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Planar Sensor R&D and Fabrication at FBK
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FBK-SD, CRS radiation sensor technologies
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FBK-SD, at the time ITC-irstςwhere did we start from?

https://rd50.web.cern.ch/1st-workshop/
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Available Techs (for Planar Sensors)

Å Double sided process: handlng & process management

Å p on n, n on p and n on n junctions

Å p-spray and p-stop isolation

Å AC sandwich oxide-nitride

Å Gettering: poly strongly doped with Phosphorous (at the back side in 

single side process)

Å DRIE for Active Edge / Edgeless

Å Optical windows (ARC)

Å Thin Entrance Windows

Å Temporary metal

Å Double metal

Å Process on different substrate thickness: Si from 275 µm to 1 mm

Sabina Ronchin



Workshop Sensors @ TIFPA Tuesday, June 16, 2026 6
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Progetti tech

Strip ÅBaBar (1994-1999)

ÅAMS (2002-2004)

ÅALICE (2002-2004)

ÅLIMADOU (2014-2016)

ÅRIGAKU (from 2011)
ÅTigerISS (2024-2026)

ÅSingola e doppia faccia

ÅAC e DC coupling

ÅPunch through or poly resistor

ÅGettering

Pixel ÅMEDIPIX (2002-2008)

ÅALICE (from 2002)

ÅNA62 (2014-2016)
ÅATLAS (from 2000)

Ån-on-p

Åp-on-n

Ån-on-n

Åp-stop or p-spray

Sabina Ronchin
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STRIP Detectors
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FBK-SD, at the time ITC-irstςdevelopments and productions for space:
microstrips ςAMS-02

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

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 .
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In collaboration with NASA, ESA, ASI, CERN and INFN/Italia
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PoS(Vertex2016)064 The 25th International workshop on vertex detectors

September 26-30, 2016

La Biodola, Isola dôElba, ITALY

Development of strip detectors for CSES/Limadouproject:
China Seismo-Electromagnetic Satellite
with the aim to identify electromagnetic, ionospheric and 
magnetospheric seismic precursors

~ 11x7.8cm2 strip detector:

-double-side,

-AC coupled,

-punch-through biasing

-orthogonal strips

CNSA/ASI/INFN 

collaboration
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71 AC-coupled double-sided 

silicon microstrip sensorsto 

equip the two layers of the High 

Energy Particle Detector 

(HEPD) detector in the 

Limadou-CSES

The launch of the CSES-01 satellite took place on February 2 nd, 2018, aboard 
a Chinese carrier, from the Jiuquan space center.
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Recent produced double side strip detectors: e-ASTROGAM

The ASTROGAM concept consists in the use of a silicon tracker to record 

the Compton interactions and the pair production by gamma rays in the 

MeV-GeV region. The energy of the final state particles can possibly 

measuredby a calorimeter. 

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.

1 test batch produced at FBK, finished Q1 2025  (collaboration with INFN 

Bari, M.N. Mazziotta):

«Large Area» Double sided strip:

Å AC coupled

Å punch through polarization

Surface isolation based on:

Å Oxide charge effects on Si (111) p-side

Å p-stop implantation on n-side

Strip pitch options:

Å 180 ɛm

Å 360 ɛm

Process Optimization Options:

Å Variant with p-termination (one mask level less)

Å A batch with poly-Si resistors

10Sabina Ronchin

In collaboration with INFN Bari, M.N. Mazziotta
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Single side strip detectors, TIGERISS in collaboration with NASA
TIGERISS is a NASA Astrophysics Pioneers mission to measure ultra-heavy galactic cosmic rays with exceptional 

elemental resolution.

Sabina Ronchin

In collaboration with NASA, ESA, ASI and CERN

In collaboration with NASA
11
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100 strip detectors sent to NASA, end of February 2026

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 TIGERISS instrument.

Sabina Ronchin

Single side strip detectors, TIGERISS in collaboration with NASA

https://arxiv.org/pdf/2510.01081


Workshop Sensors @ TIFPA Tuesday, June 16, 2026

100 strip detectors sent to NASA, end of February 2026

ÅThe TIGERISS SSD system reviewed well at the 

recent Critical Design Review (CDR)

ÅLaunch and installation on the ISS are 

expected shortly.

ÅHere the engineering development unit (EDU) of a 

3-SSD long ladder (before wire bonding) using 

FBK prototype detectors. 

ÅThe flight ladders will be 9-SSD long. 

Ladder of FBK strip sensors mounted at NASA Gottard

Sabina Ronchin

Single side strip detectors, TIGERISS in collaboration with NASA
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Pixel Detectors
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ÅPixel matrix with a 50 µm pitch, n on p

ÅTotal active area of ~ 4 × 4 cm²

ÅSi-Si sensorstructure with a 107 µm active layeron a 500 

µm support wafer(ICEMOS process) 

Å6 lithography masks/steps

ÅIςV measurementsperformed using temporary metal

ÅProduction and shipment of more than 1000 planar 

sensors(corresponding to ~ 350 processed wafers)  by FBK

Sabina Ronchin
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Event-driven, single-photon X-ray imager 

ÅApplications: XRD Å Micro-CT Å X-ray Astronomy

ÅSpatial resolution: ~10 ɛm

ÅEnergy resolution: ~400 eV @ 8 keV

ÅSilicon sensor: 

Å275 ɛmthickness 

Å50 ɛmhexagonal pitch 

ÅArea ~ 1.5x1.5 cm2

ÅProcess optimization: 

ÅLeakage current reduction 

ÅPoly-silicon getteringon p-type technology 

ÅGoal: beyond state-of-the-art performance

Poly getteringStandard
Sabina Ronchin

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

ASIX (Analog Spectral Imager for X-rays)
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ASIX (Analog Spectral Imager for X-rays)

Poly getteringStandard

Processed wafers scan
Device Yield is decreased

Leakage Current is decreased 

FBK wafer 

label
SPLITTING Yield %

Averaged Yield 

%
1

standard

16.7

74.2 %

2 90.5

3 97.6

4 97.6

5 100

6 42.9
7

npoly

71.4

39.3 %

8 64.3
9 4.8

10 35.7
11 59.5
12 0

Sabina Ronchin
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X-rays Detectors for PSI

Å Hybrid detectors for single -photon counting and charge integration

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

Å Single -photon resolution for hard X-rays 

Å PSI read-out electronics: Jungfrau, Monch, Eiger

P

Passivation

.

P

P

!ƭ

Al

n-type <111> 
300 µm

Thin entrance window

Extension to Soft X -rays (200 eV ï1 keV)

Scientific Advantages

ÅHigh interaction cross-section for: 

ÅThin samples 

ÅLight elements 

Access to Key Absorption Edges

ÅK-edges of bio -elements

ÅC, O, N, S, P 

ÅL-edges of 3d transition metals

ÅSuperconductors 

ÅMagnetic materials/domains 

ÅBattery materials

Sabina Ronchin
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Thin entrance window optimization through several process variations:

ÅSilicon doping: species (P, As) and method (implantation vs diffusion)

ÅAnnealing process time and temperature

ÅPassivation material selection 

ÅThin-window thickness tuning

Sensor optimization on TEW several FBK batches

Sabina Ronchin

X-rays Detectors for PSI
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"Quantum Efficiency Measurement and Modeling of Silicon Sensors Optimized for 
Soft X -ray Detection" (Sensors, 2024, 24(3), 942) DOI: 10.3390/s24030942

QE measurements of EW batches

Key Results

üSoft X-ray energy range: 200ï1250 eV

üQuantum efficiency at 250 eV: 

ÅStandard sensor: ~0.5%

ÅOptimized sensor: up to 62%

üPerformance comparable to backside-illuminated 

scientific CMOS sensors

Setup at the Surface/Interfaces Microscopy beamline from SLS 

Sabina Ronchin

X-rays Detectors for PSI



Workshop Sensors @ TIFPA Tuesday, June 16, 2026 21Sabina Ronchin

ά.ŜȅƻƴŘέ tƭŀƴŀǊ 5ŜǘŜŎǘƻǊǎ



Workshop Sensors @ TIFPA Tuesday, June 16, 2026

Advanced Planar Sensor Designs and Technologies
Slim-edge / Edgeless / Active edge detectors (from ~2012)

https://indico.cern.ch/event/300851/contributions/687319/a

ttachments/567111/781163/Edgeless_RD50_AndyBlue2.pdf

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

Termination structuresare a significant problem for 
creating large-area imaging systems  by butting/tiling 
smaller sensors because they introduce dead, non-
sensitive area at the borders.

Edgeless / Active edge sensors try to limit the dead 
area

Sabina Ronchin 22
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Thin active-substrate planar silicon sensors developed to study charge collection under high 
dose-rate irradiation conditions

CwL5!Υ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ 5ŜǘŜŎǘƻǊ ŦƻǊ C[!{I ¢ƘŜǊŀǇȅ

batch correctly processed

high number of usable devices

Devicetest andprocessoptimizition for the future production

Recent experiments show that irradiation with external beams delivered at average dose rates two to three orders of magnitude higher 
than those currently used in radiotherapy reduces damage to healthy tissueswhile maintaining the same effectiveness against tumor
tissues (the FLASH effect).

Several different structures Batch splitting
ÅThin detector thicknesses (20-40 ˃ Ƴ)
ÅWell-defined active volumes using 
trenches
ÅDouble metal

ÅRow/column signal readout 
ÅPad bonding on one side only

Sabina Ronchin
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100s µm-1 mm
To reduce dead, non-sensitive area at the borders by simplifying 
the process Trench with DRIE all around the Sensor

Butécontinuous trench 

surrounding the entire 

sensor complicates 

lithographies , increases 

wafer fragility , and requires 

the use of a support 

wafer.

Staggered trenches or columns doped and 
annealed in order to create an extended 
commun doped area

Simulation of the diffusion between two trenches 

to isolate the active area of pixel sensor

from the dicing edge.

The Ministry of University and Research (MUR) recently awarded funding worth ú 

1,531,691.47 to the ASIX project to develop an innovative X -ray detector as part of 

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

PI Luca Baldini

Tests with DRIE
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The process ASIX 

Edgeless pixel 

sensor is ongoing
Sabina Ronchin 24

In collaboration with INFN -(Pisa, Milano, Pavia, TIFPA)
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Si FZ HR n-type
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Thick oxide + nit

Anti-reflective layer

DIE Size: 2.90mm x 1.50mm
DIE per WAFER:3,758

DIE Size: 0.80mm x 0.60mm
DIE per WAFER:27,800
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Photodiodes and Phototransistors at FBK: a further long History of Research, 
Development and Production

Diodes, transistors and Optical Windows

Sabina Ronchin 25



Workshop Sensors @ TIFPA Tuesday, June 16, 2026Sabina Ronchin 26

Photodiodes and Phototransistors at FBK: a further long History of Research, 
Development and Production


