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Try to develop a sustainability-aware approach for |OT-related research and education
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* Flexeo: Flexible and conformable electronic objects ecosystem

— ultra-thin substrate

» Flexible and conformable 2 4.0 Industry
« « Fully wireless » ertrences

* Autonomous

Security Sensor
Communication

Power Management Functional

vertical Layers

i i i Sensors
i R eco nﬂ ura b | e Techno interconnection L
. h g h btl:llldrsg system Signal Processing
* Lightweight - =
g g system architecture
fine pitch / Flexeo core
—

\) Energy harvesting
* Technology development goals j

» Al: Electronic architecteure Biorobotics
« A2 Integration building blocks

* A3: Embedded energy

* A4: Sensors and communications

12/12/2024
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» Co-developped for research and teaching
* Reduced components set

. , _ . Communication low power multiprotocoles
 Specially designed to low power operation/ energy harvesting

» Bluetooth Low Energy
« LORA
* NB-IQOT (a venir)

« Core layer » STM 32 low power
+ |A embarquée

Energie embarquée compatible
« harvesting »:
 Solaire \
« Thermique
« Mecanique
« Eolien

Layer multicapteurs

12/12/2024 Symposium Electronique Durable - Grenoble e
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Flexeo platform
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» Flexeo platform technology RN A
« Ultrathin parylene-C substrate copecteaeen
« Two metal levels STM32 core layer with copper leaf techology
» Reconfigurable layers with solderless capacitive bus
* >90% weight and material consumption reduction
« Micropillar flexible Li-ion battery technology or flash charging technology

May 8-13,2022 | Honolulu, Hawai'i

Imperceptible Circuits for Wearable and Wireless Reconfigurable Electronic Devices

IEEE
Séverine de Mulatier!,Mathias Fayolle!,Roger Delattrel,Sylvain Blayac! -MRS Spring 2022 gFLEPS2O22

IEEE International Conference on Flexible,
Printable Sensors and Systems
12/12/2024 Vienna, Austria / July 10-13, 2022
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Flexeo ecosystem use cases
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4.0 Industry & edge computing\
Flexeo / OCASS @ TRAXENS
X _ [ ]
, »_gew “DITAG @EST;“““
Augmented perception \

Biorobotics
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Wearable technology use case

12/12/2024 Symposium Electronique Durable - Grenoble



2

MINES

Saint-Etienne

4 nd Augmented perception

Institut Mines-Télécom

e « Leantronics »

» PDMS optical waveguide e-skin sensor

« Ultralight core layer substrate

Sensor

Control Bluetooth

» Low consumption body channel coupling Module

* « Silicon light » haptic pixels

Sensor
vibration

heavy .
pressure light
touch skin

A

- _ epidermis

dermis

sensory
axons

Meissner  Pacinian Merkel Ruffini
corpuscle corpuscle disks endings

Design, Fabrication and Characterisation of Multi-Parameter Optical Sensors Dedicated to E-Skin Applications
L Fliegans, ) Troughton, V Divay, S Blayac, M Ramuz - Sensors, 2022

12/12/2024 Symposium Electronique Durable - Grenoble
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Environmental Monitoring Use Cases

12/12/2024 Symposium Electronique Durable - Grenoble
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* Airlab concept

« Autonomous air quality sensor
« Wind Actuated triboelectric energy source

 Agile deployment for air quality monitoring

: e / Planar airflow
in urban canyons (low emission areas)

'energy harvester

12/12/2024 Symposium Electronique Durable - Grenoble

Airlab project concept

AIRFLOW

Airflow
kinetic
energy

buildings tend
to get taller

eezed iny,,

Winds are o
increasingly restricteq
streets producing the
venturi Effect

(d)

Highly-integrated object

= .-
¢ % 2" ))) DATA
IAoqw-power Connected
sensors object

Electrical
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Airflow energy harvesty
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Wind Actuated TriboElectric NanoGenerator (WATENG)

Output power density (mW.m-2)

o
1
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A. N. Ravichandran et al., Nano Energy, vol. 62, Aug. 2019

® Device characteristics

« Available average power of several mW.cm~in stabilised wind
» High (~1000V) voltage and low current (10pA)
« Ultra simple architecture (2 electrodes — 1 plastic flag)

12/12/2024 Symposium Electronique Durable - Grenoble 9
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P A

Peak power: Transmission
~10 mW

Avg. consumed

~1 mW Stand-by/Sleep

~5uwW

Time

On
On—C%(ratio

® System features

« Adaptive power balance through duty cycle management
» Capability of 37 opérations (Sensing + TX/RX) per day @ 5 m.s-1
» High compactness and intagrability
» Battery free
» Rare earth free
Kharbouche, E., Ferreira, W. L., Garcia, D., Bernier, F., & Blayac, S. (2022, September). Highly Integrated Planar

Airflow Energy Harvester for Self-Powered Air Quality Monitoring. In 2022 IEEE International Smart Cities
Conference (ISC2) (pp. 1-5). IEEE.

12/12/2024  Symposium Electronique Durable - Grenoble
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® Embedded Al opportunities:

* Local pattern recognition for event detection

» Event-driven transmission decision: reduction of transmission energy
budget (/10)

» Negligible additional consumption for inference
« Strong reduction in cloud data storage (information vs extensive data)
* High bit-rate (high consumption) communication protocol not necessary

Machine learning pour I'exploitation de données temporelles : domain adaptation et optimisation d'inférence sur des microcontroleurs low power.
PhD Baptiste Nguyen (CEA-EMSE)

12/12/2024  Symposium Electronique Durable - Grenoble 9
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* Designing frugal and efficient IOT platforms

» Energy efficient generic platform (OCASS)
* Flexeo platform reduction of volume and material consumption > 90%
 Platforms are currently used for teaching: 100 students / year

* Exploring added value for society:

» Frugal wearables devices for tactile perception restoration
 Fully autonomous environmental monitoring for smart-city
» Edge computing for drastic energy and data budget reduction

Efficiency is the key: Impact / Overall consumption

Tech should not be necessary High or Low but Fair

12/12/2024 Symposium Electronique Durable - Grenoble
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« Thinking technology in
relationship with sustainable
development objectives »

Entreprises innovantes
Eléves ingénieur.e.s
Enseignants chercheurs

VISIONS ODD PAR FILIERE
OPPORTUNITES, DEFIS ET FORMATION

Agir pour
un monde durable

17 1Al 2024

CONFERENCE - DEBAT

Autonomie des machines vs autonomie
des Hommes par Jean Gabriel Ganascia,
Président comité d'éthique du CNRS

Evénement gratuit
Reservation obligatoire
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Join us for Fair Tech Day 2025!
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= Flexeo/OCASS team

Briques technologiques

M. Fayolle (These projet)

E. Kharbouche (These école)

V. Divay (These Leanpod))

A. Albertengo (These projet)

L. Fliegans (These ANR optiskin)

B. Nguyen (These IPCEI-CEA)

Communications intra et
extra layers, BCC...

Sources Harvesting
Capteurs de force
Layer Energie
Capteurs optiques

|IA embarquee
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Intégration démonstrateur



