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Figure 3. Normalized intensities, 7, (x.y) . of the nominal case. (a) Before control. and (b) after control. The units of the x-
and the y-axes are A/D.
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High-Contrast Coronagraph Performance in the Presence of Focal
Plane Mask Defects

*Erkin Sidick, Stuart Shaklan, Kunjithapatham Balasubramanian, and Eric Cady
Jet Propulsion Laboratory, California Institute of Technolozy. 4800 Oak Grove Dnve. Pasadena,
CA 91109, USA

ABSTRACT

We have camed out a study of the performance of high-contrast corenagraphs in the presence of mask defects. We have
considered the effects of opaque and dielectric particles of various dimensions, as well as systematc mask fabrication
emors and the limitations of material properties in creatng dark holes. We smploy sequential deformable mirrors to
compensate for phase and amplitude errors, and show the limitations of this approach in the presence of coronagraph
image-mask defects,

Key words: Coronagraphy. adaptive optics, hish-contrast imaging, space telescopes, exoplanets
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Simulated Contrast Performance of Phase Induced Amplitude
Apodization (PIAA) Coronagraph Testbed

Erkin Sidick**, Brian Kem®. Ruslan Belikov®. Andreas Kuhnert®. and Stuart Shaklan®
*Jet Propulsion Laboratory, California Institute of Technology. 4800 Oak Grove Drive. Pasadena.
CA 91109. USA
®NASA Ames Research Center. Moffett Field. CA 94035, USA

ABSTRACT

We evalvate the broadband contrast performance of a Phase Induced Amplitude Apodization (PIAA) coronagraph
configuration through modeling and simulations. Broadband occulter mask design for PIAA-CMC is at an early stage.
and a study of the effects of wavefront control on broadband contrast is needed to determine the level of control the
occulting mask must achieve. so that the combination of occulter and wavefront control optimization meets contrast
targets. The basic optical design of the PIAA coronagraph is the same as NASA’'s High Contrast Imaging Testbed
(HCIT) setup at the Jet Propulsion Laboratory (JPL). Using two deformable mirrors and a broadband wavefront sensing
and control algorithm. we create a “dark hole™ in the broadband point-spread function (PSF) with an inner working angle
(IWA) of 2{(f+/D)yy. We evaluate a system using PIAA mirrors to create an apodization but not having any wavefront
error at its exit-pupil, and having an obscured pupil and a new. 20-ring PIAACMC occulting mask. We also investigate
the effect of Lyot stops of various sizes. For the configuration simulated here with the second-generation PIAA mirrors
and early mask designs (which were not yet fully optimized). the best 10% broadband contrast value was ~6.1x10%,
This is a 2x improvement beyond what the coronagraph produces in the absence of wavefront control, which implies that
further improvement must come from architecture changes or further mask optimization improvements.

Key words: Coronagraphy. adaptive optics. space telescopes, exoplanets
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Simulated contrast maps published in:

Requirements on optical-density and phase dispersion of
imperfect band-limited occulting masks in a broadband
coronagraph
Erkin Sidick
Applied Optics, Vol. 46, No. 30. October 20, 2007
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Requirements on optical density and phase dispersion of
imperfect band-limited occulting masks in a broadband
coronagraph

Erkin Sidick
Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, California 91109, USA

erkin.sidick@jpl.nasa.gov

Received 22 May 2007; revised 22 August 2007; accepted 24 August 2007;
posted 28 August 2007 (Doc. ID 83289); published 12 October 2007

We investigate the effects of the parasitic phase of imperfect band-limited occulting masks on the
broadband contrast performance of a high-contrast imaging system through modeling and simulations.
We also examine the effects of the phase and the optical-density dispersions of occulting masks whose
parasitic phase has been compensated at the center wavelength but is nonzero at other wavelengths. Two
types of occulting masks are considered: gray-scale masks such as those made on a high-energy beam-
sensitive glass, and recently proposed spatially profiled metal masks, both having 1D Sinc? (linear-Sinc?)
amplitude transmission coefficient (Sinc® intensity transmittance) profiles. We determine the conditions
for obtaining 1 x 10 * and 1 x 10 " contrast values with a light centered at a 785 nm wavelength and
having a 10% bandwidth in a coronagraphic telescope having ideal optical surfaces but imperfect band-
limited image-plane occulting masks. © 2007 Optical Society of America
OCIS codes: 110.6770, 220.4830.
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Simulated contrast performance of phase induced amplitude apodization (PIAA)

coronagraph testbed

Erkin Sidick; Brian Kern; Ruslan Belikov; Andreas Kuhnert: Stuart Shaklan

Proc. SPIE. 9143, Space Telescopes and Instrumentation 2014: Optical, Infrared, and Millimeter Wave, 91430W.
(August 02, 2014) doi: 10.1117/12 2055006
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