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@ 15t RD50 - Workshop on

Radiation hard semiconductor devices
for very high luminosity colliders

CERN 2-4 October, 2002

Dear All,

I am very glad to announce the first Collaboration Meeting of RD50. This will be held at CERN on October 2-4, 2002. During these three
days, we have planned to have oral contributions from every participant who is interested to show his results, as well as the Collaboration
Board meeting to discuss on our common program and scientific strategies. Half a day in October 4 will be devoted to parallel sessions,
focused on the activities of our six research teams. We will also have a collaboration dinner on October 3.

[ will be very glad to meet you all at this collaboration meeting, I am quite convinced that it will be a first very important step forward
towards the achievement of the common objectives of RD50.

With my best regards,
Mara

15t RD50 Workshop on Radiation hard semiconductor devices for very high luminosity colliders,
CERN 2-4 October, 2002 Workshop Home-Page

Session V: New Structures
Convener/Chairperson: Mahfuzur Rahman

16:50 Development of 3D detectors at the University of Glasgow pdf(2MB)
) P. Roy, A. Al-Ajili, R. Bates, F. Doherty, L. Haddad, M. Horn, K. Mathieson, V. OShea, G. Pellegrini, V. Wright, M. Rahman
17:10 Results from 3D detectors pdf(1.2MB)
' G.Pellegrini, A. Al-Ajili, R. Bates, V. OShea, P.Roy, V. Wright, M. Rahman
17:30 Review of R&D activities on silicon particle detectors at ITC-irst pdf(4MB)
’ M. Boscardin, G.-F. Dalla Betta, P. Gregori, C. Piemonte, G. Pucker, S. Ronchin, M. Zen, N. Zorzi
17:50 Requirements for radiation hard detectors in TOTEM (pdf 14MB)
' Karsten Eggert on behalf of TOTEM
18:10 Discussion Session: New Structures
(40 min) Chair/Convener: Mahfuzur Rahman (Program: New Structures)

https://rd50.web.cern.ch/1st-workshop/

Sabi na Ronchin Workshop Sensors @ TIFPA Tuesday, Juiie 1o, zuzo “omo

FBKSD, at the time IT@st ¢ where did we start from?
ITC-irst %i,irg’i[

ITC-irst is part of Istituto Trentino di Cultura (ITC)
* Founded in 1976
- Dimensions:
* Full time researchers: 180
+ Technical support: 25
* PhD students, consultants 50
- Competences:
* Information Technology
* Physical-Chemical analysis of Surfaces
* Microsystems

Microfabrication Facility

icrofabrication Facility 250sq.m class 10 + 250sq.m class 100; 4 inch
juipment: Ion implanter;
11 furnaces ;
Mask Aligner;
Sputter metal deposition;
Dry etching: Al, SiO,, poly and Si;N,:
Dicing Saw and ball bonder.

ean Room Staff: 4 researchers, 12 operators
imulation and design tools: Tanner tools, SILVACO and ISE-TCAD

esting Lab. : Manual probe station (Karl Suess PM8);
utomatic probe station (Electroglas 2001 €X) for double-sided detectors;
wrametric test (HP4062UX, HP4145B, HP4280A, HP4192A, Keithley 2410)

Trento Institute for
Fundamental Physics
and Applications
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AvDouble sided process: handing & process management

A ponn,nonpandnonn junctions
A p-spray and p-stop isolation
A AC sandwich oxide-nitride

A Gettering: poly strongly doped with Phosphorous (at the back side In

single side process)
A DRIE for Active Edge / Edgeless
A Optical windows (ARC)
A Thin Entrance Windows
A Temporary metal
A Double metal

A Process on different substrate thickness: Si from 275 pm to 1 mm

Sabina Ronchin
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Progetti tech
Strip sBaBar (1994-1999) aSIingola e dopplia faccia
sAMS (2002-2004) +AC e DC coupling
sALICE (2002-2004) aPunch through or poly resistor
sLIMADOU (2014-2016) x Gettering
A RIGAKU (from 2011)
aTigerlSS (2024-2026)
Pixel +sMEDIPIX (2002-2008) AN-0N-p
sALICE (from 2002) AP-0N-N
sNAG62 (2014-2016) AN-0N-N

AATLAS (from 2000)

Ap-Stop or p-spray

Workshop Sensors @ TIFPA Tuesday, June 16, 2026
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FBKSD, at the time
microstrips¢ AMS02
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AMS microstrip detectors

« The production of 400 detectors has been recently
accomplished and delivered to the AMS organization.
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IT@st ¢ developments and productions for spac

Trento Institute for
Fundamental Physics
and Applications

Available online at www.sciencedirect.com
BCIEHBE@DIHECT'

Nuclear Instruments and Methods in Physics Research A 318 (2004) 147-149

NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS
RESEARCH

Secuon &

wowr Clsevicr.comdTocale/nima

Fabrication of AMS-02 microstrip detectors at ITC-1rst

P. Bellutti®, M. Boscardin®*, A. Collini®, G.-F. Dalla Betta™°, P. Gregori®, A. Lui®,
G. Pucker®, M. Zen®, N. Zorzi®

SITC-IRST. Localita Pante i Pova, Divisione Microsistemi, Via Sommearive 18, 1-38030 Pove [ Trento), Italy
" DIT, Universita di Trento, Via Sommarive 14, 138050 Povo { Trento). Haly

Abstract

We report on selected results from the production of 400 double-sided silicon microstrip detectors for the AMS-()2
experiment. The main process issucs arc discussed with emphasis on their impact on detector performance and
fabrication yield.

i 2003 Elsevier B.V. All nghts reserved.

The 400 sensors produced for AMS -02 by ITC-irst were
launched into orbit on May 16, 2011, aboard Space Shuttle
Endeavour during the STS -134 mission .

The instrument was installed on the International Space
Station on May 19, 2011 , where It continues to operate today

In collaboration with NASA, ESA, ASI, CERNIERN/Italia

Workshop Sensors @ TIFPA Tuesday, June 16, 2026 8
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China &*ismoHectromagneticzatellite
with the aim to identifyelectromagnetic, ionospheric and

<&

PROCEEDINGS magnetospheric seismiprecursors IStrip@80V [A]
OF SCIENCE [ttty X "

1.00E06

Po S(Vertex20 16)()64 The 25th International workshop on vertex detectors ooE0r
September 26-30, 2016

La Biodola, Isolad 6 E |ITARY

Double-sided strip sensors for the Limadou-CSES 7IAGcoupl ed -diodiend "¢

si Il 1T con mi cr otsd I ,lw

roject . .
PTol equl p the two | ayers of the HI g
Energy Particle Detector
(H E P )D d e t e C t O r i n l.OOEllI h SOe 100 150 200 250 300 350
Irina Rashevskaya“, William Burger, Cristian Manea, - -
FNEN-TIFPA, Vig Sommarive T4, 28123 Trenea, falia L | ma dCI)SJE S 4
Fomail: iring. rashavskaya@ i Tpa, inln

Maurizio Boscardin, Pierluigi Bellutti, Francesco Ficorella, Sabina Ronchin, Nicola

Zorzi,
FRE, Via Saommarive 13, 38123 Trentn, (talin -
~1 %7 c8@stri p det
Luciano Bosisio, Giulio Orzan, i |
-dou ksl & e,

INFN-Trieste, Padriciano 99 34149 Treste, Ttalia

-AC coupl ed,

Hrookhaver National Labaraioes, TT973 Upon, NV, 18A B p un -C h r ou g h b e
Filippo Ambroglini, Giovanni Ambrosi. -ort h O g OnNna I S 1 r{

INFMN-Perueio, Via Alessandro Pascoli 06123 Perugia, Talio

CNSA/ASI/INFN
collaboration The launch of the CSESO01 satellite took place on February 2"d, 2018, aboard | HEEIE " ” || l
a Chinese carrier, from the Jiuquan space center. .. |

Sabina Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 0
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Recent produced double side strip detectorsASTROGAM

e-ASTROGAM was a proposed space observatory designed for gamma -
ray astrophysics in the energy range of 0.15 MeV to 3 GeV. It was
submitted in response to the European Space Agency's (ESA) M5 (Medium-
size mission) call for 2016.

¢

AC system

The ASTROGAM concept consists I n the use
t he Compton I nteractions and the pair pr
MeMceV region. The energy of the final st
measubyda cal ori meter

S1 Tracker

Calorimeter
1 test batch produced at FBK, finished Q1 2025 (collaboration with INFN
Bari, M.N. Mazziotta):

«Large Area» Double sided strip:

\\ - A AC coupled
VN FBK-INFN DSSD ASTROGAM 2824 - \\\
4 | N punch through polarization

Surface isolation based on:
A Oxide charge effects on Si (111) p-side
A p-stop implantation on n-side

Strip pitch options:

A 180¢ m In collaboration with INFN Bari, M.N. Mazziotta
A 360& m

| \\\\ ___________________________________________ Process Optimization Options:
= A Variant with p-termination (one mask level less)

A A batch with poly-Si resistors
Sabi na Ronchi n Workshop Sensors @ TIFPA Tuesday, June 16, 2026 10




'°(Single side strip detectors, TIGERISS in collaboration WAISA

'EI GERI SS I s a NASA Astrophysi elsthfRaaornye egrad amit 9 sw i at nh sti@ax cneapad sy UBr nea
@Iemental resol uti on.

Cosmic Rays and Atomic Number

—————1————1————1——1——1 Particl : :
g T T T T T T . Relative abundances depend on nucleosynthetic
10° \ Nuclear Composition a f n
e He of Galactic Cosmic Rays __ 1'1m SOUrces
10°4| » (TR | et 1. BigBang: ;H and ,He
107 go TIGERISS s 2. Fusion: up to ,.Fe
S 1S Fe 1/sec 3. r-and s-process neutron capture:
‘|T 10 =) \/ .ﬁ paSt Fe
' .“k o hiaborationtrAEB 4| NEERN 26 , ,
= 10 -V-\ _— 4. Cosmic-ray spallation: ;Li, ,Be, and B
5 — min
2 40% ° What source for s-process neutron capture versus
£ o 3 atomic number
2 ACE CRIS.\zn 1/hr 1. Massive star outflow prior to supernovae
T 10 ; ° 72
L CALET ®es . Ba ok
10"  Gm——e e e Pt 1/day What source for r-process neutron capture versus
 See®_® |
m ~’ \--"\,PbA , atomic number
CL.
A i 1/mo 1. Supernovae (SNe)
Individual Even-Z Element Even-Z® . ;
Elements _ Elements Groups Elements Y 2. Compact binary merger (CBM), e.g., binary
G e e e i T e e e 7 e e e e neutron star mergers (BNSM)
O 10 20 30 40 50 60 70 80 90 100 3 ?
o 8 -{:
=lemeRti) TIGERISS
ASAPP - TIGERISS - May 13, 2025 ul.'_l,_:

wiad,,
-

In collaboration with NASA
Sabina Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 11



- Single side strip detectors, TIGERISS in collaboration WAISA

T«
\ 100 strip detectors sent to NASA, end of February 2026

The Silicon Strip Detector Subsystem for the Trans-Iron

Galactic Element Recorder for the International Space
Station (TIGERISS)

John F. Krizmanic? and Scott Nutter’* for the TIGERISS Collaboration

“Astroparticle Physics Laboratory, NASA Goddard Space Flight Center
Greenbelt, Maryland 20771 USA

b Department of Physics and Astronomy, Northern Kentucky University
Highland Heights, KY USA

E-mail: john.f.krizmanic@nasa.gov, nutters@nku.edu

https://arxiv.org/pdf/2510.01081

TIGERISS has evaluated prototype SSDs from Micron Semiconductor Ltd,
Fondazione Bruno Kessler (FBK), and Hamamatsu and is procuring 400 SSDs (360

+ 40 spare) from all three vendors for the TIGER

Sabina Ronchin

Parameter Value

Physical Area 98 mm X 98 mm
Active Area 96 mm X 96 mm
Nominal Thickness 500 £ 4 um
Number of Strips 16

Strip Pitch 6 mm
Depeletion Voltage <120V

Total Leakage Current at +30 V above full depletion | < 500 nA

Strip Leakage Current at +30 V above full depletion | <50 nA
Reverse Bias Breakdown Voltage ge 200V

Minimum Charge Measurement

% Normal Incident °B : 0.070 pC

Maximum Charge Measurement

400 MeV/nuc 83Bi 60° : 210 pC

Charge Dynamic Range

3000

Ohmic Side Detector Capacitance

~ 2000 pF

9-SSD long Strip Capacitance

~ 1500 pF/strip

|ISS Instrument.

Workshop Sensors @ TIFPA Tuesday, June 16, 2026
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wie. Single side strip detectors, TIGERISS in collaboration WAISA
© ,

100 strip detectors sent to NASA, end of February 2026

A The TIGERISS SSD system reviewed well at the
recent Critical Design Review (CDR)

A Launch and installation on the ISS are
expected shortly.

A Here the engineering development unit (EDU) of a
3-SSD long ladder (before wire bonding) using
FBK prototype detectors.

A The flight ladders will be 9-SSD long

Ladder of FBK strip sensors n

Sabina Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 1 3
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Pixel Detectors

Sabina Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 14
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@ CRS

CUSTOM RADIATION
SENSORS

Aixel matrix with &0 pm pitch, n on p

AT otal active area of 4 x 4 cm?

AStSi sensostructure with al07 um active layeon a500
um support wafer(ICEMOS process)

56 lithography masks/steps

AcV measurementperformed usingemporary metal
Aroduction and shipment ahore than 1000 planar

sensorgcorresponding to 350 processed wafejsby FBK

Sabina Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 15
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ASIX (Analog Spectra| Imager fO'ITéS/S) e : §

(WEvedti ven-phoitmgdyX i mager N N N _________ .

AMppl i cXRDAMNh6e-CTAX-r ay Astrono § 1 o

Kpati al ~Fe@&@aonl ut 1 on: N N N

Ailicon sensor:
AR7&mt hi ckness

AS e mhexagonal pitch
AATr ed .xb6. S

Process optimizati on:
ALeakage current reductior
APolsyi |l i con geatttymrei ngechnol
AGoadeyond -osftt m@ret per f or mal

p-type p-type

In collaboration with INFN -(Pisa, Milano, Pavia, TIFPA) D

Standard Poly gettering
Sabi na Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026
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ASIX (Analog Spectral Imager forrays)

STANDARD

Devices Yield
FBK wafer SPLITTING Yield % Averaged Yield
label %
1 16.7
2 90.5
3 97.6 .
. standard S 714.2 %
5 100
6 42 .9
7 71.4
8 64.3
9 4.8 0
10 npoly e 39.3 %
11 59.5
12 0

-

Processed wafers scan

Sabina Ronchin

Devi ces

Leakage

Devi ce

Leakage

Yi el d s d

Currenteei
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» Hybrid detectors for single -photon counting and charge integration

» Developed for photon science experiments at Swiss Light Source (SLS) and SwissFEL

» Single -photon resolution for hard X-rays
A PSI read-out electronics: Jungfrau, Monch, Eiger

Extension to Soft X -rays (200 eV 1 1 keV)

Scientific Advantages Passivation
Adigh interaction cross-section for:
AThin samples
ALight elements
Access to Key Absorption Edges
A -edges of bio -elements

AC,O,N, S, P
A _-edges of 3d transition metals n-type <111>
ASuperconductors 300 pm

AMagnetic materials/domains
ABattery materials _ _
Thin entrance window

Sabi na Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 I t 1 8



3( X-rays Detectors for PSI
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:( X-rays Detectors for PSI
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©

EW batches

QE measurements 04,

Readout

B Dboarg
s
: POS 2 I -
P 0S 3 |

\"" § —y o ,

"POSa'
-

.....
......

Setup at the Surface/Interfaces Microscopy beamline from SLS

Key Resul t s

USofta¥ ener @ViAr2esaed\y e

UQuantum ef2b@8Yency at
ASt andar d~0s.%ns or :
AOpti mi zedips @ 8hs or

UPerfor mance
sclenti filc

CMOS s ensor Soft X-ray Detection"

Sabina Ronchin

W1 As shallow _metal
W5 As shallow LT

W7_As_shallow

W9 _As_ultra-shallow

W11l As shallow <100>

W13 As _shallow thin_passivation
W15 P _ultra-shallow

W17 P _shallow
W19 P shallow <100=

¥ Standard sensor

600 800 1000
Energy [eV]

= BB v A p g S

1200

400

comp ai lalbl @bdhat @@:eKySibadiment and Modeling of Silicon Sensors Optimized for
(Sensors, 2024, 24(3), 942) DOI: 10.3390/s24030942

Workshop Sensors @ TIFPA Tuesday, June 16, 2026 20
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-3 Advanced Planar Sensor Designs and Technologies
| %lmedge [ Edgeless / Active edge detectors (from ~2012)
U

_

https:/ /1 ndi c.00&rxia rcthr/ ieb/8& Bt tato : .

t t a E hmeeen U811 1 EX ge |l eSGARDY Bl pa Active edge' example

RUIEng) guard rings |

T I — + 4.50m wide trench HHHHH it ll L
|| | e : pcienps i
i | I i li ‘;_O': - ; ° fie;; structures to “H{ * H: rH*H““HH
(R Rbmmmniunnas ‘ study collection HHHHHHHTH
A cfiency at the ittt

Termination structuresare a significant problem for Ligh preAassl, LPNHE Paris

creating largearea imaging systems by butting/tiling
smaller sensors because thieyroduce dead, nonR
sensitive area at the borders

2 running projects:
B - pixel sensors compatible with
3 ALICE ROC

8 (epi wafers, 100um thick + sub)

Edgeless / Active edge sensors try to limit the dead
area

* pixel sensors compatible with
ATLAS FE-I4
(200um-thick FZ + waf-bond sub)

Nicola Zorzi, GASPARD -HYDE-TRACE Workshop 2012 - 29-31 October 2012

Sabina Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 29
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Recent experiments show thatadiation with external beams delivered at average dose rates to three orders of magnitudaigher

@than those currently usedan radiotherapyreduces damage to healthy tissu@gile maintaining thesame effectiveness against tumor
tissues (the=LASH effegt _

Thinactivesubstrateplanar silicon sensordevelopedio study charge collection under high
doserate irradiation conditions

| | Several different structures Batch splitting
Kl-hln detector thICknesseS (m > v Wafer' sca-le Waf;ern Laser lab Thi(ilk;ess PSPRAY | NPLUS No';rzr';(i::;i!ll;r:;os
AWVelldefined active volumes using . r ol ; s | ves | | oomawmroivereos
4 16 Doping With- POLY + TEOS
trenches 2 - oG e
7 20 YES Dopinq With POLY + TEOS
ADouble metal 2 - Bonina wit POLY+ TeoS
10 30 NO LITHO No doping, TEOS
11 30 YES Doping with POLY + TEOS
12 30 Doping with- POLY + TEOS
ARow/column signal readout 1 o — Mo dopin, TEOS,
15 30 YES No dopinq, TEOS
APad bonding on one side only 17 T = i No doning. TEOS

Trench closed with
TEQOS or Poly Silicon

N\

AN\ R

Trench closed with
TEQS or Poly Silicon

Trench closed with
TEOS or Poly Silicon

A

Sensor 1

p

Current [A]

batch correctly processed
high number of usable devices

Devicetest and processoptimizition for the future production
Sabil na Ronchin Workshop Sensors @ TIFPA Tuesday, June 16, 2026 5 5
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In collaboratlon with INFN

To reduce dead, non-sensitive area at the borders by simplifying

the process

Si02

Staggered trenches or columns

Planar junctions

Saw
-y
region g

doped and

annealed in order to create an extended
commun doped area

» 50 um pixels

» single photon: position,
energy and time

» hybrid detector, extended
energy (2-60 keV)

» spatial: 10 pm and spectral:
350 eV FWHM at 8 keV

The Ministry of University a
1,531,691.47 to the ASIX project to develop an innovative X

sensor

sensor

(I\/IUR)

nd Research
-ray detector as part of

the first edition of the MUR tender for FISA, the Italian Fund for Applied Sciences.

Pl _I_uca Baldini _
Sabina Ronchin
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-(Pisa, Milano, Pavia, TIFPA)

Trench with DRIE all around the Sensor

5102

Active
Edge

¥

d

Si mul ati on

t o

from t he

| sol at e

o f
t he

dicing

B diffusion in Si afte

t he

Planar junctions

active
edge.

di f fusi
ar e

0°C in N2 for 60h

ts

B ut éontinuous trench
surrounding the entire
sensor complicates
lithographies , increases
wafer fragility , and requires
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