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Louvain la Neuve, located in Belgium

Brussels « old »
Leuven

Louvain la Neuve
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Louvain la Neuve – then (1972)
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Louvain la Neuve – now



UCL - ICTEAM Institute

• Electrical Engineering (ELEN)
• Computing Science Engineering (INGI)
• Mathematical Engineering (INMA)

• WELCOME and WINFAB technology platforms

• About 40 professors
• More than 200 researchers
• 20 computer scientists and technicians



WINFAB platform for micro-nano-fabrication

• Supports research activities from micro down to nano scale in
• Biosensors

• MEMS-NEMS

• SOI-CMOS co-integration

• Organic electronics

• Nanoelectronics

• Photovoltaics

• Cleanliness: Critical work areas in class 1 / ISO 3 (stand-by)

« less than 100 particules ≥300 nm/m3 of air »

• Activities : more than 40 specialized pieces of equipment,
50 to 80 users, more than 20 R&D projects in parallel

• 1000 m2 of clean rooms on 2 levels

Flexible Si Bacteria e-Chip Quantum Dots Organic electronics 



2.13 MEuros equipment over 10 years – over 120 yearly users from 4 corners of the globe

open to research, PhD/Master studies, industry

http://www.uclouvain.be/welcome  info-welcome@uclouvain.be

Welcome to 

multiparametric

characterizations

from

molecules

to signals

in a 350 m²

state-of-the art 

measuring facility

for devices, 

sensors, circuits 

and systems

Wallonia Electronics & Communications Measurements



From microsensors to microsystems for health, environment and 
monitoring applications

(Micro)System
applications

Circuit design

Microfabrication
Electrical

characterization

Process / device
research

Many collaborations

within UCL and abroad !
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UCLouvain spin off 



R&D in integrated micro-sensors & energy harvesting
Gas, Flow, Pressure, Humidity, Temperature, Heat  PV (Si, CIGS, CZTS)
Light, Radiation, Magnetic field, Electrical arcs  RF (CMOS rectifiers)
Biomolecules (DNA, Proteins, Bacteria…)   
Microfluidics, Fluid properties

     

Record performance for
• µW / HT / GF > 1000 Strain gauges on Si (structural health monitoring) (patented)
• mbar pressure sensor (eye implant)
• 10µm-thick Si proton beam detector (hadrontherapy)
• few-bacteria detection (point-of-care)
• UV sensing (SPAD)…
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BACTERIAL DETECTION IN COMPLEX SAMPLES

BLUE ENERGY & IONTRONICS RF SUBSTRATES

Prof. Jean-Pierre Raskin’s
RF SOI group

THz WAVEGUIDES

Collaboration with Prof. Dimitri Lederer’s team



Porous Silicon Membrane 
for biosensing
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BACTERIA?

B. cereus

Gastrointestinal, respiratory tract,
nosocomial, eye, CNS, urinary tract and
cutaneous infections, endocarditis,
osteomyelitis. The potential of this
bacterium to cause life threatening
infections has increased.

[https://www.msjonline.org/index.php/ijrms/article/view/2049] [Y Tambe, CC BY-SA 3.0  via Wikimedia Commons]

S. aureus (S. epidermidis)

Minor skin infections: boils, abscesses,
impetigo;
More serious infections: meningitis,
osteomyelitis, pneumonia, septic
phlebitis, endocarditis;
MRSA, displays antibiotic resistance

B. subtilis

« Not a frank human pathogen, but has
on several occasions been isolated
from human infections.
Infections attributed to B. subtilis
include bacteremia, endocarditis,
pneumonia, and septicemia. »
[https://www.epa.gov/sites/default/files/2015-
09/documents/fra009.pdf]
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https://camilo-mora.github.io/Diseases/

https://camilo-mora.github.io/Diseases/
https://camilo-mora.github.io/Diseases/
https://camilo-mora.github.io/Diseases/


Traditional methods for bacterial detection
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✓ Cost-effective
✓ Specific
✓ Sensitive (1 CFU*/mL)
 Time-consuming (>12h)
 Prone to errors

✓ Fast (>2h)
✓ Specific
✓ Sensitive (1-10 CFU*/mL)
 Expensive

✓ Fast (>1h)
✓ Specific
✓ Sensitive (1 CFU*/mL)
 Expensive
 High-end instrumentation
 Prior knowledge of suspected 

pathogen

* CFU = Colony Forming Units
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Assay time 
Sensitivity 
Selectivity 
Reliability/Robustness
Complex sample
Versatility
Cost 
Portability
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PSI MEMBRANES

R. Vercauteren; G. Scheen; J.-P. Raskin; L. A. Francis; Porous silicon
membranes and their applications: Recent advances, Sens. Actuator
A-Phys. 2021, 318, 112486, 
https://doi.org/10.1016/j.sna.2020.112486

https://doi.org/10.1016/j.sna.2020.112486
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R. Vercauteren; G. Scheen; J.-P. Raskin; L. A. Francis; Porous silicon
membranes and their applications: Recent advances, Sens. Actuator
A-Phys. 2021, 318, 112486, 
https://doi.org/10.1016/j.sna.2020.112486

https://doi.org/10.1016/j.sna.2020.112486
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R. Vercauteren; G. Scheen; J.-P. Raskin; L. A. Francis; Porous silicon
membranes and their applications: Recent advances, Sens. Actuator
A-Phys. 2021, 318, 112486, 
https://doi.org/10.1016/j.sna.2020.112486

https://doi.org/10.1016/j.sna.2020.112486


21

Electrochemical etching

Image from de la Mora, Bety & Lugo, Eduardo. (2013). Porous Silicon Biosensors. 10.5772/52975. 
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23Image from Antibiotics 2021, 10(2), 124; https://doi.org/10.3390/antibiotics10020124 

Lytic enzymes can be produced by bacteria or bacteriophage

https://doi.org/10.3390/antibiotics10020124
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Model: Bacillus cereus (ATCC10987)
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Porous silicon interferometer

Sensing layer

Support layer

Large pores - thin layer

Small pores - thick layer
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Sensing layer

Support layer

Large pores - thin layer

Small pores - thick layer

F.E.M. simulation (Comsol Multiphysics)
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Sensing layer

Contrast layer
Small pores, thicker layer

Large pores, thin layer

Small pores
~15 nm

Large pores
50 nm and
above

29

nm

nm

Filtration membrane/sieve

PSi Membrane
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Fourier 
transform

Fabry-Pérot fringes Effective optical thickness (EOT)

EOT=2nL

Measurement Signal processing
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The detection of Bacillus cereus lysed by PlyB221 endolysins

1h30 max

Pump
1-2 µL/min

Sample

Optical setup
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Al2O3

SiO2 HfO2

TiO2
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Sensitivity

10² CFU/mL  Detected but not reliably (p-value>0.05)

10³ CFU/mL  Limit of Detection (LoD) (p-value<0.05) !

Noise level = 3σPBS

DetectedNot always 

detected

Infection levels for foodborne infection 
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Selectivity

*

*
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Complex sample: human plasma Blood without white blood cells, red blood
 cells and platelets

The detection of Bacillus cereus (ATCC10987, ~106 CFU/mL),
 lysed by PlyB221 endolysins, shift after 1h

*

By KnuteKnudsen
at English Wikipedia, 
CC BY 3.0
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BRAGG MIRROR

Work of E. Colomer Clavel and C. Gevers
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BRAGG MIRROR

4% EOT shift

Theoretical LoD

PSi 2.15·10-1 RIU

PSi+Bragg mirror 1.35·10-3 RIU

Work of E. Colomer Clavel and C. Gevers
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Much simpler method to achieve the fabrication of membranes, if we cope with the mechanical fragility … 

Work of R. Hanus
& C. Gevers
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AU NP FOR SERS

Au nanoparticles

Work of Clémentine Gevers & Louise Lejeune, submitted to ACS Applied Nano Materials

Methylen blue mediation 5·10-7 M

Star-shaped Au NPs



Blue Energy harvesting

42Work of Romain Hanus, under submission to Wiley - Advanced Engineering Materials

Porosification current density



SOI irradiated membranes
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44Courtesy of O. Bonfanti (UCLouvain) T. Delhaye et al., IEEE Sensors J. 21(1), 2021



45Courtesy of Guoli Li et al., in collaboration with Cambridge U. 
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Radiation-induced defect
(Total Ionizing Dose)

Process-induced defect

Typical device
Normal operation in radiation 
environment (Space, nuclear 

power plants ...)



Process-induced defects

• Hot Carrier Injection

• Deep reactive Ion Etching

• Doping variations

➢ Positive oxide trapped charges.

➢ SiO2-Si Interface states.
➢ Stress-induced defects

• Shift of parameters (Vth, gm, SS)

• Leakage current.

• Reduce lifetime.
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Positive oxide trapped charges.

• Shift of parameters (Vth, gm, SS)

• Cumulative degradation

• Reduce lifetime

Total Ionizing Dose (TID)

+

+ +
+

++

+

+

+

+ +

Permanent failure!!

• Shielding

• Radiation hardening by design

Gamma rays
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+

+

+
+

Cross section view of SOI MOSFET structure.In-situ thermal annealing !!!?

Radiation-induced defects

Interface states.



Layout image showing the location of the components 

around the micro-heater.

Schematic cross section of the device under test. (S Amor, 

et al, Semicond.Sci. and Techn., vol. 32, 2016.)

1.0 µm Partially-Depleted SOI technology (XI.10 

from XFAB, Germany).
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Comsol simulation of the on-membrane micro-heater.
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0 – 2V

297 K – 733 K

65 µA

65 µA

Vd = V0 – d (T - T0 )

dInner=1.4 mV/K

dOuter =1.2 mV/K

Vd

Vd
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STI = shallow trench isolation



Layout of N-type MOS transistor with thick high-k metal gate oxide, 

from 28 nm Fully Depleted Silicon-On-Insulator (FDSOI) process. 

Electro-thermal 

annealing

Joule heating
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0 – 1.4V

297 K – 588 K

Schematic representation of of N-type MOS 

with 3 embedded micro-heaters based 

on 28 nm FDSOI technology.
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Simulation results 

• Cadence 
simulation based 
on the pdk of the  
technology.

DRIE etching

• I-V measurements.

• LFN 
measurements.

Thermal annealing 
at 538 K

• In-situ thermal 
annealing for 2 
minutes .

• IV and LFN 
measurements after 
annealing.
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Measured noise power spectral density of the on-membrane n-

MOSFET in weak inversion regime, before and after thermal 

annealing, and compared to 1/f noise Cadence simulation. 

I-V (thick lines) and transconductance gm (thin lines) measurements of on-

membrane n-MOSFET, before and after thermal annealing, compared to Cadence 

simulation of the ideal MOSFET model in linear regime with Vds=50 mV.

𝐼𝑂𝑁

ൗ1 𝑓 𝑛𝑜𝑖𝑠𝑒
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348 krad (Si)

Fresh 
measurements

• I-V and Low 
Frequency Noise 
(LFN) 
measurements in 
normal 
conditions.

Gamma 
irradiation

• I-V measurements 
after each 
irradiation dose of 
1.2 krad (Si).

• I-V and LFN 
measurements after 
irradiation.

Thermal 
annealing up to 
638 K

• I-V measurements 
after each step of 
30s thermal 

annealing.

• LFN measurements 
after annealing.



HP 4156 Semiconductor 

Device Parameter Analyzer

Radiation room

IC-CAP script Recall of a 

characterisation routine 

each 3 hours of exposure.Two Cobalt 60 sources with a 

dose rate of 1.2 krad/h (Si).

Armored room

Coaxial cables

Cyclotron, Louvain-La-Neuve, Belgium.

Device Under Test wire-bonded 

in a DIL 24 ceramic package

Total Dose 348 krad (Si) !!
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Ids vs Vgs characteristics of the 6µm wide transistor. 

Measured in linear regime under after each 60 krad (Si) of 

gamma radiation .

Logscale representation of the transistor’s I-V 

characteristics. Measured under gamma radiation 

after each 60 krad (Si).
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Threshold voltage of the transistor in fresh condition, 

after irradiation and after each annealing step.

Post- Rad Thermal 

Annealing !

Total recovery of gm 

Post- Rad Thermal 

Annealing !

Total recovery of VTh 

Maximum transconductance in linear regime, extracted

in fresh condition, after irradiation and after each

annealing step.
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Voltage transfer characteristics of the 

CMOS inverter after each annealing step

ΔVINV= 1.8 V

Total recovery after thermal 
Annealing at 638 K !! 

Output current of the CMOS Inverter 

measured after each annealing step
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Noise power spectral density of the MOSFETs. Measured Pre-

Post radiation and after annealing at Vds = 3 V. 

Total power noise at different drain currents (from weak to

strong inversion integrated from 1 Hz to 606 Hz).

ൗ1 𝑓 𝑛𝑜𝑖𝑠𝑒



Summary 

➢ Supported membranes in MEMS applications

➢Porous silicon acts as particles sieve for lysed bacteria

➢Silicon-on-Insulator (SOI) with embedded electronics can be heated up to high 

temperatures, providing in situ low-power annealing of various types of defects
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Conferences announcement



• Prof. Denis Flandre and Prof. Jean-Pierre Raskin for their continuous presence and precious help on so many topics

• The past and current porous team @UCL members: Dr. Gilles Scheen, Dr. Jonathan Rasson, Dr. Roselien Vercauteren, Ir. Clara White Fereira, Ir.

Romain Hanus, Ir. Clémentine Gevers, Dr. Romain Tuyaerts and Elia Colomer Clavel

• Dr. Sedki Amor for the bulk of the work on the recovery of irradiated SOI membranes

• Pr. em. Jacques Mahillon and his team, in particular to Audrey Leprince and Manon Nuytten for endolysin synthesis

• Prof. Florin Udrea and Dr. Zeeshan Ali from the University of Cambridge/CCMOS Sensors Ltd. (now with AMS)

• Pr. Sophie Hermans and Louise Lejeune for Au NPs

• UCLouvain’s cleanroom WINFAB and electronic measurement platform WELCOME’s technical teams for assistance

• Funding :

• EU F.P. Horizon 2020

• Fonds de la Recherche Scientifique FRS-FNRS, through FRIA fellowships

• UCLouvain

66

ACKNOWLEDGEMENTS



Thank you for your attention!
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