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Objectives:
Develop a photonic component design, fabrication, and test capability 
leading to instruments on the critical path to infusion in future 
astrophysics missions.
• Iterative development cycle: photonic circuit design, fabrication, and test
• Photonics testbed facilities for end-to-end instrument development

Background:
Key 7x challenges enabled: 
• Focal plane wavefront sensing and control for segmented apertures
• Near-ideal small inner working angle coronagraphs
• High resolution, high throughput photonic spectrographs

Figure 1. Picture of the photonics testbed, with the light path highlighted in red. Laser-fed light at 1550nm is injected

at the bottom, where it is collimated before reflecting o↵ the DM, picking up any introduced WFE. The pupil formed at

the DM is magnified and re-imaged at the beamsplitter, where the reflected light enters the vZWFS, and the transmitted

light is injected into the photonic lantern. The output of the photonic lantern is then imaged to quantify the light from

each mode of the device. The inset schematic details the vZWFS, which includes a metasurface focal plane mask produced

in-house at MDL that imparts a di↵erent phase shift to orthogonal polarizations of light. The Wollaston prism causes

the di↵erent polarizations to diverge, forming two separate pupil images on the camera.

The core of our photonic device consists of seven mode-sorting photonic lanterns arranged in a hexagonal
layout. Each lantern is designed to couple light into three distinct modes: LP01, LP11a, and LP11b. These
modes are then sorted and exit the device as a 1D array of single-mode (SM) waveguides. This PL device can
then be edge-coupled to a dynamic PIC to form a photonic coronagraph.

Here, we describe the testbed and our devices, and present the results of preliminary characterizations and
first-light through our device.

2. TESTBED DESCRIPTION

2.1 Overview

Fiber-coupled, monochromatic light at 1550nm is injected into the system (Figure 1) where it is collimated
by OAP 1 before reflecting o↵ the surface of our hexagonally-segmented deformable mirror (DM), forming the
entrance pupil to the system. The beam is then magnified by the pair of OAPs 2 and 3, which forms an image of
the pupil at the beamsplitter. The light reflected from the beamsplitter enters the vZWFS arm which provides
instantaneous measurements of the wavefront at the pupil. The light which passes through the beamsplitter is
focused onto the front surface of our PL device. The focal-plane light couples into the device and filters into a
linear array of 21 single-mode (SM) waveguides at the output face. This output face is finally imaged onto an
InGaAs sensor array (Raptor Photonics OWL 12806) using a 2:1 free-space relay.
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Figure 4. Schematic diagram of our photonic lantern device which forms the front-end of our photonic coronagraph.

(A) A segmented aperture pupil, and (B), the associated focal plane di↵raction pattern. The core of the PSF is sized

to match the hexagonal array of lanterns shown in (C). A microlens array bonded to the 2D input face increases the

coupling e�ciency into the lanterns. The array of mode-sorting lanterns depicted in (C) is written in 3D with Ultrafast

Laser Inscription (ULI), with each lantern coupling the incident light into three modes, LP01, LP11a, and LP11b. These

21 total modes are sorted into a linear array of SM waveguides at the output which can be edge-coupled to a dynamic

PIC, completing the photonic coronagraph.

Figure 5. Pictures of the free-space photonic lantern device. [Left] The input face consists of a hexagonal array of 3-mode

photonic lanterns with a matching lenslet array to improve the coupling into each lantern. [Right] The light coupled into

the photonic lantern are sorted into 21 single-mode outputs, arranged linearly along the output face with a 127um pitch.

A second device (not pictured) is additionally bonded to a fiber array with SC/UPC connectorized ends.
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(Left): Photonics instrument testbed, 
featuring a segmented deformable mirror 
matching the Keck segmented aperture 
telescope, a pupil plane Zernike 
Wavefront Sensing (WFS) arm, and focal 
plane arm housing a spatial array of 
photonic lanterns for free-space coupling 
of light into Photonic Integrated Circuits 
(PICs).
(Right): A. Pupil image in the WFS arm 
showing aberrated wavefront. B. Focal 
plane image. C. Microlens-fed spatial 
array of photonic lanterns, each coupling 
to the LP01, LP11a, LP11b modes (for a 
total of 21 single-mode output waveguides 
in a 1D array, for future edge-coupling into 
a PIC for general linear operations, and 
near ideal mode-sorting of starlight from 
an exoplanet orthogonal mode!

Significance/Benefits to JPL and NASA:
• Photonic coronagraph concept has the potential to achieve near ideal 

performance for exoplanets very close to the host star
• Directly addresses the key science goal of the Astrophysics Decadal 

Habitable Worlds Observatory mission concept

Prototype Dynamic Photonic Integrated Circuit (PIC), with 21 input and output 
waveguides, capable or sorting an arbitrary mode with all the light in that mode 
output on one channel. The PIC can be integrated into the back end of the lantern 
array shown above, providing an end-to-end photonic coronagraph.


