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MEMS Role in TMT AO 
architectures

Potentially the deformable mirror in all the AO systems
PFI baseline: 10K actuators for high contrast and large 
discovery space in the image plane
– MEMS is a cost-effective solution
– Small size reduces size of instrument, favorable for stability

IRMOS baseline: as many as 30 DMs in the system
– one per IFU, one per guidestar
– Low cost and small size are the great enabler of MOAO

NFIRAOS “petite” – a second light option for MCAO
– 3-4 DMs at multi-conjugate altitudes, widens the field for WIRC

MIRAO – MEMS at cryo has been tested
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Requirements vs state of the art

Present capability
(can buy today)

Requirement

Continuous mirror surface
Segmented mirror surface

One manufacturer
Two manufacturers

Required for PFI
Possibility for MOAO

Actuator stroke 4 microns (on 100 
actuator device)

10 microns or 3 
microns + woofer

Number of actuators 1000 (on 1μ stroke 
device)

10,000 (PFI)
4,000-10,000 (MOAO, 
MCAO)

Closed Loop Bandwidth 250 Hz 250 Hz

Actuator defect rate About 1% 0.1% (PFI)

Operating temperature Room temperature 
(should work cold, but 
not tested)

-30C (MOAO, MCAO)
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Ongoing work in MEMS 
Development

Testing of 1K MEMS in the lab (LAO)
Consortium* to build 4K and 10K actuator 
devices for ExAO and MOAO
• Gemini, CfAO, UCO/Lick (LAO), TMT
• Identified 2 potential vendors (BMC, MAT)

Research on higher stroke actuator 
designs (CfAO)
Research on nanolaminates and bonding 
technology (AODP)

MEMS electrostatic actuator concept
(Tom Bifano, BMC)

Top mirror surface
Membrane

Electrode

32x32 actuator MEMS DM

Joel Kubby, UCSC
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The 1K MEMS has achieved a 106

contrast goal in the lab

Closed-loop with 32x32 Hartmann sensor on 
Kolmogorov turbulator plate
About 2 nm rms residual wavefront error

Discovery region

Parent 
star

Scattered light due 
to MEMS structure 
print-through
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Follow-on Work

Producing 4K prototype devices in FY06
Usable 4K mirrors out of fab in 28 months (Dec 07)
Scale-up to 10K mirror using same process – output 
from first fabs in 2007
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