
m a rter s 

CHIST-ERA Project Seminar 2015 
Madrid, March 20, 2015 

 

Jean-Marie Dilhac, Marise Bafleur 

in response to 2nd (2011) call 



m a rter s 

Outline 

o Scientific background, potential impact & key challenges 

o Presentation of consortium 

o Structure of the project, work plan and deviation 

o Project management: 

• internal project meetings 

• student/scientist exchange 

• financial reporting 

• Industrial advisory board 

o Main results 

o Dissemination 



m a rter s 

Outline 

o Scientific background, potential impact & key challenges 

o Presentation of consortium 

o Structure of the project, work plan and deviation 

o Project management: 

• internal project meetings 

• student/scientist exchange 

• financial reporting 

• Industrial advisory board 

o Main results 

o Dissemination 



m a rter s 

SMARTER 

Smart Multifunctional Architecture & Technology  

for Energy-aware wireless sensoRs 



m a rter s Structural Health Monitoring 
through deployment of wireless 

and battery-free sensor network 

© Holger Speckmann, Airbus Germany, IWSHM 2007  

Potential impact: predictive maintenance is a major challenge and is linked to 

Clean Sky, a Public Private Partnership between the European Commission and the 

Aeronautical Industry. It was set up to bring significant step changes regarding the 

environmental impact of aviation. 
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Sensor / harvester location: wing root 

Sensor / harvester target performance: 

o 1.2-15mW at 1-10 Hz  

o 230-570 micro strain for 20 cm2  

 
Photos issues du site http://www.pilotlist.org/dispo/_docs/jd8/page.htm 
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Participant Main activities / skill availability of chist-era funding 

Exeter University 
(formerly Cranfield University 

before November 2013) 

harvesting and sensing device,  
simulation,  
tests 

1st of October 2012 

University of Barcelona full-custom integrated circuit 1st of January 2014 

LAAS-CNRS management,  
adaptive storage,  
communication 

15th of March 2013 
(eligible expenditure since Nov 2012) 

Presentation of consortium 
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Project synchronisation issues 
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Internal meetings 
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Financial Reporting 

* Due to the funding issues of our Spanish partner, LAAS hired only in January 2015 the PhD 
student who is now working in tight cooperation with UB on the design of the UWB 
communication chip. 
** Please note that Meiling Zhu previously working at Cranfield University has relocated her job to 
the University of Exeter since 01/11/2013 and she has requested to transfer the funding to the 
University of Exeter. 
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Industrial Advisory Board 

. Diffusion of a second newsletter 

. Feedbacks and visits received 
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WP2 MULTIFUNCTIONAL DEVICE 
WP5 DEMONSTRATOR 
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Testing Set-up 

Testing set-up is using Instron 
machine is used to produce 
vibration, where the MFC ( 
macro fibre composite 
material ) is the piezoelectric 
energy harvesting element.  

Power harvester characterization 

Harvester:  
Macro Fiber Composite MFC M8528-P2 
PZT piezoelectric element operating in d31 mode 
Size: 105x34 mm2 - Active area: 85x28mm2 

Thickness: 300 µm 
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Fabrication process to co-cure EH (energy harvesting) element onto 
composite (Proposed Method)  

Material preparation 

 

 

Lay-up with EH attached 

 

 

Preparation of vacuum bag 

 

 

Curing 

 

 

EH Integrated Composite 

 

 

Carbon fibre/epoxy 

prepreg IM6/950 
 

 

Lay-up as [452/02/-452/902]2S  
 

 

EH element is placed on top of lay-up 
within vacuum bag system 
 

 

Curing in autoclave 125oC &90psi 
 

WP2: Energy Harvesting and Optimisation 
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• Co-curing method offers the highest efficiency in power harvesting because 
there is no extra adhesive applied for the bonding which will dampen the strain. 

• A high pressure of 60 psi applied during direct-bonding process also improves 
the power harvesting capability if compared with integration process under the 
atmospheric pressure (14.7 psi). 

 
 
 
 

Comparison of integration methods and energy 
harvested at various strain levels 

 

Peak-to-peak strain 500με 

 

 

Peak-to-peak strain 340με 
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• Analytical prediction of maximum output power from frequency of 5 to 100 Hz 
was performed at peak-to-peak strain levels of 340 με and 1020 με, which is 
the range of strain levels which could be experienced by an aircraft during a 
flight profile. 

Analytical vs. experimental tests from frequency of 
5-100Hz for EH integrated using co-curing method  
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INTEGRATION 

WP4 
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P.Miribel-Català, J.Colomer-Fararons, J.Lafuente Brinquis, J.López-
Sánchez, Self-Powered Adaptive Circuit Sampling for a Piezoelectric 
Harvester, 2014 DCIS Conference on Design of Circuits and 
Integrated Systems, 26-29 Nov. 2015, Madrid, Spain. 

First Demonstrator In Discrete Electronics  

LDO 



m a rter s First silicon run 

Technology 

• XT018 – Smart Power SOC 
Platform 

– CMOS 1.8/5V 

– NVM Module 

– DMOS+HVMOS Modules 

– DEPL Module + Analog Devices 

Silicon to be received  
April 12th, 2015 

NMOS PMOS 

Low-power blocks: BandGaps (≤100nW), 
LDOs, OPAMPs, Temperature Sensors, ... 
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MICRO-SUPERCAPACITOR 
TECHNOLOGY 

WP3 SMART ADAPTIVE STORAGE 
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Micro-supercapacitor Technology Challenges 

• Silicon integration:  

– Co-integration with control circuitry for adaptive 
storage 

– Expected improved performance regarding self-
discharge 

• Targeted specific energy: 1J/cm2 

• Electrode material is key 

• Need for innovative solid electrolyte 

• Need for wafer-level airtight sealing 
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Micro-supercapacitor Technology 

hRuO2

Ti/Au/Ti substrate

Thermal SiO2

hRuO2 thickness ~ 200 nm

Thin Films
P. Huang et al., J. Power 
Sources 225 (2013) 240.

Electrophoretic Deposition

P. Huang et al., Electrochem. 
Commun. 36 (2013) 53.

D. Pech et al., J. Power 
Sources 230 (2013) 230.

Electrolytic Deposition (RuO2)Inkjet Printing
D. Pech et al., J. Power 

Sources 195(2010) 1266.

Screen Printing
H. Durou et al., Microsys. 

Technol. 18(2012) 467.

Technologies investigated
at LAAS-CNRS
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• Constraints in fabrication: use of sensitive electrolytes < 1 
ppm H2O required  

• Parylene encapsulation chosen for the final realization 

• Deposition system (Comelec) acquisition under process 

 

 

 

 

 

 

Microsupercapacitors: encapsulation 

Transportable glove box 
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Heterogeneous integration on flexible substrate 

o Flexible substrate choice : Kapton, for its very good RF 

properties.  

o RF characterization of Kapton using ring resonator; choice 

of the best thickness for our application: 127 um thickness 

o Set-up of the technological process in our clean room 
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Heterogeneous integration on flexible substrate 

o Antenna design  

o Patch antenna – easy design 

o Bandwidth measured @60 GHz = 1.5 GHz 

o Gain ~ 4dB 

o Cross slot dipole antenna 

o Bandwidth measured @ 60 GHz = 10 GHz 

o Gain ~ 2 dB 

o Future work 

o Design and realisation of cross dipole antenna array – ultra wide 

band  and  high gain – optimal for our application 

o Flip-chip process set-up 
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System spec 

MFC design 

Model 

Techno SC 

University 
of Exeter 

First silicon run with basic building blocks to be received on April 12th 2015 

System architecture 

Prototype of MFC 

Design SC matrix 

Design of  
standalone H & S 
Low power RF design 

Final chip design 

Prototype SC matrix 
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http://emps.exeter.ac.uk/engineering/research/smarter/ 
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Thank you 


