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The ultimate limitation in obtainable resolution and sensitivity for space-based imaging systems is the size of
the optical collecting aperture. Large collecting apertures are at odds with maintaining low launch costs and with
current launch vehicle configurations. Development of a deployable mirror is one approach being considered to
satisfy these conflicting requirements.

The focus of this research is to develop fundamental technology toward the realization of deployable electron-
gun-controlled piezoelectric thh film mirrors as shown below. A bimorph layer of film will bend in response to an
applied electric field and can therefore be deformed into desirable shapes using a scanning electron gun. Surface
curvature measurements govern the electron gun scanning strategy, yielding distributed shape corrections.
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The ability to accurately assess mirror figure on orbit is key to achieving an optical quality surface from a
deployable mirror. Low-resolution measurements suitable for coarse shape corrections and laboratory based
electron gun development were obtained with a Keyence LK-2500 Series CCD Laser Displacement Sensor.
However, high resolution mirror figure sensing systems will ultimately be required. Traditionrd optical sensors such
as interferometers lack the dynamic range needed for this application. We are therefore utilizing non-traditional
interferometric techniques to measure the mirror surface profile.

Electronic speckle pattern interferometry provides a high resolution measurement of the differential mirror
surface profile. This technique was utilized to measure and monitor changes to a thin-film piezoelectric mirror
surface induced remotely by electron gun excitation. Ultimately, a technique to measure the absolute mirror surface
profile with high resolution must be developed. Multi-wavelength heterodyne interferome@, which was developed
by Lenore McMackin at AFRL, shows great promise for accomplishing this.

Shape control algorithms utilize measured surface curvature errors to produce corrective excitation profiles. A
two-dimensional shape control algorithm has been developed. The development of a bimorph whose layers exhibit
preferential deformation, coupled with independent excitation of the two layers, provides the necessary control
authority to correct arbitrary two-dimensional surface deformations. The algorithm was implemented on a finite
element model and shown to achieve the desired profile.

Interactions between the electron gun and the piezo-electric bimo~h mirror have been extensively studied.
This knowledge aids us in producing direct curvature adjustments of the bimorph minor with electron gun
excitation. The electron gun approach, as opposed to the traditional electrode approach to controlling bimorph
materials, gives us the ability to deliver minute charge packets to discreet areas on the bimorph mirror greatly
improving the spatial resolution of the curvature adjustment. In addition a single electron gun can be scanned over a
huge area of the mirror surface to provide the necessary shape adjustment with a single control charnel.

An electron gmdvacuum chamber testbed has been developed at Sandia in collaboration with the University of
Kentucky to validate the shape control algorithms and the electron gun excitation parameters as well as aid in the
determination of the achievable optical quality of an electron gun controlled bimorph mirror. Realization of general
mirror shape correction requires additional research in converting top and bottom surface excitation profiles into
electron gun control parameters such as beam power and dwell time.
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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement,, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of auth,ors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof. “
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