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Flexible imprinted Electromagnetic Devices & Carbon-based Sensitive films

A good candidate for the detecIon of organophosphates

Ability to interact with compounds acceptors of hydrogen bonds (bases) 

RegeneraIon dry air

RelaIve Humidity : 37% 50% 60% 70%

Sensi&vity to humidity 
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  Acous&c wave-based Detec&on Microsystems Resonant devices -microsensors, prototypes Using of innova&ve sensi&ve materials Wave propaga&on in devices, dynamical interac&on phenomena with solid, liquid, gaseous medium From Materials to Devices 1 ! ONDES / WAVES EDMiNA, Evalua&on of Micro-Nano-Assembled Devices Influence on microelectronic / photonic devices : IntegraIon of newmaterials Assembly, interconnecIon Influence of environmental condi&ons -Reliability Permanent Staff (18): 6 Prof., 9 Assoc.&Assist. Pr., 3 Ing. MIM, Materials, Interac&ons, Micro-waves Interac&ons electromagne&c waves (CW to mm-wave) / materials Natural materials : wireless ac&ve / passive detec&on Structured materials with specific proper&es: photonic crystal, metamaterials, radar stealth (fur&vity) … Inhomogeneous materials such as nanostructured thin films # Parametric study, effect of SiO 2 thickness (h) of a structure without any sensi&ve film # Gain max: h = 4µm # Phase velocity decreases from 4900m/s downto 4450m/s with h in the range [2.5µm -7 µm] 1. Piezoelectric substrate: AT cut ( 0°,121.5°,90°) " Shear Horizontal polariza&on " Working in liquid medium 2. Interdigital transducers (IDTs) (λ=40 µm, Lcc=8.4 mm, e=200nm) 3. SiO 2 guiding layer (4µm, PECVD) " Trapping Energy ! near free surface: arrac&ve way for sensing applica&ons Towards From the delay line to the oscillator Transmission response characteriza&on of a delay line using a network analyzer Opera&ng frequency : 117 MHz Test cell designed and realized according to the one proposed by F.Josse et R.Cernosek, Sandia Labs Electrical characteriza&ons using Network Analyser # f 0 = 117 MHz # Inser&on Loss: 25 dB # Delay: 1.542µs V phase velocity ≈ 4300m.s -1 Tme Domain, [1] acousIc signal S 21 (magnitude & phase) LOVE Wave delay line Read-out electronics $ Arduino-based read-out $ CommunicaIng object (Ethernet) Clean room class 10 000 (hood 100) • Thin films microprocessing: spin-coater, spray-coater, Graphtec, mask aligner, hotplates, wet etching of photoresist • Thick films processing screen printers, ovens, inks formulation • Wire-bonding assembly ball-bonder, wedge-bonder, flip-chip • Films and devices characterization: profilers, AFM, SEM, vibrometer, gain/phase analyzer, network analyzer… • Soft lithography • Mechanical micro-fabrication • Partnerships Technological facili&es (TAMIS) & Device customizaIon 13 mars 2014 Laboratoire de l'IntégraIon du Matériau au Système ! July, 2018 > < 36 Wave-based resonant microsensors Environmental and health related applications Introduction: Background, Principle of Wave-based Resonant Microsensors Focus on Acoustic Love Wave Devices Principle Examples of Gas sensing applications Introduction of microfluidics and examples of Liquid-phase sensing applications Other Resonant Devices and Applications Flexible imprinted Electromagnetic Devices & Carbon-based Sensitive films Polymer Optical Microring Resonators & Digital Microfluidics vapor A : high value of K A Selec&vity with respect to the compound B : K A >
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  , SAW Rayleigh wave, SensiIve coaIng: • Graxed Polysiloxane PLG, Δf 0 = 138 kHz & emphasize hydrogen interac&ons (sensi&vity / reversibility) & low glass-transi&on temperature (diffusion @ ambient T°C) • Spray-coa&ng & High effec&ve surface Sensi&ve material -THI, D. GROSSO, C. SANCHEZ, Benzene chemical sensors based on porous sol-gel materials The 16th European Conference on solid state transducers, Prague, Czech Republic, pp 1237-1240 (2002) Ini&al solu&on : Surfactant (CTBA) + soluble silica + H 2 O + EtOH # Mesostructure: depends on the sol-gel chemistry (nature of the compound, experimental condi&ons: Humidity, Temperature) shell • Inlet/Outlet integrated cover for safe gas detecIon • PCB-SMA RF connector PhD G.Tortissier 2009 # SAW delay-line on LGS # Mesoporous sensi&ve film $ Mesoporous : 2 -50 nm $ Sol-gel technique, spin or dip-coa&ng $ Stability: thermal, mechanical, chemical … $ High specific surface : 10 -1000 m 2

  by funcIonalizaIon of the pores Solvant and monomers discrimina&on Real Ime detecIon of Ethanol (VOC) and humidity (RH) I. Nikolaou, H. Hallil, G. Deligeorgis, V. Conedera, H. Garcia, C. Dejous, D. Rebière , Novel SH-SAW gas sensor based on Graphene, SPIE Microtechnologies, Paper 9517-38, 2015. D. Monin, M. Joanicot, C. Dejous, D. Rebière, F. Razan, Procédé de détermina4on de la varia4on de masse d'un système chimique, procédé de criblage comprenant un tel procédé de détermina4on et installa4on correspondante, FR2887631, 2006-12-29

  Ex. Popula&on sensi&vity and vulnerability to cyanobacteria in the Amazon -Satellite data -Need for sensor network in situ

  

Pressure trimming Spray Valve Love wave sensor Controller Syringe Polymer deposiIon by spray Vapor

  

				polarisability	polarity	basicity	acidity	dispersion
			c	r	s	a	b	ℓ
		PHG	-0,331	-0,979	0,774	1,324	4,269	0,810
	PMHS -0,077	0,139	0,203	1,025	-0,469	0,846
		PLG	-0,296	-1,161	1,325	0,971	4,785	0,674
	PMTFPS -0,328	-0,757	1,443	0,112	1,221	0,721
	PCPMS -0,258	0,167	1,480	1,997	0,694	0,674
	Log K	PMHS	PLG	PHG	PMTFPS	PCPMS
	Toluène	2,882	2,659	2,813	2,592	3,675
	H 2 0	0,910	2,650	2,808	1,0280	2,631
	DMMP	3,107	7,105	6,775	4,559	4,600

Sensi<ve layer-gas interac<on

Works achieved by Thales TRT (formerly Thomson, LCR) Detec&on (GB)

LCR Thalès
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O Si(OMe) 3 O 49 ° Current: new nanostructured materials, new silylated coupling agents, surface characterizaIons O O Si Si O O O Si O O Si O O Si O O O O O Si O O

Two (2) modes: 2.862 GHz + 5.475 GHz

 B. et al. -Anal. Chem. 77, 4726-4733 (2005). 

PDMS Microfluidic chip