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i Ll(T) Deformable mirrors for wave front controlling
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(2) DM for optical scanners

Change the directory of light (2 axes)
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(2) DM for optical scaner

Imaging |n surgery
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i Aslrophysics or Ophialmology applications

« Requirements:

- Deformable Mirrors need Continuous membranes and Large Global and
Inter-actuator Strokes (total deflexion +/~ 5um, Deflexion between 2
actuators ~ 2 pm at voltage < 200 V)

« Advantageous of continuous mirrors:

—> Better optical performances compared to segmented mirrors

- Electrostatic Actuators display low power consumption and good
fabrication compatibility

« A new type of Zipping Actuator developed:

- Reduces the required initial electrostatic gap
- Operates as a lever, pushing or pulling the reflective membrane
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Description of the new zipping actuator

Anchor with
membrane

Position of the movable electrode
without and after voltage

™

Rotation

support:
Central part

Fixed electrode + dielectric layer

Bi-directional electrostatic
actuator To summarize:

= V applied under the central arm, the lever Pushes the mirror
= V applied under the two external arms, the lever Fulls down
the mirrar




letl Electromechanical Simulation

Static simulation performed by Finite Element Method using ANSYS software

- Dne actuator in "FUSHIMG " mode has been simulated
- Contact between actuator and dielectnc layer s supposed to present a high tangential

stiffness: to avold sliding
- Contact between actuator and rotation support is supposed to be a straight Line

Rotation support position

Zipped area

e e i T LT R R N e L

Simulations provide optimized parameters for the actuator:
thickness. width, height of the rotation support ...
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Fabrication of mirror: Process flow

Membrane Fart

50l wafer

Actuators anchor are
pattemed on silica
layer

Poly-silicon (2pm)
actuators are
deposited and
structuread

Silicon mirror is dry
etched

Actuators are
released

—
—
=
E—
T

Electrode Part

Silica (2 dm) is grown on silicon substrate
Metallic conductors are then deposited and
patterned

Rotation support and Spacers: 2.5 gm (silica) are
ctric layer

e
G

Polymer for bonding is deposited and pattemed

PN T

"ﬂ'/ Crroavs

vihcon ikctvs
L 1o 14 1s

Todlcetthg-,

Final mirror after
bonding



Views of the Device
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2 - SEM image of one Actuator 4. Deformable Mirror with 19 actuators
Device on the Print Circuit BEoard
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m Optical Characterization of devices

[ Optical wave front measurements realized with Shack- Hartmann Wave Front Sensor

W 14 -
. 12 M
2
_ _ I = 13
Mirror (diameter = 2 mm) 5] Pullin=20V
only 1 pushing electrode ' I e A L
y : . = up —— Vnoesnry
Relative optical deformation =0.8 im at20 V & 08 it s
- Linear Deformation of Membrane 02 4
-V cycle > No hysteresis => No charges trapped 0 : : : ;
0 .l 9 A 10
Vol (V)

] ] PV {pm) Mechanical Deformation membrane vs Voltage
O Optical wavefront deformation

obtained from a deformable mirror
with 12 actuators: only 12 pulling Optical measurements
electrodes are actuated with 60V 'E-|

0 Mechanical displacement of ‘ un, R,':i:i" L
about 4.5 pm (half of the chart N
values) is measured J




A= T80 nm
MA={.45

DVD

A =450 nm
MNA=0.4

L& e subehofo

DM for Oplical dala sforage application

cD BD
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Aberraltions fo correct

Lsing Elue Ray Discs optical parameters aberration induced by the change of
wrting layers separated by 30 pum, equivalent to a disc thickness defect of 30 pm
was calculated,

Thsec thaickness

100430 nm

| RRT

p— . I
Laser i E
3= 405 mm LA
—— = Root mean Square
i IS)=0.325
Aspheric lens b (1 (BVIS)=0 nm
NA=0.85 VoL . _
Clear apertie 3.4 mm .t Optical wave front deformation
= ' 2l ‘ Peak to valley (P-V) = 1.05 pm
N Spot size on disc = 4.7 ym
Working distance compared to 0.290 pm needed !

WL = [0.4 mm
—— Spherical aberration have to be corrected with a mechanical displacement of

(=1 0.5 um (half of optical displacement)




Reti Mirror labricalion

To cope with mass-production of optical drives, standard silicon micromachining
technology was used to realize a deformable mirror with a basic conception with
electrostatic actuation (3 concentric electrodes)

Two components: membrane and electrodes

S Audepetstion S substrate

hal deformabiefiiltor

__ IYvemibiPane fabrication
lectrod

== — — — |9r'&‘?u%?§f&5
\jm_' ) —fabrication

e AR O o




et H Mirror characterizalion

Py optical wawve front deformation with the 3 concentrc electrodes under the same
voltage was measured

— O MWeasurements fit very well with
g_ T theoretical predictions
E 4 | & Experimental measurements g
S 4p m Theoretical results Fo l—-
+ | Heduced from electro-meca model _
Sfch; 1 0O Optical deformation as important as
2 3 ,}' . 1 4.5 pum can be reached with applied
L & | voltage lower than 75 .
= 25 gk .
O _ ] /: 1 QO Only 37 ¥ fora 0.5 pm membrane
= 2 4 = i s
S /: | displacement (specification to correct
= 15 /A 4 aberrations)
- . o
E 1 H------ -------—=————————,-f”‘l' -
[ - m ]
= 05 el - :
2] 4 ; This makes the
}m__ y demonstrator easy to
: 5 10 15 20 25 30 35 40 45 &0 55 B0 BS 70 74 . : : .
a Integrate in a final optical

Applied Voltage (V) i

l

3




- ' : : : ' ' m Theoretical deformation for40%

E i ®  Experimental deformation for 40%

Dl ) : ;

S g #®  Optical aberration to correct

c * Theoretical deformation for 33.8 %

L g

= 0,95

c 03 i b .-

= DI?—' 7 (1) electromechanical modeling and
e experimental measurements fit wery
3 B 1 welfordoV

= 05 3

] 3

3 04 -

w03 5 Yalidation of model

= . | o
W g4 i (2] Aberration to correct totally fits with
=2 Dll}' i thearetical deformation calculated with
< _D',,- aEEY

SFE 20 E 0 SRS 00 05 10 158 20 25
Fosition on membrane {mm)

Demonstrate the potential of this
deformable mirror for next optical drives
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Wave front deformalfion conirol

The membrane deformation shape
can be accurately controlled by
choosing the driving electrode

Optical wavefront deformation (pm)
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A cheap deformable mirror based on a simple design, realized in standard
semiconductor technology to correct spherical aberration in optical drives for

data storage has been demonstrated. Results of opto-mechanical
characterizations of prototype fit with drive specifications.
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DM for optical scanner

‘Micro-mirrors with piezoelectric bimorph actuators

Bimarph acluator

" | == J_
501 layer _ e, T meriane ‘7 <—~‘Electri-:ﬂl l:l:llltﬂlC'tS—l

Vertlca .
excitation T

orsional hinge

InsulaSon |eyer

R e e M N SR Bcttom elactrode

half-circular piezoelectric actuators with 500 pm circular mirfor asymmetrically mounted on two lateral
torsion hinges
Applying voltage on bimorph
The center of mass of actuator
the mirror is 50 gm off
axis of torsion arms, by
this way the vertical

e translation excitation is
converted into a

rotational oscillatory
\ movement of the mirror




Fabrication of the DM

SOT Substrate
20 pun 51 thickness

[0 Silica
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Fabrication of the DM

Oxidation

O Silica

%. Fanget JRIOA 2007



E Fabrication of the DM

Lower electrode deposited and sttuctured

B Lower electrode (TPt

[0 Silica
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E Fabrication of the DM

Piezoelectric PZT deposited and stouctured

[1 Silicon B Lower electrode (TPt
[0 Silica PET
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E Fabrication of the DM

Inter-electrodes insulating laver deposited

[1 Silicon B Lower electrode (TPt
[0 Silica B PET
B Silicon nitride
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Fabrication of the DM

The Upper electrode deposed and structured

Silica and SiN

[1 Silicon B Lower electrode (TPt .
[0 Silica PET

B Silicon nitride B Upper electrode (Pt

5. Fanget JRIOA 2007



Fabrication of the DM

Reflective cuaﬁng on miiror and electrical tracks deposited

Gilicon B Lower electrode (TPt
milica B PET
Silicon nitride B Upper electrode (Pt

Flectrical tracles and
reflective murror ( TiAu)

B 5. Fanget JRIOA 2007 =8




Fabrication of the DM

Mechanical parts: tensional hinges and mirror are structured on 501

Gilicon B Lower electrode (TPt
milica B PET
Silicon nitride B Upper electrode (Pt

Flectrical tracles and
reflective murror ( TiAu)
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Fabrication of the DM

Final process step: Mechanical sttuctures releasing

O E B3 =

Gilicon B Lower electrode (TPt
milica B PET
Silicon nitride B Upper electrode (Pt

Electrical tracks and . :
reflective mirror { Ti/Au) .:
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Characterization of the DM
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Very promising result: Optical scanning

amplitude 99.1° for 37.2 Vpp at 10.6 KHz




Conclusion

v Three deformable working mirrors realized at CEA-LETI
for different applications were presented:

= Astrophysics, ophthalmology,
» Data storage
» Optical scanning for displays

v The current transfer of MEMS foundry from 4 to 8 inches

substrate at LETI should enhance MOEMS technological
fabrication and therefore improve devices specifications.

v LETI is now ready to develop special MEMS or MOEMS
for displays applications.




Thank you for your attention!
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