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e £ttMT—)L Goals of the company:

N

o BETHNDOTLEFZEHEN to commercialize robust and
easy to use products

o [ A—UMMEEEHS to increase the image
quality

o FTT4hIAR—ERRXZ#EIL to optimize the optical
beam shape

.
»

1=

oTHAF—L4EE Designer & manufacturer

ot N THE In-house manufacturing capabilities
oS4 1ENX104 10 people
et AINI#%34%F 3 years old

(=
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What is adaptive optics ?

FTTAHIEREDRI-T-LEDfRRE A solution to increase image
quality when there are optical aberrations

AN

F4F=2vY Dynamic RAT AT 4% Static

.
»

« I7 Air (XX% e.g. astronomy)
« #8#% Tissue (e.g. vision science)
- BRI (EEERe.g. microscopy)

« EL\L 2 X Bad optics
« 2HNEZNTHLY Shape not available

4
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e - . EAANT S .
® Jlﬁiﬂl‘]f&iﬁ Optlca Phase noise 1S = ¥ Jé; noise

DSTETTATATTAVINET OTATIE/ A XX EL—Lav %
JALPAD, 9, adaptive optics is an active noise cancellation system

i
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AFHREDIER Effect of optical

aberrations
EEGL EEHY
Rays Rays l
---------------------------------------- Wavefront -~y |
v V v v v v
Lens
VA AN .
7’5‘ 7747 LU X ERS 7—75\71—
AFA—av D RABIOREES
Small focal point Large focal point = bad resolution, low energy

KL ERITAA—DDEHEBEELS /NEFH 5T, Optical aberrations
reduce the imaging resolution and the signal-to-noise ratio.
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Astronomy: cancelling air movements

XXZ:EZRDOPoEETvro I ;

D
RS

c BBEELETLRAO—TTIIERDSUSF LIERLEMNFELET H, The random
movement of the air blurs the images taken with large telescopes:

atmosphere

AN ' Corrected
star = phase noise =2

(J9 optical beam
corrector
A computer €= sensor

Courtesy of the CFAO

Adaptive Optics OFF Adaptive Optics On
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Vision science: cancelling eye aberrations

. SUH LEEDEBIIIIHOAA—S REEELEL, OCTOREE S, REv=0 T L—F—1 T4

e :Et; E o
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« > INSEEDNZ—U TR AEL
Iris Pu’-?” Cornea
Posterior chamber "'_ __Anterior chamber
- ’ ; zfunularix_ eous hurnour)
o .' tores 2 - rCiIiary muscle
- Suspensary
ligament
Retina_
Choroid Vitreous
Sclera—— htmaus
L i
— ‘
- -
- -

——Retinal
hlood vessels

Source: Wikipedia

-

Eye aberration

DY PN Corrected
Point =3 —_— ' ->

Phase noise optical beam
corrector

A computer €= sensor

uonezioyine uspium Jolid 3noylim usppigloy si Juawndop siyy buiAdod uo buisied :jenuaiyuo)



AO(FTHETTATATFY)) EE>TDEMBRBEAA—Z D

Example of high resolution images using AO

T Man, 34 years old, 2.0D hyperope

.04
-
Courtesy of Alfredo Dubra, University of Rochester Eye Institute
Video obtained with the deformable mirror Hi-Speed DM97-15 from ALPAO

Together, we will change the way you see Light CHRONIX Seminar - 2011
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FEtsE: EEDX v )L cancelling aberrations t

introduced by the sample

© TA—NRZFRTDEAMA—DDRBEENEDD

> INSTFINE—U MR Z TR0

; objective
| | | ] n1 l | | n1

depth

-
Focal plane
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Image quality
v

depth



JEfiE® Microscopy: EF DX v EHL—>3v

Objective + sample

Point = phase noise =

corrector

A computer €= sensor

i1y

-

-

Corrected
optical beam
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BEZbhl->1—TJ%#%4% Generating a given ([ %

.

‘

shape

5 A—H—([FHRERLTT IA—IIILIS5S—%arA— )L TEFET, .

« Ex: controlling the focal length

Yy V

— Ezl >
- Deformable mirror Deformable mirror:
Focal length: infinity Focal length: a few cm.

« Ex: creating a profile that cannot be manufactured or expensive

\

Aspheric shape achievable with a deformable mirror
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EFPO>TEY KWHEZTIOMN?

kY BL\Wavefrontfl IE[ZRD EZ(2fThnET:

o FWIS—IEREZTLHEEDLEEZIZHEMTY . the deformable mirror can compensate
for large aberrations
> BHFLALO—UHWE large strokes needed.
¥ N " _
' e EWIS—IFIEHEICEEZHBIETEET the deformable mirror accurately
reproduce the aberration
> EELGHDOTIF1IT—4— right number of actuators.
=  ERMIT— LV ED DB H SIDBFT GBI ENTEET,

the deformable mirror goes from one position to the other one in a short time
S>EEKLNURIE/E&E YT+ BB large bandwidth/fast settling time.

-

s EHRIT—IIHL=NEAFTHECAICINIENTEET , the deformable mirror goes
where you expect it
> J=7)T4— linearity.

,
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o THIS—IIHOMEEREILET, the deformable mirror reflects the light
efficiently
> N\TJ—%ZR59 45 power reflectivity.




1. Introduce the company

2. Applications of adaptive optics

3. ThINADERZERSS5— ALPAO Hi-Speed Deformable mirrors

uonezioyine uspium Jolid 3noylim usppigloy si Juawndop siyy buiAdod uo buisied :jenuaiyuo)



PR
b 2 .
-

o -
LA -
l .

-

L0,

ALPAO EEEMIZ—

» EELTHALDEARSLES Off-the-shelf and custom products

EPEZE 7.5mm to 40.0mm

¢« 2DMDTHF1T—0FEEE: 1.5 to 3.0mm

- EREER

Hi-Speed DM37-15
. Bz

- OEM 217t H 5%

HLAAOT DHRIZEVWIT—NROMLEITNIE, B2 2O LTS, If
you do not find the right mirror in our catalog, please contact us.
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R DOEA Principle of deformation

3,
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A,

Magnet (B)

————————
— Q
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Current generator (J)

JT\ _ - Coating (Ag, Al, Au)
L

Actuator force

F=B&®J

Membrane

x97 in $13.5mm
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AkO—o DRI EEE (i)

patterns called Zer

+/-60um

+/-60um

odes

 Stroke capabilitief‘reﬁxpres‘in term of special
e

s Example: focussaD)

« Wavefront peak-to-valley amplitude (Hi-Speed DM97-15)

Al
-
S
o LI
* Peak-to-Valley: 45um

Together, we will change the way you see Light

+/- 45um

T
AUAY
IQI R

15um
N
N/

CHRONIX Seminar - 2011

Vision science:

e correction
distortions in bad
eyes

Microscopy:

» high quality in
deep samples
(spherical
capabilities)

Static
aberrations:

 large aspheric
shapes
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Command sent to the mirrors
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40

10 20 30 40 50 B0
Wavefront peak-to-valley amplitude (Hi-Speed DM97-15)
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Together, we will change the way you see Light CHRONIX Seminar - 2011

KX FEAR—RH
ATT499

« correction of
strong turbulence
(small Fried’s
parameter)

fthD A&

 Possibility to
correct for steep
aberrations
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IEFEE [ D4y TAV T T5—

g .
Slope 1=0.677 nm RMS/um Slope 2=0.698 nm RMS/um Zernike mode
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, \_@ » The accuracy depends on the number of actuators

Together, we will change the way you see Light CHRONIX Seminar - 2011

ALPAO manufactures
a large panel of
deformable mirror
with different
number of actuators.

User benefits:

Accurate and good
image quality

19
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Together, we will change the way you see Light
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CHRONIX Seminar - 2011

User benefits:

e correction of
fast turbulence

« changing from
one shape to the
other one in a
short time

 precision of the
measurement
and the image
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V=7)T714— (1)

Mirror PtV

User benefits:

* Non linearity errors <5%
« Easy control
ALPAO, « Optimal strategy

Together, we will change the way you see Light CHRONIX Seminar - 2011

Hysteresis

Voltage (V)

21
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Stability: £ 1% over 30 sec!

User benefits:

=

*Easy control

Together, we will change the way you see Light CHRONIX Seminar - 2011
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« Control of the current flowing through each coil

* Low voltage: <1V

» Several mirrors can be controlled with one drive electronics.
* Link: PCI Express board for fast and reliable performances.
» Synchronization/triggering possible

* Monitoring capabilities
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Together, we will change the way you see Light

Reflectance (%)
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Wavelength (nm)

User benefits: low photon loss

CHRONIX Seminar - 2011
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EHI5—DH )R

-
Hi-Speed Hi-Speed Hi-Speed Hi-Speed Hi-Speed Hi-Speed
DM37-15 DM52-15 DM69-15 DM97-15 DM52-25 DM88-25
Pitch 1.5 mm 2.5 mm
Number of actuators 37 52 69 97 52 88
Pupil diameter 7.5 mm 9.0 mm 10.5 mm 13.5 mm 15 mm 20 mm
Mirror best flat 7 nm RMS 7 nm RMS
Wavefront tip/tilt stroke +/- 60 uym +/- 20 ym
Wavefront inter-actuator stroke >3 um >3 um
' u, u Wavefront 3x3 stroke > 30 ym > 14 ym
- P Bandwidth > 750 Hz > 750 Hz
: Non-linearity error < 3% <3%
Hysteresis error <1% <1%
Coating Protected Silver Protected Silver
Operating temperature 10to 35 °C 10to 35 °C
Dimensions 68x68x49 mm 78x60x22 mm
Weight 600 g 200 g
ALPAD, If you do not find the right mirror in our catalog, please contact us.

Together, we will change the way you see Light

CHRONIX Seminar - 2011
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QUESTIONS ?

= Adaptive optics for Extremely Large Telescopes (Canada)
= Frontiers in optics 2011 (U.S.A.)

Buisied :|eiauaiyuo)

awnoop siy3 buiAdood Jo

appIguo) SI U

oYM u



