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• The world of Micro Electro Mechanical Systems (MEMS) is flat!
• Out-of-plane structures can help separate devices from the substrate, to provide good electrical and thermal isolation.

(Castro, 2014) (Carreño, 2014)

Hinged-less Structures Hinged Structures

(Sandia National Labs)
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Buckled Cantilever Platforms
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Radio 
Frequency 
Antennas
(Loic, 2013)

Magnetic 
Field Sensors
(Alfadel, 2013)

µHeaters for 
Gas Sensing
(Carreño, 2012)

Thermal 
Acceleromet
ers
(Ma, 2008)

MEMS 
Optical 
Bench 
Mirrors
(Conchouso, 2015)
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• Thermal Isolation: 
– Reduces the heat loss drained through the substrate due to conductivity
– Allows localized heating

• Electrical Isolation:
– Eliminates parasitic capacitances between a transducer and the substrate
– Reduces Radio Frequency (RF) Interference

• Magnetic Orientation:
– Allows magnetic sensing/ actuation in a desired orientation 

• Inertial Orientation:
– Enables the interpretation of inertial components in the transducers
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Further Details of the Polyimide-Metal MEMS Fabrication Process, please refer to the following paper:

Arevalo, D. Conchouso, D. Castro, , and I. G. Foulds, “A Versatile Multi-User Polyimide Surface Micromachinning
Process for MEMS Applications” in 10th IEEE International Conference on Nano/Micro Engineered and Molecular 

Systems NEMS2015, Xia’an, Apr. 2015. 
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Angle Adjustment by Mechanical Design:
• Depending on the position of the stoppers 

(anchored structures) and the position of the 
plate’s attachment links

Angle Adjustment by Electro-thermal Excitation:
• Electrical lines at the attachment links work as both 

conductive layers and composing bimorph layer.

Out-of-plane Bimporh µMirror with Adjustable Angle
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Simulation Setup
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Assembly of the Out-of-plane Structures
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Assembly of the Out-of-plane Structures
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Experimental measurement @6V
Temperature of the plate ≦40℃ !

Bi-directional Thermal Bimorph µMirror
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Simulation at equivalent 6V
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Experimental Validation
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Tip Displacement vs Current [*]

*Arevalo, et al., “Out-of-Plane Buckled Cantilever Micro-structures with Adjustable Angular 
Position Using Thermal Bimorph Actuation for Transducer Application”, Micro & Nano Letters, 
2015.
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MEMS Optical Bench
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• Mechanical Oscillation can also be achieved by the excitation of the 
bimorph actuators with an AC source 

• Since the total displacement it’s affected by the frequency of operation, a 
modal analysis was performed to find the peaks for greater displacement 
at different oscillation frequencies.

• The structure showed its first mode at 500Hz

(Polytec, Laser Doppler Vibrometry)
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• Demonstrated a low-power consumption out-of-plane 
platform with adjustable bi-directional angle through 
thermal bimorph actuators 

• Showed high accuracy (in the nanometer range), control 
and repeatability of the thermal actuation

• Used thermal imaging to determine a low influence in the 
BCP thermal isolation

• These structures could aid in the control for switching and 
blocking optical paths towards a MEMS Optical Bench 

• Since their actuation can be oscillated many other sweeping 
applications could be benefited

20 October 2015

Conclusions
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Thank you!
ANY QUESTIONS?
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(Sandia National Labs)

(Sandia National Labs)
(Oak, 2010) 
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