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Adaptive optics are a key enabling technology for —ELE-
LLNL projects in laser beam control and imaging J

" .L'um Lawrence Livermare National Laboratary

‘r“' Laser Guide Star

Adaptive Optics Program

Wavefront control capabilities are
crucial for many LLNL projects
involving high power lasers
LLNL-built sodium-
layer laser guide
star AO system at

Lick Observatory is
world’s first

NIF Title | Design

mE“E“M“ LLNL-built AO system at

Keck Observatory is
Banishing the Blurs world’s most powerful

NIF requires AO on all 192 beams y p
e Enables accurate focusing of light _"?v”:
into the target chamber for nuclear |

physics experiments
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e Headquarters at UC Santa Cruz
e 11 university nodes ASTRONOMY STNCEHEVS
— 3 primarily vision science :
(Rochester, Houston, Indiana) i p . Banishing the Siurs
e Over 25 partner institutions _"7* N -
(research, education, gov., industry) ~dll F ' Q

e Combines research and development in
three science and technology areas:

Visual acuity and retinal imaging degraded
by aberrations in cornea and lens
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Effect of AO aberration
correction on the image
quality of the 20/20 E

VISION SCIENCE

Images of smgle cells in the living human retina




Adaptive optics can provide unique diagnostic

capability to study effects of vision correction Y

Visual acuity is degraded
by aberrations in the
cornea and lens.

wavefront
corrector

Adaptive optics correct
for these aberrations.

Without AO  With AO

e An adaptive optics system can be used
E to sense and correct aberrations in a
subject’s eye and allow detailed
Effect of AO aberration studies of visual performance under a

correction on the image variety of conditions.
quality of the 20/20 E.
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Development of compact clinical ophthalmic instrumentation

e Adaptive optics can be incorporated into fundus cameras to provide
ophthalmologists with high-resolution retinal imaging for diagnostic

and surgical applications.
Conventional Phoropter

~ Conventional Fundus
Camera and image

o Adaptive optics can be used to replace the phoropter in order to allow
optometrists to assess high-order aberrations in the eye while the
patient directly observes the visual benefit of correction.

e Permanent correction of high-order aberrations would then be
accomplished with custom laser eye surgery or contact lenses.



Adaptive optics for vision science has e

been developed and demonstrated at e iode

the University of Rochester N N\
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Current adaptive optics systems for vision science
are large, expensive laboratory instruments =

University of Rochester
vision science adaptive
optics system

Conventional
deformable mirror
technology, which is
both large and
expensive, results in a
large overall system due
to the required
magnification of the
pupil of the eye to the
size of the mirror

Development of viable clinical ophthalmic adaptive optics
instrumentation requires new enabling wavefront corrector technologies
that are: compact, robust and inexpensive.




New adaptive optics to compensate for aberrations in p—>—
the human eye could revolutionize ophthalmology —_——
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Visual acuity is degraded
by aberrations in the
cornea and Ins.

Without AO  With AO

EIE

Effect of AO aberration
correction on the image
quality of the 20/20 E

wavefront
corrector

Adaptive optics correct

for these aberrations.
Without AO WithAO LLNL is leading a national effort to use

SRR T NN . dge ol new adaptive optics technologies to

develop prototype high-resolution clinical
ophthalmic imaging systems.

liquid crystal
spatial light
modulator
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Images of single cells in
the living human retina

MEMS deformable mirror
» These systems will aid in the diagnosis and treatment of diseases causing blindness
and the development of new techniques for vision correction in the general population

« Partners include Sandia National Lab, U Rochester, USC, UC Davis, UC Berkeley,
US Army Aeromedical Research Lab, Bausch & Lomb, and Wavefront Sciences



High-resolution liquid crystal spatial light modulator J
is commercially available from Hamamatsu —
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Advantages

« Compact — 2 cm clear aperture

« Low cost — > $30k

« Ease of use — driven as a display

« High resolution correction (480x480)
— 200 times higher than largest DM
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Adaptive optics phoropter using liquid crystal spatial J
light modulator As~

Developed at
LLNL for use at
the UC Davis
Medical Center

Teiene s SRR
Sl

Adaptive Phoropter: correcting high-order aberration using
Adaptive Optics

Determine ultimate limits of visual acuity

Relationship between normal aging, retinal disease and
visual performance through psycho-physical testing



Complete view of adaptive optics phoropter at UC

Davis using liquid crystal spatial light modulator w7
Display for
psychophysical

Hartmann :

sensor\



Closed Loop: External aberratich

1st iteration
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Convergence of the .25 D lens to 0.05 microns




Human Eye Data —

Wavefront Sensor Image Reconstructed wavefront



Human Eye Wavefront Data™

Laser diode Super luminescent diode

Measurement Measurement
accuracy: 163 nm accuracy: 95 nm



New optical MEMS technology could lead to a ,
revolution in adaptive optics y-7ru

Current adaptive optics systems are large and expensive due to
available wavefront corrector technology

* The standard wavefront corrector is a
deformable mirror consisting of a thin
glass plate with a set of ceramic
actuators glued to the back

* Typical conventional deformable mirror
costs are $1,000 per actuator
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« Small low-cost deformable mirrors can
now be fabricated with MEMS techniques
for ~$1 per actuator




Boston University Continuous MEMS SLM L

CcfAQ
Fabrication: Electrostatically
. ) .. g Membrane
Silicon micromachining (structural Attachment .

diaphragm post

silicon and sacrificial oxide)

Actuation:

Electrostatic parallel plates, individual
addressing of identical actuators in an
array

Continuous mirror

Configuration:
140 actuators (12 x 12 w/o corners),
square grid, 300 um spacing

Surface Quality:

50 (30) nm rms —
Mirror surface map




University of Rochester, Center for Visual Science

The Rochester AO
Testbed




University of Rochester, Center for Visual Science

The Mirror and Driver Boards

Photo: Paul Bierden, BMC
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New MEMS deformable mirrors will have improved

< -

characteristics — CfAO goal of 10 micron motion TAS”

Boston
B M C Micromachines
Corporation

Electrostatically Memb
actuated Attachment m%(gr rane
diaphragm post '

4 /Increased gap

size will increase
range of motion
to 4-8 microns

Self assembly
technique allows large
gap sizes — 6 micron
motion demonstrated
— designs for 12-20
microns

Continuous mirror

Incorporation of MEMS deformable
mirrors with drive electronics will
significantly reduce size and cost,
improve functionality

Lucent Technologies
Bell Labs Innovations

Low-stress
membrane allows
larger gaps for a
given voltage — 4
micron motion
demonstrated —
designs for 10
microns drive electronics
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Early design concept for clinical adaptive optics
phoropter and using a MEMS deformable mirror
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Model of adaptive optics phoropter




Model of assembled prototype clinical adaptive optics
phoropter on movable cart for portability
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Complete assembled prototype clinical high-resolution | —=
ophthalmic imaging system using MEMS adaptive optics
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Initial test data shows correction of 0.25 diopter lens | —
to 0.01 diopter - still has some residual astigmatism
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Conclusions —

e The High-resolution Ophthalmic Imaging Systems project, sponsored
by the DOE Biomedical Engineering Program, has made excellent
progress in producing a prototype clinical adaptive phoropter using
new MEMS wavefront corrector technology.

o The first generation of functional prototype adaptive phoropter
instrumentation using MEMS deformable mirror technology will be
avallable for clinical testing later this year.

o This new instrumentation will provide the ophthalmic community
with another tool to rfacilitate progress on optimization of vision
correction proceadures.

o TJests of this new instrumentation will be facilitated by comparison
with two laboratory adaptive optics systems for vision science at the
University of Rochester (using a conventional deformable mirror)
and UC Davis (using an LC SLM).

o Interested inaustry partners encouraged to attend CrAO Spring
Industrial Advisory Board Session, March 21 in San Jose, CA
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