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Importance of packaging of micro/nano devices & systems
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• Limits device performances

• Main cause of device failures

• Limits device miniaturisation
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Development of technological processes & characterization techniques for « smart » wafer-level packaging of micro/nano devices and systems

Objectives

« smart » wafer-level packaging

Addition of functions to the package useful for the device/systems

Device Added functions

All Internal package environment control

Resonant sensors, IR sensors Vacuum maintenance and control

Micro Opro Electro Mechnical Systems Optical functions : controlled refectivity and 

absorbance, light beam shaping, filtering 

and polarisation control control,etc

(electro)magnetic sensors and actuators Magnetic circuit, magnetic shielding, µcoils

Bio and chemical sensors Particle size filtering, gaz selectivity, fluidic 

functions, bio compatibility,etc

Device
Cap

Device
Cap

Device
Cap

Device
Cap

Wafer-level packaging processes & characterisation Sensors for « smart »  packaging

Microlenses for « smart » optical packaging
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Yield: 80-90%

After deposition 116°

After N2/H2 plasma 79°

After thermal annealing at 250°C 105°

After thermal annealing at 250°C

and N2/H2 Plasma 
66°

Contact angle measurements on CxFy film

Wafer bonding (eutectic, adhesive, anodic,…)

Multiple wafer packaging (vacuum or quasi hermetic)

Wafer with sealing rings Wafer with microcaps Packaged porous 
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Transfered Ni micro Pirani gages CMOS micro Pirani (Coll. LIRMM)

(Nguyen Phuoc Trung Hoa master training)

Parabolic multilevel aspheric polymer micro lens 

Design (f=500µm) 3D laser lithography 
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Magnetic Single wafer « smart » packaging by 3D pattern transfer

Glass/Si Au-Si multilayer eutectic

bonding with getter film
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Resist microlens

Silicon microlensCF4+O2 RIE

Selectivity: 1.01

Etch rate:0.13µm/min

Step1: phororesist melting

Step2: Transfer into Si

Height: ~30µm

Diameter:200µm

Pull test of Si wafers bonded with ALD films (ALEBOND project, leader VTT)

TiO2 or Al2O3 ALD films, 150-250°C

No debonding up to 

glue fracture limit

(19-34 MPa) F
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Micro Pirani pressure gages

Etch rate: 

1.1µm/min
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