Characterization of a Bimorph Deformable Mirror in a Closed
Loop Adaptive Optics System for Vision Science Purposes
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Wave front correcting adaptive optics is a giant leap in optical resolving technology. The deformable mirror (DM) wave front corrector, which Is the key component in an AQO system, is also the most expensive part. Thanks to recent technology
outbreaks, though, low cost DMs are now available on the market. | have tested the capability of one of them, the AOptix bimorph DM, originally developed for high bandwidth laser communications. Past research has shown that the bimorph
deformable mirror Is excellent at correcting low order aberrations, but so far, studies have only been done on open loop systems and not performed on closed loop. For the purpose of characterization | intfroduced aberrations into an AO system
that is to be used for vision science applications. Aberrations were physically introduced by trial lenses at the entrance pupil of the system for low order aberrations or artificially. Higher ordered aberrations were generated through MATLAB and
entered into the system in the form of residual wave front error, that the AO controller needs to minimize as good as possible In an iterative process, in order to get a flat wave front at the output of the system. By correcting for this residual wave
front error the DM, progressively after each loop, is taking the complementary shape of the wave front and reflecting a considerably more flat wave front (Phase Conjugation). We measured how well the DM Is compensating for this residual error by

estimating the variance in the centroid displacements onto the Hartmann-Shack wave front sensor before and after AO correction. If results follow expectations, higher performance AQ systems utilizing two cascaded DMs will soon come info use.
One mirror of the system will be the bimorph, and the second one, most likely a MEMS, will specifically correct higher order aberrations.

My Project High Ordered Aberrations Data Issues
Was to help characterize a mirror for use in a next generation Adaptive - e When aberrations are too strong Thae'l’;fat:nﬂﬁzhﬂi;‘:ﬁ:;‘-’;ﬁfsﬁdcgz
Qphicsimaging systern.. Onthis project |: sl A witshe ma IEHSE? e centrolds “correct” for these discontinuities in the
-Helped with the layout, alignment and collimation of the system W D FH- 88 SPLE::’ beyun;l ﬂ“:'r 5““'*‘““”1 reconstructed wave front, by estimating
Wrote several programs in MATLAB and Python to help create high -Start with a file of reference W F o E R B R B ?sle’ tﬁET“E MR e S the missing centroid positions in the
ordered aberrations for the system positions = SE RN O B0 A : wave fronk sensor plans;
‘Took data on the mirror. : ; RoE € B e B4 S ¢ PHETCE Portion s Hew Poston o cetos - Relrnce Poion s Now Possin o e corrc
Imaging Setup & raara S [eanota
System Information T TR U] W T 1 TJ A i , , I j
totaly = 1.00 R T :,J FEEEE R | 3 [0 aammmr
flat = 413 Hartmann - ol i@ BEeEEpaRiE - | L TR SR SH R T TR R
- Shack Wave TEI?SWPEE 7 | o s Bt || = S e
front sensor ‘ Lin 23 ol | <
e | — | . - - '. k o P ST L . - 'REEIHS thE "u'ﬂlllE ﬂf Eﬂﬂh o : nl_; T T = o — Dlj ||.'T.| =0 — .,;r_n .
reference Centro id from a {le' Oxny O 1. 'SJ”H} =k
matrix of partial denvatives /
for the particular Zernike Solution Vector \aﬂ} This phenomenon produces some
mode. and calculates the (Slope) artifacts in the wave front
slopeinx and y iafinlhariia reconstruction and can bhe
d AIiEe parta problematic for the analysis of the
erivatives for all
used Zernike data
...... & it modes ot
***** A .' 5w P b Vector of hormalized > ] l:‘
Zernike coefficients 1l =
Pupil i | L
: Plane , - i 5 | oo I
Diode Telescope 1 BimoTphEEM 5(.}5? y) 2?3- N ' g VY B -
y=1 Cly = = —Axy g) oo P ] 2 |
*The slope is directly | ox | )uf R T = B
proportional to the _ " i L e SN = T
displacement 5‘(}6 y) Dar 2
2
D - =——AYy
oy ] A
Results
The AOptix bimorph deformable mirror . — As::::ﬁ:tl;: n;:ll};:iternshlp (3 August 20035) data and analysis was still being
T e 1. The more we increased the Zernike coefficient value, the larger the aberration is
7 ] Floeniiziiiiiiiiiiin. {or initial variance of the centroid displacements): it is totally normal and logical!
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Y Trial lenses cannot be used for the abermration correction of the system for the specified mode. This value is
-Generated in MATLAB different for each Zernike mode and decreases as you go into higher Zernike
All aberrations were 0- +/- 2.0 diopters modes. Once again, normal. This particular mirror is noted for its ability to correct

low ordered aberrations well

A complete ani_llysis of the mirror will be presented at the Optics East SPIE
-.75D Cylinder aberration being corrected conference in October 2005.
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