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Adaptive Optics for Gossamer Apertures 
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Adaptive Optics for Visual Science 
The A 0  technology for telescopes and vision science are surprisingly 

similar. 

In retinal imaging, the limits to microscopic imaging of the human eye 
are the monochromatic aberrations of the cornea, the lens, ocular 
medium in front of the retina. 

High resolution imaging of the live human retina gives clues and has 
the potential to help in the early detection and treatment of diseases, 
thereby helping in the prevention of vision loss. 

Studying basic properties of photoreceptors at high spatial and 
temporal resolution has the potential to revolutionize our understanding 
of human vision with potential application in fields such as robotic vision. 



Adaptive Optics for Visual Science 
Requirements of a deformable mirror for retinal imaging 

Without Adaptive Optics With Adaptive Optics 
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Micromachined Deformable Mirrors 

Mcm branc m kror 

BU MEMS-DM 

I I I I I 

Stanford MEMS-DM 

st 

- Marginal mirror quality 

- Stroke limitation 
DU MEMS-DM 



Surface Figure of a Micromachined 
Deformable Mirror (BU) 

Line Scan - 8 actuators: rms: 35.84 nm 



I 
a, n

 

a, 
a, 
c
 

cd 

m E
 

6 
I
I
 

Q
 

.
d
 

22 
E

 
4
 

cd 

g 
a, 

a, 
E

 
M

 
cd 
0

 
'r

l
 

U
 

cn 3 
0
 
3
 

c
 

S
 
0
 

0
 

m 

I
-
 

.
 

L
 

m 3 
D
 

0
 

cd 

m
 

d
)
 

E
 

m 0 
0

 
E 

'
A

 

5 
I
-
 

I
 

a
 

0
 

.. 
E 3 

Q
 

0
 

-
 

;o 
cd 

h
 

a, 
x
 

a, 
> 

43 
0
 

cn 
L
 
I
 

4
 

F4 
c
,
 

e 

a, 
n

 
.
;
i
 

a, 
a 

v
 I 

I 



a
 

a, 
0
 

c 
s t I L 0 m- a, 

E
 

5 
I
I
 

a, 
n

 

3
 

I- N
 

n
 



Modeling Results: Optimization 

Base: 16 pm Si 26 pm Si 2 pm SixNy 

500 pm 

x: Electrode Length 
y :  PZT Thickness 
z: Center Deflection 



Modeling Results: Estimation of 
Perform an ce 
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Actuator displacement at constant 
field vs. actuator size. 

Membrane profile with one actuator 
at 1 V/pm, all others at 0 V/pm. 

(Vertical scale is in microns, lateral in mm) 



3 . '  
0 
0. 

0.047 

-0.752 

0.047 

0.075 
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Mirror membrane profile with a single actuator required to be at 1 pm (V/pm = 

1.458), while all other actuators are set at zero displacement. The electric field 
values in V/pm required to achieve this membrane displacement profile are 

shown in the accompanying table. 



Thick-Film PZT Actuator Technology 

On existing diaphragm structures with diameters of 500 pm, 
center deflections of >3 pm have been achieved using 
comparatively thin PZT films (-1.5 pm). 

+ Currently we are trying 7 pm thick PZT with PSU. 



Wafer-Level Membrane Transfer Technique 

Carrier wafer 

- Transfer 
+ membrane f 

Substrate wafer - Surface quality: Transferred 

mirror 

brane is a replica of the carri 
wafer. 

can be 



Transferred Corrugated Membrane 
Actuators 

cing: 200 pm 

Membrane thickness: 1 pm 

ps: 1.5 pm 

Deflection at 55 V: 0.4 pm - \ 

0 

Applied Voltage (V) 

1 Au line (Membrane (poly-Si) 

Successful transfer of a freestanding membrane 
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Surface Fiaure of a Transferred Membrane v I 

Surface figure error: 
0.2 nm rms, 0.9 nm p-v 
.) << u20 



Full Scale Surface Figure Measurement 

Beam expander 

HeNe Laser 



R & D Status 

Achieved 
- Developed a membrane transfer process technology for the 

- Developed the design and process technologies for the 

fabrication of optical quality mirror membrane. 

fabrication of the large-stroke unimorph PZT actuator array. 

Remaining 
- Full-aperfure optical characterization 

- Development of a reliable deformable mirror device by 
combining the mirror transfer technology with the PZT 
actuator technology. 
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