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The Next Generation of Adaptive Optics:
Pl (Physik Instrumente) and the Fraunhofer IOF
Support Visualization of Exoplanets in the E-ELT

In cooperation with Pl (Physik Instrumente), the Fraunhofer Institute for Ap-
plied Optics and Precision Engineering (IOF) is developing a new actuator con-
cept for the European Extremely Large Telescope (E-ELT), which is currently
being planned by the European Southern Observatory (ESO). It is intended to
use 11,000 PICMA® multilayer piezo actuators in extremely accurate adaptive
optics (XAO) to make it possible to get a clear and sharp view into space with
pitch of less than 4 mm.

The E-ELT will have a segmented main mirror with a diameter of 39 m and a light col-
lection area of almost 1000 m2 and will be the largest terrestrial telescope for scientific
evaluation of electromagnetic radiation in the visible and near-infrared wavelength
range. It will be put into operation atop the 3.060 meter high Cerro Amazones in the
Chilean Atacama desert during 2024.

"One of the most important tasks of the telescope is to help us to find out more about
exoplanets, i.e., planets that exist beyond our solar system", explains Stefan Strébele,
system engineer and project manager at the ESO. A highly sensitive camera and a spec-
trograph are required for imaging and analysis of the atmospheric composition. The
XAO mirror system will be an integral part of an adaptive optics system, which will
compensate for wavefront distortion that occurs due to optical turbulence in the
earths' atmosphere. These so-called aberrations will be measured in real time, pro-
cessed, and transformed into corresponding signals for the piezo actuators in the de-
formable mirror.

The corrected image information allows observation of the finest details on faint celes-
tial objects with a hitherto unattained resolution when compared to terrestrial tele-
scopes currently being used. To fulfill the requirements on individual components for
this project, which goes well beyond the current state-of-the-art technology, Pl com-
bines its longstanding experience in piezo technology with the expertise of the Fraun-
hofer IOF in the development of adaptive optics.

Under the supervision of the Fraunhofer Institute in Jena, an array of up to 11,000
discrete piezo actuators will be set up together to form an overall system. During plan-
ning of the work, the emphasis will be on developing the necessary technology for
setting up the complex system.
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PICMA® multilayer actuators are piezo actuators, whose active layers consist of thin
ceramic tapes. In addition, the active piezo ceramic is surrounded by an all-ceramic
insulation layer, which protects the actuators against air humidity and failure resulting
from increased leakage current. The monolithic piezoceramic block of a PIC-

MA® actuator is very reliable even under extreme ambient conditions and this extends
the lifetime considerably. These properties mean that the PICMA® multilayer actuator
is the ideal component to meet the high demands on quality made by the ESO for the
E-ELT project.

Image: In cooperation with Pl (Physik Instrumente), the Fraunhofer Institute
for Applied Optics and Precision Engineering (IOF) is developing a new
actuator concept for the European Extremely Large Telescope (E-ELT).
(Image: ESO/L. Calcada/ACe Consortium)
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Over the past four decades, PI (Physik Instrumente) with headquarters in Karlsruhe,
Germany, has become the leading manufacturer of positioning systems with accuracies
in the nanometer range. The privately managed company is represented at four loca-
tions in Germany and internationally by eleven sales and service subsidiaries. More than
900 highly qualified employees all over the world enable the Pl Group to fulfill virtually
any requirement in the field of innovative precision positioning technology. All key
technologies are developed in-house. This allows the company to control every step of
the process, from design to shipment: The precision mechanics and electronics as well
as position sensors. The required piezoceramic elements are manufactured by Pl Ce-
ramic in Lederhose, Germany, one of the global leaders for piezo actuator and sensor
products.

https://www.physikinstrumente.com/en

About the Fraunhofer IOF

The Fraunhofer Institute for Applied Optics and Precision Engineering IOF was founded
in 1992 in Jena and develops customized solutions in the field of optical system tech-
nology. The expertise of more than 200 employees covers the entire photonic process
chain from optical and mechanical design to development of production processes for
optical and mechanical components as well as processes for system integration to pro-
duction of prototypes or small test series.

For more information, refer to:

http://www.iof.fraunhofer.com

The Fraunhofer-Gesellschaft is the leading organization for applied research in Europe. Its research activi-
ties are conducted by 67 Fraunhofer Institutes and research units at locations throughout Germany. The
Fraunhofer-Gesellschaft employs a staff of some 24,000, who work with an annual research budget totaling
more than 2.1 billion euros. Of this sum, more than 1.8 billion euros is generated through contract research.
More than 70 percent of the Fraunhofer-Gesellschaft's contract research revenue is derived from contracts
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