
FAME: Failure Analysis 

of RF MEMS Devices 
Coordinator: LAAS-CNRS (Dr.  Fabio COCCETTI) 

ANR-07-NANO-059 - Budget: 735 866,83  - Start: 1/02/2008 – Duration: 36 months 
Project webpage: www.laas.fr/fame 

Thales Alenia Space as end user (qualification procedures for MEMS devices) 
NovaMEMS (SME) failure analysis for developing some standardization procedure and 
advanced knowledge on the Physic of Failure (PoF) 
CEA-LETI acts RF-MEMS technology provider and it is  interested inassessing the 
potentialities for space application  
ARMINES (École Nationale Supérieure des Mines de St-Étienne et le Centre de 
Microélectronique de  Gardanne) has experience in material charcaterization and anlysis 
LAAS-CNRS has expertise in the field of RF MEMS failure analysis and modelling.  

WP0 : Management (T0 T0+36) 
Task 0.1 : Project management (LAAS , 36 months) 

Task 0.2 : Synthesis and results exploitation (TAS-F, NovaMEMS, 1 month) 

WP1 : Reliability platform set up (T0 T0+3) 
Task 1.1 : State of the art (All, one month) 

Task 1.2 : Characterization tools and methods (All, 2 months) 

Task 1.3:  Test Plans (all, 2months) 
Task 1.4:  Set-up of reliability characterization platform (All, 3 months) 

WP2 : test vehicles definition (T0 T0+18) 
Task 2.1: Test vehicles definition (All, 2 months) 

Task 2.2: Design of the test vehicles (LAAS-LETI-NovaMEMS, 4 months) 

WP3 : Test vehicles fabrication (T0+6 T0+22) 
Task 3.1 first run of fabrication for Test vehicles  (CEA-LETI, LAAS, 4 months) 

Task 3.2 second run of fabrication of Test vehicles  (CEA-LETI, LAAS, 4 months) 

WP4 : Characterization and Test (T0+10 T0+24) 
Task 4.1 : Structural failure modes evaluation (NovaMEMS-ARMINES, 2 months) 

Task 4.2: Functional evaluation of test vehicles (LETI, LAAS, 4 months) 

Task 4.3: Failure modes and lifetime evaluation (NovaMEMS, LAAS, 6months) 

Task 4.4: Study of dielectric charging mechanisms (LAAS, LETI, 4months) 
Task 4.5: Study of ohmic contact degradation mechanisms (NovaMEMS, ARMINES, 4months) 

Task 4.6: Power related failure modes (LAAS, LETI, ARMINES, 4 months) 

Task 4.7: Environment test (TAS-F, 2 months) 

WP5 : Failure analysis and modelling (T0+12 T0+27) 
Task 5.1 : Develop a model concerning the structural failure modes (LAAS-ARMINES, 5 months) 

Task 5.2 : Develop a model concerning the contact resistance degradation (LAAS-LETI, 5 months) 

Task 5.3 : Develop a model for dielectric charging (LAAS, 5 months) 

Task 5.4 : Develop a model for electromigration (LAAS-LETI, 4 months) 

WP6 : Implementation of reliable demonstrators (T0+25 T0+36) 
Task 6.1 : Choice of the demonstrators (All, 1 month) 

Task 6.2 : Design of the demonstrators  (LETI, LAAS, 2 months) 

Task 6.3 : Fabrication of the demonstrators (LETI, LAAS, 5 months) 

Task 6.4 : Tests and conclusions (All, 2 months) 

Kick-off MEET 
26.FEB.08 

LAAS 

1st Progress MEET 
10.JUN.08 

GARDANNE  

3rd  Progress MEET 
23.MAR.09 

LAAS 

3rd Progress MEET 
12.OCT.09 

LAAS 

J3N Toulouse T0+21 

2nd Progress MEET 
26.FEB.08 

LAAS 

Test vehicles: Ohmic switch (LETI) 

Cross section for the ohmic switch 

Test vehicles: variable capacitance/

switch 

Close up for the 

air gap 

Cross section for the capacitive 
switch 

PoF associated to failure mechanisms have been studied at material and device level --> NEXT: Acceleration techniques implementation based on space application specifications (by TAS-F) 

Demonstrator (system level) based on the acceleration techniques will be developed in order to validate FAME methodology and approach 

Contact Resistance Test Bench  @Novamems 

Test vehicle: Bridge with dimples (LETI/LAAS) 
NOTE: same process as for actual  device 

Test setup (based on nanoindenter and real contact
 on bridge) 

Effect of the number of asperities: 
number of steps on the stiffness versus contact 

force (function of the contact current) 

Roughness measurements 
by AFM 

Before test  
Ra = 18.1 nm and RMAX = 114 

nm) 

After (11) tests  Ra = 13.8 nm 
and RMAX = 90.0 nm) 

Current resistance sensitivity with respect to the current
 for Gold-to-Gold 

A. Broue et al. IRPS 2009 

Contact Resistance Test Bench  @Gardanne 

F (1 N to > 1mN ) 

V i 

i : 10 A  2 A 
V : 20 V 200 V 

Current effect on contact resistance: Au / 
Au contact Contact bump 

Load ( N) 

50 N 

500 N 

Minimum measured Resistance value is: 

RAu / Au = 0,16 Ohm @ 1 mA 

RAu / Au = 0,15 Ohm @ 10 and 40 mA 

Test setup based on nanoindenter and contact on
 micro bar  

Dimpel contact on microbar (the top
 contact is realized by a die fixed on

 the nanoindenter tip) 

1 N < Pmax <  6 mN 

0.01 mA < I < 1 A 

Ucomp from 10-3 to 40V  

Bridge 

Contacts 

Use of a spherical nanoindentor tip as 
mechanical -actuator 
Output data are : 

Voltage drop between the two contacts (u),  
Contact resistance (Rc)  
Tip’s displacement (d) 
Contact force (Fc) applied on the contact  

Metal contact wearing analysis by EBSD (EMSE) 

Grain crystalline structure analyse 

Texture analysis in different area of the contact 

CASE 1: Strong forces (mN i.e. 103 larger than in real MEMS) 

Contact area (evolution over number of actuations N) 

Grain rotation --> crystalline plasticity  

Decreasing of the 
indentation rate in the 
middle at same level as at 
the grain joint 

CASE 2: Lower forces (100 uN i.e. as in real MEMS) 

Investigated samples: MIM capacitor mimic the MEMS in the down state 

•
•
•

MIM capacitors

Different dielectric film thickness 

Layer Thickness 

Top Electrode 
Au 800nm 

Ti 100nm 

Dielectric SiN 50  500nm 

Bottom Electrode Au 500nm 

Ti 100nm 

Substrate Si 500 m 

Test vehicles: Capacitive switch (LETI) Test vehicle: MIM capacitors (LETI/LAAS) 
NOTE: same process as for actual  device 

Charging – Discharging Transient Currents method for volume charging investigation (LAAS) 

Voltage profile (a) 

Current profile of discharging current (b) 

The Charge/Discharge Current Transient 
(DCT) method is used for the investigation 
of buildup and dissipation of internal 
polarization/charging. 

Stored charges vs. thickness Discharge transient vs. field  Intensity 

Charge injection 

through asperities 

Kelvin Probe Force Microscopy:  The most suitable tool to simulate the “puntual” charge injection process in electrostatically actuated MEMS (LAAS) 

Substrate 

Surface potential Decay Surface potential distribution 
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Charge injection 

Methodology in TWO steps 

FIRST step: Charge injection 
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Surface potential scanning 
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SECOND step: Surface potential scanning  
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U. Heiba Zaghloul - LAAS  2009 

-150V to +150 V 

Switching time (Example for ~ 50ns) 

CV characteristic vs. DC stress    

Scattering parameters up to 110 GHz 

~300ns 

Reliability platform for lifetime assessment (LAAS) 

Lifetima estimation (DV shift vs. cycles) 

The most relevant electromechanical performances (Cup/down; Vpi/po; RF 
performances) are monitored and investigated by means of a setup which 
enables the arbitrary sweep of the stress parameters (Vbias, Tbias, Duty cycle) 
and has a very fast data acquisition card (few ms by a DAQ) 

Example of the setup developed at LAAAS (configuration for CV vs. 
DC stress) 

J. Ruan, M. Matmat, T. Idda - LAAS  2009 

B. Arrazat - EMSE  2009 
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