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ENDORFINS (1)

Title:

• ENabling Deployment Of RF MEMS 
technology IN Space telecommunication.

Objective:

• Perform an in-depth assessment of the 
reliability and related failure modes of RF-
MEMS, in view of their deployment in space 
and improve this reliability (for switches) 
through processing optimization.

• 2 years project, started in August 2005.



P. Czarnecki et al., ENDORFINS ... 6th ESA Round Table, 2007, Noordwijk, The Netherlands
© imec restricted 2007 4

ENDORFINS (2)

Purpose:

• study the possible applications in space

• study the reliability issues and failure modes that 
prevent the deployment of RF-MEMS in space

• define corrective actions to improve the reliability 
with focus on processing steps and materials used 
(focus on RF-MEMS capacitive switches), taking 
into account packaging.

• apply these corrective actions (where possible) to 
the processing and investigate their effect on the 
reliability.
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Capacitive RF MEMS switch
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- high Cdown
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FMEA: ENDORFINS approach

tests

MEMS Switch

FMEA: Failure Mode & Effect Analysis

• List all (theoretically expected) failure mechanisms
• Assigned severity (S) and occurrence (O)
number (1-10) and calculate Priority Number: PN=S*N
• Select failure mechanisms with highest PN to study 
• Identify processing steps and test structures (design) 
to optimize reliability and prevent failures

charging T-stability
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18 different 
failure modes 
were identified

Failure modes: FMEA

T-induced elastic 
deformation of the 
bridge
(ohmic and capacitive 
switches)

Micro welding
(ohmic switches and 
capacitive switches with 
contact metal on dielectric)

Dielectric charging
(capacitive switches)
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Failure modes: descriptions

• Charging: → stiction

• Micro welding:
– surface roughness increase

after metal-metal contact

• T-induced deformation of the bridge

shift narrowing

J. DeNatale, Transducers '03, Boston, June 2003
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Materials

• Substrate
– glass (AF45)

– high resistivity Si

• Bottom metal
– optimized for low roughness

– no whisker formation

• Dielectric
– TaO (two recipes)

– AlO (native)

– AlN (two recipes)

• Bridge
– AlCu, different thickness
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Design

• RF performance neglected.
• MIM capacitors and simple beams.

• Fully processed structures.
• Dedicated test structures.
• Many equal devices for reliability study.
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selection of 
the best 
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processing 
steps
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Results (1)

• RUN1:
– bottom metal

– dielectric

– simple test structures

– uniformity

– reproducibility

wide
beams

narrow
beams
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Results (2)

• RUN2
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Results (3)

• RUN3
– First packaging tests: no beam changes.

– Further lifetime tests of packaged switches.
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Conclusions

• Taking the reliability into account from the 
beginning:

– decreases number of possible mistakes

– saves time

– provides better understanding of the physics 
behind failures

• Promising results.
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• Thank you.


