Halftoning: from the printing industry to high-contrast imaging instruments
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Context

High-contrast instruments, such as SPHERE, the Spectro-Polarimetric High-contrast Exoplanet Research instrument for
the VLT, or EPICS, the Exo-Planet Imaging Camera and Spectrograph for the future European-ELT, require customized
components with spatially varying transmission. Among them, advanced starlight cancellation devices such as coronagraphs
aim at controlling the spatial transmission either in a pupil plane (e.g., pupil apodization) or in a focal plane (occulting mask,
i.e. low-frequency filter). Reliably producing components with spatially varying transmission is not trivial, and different
techniques have already been investigated (e.g. continuous grayscale device with a high-energy electron beam sensitive
(HEBS) glass, or metal deposition with spatially varying thickness). Here, we focus on a relatively simple technique
analogous to the digital halftoning process used for printing applications.

Halftoning is used as a printing process to generate gray-scale images with only black or white dots. The so-called
halftone image, seen from a distance, should resemble the original continuous-tone image as much as possible, based on
human visual perception. Following this idea, the continuous transmission of an optical filter can be generated with a
specific implementation of opaque and transparent pixels as presented in Fig. 1. The microdot filter is an array of dots
(i.e. pixels) that are either opaque (0% transmission) or transparent (100% transmission). It is fabricated by lithography
Fig. 1 Principle of the generation of a continuous intensity
of a light-blocking metal layer deposited on a transparent glass substrate. The technique has several advantages:
transmission using a microdot filter after Fourier filtering
relative ease of manufacture, achromaticity, reproducibility, and ability to generate quasi-arbitrary continuous and
rapidly varying transmission functions, without introducing wavefront errors.
In order to design a microdot filter, several application-dependent parameters must be carefully defined. The distribution, the size and density of the dots in the pattern
directly impact the power spectrum of such filter, and these parameters must be carefully chosen according to the application.

Developments
The Apodized Pupil Lyot Coronagraph (APLC)

APLC Proto 1
SPHERE-like prototype (4.5λ/D, 15% central obscuration)

APLC Proto 2
EPICS-like prototype (4.7λ/D, 30% central obscuration)

From the left to the right: coronagraphic image (Proto 1), contrast profiles (H-band, Proto 1 &
2), and coronagraphic image (Proto 2). Optical setup: near-IR coronagraphic test bench - Strehl
ratio of ~92%, VLT pupil (Proto 1) and E-ELT pupil (Proto2)

Band-Limited Coronagraphs

Band-Limited prototypes
BL5: IWA of 5λ/D / BL10: IWA of 10λ/D

Contrast profiles obtained with BL5 proto (left) and BL10
proto (right). Optical setup: coronagraphic test bench
(Strehl ratio of ~92%)

Conclusions
The halftoning process presented has been validated for pupil apodizer (APLC for SPHERE) and focal plane coronagraphs (Band-Limited). Additionally this technique is defined
as the baseline technique for EPICS (for producing CPA - conventional pupil apodization coronagraph concept base-line). Band-Limited masks are being manufactured in
microdots for the JWST (NIRCam).
Further details on the prototypes presented in this poster (theory, simulation, design guidelines, and laboratory experimentation) can be found in several papers (see References).
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