mirror techniques that were especially developed for the analysis of segmented
devices. Furthermore, a study about the influence of temperature on the measurements of the
TPA-TCT is presented.

Primary authors: QUINTANA SAN EMETERIO, Cristian (Universidad de Cantabria and CSIC
(ES)); CURRAS RIVERA, Esteban (CERN); PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla
(ES)); Dr VILA ALVAREZ, Ivan (Instituto de Física de Cantabria (CSIC-UC)); FERNANDEZ GAR-
CIA, Marcos (Universidad de Cantabria and CSIC (ES)); MOLL, Michael (CERN); WIEHE, Moritz
(CERN); MONTERO, Raul; PAPE, Sebastian (Technische Universitaet Dortmund (DE))

Presenter: PAPE, Sebastian (Technische Universitaet Dortmund (DE))
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Contribution ID: 15 Type: not specified

DRAD DAQ System
Friday, 2 December 2022 10:50 (20 minutes)

Particle detectors systems need state of the art Data Acquisition Systems (DAQ) as backend. This
paper presents a new DAQ that handle up to 4 hybrid detectors simultaneously, in a client-server
data architecture, oriented to particle tracking experiments. The system is designed for the ROC4SENS
read-out chip but is easily adaptable to other pixel detectors. The DAQ is based on a System-on-
Module (SoM) that includes FPGA logic fabric and microprocessors. The client-server architecture
is enabled by a Linux operating system. The full DAQ is very compact, reducing the hardware
load typically needed in particle tracking experiment, specifically during the compulsory parti-
cle telescope characterization. The DAQ design comprises the design of the programmable logic,
hardware, operating system, drivers and software.

Primary authors: Dr PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla (ES)); Mr JIMÉNEZ-SÁNCHEZ,
Jorge (School of Engineering)

Co-authors: Prof. MUÑOZ, Fernando (School of Engineering University of Sevilla); Dr HINOJO--
MONTERO, Jose María (School of Engineering); Mr BLANCO-CARMONA, Pedro (School of Engineer-
ing University of Sevilla); Prof. MILLÁN, Rafael (School of Engineering); Prof. GONZÁLEZ-CARVA-
JAL, Ramón (School of Engineering University of Sevilla)

Presenter: Dr PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla (ES))
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Contribution ID: 16 Type: not specified

Understanding the frequency dependence of CV
measurements of irradiated silicon detectors

Tuesday, 29 November 2022 14:00 (20 minutes)

Capacitance-voltage (CV) measurements are a widely used technique in
silicon detector physics. However, this only works if the sensor is not too heavily irradiated. After
irradiation, the measured CV curves show strong frequency dependencies which is not the case
before irradiation and thus, the derived parameters vary over a wide range, indicating that the
method is not applicable for such devices. In this work, an existing, but not sufficient model for
fitting CV measurements of irradiated sensors is extended. With this, the whole frequency range
can be described. Unirradiated sensors produced by a CMOS foundry as well as irradiated CMOS,
ATLAS R0 and ATLAS R5 sensors have been CV measured over the full, technically available,
frequency range and were fitted with the derived model. Furthermore, it is investigated where
the different frequency behaviour of the current CV analysis technique originates and it is shown
how sensor parameters like the depletion voltage, the effective doping concentration and the bulk
resistivity can be determined.

Primary author: MÄGDEFESSEL, Sven (University Freiburg)

Co-authors: SORGENFREI, Niels (Albert Ludwigs Universitaet Freiburg (DE)); MORI, Riccardo
(Albert Ludwigs Universitaet Freiburg (DE)); PARZEFALL, Ulrich (Albert Ludwigs Universitaet Freiburg
(DE))

Presenter: MÄGDEFESSEL, Sven (University Freiburg)
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Contribution ID: 17 Type: not specified

Emulation of neutron induced signals in detectors
using lasers

Wednesday, 30 November 2022 12:00 (20 minutes)

Neutrons interacting in silicon detectors generate ionization signals due to nuclear reactions. Nu-
clear ejectiles are tipically ions and alpha particles that are absorbed in the detector volume, de-
positing all their energy. Lasers focused into the detectors can also generate similar ionization
signals. Here we present a cross-calibration of neutron and pulsed laser signals from detectors.
The detectors used are commercial Silicon photodiodes, easily accessible. The neutron irradiation
was made in the n_TOF facility at CERN. The n_TOF neutron beam has a wide energy fast spectrum
so we could record signals generated by high neutron energy nuclear reactions in silicon. In an
associated laser laboratory we reproduce the same signals with pulsed lasers (1040 and 1500 nm).
The result is a determination of the laser pulse energy needed to emulate the signals generated by
high energy neutrons interaction in the silicon detector bulk.

Primary authors: Dr PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla (ES)); Dr AS-
CAZUBI, Ricardo (On sabatical from Intel Corp.); Ms NAVARRETE-LARIVE, Victoria (Universidad de
Sevilla)

Co-authors: Mr PAVÓN-RODRÍGUEZ, Jose A. (n_TOF experiment, CERN); Prof. QUESADA, Jose
Manuel (Physics Facutly, Universidad de Sevilla); Prof. CORTÉS-GIRALDO, Miguel A. (Physics Faculty,
University of Sevilla)

Presenter: Dr PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla (ES))
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Contribution ID: 18 Type: not specified

Investigation of high resistivity p-type FZ silicon
diodes after 60Co - gamma irradiation

Tuesday, 29 November 2022 11:40 (20 minutes)

Two types of high resistivity p-type FZ diodes with p-stop and p-spray isolation between the pad
and the guard ring were irradiated with 60Co gamma-rays. The dose values were 10, 20, 100, and
200 Mrad. In this work microscopic (TSC) as well as macroscopic (I-V, C-V) studies on isothermal
heat treatments at 80 ℃ and isochronal annealing from 80 ℃ up to 300 ℃ were performed and
analyzed for diodes irradiated to 100 and 200 Mrad. The results of these measurements will be pre-
sented. In addition, the unexpected frequency dependence of the C-V measurements in correlation
with surface current measurements will be reported and discussed.

Primary authors: HIMMERLICH, Anja (CERN); FRETWURST, Eckhart (Hamburg University
(DE)); GARUTTI, Erika (Hamburg University (DE)); PINTILIE, Ioana (National Inst. of Materials
Physics (RO)); Dr SCHWANDT, Joern (Hamburg University (DE)); MAKARENKO, Leonid (Byelorus-
sian State University (BY)); MOLL, Michael (CERN); GURIMSKAYA, Yana

Presenter: LIAO, Chuan (Hamburg University (DE))
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Contribution ID: 19 Type: not specified

Overview of the passive CMOS strip detectors
Friday, 2 December 2022 09:00 (20 minutes)

Current trackers and accelerators are populated with silicon detectors which give excellent reso-
lution and time performance and they can withstand high radiation damage. The fabrication of
large area silicon detectors such as strips are currently limited to microelectronics foundries since
they fabricate a full large area detector (more than 10cm2) with a single mask set. To evaluate the
applicability of using stitched sensors, in this project we fabricated 4.1 cm and 2.1 cm long passive
strip detectors using a CMOS foundry (with 150 nm resolution). The sensors are 150 µm thick and
have different geometries.

I will present an overview of the results for the passive CMOS strip detectors such as electrical
characterisation, charge collection and test beam results before and after irradiation.

Primary author: BASELGA, Marta (Technische Universitaet Dortmund (DE))

Co-authors: RODRIGUEZ RODRIGUEZ, Arturo (Albert Ludwigs Universitaet Freiburg (DE)); SPER-
LICH, Dennis (Albert Ludwigs Universitaet Freiburg (DE)); HUEGGING, Fabian (University of Bonn
(DE)); LEX, Fabian Simon (Albert Ludwigs Universitaet Freiburg (DE)); JANSEN, Hannah (Technische
Universitaet Dortmund (DE)); GREGOR, Ingrid-Maria (DESY & Bonn University); ARLING, Jan-Hen-
drik (Deutsches Elektronen-Synchrotron (DESY)); WEINGARTEN, Jens (Technische Universitaet Dort-
mund (DE)); KROENINGER, Kevin Alexander (Technische Universitaet Dortmund (DE)); DIEHL, Leena
(CERN); KARAGOUNIS, Michael (Fachhochschule Dortmund); DAVIS, Naomi (ATLAS); SORGENFREI,
Niels (Albert Ludwigs Universitaet Freiburg (DE)); SPANNAGEL, Simon (Deutsches Elektronen-Syn-
chrotron (DE)); ARGYPOULOS, Spyridon (Albert Ludwigs Universitaet Freiburg (DE)); SHARMA,
Surabhi (Deutsches Elektronen-Synchrotron (DE)); PARZEFALL, Ulrich (Albert Ludwigs Universitaet
Freiburg (DE))

Presenter: BASELGA, Marta (Technische Universitaet Dortmund (DE))
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Contribution ID: 20 Type: not specified

TI-LGAD: beta, test beam and TCT characterization
Thursday, 1 December 2022 09:40 (20 minutes)

We present results of a systematic characterization of the novel Trench-Isolated LGAD (TI-LGAD)
technology using a radioactive beta source setup as well as a test beam. New results from a TCT
setup are presented and compared with previous ones. The devices under study belong to the first
production of pixelated TI-LGADs at FBK carried out in the framework of the RD50 collaboration.
The TI-LGAD is a variation of the Low-Gain Avalanche Detector (LGAD) in which the isolation
between neighboring pixels is achieved by etching trenches in the inter-pad area. TI-LGADs dis-
play the same outstanding performance as LGADs in terms of time resolution, while at the same
time allowing for a smaller inter-pixel distance. Several structures have been tested at different
irradiation fluences in our beta setup at the University of Zurich.

Primary authors: MACCHIOLO, Anna (University of Zurich (CH)); KILMINSTER, Ben (University
of Zurich (CH)); SENGER, Matias (University of Zurich (CH)); LEONTSINIS, Stefanos (University of
Zurich (CH))

Co-authors: BORGHI, Giacomo (FBK - Fondazione Bruno Kessler (IT)); PATERNOSTER, Giovanni
(FBK - Fondazione Bruno Kessler (IT)); CENTIS VIGNALI, Matteo (FBK); BOSCARDIN, Maurizio (FBK
Trento); Dr GKOUGKOUSIS, Vagelis (CERN)

Presenter: SENGER, Matias (University of Zurich (CH))
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Contribution ID: 21 Type: not specified

Spatial and timing resolution of an RSD2 sensor
measured at the DESY beam test facility

In this contribution, the performance of a Resistive Silicon Detector (RSD) measured with 4 GeV
electrons at the DESY beam test facility is presented. The device-under-test comes from the second
RSD production manufactured at FBK (RSD2). The RSD2 sensors feature a different design with
respect to the previous production (RSD1), in order to improve the sharing of signals produced
by ionizing particles and minimize the area covered by the read-out pads, which are both key
elements to achieving excellent spatial and temporal resolution.

In this work, a 2x2 RSD2 with 1.3 mm pitch has been measured at room temperature in the T24
line at DESY, using a EUDET pixel telescope to provide the reference hit position with 10-15 um
resolution; the reference timestamp, instead, is provided by an MCP with ˜15 ps resolution. The
spatial and timing information have been obtained from the RSD2 sensor using both standard
methods and machine learning techniques, and then compared with the reference ones, in order
to assess the spatial and temporal resolution of the device. The sensor has been read out by a
16-channel fast analog board developed at FNAL, using a CAEN digitizer.

I will describe the sensor design and the DESY beam test facility, and I will present the spatial and
timing results obtained at different bias voltages.

Primary author: SIVIERO, Federico (Universita e INFN Torino (IT))

Presenter: SIVIERO, Federico (Universita e INFN Torino (IT))
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Contribution ID: 22 Type: not specified

A two-prong approach to the simulation of DC-RSD:
TCAD and Spice

Thursday, 1 December 2022 10:00 (20 minutes)

The DC-Coupled Resistive Silicon Detectors (DC-RSD) are the evolution of the AC-Coupled RSD
(RSD) design, both based on the Low-Gain Avalanche Diode (LGAD) technology. The DC-RSD
design concept intends to address a few known issues present in RSDs (e.g., baseline fluctuation,
long tail-bipolar signals), while maintaining their advantages (e.g. signal spreading, 100% fill fac-
tor). The simulation of DC-RSD presents several unique challenges linked to the complex nature
of its design and to the large pixel size. The defining feature of DC-RSD, charge sharing over dis-
tances that can be as large as a millimeter, represents a formidable challenge for Technology-CAD
(TCAD) device-level simulation tool. To circumvent this problem, we have developed a mixed-
mode approach to the simulation of DC-RSD, which exploits a combination of two simulation
tools: TCAD and Spice. Thanks to this hybrid approach it has been demonstrated that the key fea-
tures of the RSD are well maintained, yielding excellent timing and spatial resolutions (few tens
of picoseconds and few microns). In this work, we present the developed models and methodol-
ogy, mainly showing the results of device-level numerical simulation, which have been obtained
with the state-of-the-art Synopsys Sentaurus TCAD suite of tools. Such results will provide all the
necessary information for the first batch of DC-RSD produced by Fondazione Bruno Kessler (FBK)
foundry in Trento, Italy.

Primary authors: CROCI, Tommaso; MENZIO, Luca (Universita e INFN Torino (IT)); Mr FON-
DACCI, Alessandro (University of Perugia); STAIANO, Amedeo (Universita e INFN Torino (IT)); MO-
ROZZI, Arianna (INFN, Perugia (IT)); Prof. PASSERI, Daniele (Universita e INFN Perugia (IT)); ROBUTTI,
Enrico (INFN e Universita Genova (IT)); MOSCATELLI, Francesco (IOM-CNR and INFN, Perugia (IT)); FER-
RERO, Marco (Universita e INFN Torino (IT)); MANDURRINO, Marco (INFN); ARNEODO, Michele
(Universita’ del Piemonte Orientale, Novara and INFN-Torino); CARTIGLIA, Nicolo (INFN Torino
(IT)); MARTI VILLARREAL, Oscar Ariel; ASENOV, Patrick (Universita e INFN, Perugia (IT)); ARCIDI-
ACONO, Roberta (Universita e INFN Torino (IT)); CIRIO, Roberto (Universita e INFN Torino (IT)); MU-
LARGIA, Roberto (University & INFN Turin (IT)); SACCHI, Roberto (Universita e INFN (IT)); SOLA,
Valentina (Universita e INFN Torino (IT)); MONACO, Vincenzo (Universita e INFN Torino (IT))

Presenter: CROCI, Tommaso

Session Classification: Low Gain Avalanche Detectors

April 17, 2024 Page 16



41st RD50 Work ⋯ / Report of Contributions Measurements on NLGAD detectors

Contribution ID: 25 Type: not specified

Measurements on NLGAD detectors
Thursday, 1 December 2022 11:30 (20 minutes)

In the last few years, Low Gain Avalanche Detectors (LGAD) have demonstrated their outstanding
performance when detecting high-energy charged particles. However, the very nature of electrons
and holes under avalanche multiplication highlights that this good performance is diminished
when they are to detect low penetrating particles (e.g. low-energy protons or soft x-rays). A novel
design of an LGAD detector, the NLGAD, was designed and fabricated at CNM in order to try
to overcome this drawback. A qualitative description of the NLGAD concept is presented in this
work, along with gain response measurements of the first prototypes under visible light of 660nm
and 15keV x-rays. Additionally, a review of the gain response under visible light of 404nm and IR
light of 1064nm, previously studied, is also evaluated in this work. The results demonstrate the
potential of the NLGAD for experiments that imply the detection of low penetrating particles.

Primary author: NOT SUPPLIED, JAIRO ANTONIO VILLEGAS DOMINGUEZ

Co-authors: Dr PELLEGRINI, Giulio (Centro Nacional de Microelectrónica (IMB-CNM-CSIC) (ES)); MOF-
FAT, Neil (Consejo Superior de Investigaciones Cientificas (CSIC) (ES)); Dr HIDALGO, Salvador (Insti-
tuto de Microelectronica de Barcelona (IMB-CNM-CSIC))
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Contribution ID: 26 Type: not specified

Timing resolution and CCE of n-on-n silicon sensors
with TCT setup

Tuesday, 29 November 2022 12:40 (20 minutes)

In this work we present 2D charge maps, CCE and timing measurements performed on 3D n-
on-n silicon double sided 200µm thick sensors irradiated at different fluency levels, ranging from
1e14neq/cm2 to 1e17neq/cm2 on a TCT setup using different laser intensities, mimicking the height
of the signal from a beta-source setup, and some multiples of it. We show CCE above 100% at
1E15neq/cm2 fluency due to charge multiplication while being 40% at the extreme high fluency of
1E17neq/cm2, and showcasing 200ps timing resolution up to 1e15neq/cm2 in very big diode arrays
in which timing is highly limited by its noise due to a high capacitance.

Primary authors: Dr PELLEGRINI, Giulio (Centro Nacional de Microelectrónica (IMB-CNM-CSIC)
(ES)); MOFFAT, Neil (Consejo Superior de Investigaciones Cientificas (CSIC) (ES)); FERRER NAVAL,
Oscar David (Consejo Superior de Investigaciones Cientificas (CSIC) (ES))

Co-authors: Mr PETROGIANNIS, Giorgos (IFAE); Mr VILLEGAS DOMINGUEZ, Jairo Antonio
(Consejo Superior de Investigaciones Cientificas (CSIC) (ES)); MANNA, Maria (Centro National de
Microelectronica - CNM-IMB-CSIC); Dr FERNANDEZ, Pablo (IFAE)

Presenter: FERRER NAVAL, Oscar David (Consejo Superior de Investigaciones Cientificas (CSIC)
(ES))
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Contribution ID: 27 Type: not specified

Innovations in the design of thin silicon sensors for
extreme fluences

Wednesday, 30 November 2022 15:05 (20 minutes)

In this contribution, we present the preliminary results from a new batch of radiation-resistant
silicon sensors in production at the Fondazione Bruno Kessler (FBK, Italy). The design of the
sensors exploits the recently observed saturation of radiation damage effects on silicon, together
with the usage of thin substrates, intrinsically less affected by radiation. To cope with the small
signal coming from thin sensors, the Low-Gain Avalanche Diode (LGAD) design is adopted to
achieve internal multiplication of the charge carriers. Sensors with active thicknesses between
15 and 45 µm have been produced at FBK. Different solutions to preserve internal gain above
1E16/cm2 and possibly up to 1E17/cm2 have been adopted: innovative defect engineering of the
LGAD gain implant, such as a carbon shield to protect the p+ layer, and a p+–n+ compensation of
the dopant atoms are included in the batch. Moreover, this production aims for extensive R&D on
the peripheral structures optimised for thin substrates. The goal is to pave the way for a new sensor
design that can efficiently perform precise tracking and timing measurements up to 1E17/cm2.
Preliminary results on the sensors’ characterisation will be presented and discussed.

Primary author: SOLA, Valentina (Universita e INFN Torino (IT))

Co-authors: ARCIDIACONO, Roberta (Universita e INFN Torino (IT)); ASENOV, Patrick (Universita
e INFN, Perugia (IT)); BORGHI, Giacomo (FBK - Fondazione Bruno Kessler (IT)); BOSCARDIN, Maur-
izio (FBK Trento); CARTIGLIA, Nicolo (INFN Torino (IT)); CENTIS VIGNALI, Matteo (FBK); COSTA,
Marco (Universita e INFN Torino (IT)); CROCI, Tommaso; FERRERO, Marco (Universita e INFN Torino
(IT)); FICORELLA, Francesco (Fondazione Bruno Kessler (IT)); Mr FONDACCI, Alessandro (University
of Perugia); GIORDANENGO, Simona (INFN Torino); HAMMAD ALI, Omar; LANTERI, Leonardo
(Universita e INFN Torino (IT)); MENZIO, Luca (Universita e INFN Torino (IT)); MONACO, Vincenzo
(Universita e INFN Torino (IT)); MOROZZI, Arianna (INFN, Perugia (IT)); MOSCATELLI, Francesco
(IOM-CNR and INFN, Perugia (IT)); Prof. PASSERI, Daniele (Universita e INFN Perugia (IT)); PAS-
TRONE, Nadia (Universita e INFN Torino (IT)); PATERNOSTER, Giovanni (FBK - Fondazione Bruno
Kessler (IT)); SIVIERO, Federico (Universita e INFN Torino (IT)); TORNAGO, Marta (Universita e INFN
Torino (IT))

Presenter: SOLA, Valentina (Universita e INFN Torino (IT))

Session Classification: New Structures

April 17, 2024 Page 19



41st RD50 Work ⋯ / Report of Contributions Silicon electron multiplier, Produ ⋯

Contribution ID: 28 Type: not specified

Silicon electron multiplier, Production and
Characterisation

Wednesday, 30 November 2022 14:25 (20 minutes)

Future innermost tracker detectors will require an enhanced spatial (< 10 µm) and temporal res-
olution (50 ps per hit) along with an increased radiation hardness up to fluences of 1017neqcm−2.
To mitigate these challenges, a new silicon sensor concept is proposed, providing internal gain
without relying on doping, the Silicon Electron Multiplier (SiEM). The SiEM incorporates metal
electrodes within the silicon substrate which are biased to create a high electric field region pro-
viding charge multiplication. A production study using Metal Assisted Chemical Etching has been
performed, and results from the first prototype devices are presented. The electrical characteri-
sations and process capability with active media for the prototype production is also discussed.

Primary author: HALVORSEN, Marius Mahlum (University of Oslo (NO))

Co-authors: ROMANO, Lucia (Paul Scherrer Institute); Dr GKOUGKOUSIS, Vagelis (CERN); COCO,
Victor (CERN)
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Contribution ID: 29 Type: not specified

Status of the TPA-TCT system in JSI Ljubljana
Wednesday, 30 November 2022 16:05 (20 minutes)

The talk will present the status of the Two Photon Absorption TCT system at JSI Ljubljana. The
setup has been equipped with an imaging system for beam location. TPA-TCT was used to charac-
terize an active pixel in the RD50-MPW2 CMOS chip. An attempt to induce Single Event Burnout
(SEB) events in irradiated LGAD samples will also be presented.

Primary author: HITI, Bojan (Jozef Stefan Institute (SI))
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Contribution ID: 30 Type: not specified

Study of impact ionization coefficients in Low Gain
Avalanche Diodes

Thursday, 1 December 2022 12:10 (20 minutes)

In order to understand better the performance of LGADs, in particular in terms of gain and break-
down voltage, it is important to know with high precision the structure of the devices and have a
very accurate impact ionization model. There are several impact ionization models in the literature
and many studies have been done in this respect, but no one is able to fit the empirical data taken
in the lab with LGADs. Combining simulation and measurements, we extracted more accurate
impact ionization parameters: alpha and beta as a function of the electric field and temperature.
Also, to understand the validity of the new parametrization, a study of possible sources of error
and their influence on the method has been conducted. An update of this work is presented in this
talk.

Primary authors: CURRAS RIVERA, Esteban (CERN); MOLL, Michael (CERN)
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Contribution ID: 31 Type: not specified

Characterization of neutron- and proton-irradiated
LGADs from Teledyne e2v

Thursday, 1 December 2022 11:10 (20 minutes)

Exploiting their excellent timing resolution, Low Gain Avalanche Detectors (LGADs) were chosen
for next-generation timing detectors at the HL-LHC and other high-energy experiments. When
in operation, the detectors will be exposed to high rates of radiation, hence their radiation hard-
ness is one of the key factors to be optimised during detector development. In this talk, we will
present results on neutron- and proton-irradiated individual 1x1 mmˆ2 LGAD sensors produced
by Teledyne e2v (Te2v). The development and testing of the sensors is undertaken by the Univer-
sity of Oxford, the University of Birmingham, the Rutherford Appleton Laboratory, and the Open
University.

Leakage current and gain-layer depletion voltages up to neutron fluence of 10ˆ16 cmˆ-2 will be
presented alongside timing resolution of proton irradiated and unirradiated individual LGAD de-
vices. Performance of LGAD readout amplifier board developed at the University of Oxford will be
shown. We will share first look at large 15x15 LGAD arrays from Batch 2 of wafers manufactures
at Te2v together with future plans and tests.

Primary authors: HYNDS, Daniel (University of Oxford (GB)); Prof. BORTOLETTO, Daniela
(University of Oxford (GB)); JORDAN, Douglas; VILLANI, Enrico Giulio (Science and Technology
Facilities Council STFC (GB)); KOPSALIS, Ioannis (University of Birmingham (GB)); MULVEY, Jonathan
(University of Birmingham); Dr STEFANOV, Konstantin (University of Oxford (GB)); GONELLA, Laura
(University of Birmingham (UK)); GAZI, Martin (University of Oxford (GB)); ALLPORT, Philip Patrick
(University of Birmingham (UK)); PLACKETT, Richard (University of Oxford (GB)); Dr MCMAHON,
Steve (Science and Technology Facilities Council STFC (GB))
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Contribution ID: 32 Type: not specified

RD50-MPW3: Design and initial laboratory
evaluation

Friday, 2 December 2022 09:40 (20 minutes)

RD50-MPW3, the third HV-CMOS sensor chip iteration designed by the RD50 CMOS Working
Group, was delivered during the summer of 2022. RD50-MPW3 has a matrix of 64 × 64 pixels
which integrate both analogue and digital readout electronics inside each of them. An optimised
digital readout peripheral for effective chip configuration and fast data transmission is included in
this chip.

A dedicated carrier board was designed to evaluate the chip with the Caribou readout system. The
firmware and software to program and measure the chip was developed. The chip is currently
being evaluated in laboratory.

This contribution gives an overview of the design details of RD50-MPW3. Initial laboratory evalu-
ation results will also be presented. The beamtest result of the chip will be presented in a separate
contribution to this workshop.

Primary author: ZHANG, Chenfan (University of Liverpool (GB))
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Contribution ID: 33 Type: not specified

Defect characterization studies and modelling of
defect spectra for 60Co gamma-irradiated epitaxial

p-type Si diodes
Tuesday, 29 November 2022 11:20 (20 minutes)

Boron-doped silicon detectors used in high radiation environment like the HL-LHC show a degra-
dation in device performance due to the radiation induced deactivation of the active boron dopant.
This effect is known as the so-called Acceptor Removal Effect (ARE) and depends on particle type,
energy and radiation dose. Here we present defect characterization studies using TSC (Thermally
Stimulated Current technique) and DLTS (Deep Level Transient Spectroscopy) on a set of epitaxial
60Co irradiated p-type Si diodes with two different resistivities (50 and 250 Ωcm). The irradiation
dose was in the range of 100 kGy to 2 MGy. In our studies, we correlate radiation induced changes
in the macroscopic device properties with the formation of microscopic defects. Furthermore, we
used the defect parameters obtained by DLTS measurements for modelling the corresponding TSC
spectra and compare them with our experimental results. This allows to open the discussion about
the assignment of so far unspecified TSC peaks like the X-defect, to defect levels well identified in
DLTS.

Primary author: HIMMERLICH, Anja (CERN)

Co-authors: Mr LIAO, Chuan (Hamburg University (DE)); FRETWURST, Eckhart (Hamburg Uni-
versity (DE)); CURRAS RIVERA, Esteban (CERN); PINTILIE, Ioana (National Inst. of Materials Physics
(RO)); Dr SCHWANDT, Joern (Hamburg University (DE)); PETERS, Karol; MOLL, Michael (CERN); Dr
CASTELLO-MOR, Nuria (Universidad de Cantabria, CSIC, Instituto de Fisica de Cantabria IFCA, (ES)); SUBERT,
Vendula (Hamburg University (DE)); GURIMSKAYA, Yana
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Contribution ID: 34 Type: not specified

Multistage impact ionization in Si detectors in situ
irradiated at 1.9 K

Tuesday, 29 November 2022 11:00 (20 minutes)

Multistage impact ionization in Si detectors observed in the unique conditions of the in situ irra-
diation with 23 GeV proton beam fragmented into 400 ms spills and T = 1.9 K was analyzed using
the current pulse responses of detectors irradiated to medium fluences. Within the range 5x10ˆ13
- 2.7x10ˆ14 p/cm2, the responses demonstrated two-stage and three-stage processes of charge col-
lection, respectively, with sequential charge multiplication in the regions of high electric fields
near both contacts. Data treatment allowed extracting the full set of carrier transport parameters,
internal charge gain up to 3.7 and a significant rise in the hole trapping probability at 1.9 K in
comparison with its value at T = -10˚C.

Primary authors: Mrs SHEPELEV, Artem (Ioffe Institute); Dr EREMIN, Vladimir (Ioffe Insti-
tute); VERBITSKAYA, Elena (Ioffe Institute (RU))
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Contribution ID: 35 Type: not specified

RD50-MPW3: Testbeam and System Integration
Friday, 2 December 2022 10:00 (20 minutes)

This contribution is a continuation of the talk “RD50-MPW3: Design and initial laboratory eval-
uation”. This presentation focuses on the readout of the chip including the DAQ framework and
preliminary testbeam results, thus it is discussing a distinct topic.

The readout framework is based on the Caribou system (as for our previous chips as well) and
details about firmware, data flow and synchronization in a testbeam environment are given. The
reference detector and their role in the analysis is explained as well as the integration into the
EUDAQ2 framework.

An overview of the outcomes from our testbeam, including take-home messages for using the
whole setup and first result of measurements from RD50-MPW3 are given.

Primary author: SIEBERER, Patrick (Austrian Academy of Sciences (AT))
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Contribution ID: 36 Type: not specified

Silicon Carbide LGAD RD50 common project
Wednesday, 30 November 2022 10:50 (20 minutes)

Silicon Carbide (SiC) has been known for more than 100 years and was investigated as detector
material already 20 years ago. Nowadays, it gets again attention and momentum since the chip
industries started to use SiC as substrate material for energy-efficient power devices to foster the
energy revolution.
Silicon Carbide particle detectors have some advantageous properties compared to silicon, like
very low leakage current due to its higher band gap, also after irradiation, which avoids the need
for cooling. Moreover, the material is potentially more radiation-hard due to a higher lattice atom
displacement energy. It is insensitive to visible light, and its signals are very fast. On the downside,
the active thicknesses are currently limited due to the epitaxial substrate growth process.
In this presentation, the current status of work to investigate SiC as detector material is presented.
We show CCE measurement results of neutron-irradiated SiC pad diodes tested by UV-TCT and
Alpha radiation. Moreover, we discuss how SiC is implemented in TCAD and other simulation
software. Finally, the proposed RD50 common project to develop a SiC-LGAD sensor is being
presented.

Primary authors: GSPONER, Andreas (Austrian Academy of Sciences (AT)); Dr PELLEGRINI,
Giulio (Centro Nacional de Microelectrónica (IMB-CNM-CSIC) (ES)); GAGGL, Philipp (Austrian Academy
of Sciences (AT)); WAID, Simon Emanuel (Austrian Academy of Sciences (AT)); BERGAUER, Thomas
(Austrian Academy of Sciences (AT))
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Contribution ID: 37 Type: not specified

Non-Ionizing Energy Loss in Silicon: Geant4
simulations and defect cluster studies towards more

advanced NIEL concept for radiation damage
modelling and prediction

Tuesday, 29 November 2022 09:10 (20 minutes)

The Non-Ionizing Energy Loss (NIEL) concept compares and scales the damage impacted on semi-
conductor devices in different radiation fields. A particular weakness of the present NIEL concept
consists in the inability to predict the different formation rates of cluster and point defects in the
silicon (Si) crystal for different particles and particle energies. Specifically, differences between
radiation damage produced by neutrons and protons of the same displacement energies (i.e. dam-
age parameters
normalized to the NIEL) has been observed experimentally.
In this work atomic displacements in Silicon produced by high energy particles are studied. Neu-
trons, protons and electrons are defined as the initial beam in Geant4, the standard EM physics list
is used and the resulting Primary Knocked-on atoms (PKA) are cross-compared with FLUKA simu-
lation and saved. The PKA are then used as an input for another Geant4 simulation with a modified
physics list containing ScreenedNuclearRecoil module and the resulting Silicon Cascade is saved.
The OPTICS algorithm (Ordering points to identify the clustering structure) is then presented as
a method of clustering. Further approaches towards tuning of the clustering algorithm is shown
and electron induced damage is being suggested as a benchmark with actual measurements.

Primary authors: DAWSON, Ian (University of London (GB)); MOLL, Michael (CERN); SUBERT,
Vendula (Hamburg University (DE))

Co-authors: HIMMERLICH, Anja (CERN); GARUTTI, Erika (Hamburg University (DE)); GURIM-
SKAYA, Yana
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Contribution ID: 38 Type: not specified

Irradiation studies of p-Si using Schottky Diode and
PN junction

Tuesday, 29 November 2022 10:10 (20 minutes)

Irradiation damages of the n-type silicon have been investigated for a long time, but not for the
p-type silicon. This study is to investigate and improve the modeling and understanding of irradi-
ation damage of epitaxial p-type silicon using Schottky diodes and pn junctions exposed to high
neutron fluence up to 1e16 1 MeV n_eq/cmˆ2. This is a continuation of an ongoing project.

This talk will summarize and present the latest test results on IV, CV and CCE using lasers of
the epitaxial p-type Schottky diodes and PN junctions. Description of improved test setup that
allows the automatic scanning of the laser beam also at different temperatures of the samples
will be given. Details of DLTS results on irradiated and non-irradiated devices will be given and
differences between Schottky and PN junctions will also be highlighted.

Primary author: ZHANG, Dengfeng (University of Sheffield (GB))

Co-authors: MALIK, Adnan (STFC-RAL); MCCORMICK, Angela (Carleton University); KLEIN,
Christoph Thomas (Carleton University (CA)); TARR, Garry (Carleton University); VILLANI, Giulio
(STFC-RAL); Dr KURTH, Matthew Glenn (Institute of High Energy Physics (CN)); VANDUSEN, Rob
(Carleton University); AITON, Rodney (Carleton University); KOFFAS, Thomas (Carleton University
(CA)); CHEN, Yebo (Chinese Academy of Sciences (CN))
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Contribution ID: 39 Type: not specified

TCT Study on the effect of epitaxial graphene
contacts in SiC detectors

Wednesday, 30 November 2022 09:00 (20 minutes)

Silicon Carbide has interesting properties for high temperature, high radiation environment and
timing radiation detector applications due to its thermal conductivity (3.7 W/(cm.℃)), atomic dis-
placement threshold (22-35 eV) and high saturation velocity (2.2e7 cm/s). Silicon Carbide detector
diodes have been fabricated in IMB-CNM with epitaxially-grown graphene onto Silicon Carbide
(EG-SiC) as interface between the implant and the readout electrode, useful for e.g. heavy ion
detection by removing metallisation in the active area. In this contribution, the effect of EG in a
SiC PiN diode is studied as compared to a SiC sample without graphene by means of the Transient
Current Technique.

Primary authors: RIUS, Gemma; Dr PELLEGRINI, Giulio (Centro Nacional de Microelectrónica
(IMB-CNM-CSIC) (ES)); LOPEZ PAZ, Ivan (The Barcelona Institute of Science and Technology (BIST)
(ES)); Dr RAFÍ, Joan Marc (Consejo Superior de Investigaciones Cientificas (CSIC) (ES))
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Contribution ID: 40 Type: not specified

AC-LGADs for 4D reconstruction: from ATLAS to EIC
Thursday, 1 December 2022 14:50 (20 minutes)

In recent years, AC-coupled Low Gain Avalanche Diodes (AC-LGAD) proved to be excellent can-
didates for the construction of a true 4D detector: thanks to their signal sharing capabilities, AC-
LGADs can achieve a space resolution better than (pitch)/√12 and a time resolution better than 30
ps in a single sensing element. Such performance, confirmed during data-taking campaigns at test
beams, allows for the construction of fast and precise silicon sensors while it keeps the granularity
and complexity of the readout system under control. Recently, it was proven at BNL that an AC-
LGAD can be read out using a four-channel readout chip, ALTIROC, developed for the upcoming
High Granularity Timing Detector upgrade of the ATLAS experiment at CERN. On the foundations
laid by ALTIROC, the new readout chip EICROC is being developed at IJCLAB/Omega to tackle
the physics challenges of the future Electron Ion Collider at BNL. EICROC will be custom tailored
on AC-LGAD to take full advantage of its signal sharing capabilities. We will give an overview
on the state of the art of AC-LGAD readout and on the challenges foreseen in the transition to an
EICROC-based system.

Primary author: D’AMEN, Gabriele (Brookhaven National Laboratory (US))

Co-authors: TRICOLI, Alessandro (Brookhaven National Laboratory (US)); GIACOMINI, Gabriele
(Brookhaven National Laboratory (US))
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Contribution ID: 41 Type: not specified

4D tracking with thin Resistive Silicon Detectors
(RSD2): recent performance studies and future

potentials
Wednesday, 30 November 2022 14:05 (20 minutes)

The resistive read-out AC-coupled LGAD sensors are characterized by internal gain and built-in
charge sharing, which can be exploited to achieve unprecedented concurrent time and position
resolution. We have recently completed the studies of the 4D-tracking capabilities of the second
RSD production manufactured at FBK (RSD2).
In this presentation we are summarizing the results obtained for the time and position resolutions,
studied with a laser signal, for devices with different design parameters and electrode shapes, and
relatively large pitch sizes (200 to 1300 μm range). A position resolution better than 3% of the pixel
size is obtained concurrently with a time resolution of ˜35 ps, despite the large collection area of
the shared signals.
A comparison with preliminary results from testbeam for one device will be given. Finally an
outlook to possible future improvements with DC-coupled RSD.

Primary author: ARCIDIACONO, Roberta (Universita e INFN Torino (IT))

Co-authors: SIVIERO, Federico (INFN - National Institute for Nuclear Physics); FICORELLA,
Francesco (Fondazione Bruno Kessler (IT)); BORGHI, Giacomo (Fondazione Bruno Kessler); PATER-
NOSTER, Giovanni (Fondazione Bruno KEssler); GIOACHIN, Giulia; LANTERI, Leonardo (Universita
e INFN Torino (IT)); MENZIO, Luca (Universita e INFN Torino (IT)); FERRERO, Marco (Universita
e INFN Torino (IT)); MANDURRINO, Marco (INFN); TORNAGO, Marta (Universita e INFN Torino
(IT)); CENTIS VIGNALI, Matteo (FBK); BOSCARDIN, Maurizio (FBK Trento); CARTIGLIA, Nicolo
(INFN Torino (IT)); MULARGIA, Roberto (University & INFN Turin (IT)); SOLA, Valentina (Universita
e INFN Torino (IT))
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Contribution ID: 42 Type: not specified

TID study of IHEP-IME LGAD with shallow carbon
Thursday, 1 December 2022 13:50 (20 minutes)

The IHEP-IME version 2 and 3 sensors with shallow carbon were irradiated up to 2 MGy by Co60
gamma ray. The performance of the IHEP-IME v2 W7 with carbon worked well after irradiation
which satisfied the requirements of the HGTD. The effect of different gaps on radiation hardness
were also studied. The leakage current, inter-pad resistance and capacitance were tested before
and after irradiation.

Primary author: Prof. FAN, Yunyun (Chinese Academy of Sciences (CN))
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Contribution ID: 43 Type: not specified

4H-SiC devices simulation with DEVSIM
Wednesday, 30 November 2022 09:20 (20 minutes)

4H-SiC devices could potentially operate in a harsh radiation and room-temperature environment
because of its wider band gap, atomic displacement threshold energy and high thermal conductiv-
ity. We have simulated the IV, CV characteristics and gain efficiencies of 4H-SiC devices based
on DEVSIM——an open source TCAD semiconductor device simulator. The reliability of the soft-
ware can be verified by comparing the simulation results with the test results of the corresponding
devices. In addition, in order to more accurately simulate the performance of 4H-SiC devices, we
study the influence mechanism of non-ideal ohmic contact on the leakage current of the devices.
Simultaneously, different defect types will have different effects on device performance. DEVSIM
simulation can be used to identify harmful defects, thus reducing the formation of harmful defects.

Primary author: ZHANG, Xiyuan (Institute of High Energy, CAS)

Co-author: SHI, Xin (Institute of High Energy, CAS)
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Contribution ID: 44 Type: not specified

Update of AC-LGAD at CNM
Thursday, 1 December 2022 10:50 (20 minutes)

We will present an update of the latest AC-LGAD run at CNM. Showing the electrical characteris-
tics of the devices and charge collection studies using the TCT.

Primary authors: Dr PELLEGRINI, Giulio (Centro Nacional de Microelectrónica (IMB-CNM-CSIC)
(ES)); Mr VILLEGAS DOMINGUEZ, Jairo Antonio (Consejo Superior de Investigaciones Cientificas
(CSIC) (ES)); MANOJLOVIC, Milos (Consejo Superior de Investigaciones Cientificas (CSIC) (ES)); MOF-
FAT, Neil (Consejo Superior de Investigaciones Cientificas (CSIC) (ES)); Dr HIDALGO, Salvador (Insti-
tuto de Microelectronica de Barcelona (IMB-CNM-CSIC))
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Contribution ID: 45 Type: not specified

SiC for Proton Beam Monitor
Wednesday, 30 November 2022 09:40 (20 minutes)

Silicon carbide is a new type of semiconductor, and it is widely used in
optoelectronic devices, power electronic devices and other fields. Compared to
silicon semiconductor, silicon carbide has wider band gap, higher breakdown electric field, higher
thermal conductivity and can stand greater irradiation.

We are planning to use silicon carbide device to make a proton beam monitoring system. We will
present the SiC PIN sensors performance, and the current progress of the electronics development.

Primary authors: HE, Ye (Institute of High Energy, CAS); XU, Zijun (Chinese Academy of Sciences
(CN))
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Contribution ID: 46 Type: not specified

Edge-TCT simulation of LGADs in RASER
Thursday, 1 December 2022 14:30 (20 minutes)

RAdiation SEmiconductoR(RASER) is a fast simulation software developed by IHEP to estimate
time resolution of SiC PIN diodes, based on which we add new functions to confirm the process of
getting electric field of Si-LGADs from edge-TCT. In RASER, the electric field and the weighting
field are calculated by FEniCS. The current induced by electron-hole pairs is derived by Shockley-
Ramo’s theorem. The simulated signal is synthesized with noise taken from experiment as well as
the effect of amplifier resistance and detector capacitance. The physical LGADs are fabricated by
HPK, the electric field of which is estimated from the waveforms under illumination of infra-red
laser beams. The results show good agreement between experiment and simulation.

Primary authors: WANG, Haobo; XIAO, Suyu (Chinese Academy of Sciences (CN))

Co-author: SHI, Xin (Institute of High Energy, CAS)
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Contribution ID: 47 Type: not specified

Determination of impact ionization parameters for
low gain avalanche detectors produced by HPK

Thursday, 1 December 2022 12:30 (20 minutes)

A set of unirradiated LGADs from the HPK prototype 2 run for HGTD were used to determine
the impact ionization parameters for silicon, particularly in the electric field range of ∼30 V/μm
which is of interest for LGADs. The parameters’ dependence on temperature was determined.
Their validity on irradiated sensors up to 2.5E15 cm−2 was also tested.

Primary author: HOWARD, Alissa Shirley-Ann (Jozef Stefan Institute (SI))

Co-authors: HITI, Bojan (Jozef Stefan Institute (SI)); KRAMBERGER, Gregor (Jozef Stefan Institute
(SI)); MANDIC, Igor (Jozef Stefan Institute (SI)); CINDRO, Vladimir (Jozef Stefan Institute (SI))
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Contribution ID: 48 Type: not specified

Study of 2 P-stop layout of standard segmented
LGAD with decreased gain to gain distance using
TCT-Single Photon Absorption with microscopic
resolution enabled by femtosecond laser from ELI

Beamlines: Case study of LGAD Type 10
Thursday, 1 December 2022 09:20 (20 minutes)

Low Gain Avalanche Detectors (LGAD) represent a remarkable advance in high energy particle
detection, since they provide a moderate increase (gain ˜10) of the collected charge, thus leading to
a notable improvement of the signal-to-noise ratio, which largely extends the possible application
of Silicon detectors beyond their present working field. The optimum detection performance re-
quires a careful implementation of the multiplication junction, in order to obtain the desired gain
on the read out signal, but also a proper design of the edge termination and the peripheral region,
which prevents the LGAD detectors from premature breakdown and large leakage current.

This work deals with the latest optimization of standard LGAD and solutions for the peripheral
region improvement. LGAD Type 10 was tested. This sensor has 2 P-stop layout (each pixel is
surrounded by a proper p-stop). Noticeable, here the nominal inter-pad distance is a bit different
vs the same structures produced in the baches UFSD 4.0 and UFSD 3.2. The nominal IP width
(gain-gain distance) is 49 microns.

As research tool we used TCT technique with Single Photon Absorption method but with mi-
croscopic resolution enabled by excellent optics and beam focus of femtosecond laser from ELI
Beamlines laser infrastructure in Prague.

Through talk we will emphasize how sensor processing parameters are reflected in TCT measure-
ments with microscopic resolution. One of the results we are presenting in this presentation is also
an interesting behavior of sensor in no-gain region (gain to gain between pixels) corresponding to
JTE and p-stops; observed effect is enhanced with increased laser power. IP vs bias, measured for
the first time with microscopic resolution will be also shown.

Primary authors: LASTOVICKA MEDIN, Gordana (University of Montenegro (ME)); BOZOVIC,
Ivona (University of Montenegro); DOKNIC, Jovana (University of Montenegro); MATEUSZ, Rebarz
(ELI Beamlines); Dr KRAMBERGER, Gregor (Jozef Stefan Institute); ANDREASSON, Jakob (ELI Beam-
lines); KROLL, Jiri (Institute for Physics. The Czech Academy of Science)
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UKRI-MPW0: A proof-of-concept, backside biased
only High Voltage CMOS pixel chip

Friday, 2 December 2022 11:50 (20 minutes)

High Voltage CMOS (HV-CMOS) sensors are thin, radiation tolerant and cost-effective position
sensitive detectors that have the potential to be the prime candidate for particle tracking appli-
cations in the next generation of high energy colliders. The high bias voltage typical of these
sensors (˜60 V) allows for fast charge collection times, by drift, and good radiation tolerance; com-
bined with integrated readout electronics, these sensors can be made monolithic and therefore
thin avoiding expensive bump-bonding. However, further research and development is needed to
reach the time resolution, pixel size, and radiation tolerance requirements put forth by the likes of
the High Luminosity-LHC (HL-LHC) and Future Circular Collider (FCC).

UKRI-MPW0 is a proof-of-concept, backside biased only HV-CMOS pixel chip. It was designed
with the goal of improving the radiation tolerance of this technology. The chip implements a
dedicated sensor cross-section which omits any topside p-wells in direct contact with the substrate.
A breakdown voltage of 600 V is achieved before irradiation. The chip is designed in the LFoundry
150 nm HV-CMOS process with a substrate resistivity of 1.9 kΩ⋅ohm cm and a total thickness of
280 µm.

In this contribution we will present the dedicated sensor cross-section of UKRI-MPW0 and give
details of the backside processing methods used. We will also show the edge-TCT evaluation of
the test structures, included on the edge of the chip, irradiated with neutrons up to 1⋅1016 neq/cm2

fluence. We will summarise steps currently planned to further develop this sensor technology.

Primary authors: Mr WADE, Benjamin (University of Liverpool (GB)); ZHANG, Chenfan (Univer-
sity of Liverpool); VILELLA FIGUERAS, Eva (University of Liverpool (GB)); HAMMERICH, Jan (Univer-
sity of Liverpool); FRANKS, Matthew Lewis; POWELL, Samuel (University of Liverpool (GB))
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Utilisation of EU research infrastructures for
Early-Career Researchers on Training in

Instrumentation: Case study of Montenegro RD50
team
Wednesday, 30 November 2022 12:20 (20 minutes)

In this talk we will present the impact of training of two early career researchers from University
of Montenegro. The training was organized during summer 2022 and lasts 4 weeks: one week at
the Jozef Stefan Institute in Ljubljana as part of scientific collaboration between two RD50 member
teams (from Slovenia and Montenegro), and 3 weeks at the EU laser infrastructure ELI Beamlines
as part of the accepted project at the ELI Beamlines user call. Additionally, during stay in Ljubl-
jana, young researchers also visited Reactor Center at the JSI and joined training course specially
organized for them. This was possible with help of Montenegro’s scientific diasporas at JSI. An-
other opportunity was born during stay in Prague: young researchers took part in wire bonding
and in VI measurements using probe station at the Institute of Physics at the Czech Academy of
Science. The later was organized with help of Czech RD50 team.

Beside training in instrumentation on Detector R&D (TCT technique (both fs-laser SPA and TPA-
SPA; work with wire-bonding and with probe station). young researchers took active participation
in the measurements of IP distance and in investigation of surface structures in LGADs with dif-
ferent designs (standard segmented and trench isolated LGADs).

Experience and impact will be summarized and shared with other members of RD50 collaboration.

Primary authors: BOZOVIC, Ivona (University of Montenegro); DOKNIC, Jovana (University of
Montenegro); Dr MATEUSZ, Rebarz (ELI Beamlines); LASTOVICKA-MEDIN, Gordana (University of
Montenegro); Dr KRAMBERGER, Gregor (Jozef Stefan Institute)
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Guard Ring Optimisation of Passive-CMOS pixel
structures

Friday, 2 December 2022 09:20 (20 minutes)

In high energy physics, the silicon pixel sensors manufactured in commercial CMOS chip fabrica-
tion lines have been proven to have good radiation hardness and spatial resolution. Along with the
mature manufacturing techniques and the potential of large throughput provided by the foundries,
the so-called “passive CMOS” sensor has become an interesting alternative to standard planer sen-
sors.
High and predictable breakdown behaviour is a major design goal for sensors and the guard-ring
structure is one factor to optimise. This is especially important for applications that require higher
voltages.
We present the preliminary results of the measurements for the passive-CMOS guard ring test
structures from the MPW3 submission. Results have revealed that the deep n-well adopted for
the guard ring structure results in a more uniform potential distribution across the guard rings, as
predicted by TCAD simulations. The sign of improved breakdown performance from the modified
potential distribution of guard rings is revealed from the breakdown measurements.

Primary author: ZHANG, Sinuo (University of Bonn (DE))

Co-authors: HEMPEREK, Tomasz (University of Bonn (DE)); DINGFELDER, Jochen Christian (Uni-
versity of Bonn (DE))
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Two Photon Absorption Technique of Transient
Current vs Femtosecond Laser based TCT -Single
Photon Absorption in the context of the study of
LGAD’s processing parameters: Casee study of

segmented LGADs
Thursday, 1 December 2022 15:40 (20 minutes)

Due to 3D microscopic resolution of Two Phpoton Absorption - TCT technique this method is often
favorized in study of the surface structures of LGAD and in study of charge transport because it
generates charge in very small macroscopic volume. However, excellent optics of TCT-SPA set
up at the ELI Beamlines and excellent focus of beam, makes SPA method also as a very powerful
tool for resolving LGAD’s structures and observing field changes in LGAD, with a resolution at
the microscopic level. Results obtained from implementation of both methods are compared on
segmented LGADs with different design.

Primary authors: Prof. LASTOVICKA-MEDIN, Gordana (University of Montenegro); BOZOVIC,
Ivona (University of Montenegro); DOKNIC, Jovana (University of Montenegro); Dr MATEUSZ, Rebarz
(ELI Beamlines); KRAMBERGER, Gregor (Jozef Stefan Institute)
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Research on LGAD with TCT and laser beam from
ELI: Observing the changes in charge transport and
in signal formation in Pad and Interpad regions as
function of varied initially generated charge density

Thursday, 1 December 2022 16:00 (20 minutes)

In this talk we present the results from our study where different regions of segmented LGAD are
illuminated with femtosecond laser from ELI Beamlines: pad, interpad and ring. To ensure the dif-
ferent initial conditions in regard to charge density (initially generated), the laser power has been
varied. The signal shape from pad was compared to the signal shape from interpad (gain to gain
distance) as function of applied bias and as function of initially injected charge density (through
single photon absorption). We have been focused on bias up to 400 V. This way we reduced the
impact of leakage current on results. Among results that will be shown, the observations such as
plasma effects and its formation in both, pad and interpad will be discussed too. The study has
been performed at ELI Beamlines on an irradiated FBK UFSD W18 (Carbon enriched)sample,

Primary authors: Prof. LASTOVICKA-MEDIN, Gordana (University of Montenegro); MATEUSZ,
Rebarz (ELI Beamlines); BACKOVIC, Vanja (University of Montenegro); Dr KRAMBERGER, Gregor
(Jozef Stefan Institute); Dr ANDREASSON, Jakob (ELI Beamlines); MANOJLOVIC, Milos (University
of Montenegro); Dr LASTOVICKA, Tomas (ELI Beamlines); Dr KROLL, Jiri (Institute for Physics. The
Czech Academy of Science)
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Profiling of carrier lifetime and electrical
characteristics in PIN and LGAD structures

Tuesday, 29 November 2022 09:30 (20 minutes)

Carrier lifetime profiles, measured by diode (PIN and LGAD) edge scanning of microwave probed
photoconductivity transients, are considered. The obtained carrier lifetime profiles are compared
with the electrical (C V, I V) characteristics obtained on the same structures. It is shown that carrier
lifetime variations correspond to the dopant density variations extracted using C-V characteristics
within base region of the diodes. Additionally, the profiles of carrier recombination lifetime in
structures irradiated by stopped protons are discussed.

Primary authors: Prof. GAUBAS, Eugenijus (Vilnius University); Dr PELLEGRINI, Giulio (The
Institute of Microelectronics of Barcelona); Dr PAVLOV, Jevgenij (Vilnius University); Dr DEVEIKIS,
Laimonas (Vilnius University); Mr MARKEVICIUS, Rytis (Vilnius University); CEPONIS, Tomas (Vil-
nius University); Dr RUMBAUSKAS, Vytautas (Vilnius University)
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Charge carrier mobility evaluation in Silicon
Microstrips detectors exploiting megnetoresistivity

effect
Tuesday, 29 November 2022 12:20 (20 minutes)

Silicon Microstrips detectors were considered as suitable for charge carrier mobility evaluation
from magnetoresistivity (MR) phenomena. The top contacts geometry is potentially similar to
Corbino disk, which is also used for MR with Hall electric field elimination. However, the ap-
pearance of negative MR caused by nonlinear electric field distribution prompted to search for
alternative approaches including surface carrier excitation with light, modeling or the usage of
bottom contact to translate direct current through the diode structure up to the linear response
region. With completing more challenges related to geometrical factors, the detectors were eval-
uated after 1MeV neutron irradiation in the fluence range from 1015 to 1017 cm−2. MR mobility
and conductivity measurements enable to evaluate charge carrier density and the temperature
dependency extracted thermal activation energy.

Primary author: Dr MEKYS, Algirdas (Vilnius University)

Co-authors: Prof. VAITKUS, Juozas V. (Vilnius University); Dr MOLL, Michael (CERN); Dr
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Radiation damage investigation of epitaxial p-type
Schottky diodes using TCAD simulation

Tuesday, 29 November 2022 09:50 (20 minutes)

This study is based on the IV, CV and CCE measurements of p-type Schottky diodes with 50 µm
epitaxial layer to investigate the radiation bulk damage. Non-irradiated and various neutron ir-
radiated (1e12, 1e13, 1e14, 1e15 and 1e16 [1MeV n_eq/cmˆ2]) diodes are being tested at RAL and
Carleton University. Properties extracted from the measurements have been used in the TCAD
simulations. In this talk, details of the procedure of the simulation will be given. And the compar-
isons of the simulations and the measurements will be presented.

Primary author: CHEN, Yebo (Chinese Academy of Sciences (CN))

Co-authors: MALIK, Adnan (STFC-RAL); MCCORMICK, Angela (Carleton University); KLEIN,
Christoph Thomas (Carleton University (CA)); ZHANG, Dengfeng (University of Sheffield (GB)); VIL-
LANI, Enrico Giulio (Science and Technology Facilities Council STFC (GB)); TARR, Garry (Carleton
University); ZHU, Hongbo (ZJU - Zhejiang University (CN)); Dr KURTH, Matthew Glenn (Institute
of High Energy Physics (CN)); VANDUSEN, Rob (Carleton University); AITON, Rodney (Carleton
University); KOFFAS, Thomas (Carleton University (CA))
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Welcome
Tuesday, 29 November 2022 09:00 (10 minutes)
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Discussion
Tuesday, 29 November 2022 14:40 (40 minutes)
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Discussion
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Discussion
Wednesday, 30 November 2022 12:40 (20 minutes)
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Discussion
Wednesday, 30 November 2022 16:25 (25 minutes)
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Discussion
Thursday, 1 December 2022 17:00 (40 minutes)
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Workshop Dinner Instructions
Thursday, 1 December 2022 17:40 (10 minutes)
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Discussion
Friday, 2 December 2022 12:10 (30 minutes)
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Goodbye
Friday, 2 December 2022 12:40 (20 minutes)
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Magallanes/Elcano Tourist Visit Instructions
Wednesday, 30 November 2022 16:50 (10 minutes)
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Discussion
Wednesday, 30 November 2022 11:10 (30 minutes)
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Contribution ID: 73 Type: not specified

Hadron damage investigation of FBK and HPK Low
Gain Avalanche Detectors

Thursday, 1 December 2022 16:40 (20 minutes)

The upgrade of the current Large Hadron Collider (LHC) to the High Luminosity Large Hadron
Collider (HL-LHC) will increase the luminosity of the LHC by a factor of 10. Therefore, fast timing
detectors with high radiation tolerance are required. Low gain avalanche detectors (LGADs) are
promising candidates with timing resolutions within tens of picoseconds. Hamamatsu Photonics
K.K. (HPK) and Fondazione Bruno Kessler (FBK) LGADs have been irradiated with 400 and 500
MeV protons respectively at FNAL and LANL at several fluences up to 1.5e15. Characterization
measurements of these devices including IV, CV and timing resolution measurements have been
performed as a function of the dose received.

Primary authors: KRAMBERGER, Gregor (Jozef Stefan Institute); SI, Jiahe (University of New
Mexico (US)); SORENSON, Josef Daniel (University of New Mexico (US)); HOEFERKAMP, Martin
(University of New Mexico); SEIDEL, Sally (University of New Mexico / ATLAS)
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Contribution ID: 74 Type: not specified

Progress Towards Study of Charge Collection and
Precision Timing of Small Pitch 3D Sensors

Wednesday, 30 November 2022 14:45 (20 minutes)

Silicon sensors in particle physics experiments like those at the Large Hadron Collider must be able
to withstand extreme radiation doses. 3D sensor technology is one of the most promising radiation-
hard silicon detector technologies. 3D sensors are currently used in the ATLAS detector, but even
more radiation-hard sensors must be developed for future collider experiments. Characterization
measurements made as a function of fluence for a set of small-pitch 3D sensors that could be used
in future particle physics experiments will be presented.

Primary author: GENTRY, Andrew Donald (University of New Mexico (US))

Co-authors: DALLA BETTA, Gian-Franco (INFN and University of Trento); SI, Jiahe (University
of New Mexico (US)); HOEFERKAMP, Martin (Department of Physics and Astronomy); BOSCARDIN,
Maurizio (FBK Trento); SEIDEL, Sally (University of New Mexico (US))
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Contribution ID: 75 Type: not specified

Update on the characterization of neutron irradiated
IMB-CNM SiC planar diodes

Wednesday, 30 November 2022 10:00 (20 minutes)

A radiation tolerance study of planar diodes fabricated on a SiC substrate will be presented. TPA-
TCT and TRIBIC methods were used to characterize the samples. The measurement campaign was
carried out at the laser facility of the EHU-UPV university and the CNA microbeam.

Primary authors: QUINTANA SAN EMETERIO, Cristian (Universidad de Cantabria and CSIC
(ES)); NAVARRETE RAMOS, Efren (Universidad de Cantabria and CSIC (ES)); CURRAS RIVERA, Es-
teban (CERN); PALOMO PINTO, Francisco Rogelio (Universidad de Sevilla (ES)); RIUS, Gemma; Dr
PELLEGRINI, Giulio (Centro Nacional de Microelectrónica (IMB-CNM-CSIC) (ES)); LOPEZ PAZ, Ivan
(The Barcelona Institute of Science and Technology (BIST) (ES)); VILA ALVAREZ, Ivan (Instituto de
Física de Cantabria (CSIC-UC)); GARCIA LOPEZ, Javier (University of Seville); Dr RAFÍ, Joan Marc
(Consejo Superior de Investigaciones Cientificas (CSIC) (ES)); FERNANDEZ GARCIA, Marcos (Univer-
sidad de Cantabria and CSIC (ES)); Dr JIMENEZ RAMOS, Maria Del Carmen (Universidad de Sevilla
(ES)); MOLL, Michael (CERN); WIEHE, Moritz (CERN); MONTERO, Raul; JARAMILLO ECHEVERRIA,
Richard (Universidad de Cantabria and CSIC (ES)); PAPE, Sebastian (Technische Universitaet Dortmund
(DE))

Presenter: QUINTANA SAN EMETERIO, Cristian (Universidad de Cantabria and CSIC (ES))

Session Classification: Wide Band Gap Materials

April 17, 2024 Page 66



41st RD50 Work ⋯ / Report of Contributions Technical Secretariat

Contribution ID: 76 Type: not specified
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Tuesday, 29 November 2022 08:30 (30 minutes)
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Technical Secretariat
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Technical Secretariat
Thursday, 1 December 2022 08:30 (30 minutes)
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Technical Secretariat
Friday, 2 December 2022 08:30 (30 minutes)
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Interpad distance study on TI-LGADWafer 11, using
Two-Photon Absorption-TCT technique

Thursday, 1 December 2022 16:20 (20 minutes)

In this presentation we will show the results from our IP study on trenched LGDAs, so called
TI-LGAD using Two-Photon Absorption - TCT technique. The study has been performed at ELI
Beamlines.

We recently received 2 housings with W11-A1 and W11-A2 sensors from JSI. and two sensors
have been tested. Systematic and comprehensive study is accomplished with many control plots.
Due to short time assigned to this talk (due to our late announcement), we will only show part of
the results. Namely, only IP dependence on depth will be presented. An interesting behavior is
observed.

We also want to make comment on our previously shown results on TI-LGAD (40th RD50 Coll
Meeting). sensors. As we recently learnt, sensors tested and presented then were not trenched
LGADs as was said in presentation (as we were told when data taking and analysis took place),
but UFSD Type 4 sensors. This recently found fact explains the wider IP we previously reported
that it should be if tested sensors would be really trenched LGADs.

Primary authors: Prof. LASTOVICKA-MEDIN, Gordana (University of Montenegro); Dr RE-
BARZ, Mateusz (ELI Beamlines); Dr KRAMBERGER, Gregor (IJS); Dr ANDREASSON, Jakob (ELI Beam-
lines)
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