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New investments and new facilities 

New Building (1.800 mq)

New Clean Room and Laboratories

+ 600 mq CR in the new Building

+ 100 mq MEMS expansion (completed end 

2025)

Moving from 1400 mq to 2100 mq total CR 

laboratories
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New investments and new facilities 

Main equipment:

• Ion Implanter up to 1200 keV 

(HT chuck for SiC)

• HT Furnaces ( >1800C)

• New stepper Lithografy (UV 

120nm for both Si and SiC)

• Dry etcher for SiC processes

By end 2028, we will have almost complete 

CMOS process capabilities for SiC

Ion implanter

Thermal process area

Lithography area

Dry etching and deposition area
Wet etch area

Testing area

Grey area

White area

White area

White area

White area

White area

White area

Most of the new tools that will be 

installed in the new CR will add new 

process capabilities for SiC

NEXT is a new Unit handling 

the commissioning of the new 

laboratory
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SiC Application Fields

Main topics

➢ Radiation Sensors

➢ SiC read-out electronics for sensors 

➢ SiC RF MEMS

➢ SiC Photonics 

➢ Color Centers in SiC

SiC at FBK has many application fields and involves 

many units and tens of researchers.
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SiC Radiation Sensors

1. The key parameter for radiation sensors is the SiC

high BAND-GAP (lower dark current)!

2. Among the WB semiconductors SiC features a 

mature technology

3. SiC process resembles the Silicon technology

(equipment synergies)

Higher Bandgap 

Lower Dark Current

Lower Signals
3.6 for Si 

~8 for SiC

The

Why is SiC interesting for Radiation Sensors?
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Motivations: Why SiC Radiation Sensors?

SiC can outperform Si in those 

applications that are shot-noise limited  

SiC wins vs Si at high temperatures 

(e.g. T> 150 C).

SiC Main Applications

• Radiation Sensors for High Temperature and Harsh Environments

• (X/gamma/alpha spectrometry)

• UV-light sensors (solar blind)

• Neutrons detectors (diode + converting medium)

• Diagnostics for Fusion Reactors (FILD)

• High-dose rate Dosimetry (flash radiotherapy)

• …
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SiC radiation sensor Roadmap 

1. Developing Single Process Steps for SiC

Detectors:
• lithography, dry etching, depositions, contacts, metallization, 

ion implantation, doping activation etc.

2. Developing Technology Modules and 

single functional components

• ohmic contact, Schottky Barrier Junction, MOS cap, p-n 

junctions, …

3. Dedicated SiC read-out electronics

CMOS electronics in SiC for harsh environments (ADC, 

charge amplifiers, logic,…)

4. Advanced sensor integration and 

packaging

3D stacking, high-temperature packaging,…

5. Developing novel radiation sensors for specific applications

• Exploiting the FBK know-how and network in radiation sensors to develop novel devices (SiC-LGAD, SiC-APD, SiC-

PM, SiC detectors customized for specific applications…) and detector platforms
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Some example of Process Steps for SiC Detectors:

Lithography on 4H-SiC epi substrates

(E. Scattolo)

• Direct Laser Writer

• CD 2um demonstrated with double stack 

(LOR + PR)

Dry etching on 4H-SiC

(A. Nawaz, G. Piccoli)

• Etching with tapered sidewalls

• Photoresist Mask 
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SiC Technology Modules 

TLM Structures  (for Specific Contact 

Resistance  Measurements)

Ohmic Contacts on n-type 4H-SiC 

(S. Cancelli, O. Hammad Ali, G. Paternoster)

• Nickel Silicide to 4H-SiC contacts

• RTA annealing for NiSi formation

• Measured with TLM structures

Slope = Rsh/w

x

x

-2Lt

2Rc

m q w (cm) Rc (Ohm) Rsh (Ohm/sq) Lt (cm) Area (cm2) ⍴(Ω*cm2) ⍴*(Ω*cm2)

0.0036 0.2961 0.016 0.14805 0.576 0.004 1.28E-04 9.5E-06 1.9E-05
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SiC Technology Modules: Ohmic Contacts on n-type 4H-SiC
(S. Cancelli, O. Hammad Ali, G. Paternoster)

Temp

°C

Time 

(s)

2122 2123

Top 

Right

Top 

Left

Botto

m 

Right

Bottom 

Left

Top 

Rig

ht

To

p 

Le

ft

Botto

m 

Right

Bottom 

Left

800 120 X X

900 120 X X

950 120 X X

1000 120 X X

Specific contact resistance <  1e-5 

Ohm*cm2) has been demonstrated
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Parameter Splits

MOS Size CIRCULAR  0.5 – 5  mm2

SBD Size 0.1 – 25  mm2

Diode Shape Circular, Square (split on curvature radius)

Field Plate  OH -5um – 50 um

Guard Ring Versione con GR 

List of structures and Layout versions

SiC Technology Modules: Schottky Barrier Diodes
(S. Cancelli, M. Centis Vignali, O. Hammad Ali, O. M. Villareal, G. Paternoster)

4H-SiC n-type epi HR ~5e14 cm-3 10 um  

Substrate LR (0.02 mOhm*cm) 

SBD

MOS

PAD
SBD

Field Plate
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SiC Technology Modules: Schottky Barrier Diodes

Devices at the end of the 
fabrication process flow

A

B
C.1

C.2

A B C.2
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SiC Technology Modules: Schottky Barrier Diodes

First I-V measurements - Forward Bias

Diode 2.5 mm sq FP 20um

Diode 2.5 mm sq GR

Diode 1 mm sq FP 20um
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SiC Technology Modules: Schottky Barrier Diodes

First I-V measurements - Forward Bias

Automatic measurements of SBD with 

different dimensions.

The structures are grouped by the die 

size.

All structures plotted. No die selection



SiC Radiation Sensors Page 15

SiC Technology Modules: Schottky Barrier Diodes

SBD Figures of Merit

n Is Barrier

Diodo sq 1x1 mm2

20um FP
0.99 2.3e-23 A/cm2 1.77 eV

Diodo sq 2.5x2.5 
mm2 20um FP

0.99 2e-23 A/cm2 1.77 eV

Diodo sq 2.5x2.5 
mm2 20um FP + 
GR

1.00 8e-23 A/cm2 1.74 eV



SiC Radiation Sensors Page 16

SiC Technology Modules: Schottky Barrier Diodes

First I-V measurements - Reverse Bias

Diode with 

Guard Ring

Guard Ring
Diodes without 

Guard Ring

Total Current dominated by the the 

border effects/surface current.

With Guard-ring the diodes show 

very low leakeage dark current 

below the instrument limit (at RT)
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SiC CMOS Electronics: readout ASICS  (IRIS unit, J. Quercia)

First Tape-out with Fraunhofer IISB Technology (April 2025)

Process characteristics:
• 4H-SiC nEpi layer  
• 4 implants: pwell, nwell, pplus, nplus.
• Connections: poly, metal1, metal2.
• Minimum width/spacing FEOL 2 um, BEOL 7-8 µm. 

PDK support:
• BSIM3 level-1 transistor model, resistors, capacitors (0-550°C)
• DRC/LVS rules. 
• Simulated doping profiles. 
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SiC CMOS Electronics: High-temperature Testing
I-V measurements

C-V measurements

noise measurement

High temperature micro-probe station

• Temperature Range: RT to 750°C
• Humidity Range: 4 to 95%
• MAX Voltage Range: 1000 V
• 4 Piezo-driven probes 
• 15pin electrical feedthrough

Device-level tests

Circuit level tests

Custom ceramic chip carriers
connected to electrical feedthrough
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SiC CMOS Electronics: analog test structures (M . Centis Vignali)  

Motivation: 1st amplification stage (BJT, JFET, MOSFET) for sensor read-out at HT

Process characterization 

Structures:

● Van der Pauw

● Contact resistance

Transistors:

● MOSFET

○ Combinations of l, w

○ Improve models

● JFET, BJT

○ Signal amplification

○ Current drivers

Others:

● Pad-diodes

● LEDs
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Sic4Gain: Project GOAL

The main objective of the project is the development, simulation, fabrication and 

characterization of Low Gain Avalanche Diodes in Silicon Carbide (SiC) for 4D tracking

➢ Develop SiC-based LGAD detectors with internal 

gain for high-radiation environments.

➢ Achieve temporal resolution comparable or 

superior to Silicon LGADs (< 50 ps)

➢ Achieve radiation resistance up to 1e16 neq/cm2

➢ Study of radiation damage effects in SiC and in 

particular on the gain region.

➢ Develop a comprehensive model to simulate 

and predict the electrical behavior of SiC-LGADs 

before and after irradiation (i.e. model the donor 

removal in SiC) 
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Sic4Gain: Project Methods

➢ Simulation and Modelling (WP1): Develop advanced TCAD 

models integrating bulk and surface radiation damage effects 

➢ Design (WP1): Optimize gain layer profiles, process 

parameters, and layout for maximum performance and 

radiation hardness.

➢ Fabrication (WP2): Manufacture test structures and sensor 

prototypes with systematic technological splits.

➢ Testing & Irradiation (WP3): Electrical IV-CV, TCT, beam 

tests, and data analysis. Irradiation campaign.

➢ Radiation Tolerance (WP4): defect spectroscopy 

measurements before and after irradiation by means of: DLTS, 

PICTS, TSC.

➢ Model validation (WP4, WP1): Calibrate simulation models 

with experimental data to predict performance under extreme 

fluences.

➢ Iteration: Use feedback loops between 

simulation and experimental results to 

refine design and processing strategies.
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Sic4Gain: Status

Three fabrication cycles are planned:

1. Short-loop and preliminary tests: Schottky diodes, MOS capacitors, and four-

point Kelvin structures with a two-fold objective: 

i)  supporting the optimization of individual process steps

ii) providing rapid experimental feedback to calibrate key simulation parameters;

2. First sensor batch: This run will produce the first generation of SiC-LGADs. LGADs 

will be fabricated on n-type substrates of two different thicknesses (e.g., 25 μm and 

50 μm).

3. Second sensor batch: This final run will incorporate all feedback from the 

characterization of the first sensor batch, enabling fine tuning of the gain layer 

design, modifications to the sensor layout, and process flow improvements
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Sic4Gain: Radiation Hardness Studies Results from INFN Pg

IV @ different fluences

IV LGAD and PN at different T 

1.3×1014 p/cm2

Preliminary tests done on LGAD samples from 

Onsemi already available

CV @ RT
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Sic4Gain: Other Project Impacts
Beyond high-energy physics, the development of SiC detectors with internal gain and high 

radiation tolerance can have a significant impact on other fields of science and industry. 

➢ space instrumentation: where they can enable operation in harsh thermal and radiative 

environments. 

➢ nuclear fusion diagnostics, where their ability to withstand high neutron fluences and 

temperatures offers advantages over conventional silicon sensors [*]. 

➢ proton therapy beam monitoring, due to their tissue-equivalence and linear response up to 

high doses.

➢ X-ray and UV sensing for process monitoring, thanks to the high absorption edge and fast 

response. (Most the developments completed in the project can be utilized to develop SiC-

PhotoMultipliers - SiCPM)

➢ The development of this detector can help in the future to create a platform for the INFN 

community for the development of the dedicated electronics and the applications described 

above.
*F. H. Ruddy et al,, "Silicon Carbide Neutron Detectors for Harsh Nuclear Environments: A Review of the State of the Art," in IEEE Transactions on Nuclear 

Science, vol. 69, no. 4, 2022
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