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MEMS Deformable Mirror Applications 

Visual Science: Astrophysical I magi ng 
- Measuring aberrations 
better contact lense 
procedures 

+ Need low cost, compact, and 
device mirror 

- Ground-based Telescope: to compensate 
aberrations from air turbulence 

-Space-based Telescope: to compensate 
aberrations in the segmented primary 

+ Need light-weight, cryogenic device 

Nominal requir ominal requirements 

- Continuous memb nuous membrane 

- 8 mm diameter 

- 100 - 200 actuators 

- +/- 6 pm stroke 

bility 0.1-10 nm/sec 
0 

erature 20-55 K 
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Gossanver Apert u res 

Spacecraft formation flying geometry. Starlight entering from the top-right is collected by 
a Schmidt corrector mirror (bottom) then focused by the F/IO primary mirror (top). Also 
shown are two large sunshades (at left), which may be inflatable. 
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Convention a 1 Deform ab le M i rro rs 

http://www2.keck.hawaii.edu:3 63 6/realpubliclinstlao/about/slides/dmirror.h~l 
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Continuous l~embrane MEMS 
Deformable Mirrors 

Continuous membrane mirror 
No diffraction of the reflected beam 
- Ensuring smooth and continuous phase variations across the mirror 

Mcm b r a n c  mirror 

A t t a c h "  
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Quality MEMS Deformable 
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Wafer Trarnsfer Process* 

+ 
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Transfer of a I pm thick 
Corrugated Poly-Si Membrane 

Carrier (Sol) wafer 
: Patterning & oxidation 

0 .  

:* :Substrate wafer: Oxidation 
Polysilicon 

silicon - oxide - Indium t$mp 

'*..... . . * * '  

Polysilicon on the SO1 wafer 

I 
Patterning & Indium bump 

Electrodes & Indium bump 
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Transferred Interface 

. . . . . . . . . 
8 . _ _ ~  
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Transferred Corrugated 
Membrane Actuators 

Electrode gaps: 0.7-4 pm 

Pixel-to-pixel spacing: 200 pm 

Thickness of the polysilicon 
membrane: 1 pm 

r-- __- I Au line 
L-__- 
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Electrostatic Actuation of a 
Transferred Membrane 

350 400g- 
S - 250 

10 20 30 40 50 

Applied Voltage (V) 

Polysilicon actuator membrane 
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Transferred Single Crystal Silicon 
Deformable Mirror Concept 

t 

- SCS mirror transfer directly to robust 
actuator columns to provide high 
quality deformable mirror 

-Further miniaturization possible by 
incorporating thinner mirror plate 
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Transfer of (a SCS Membrane 
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3-D Profile of a I pm thick 
Transferred Membrane 

- 

--- 

Mag 17X 
Mode PSI 

I 

3"D Plot 

Hermetically sealed 1 pm thick SixNy membrane 
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I 
3-D Profile of a 16 pm thick 
Transferred1 SCS Membrane 

Hermetically sealed 16 pm thick SCS membrane A 16 pm thick SCS membrane after patterning 
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1 _ _ _ _ ~ - _ _ -  _- --_- _- r- Surface Profille of a 16 pm thick ~ 

Transferred SCS Membrane 
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Hermetically sealed 16 pm thick SCS membrane A 16 pm thick SCS membrane after patterning 
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pembrane Mirror 1 
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Summary 
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