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LLNL has invested heavily in advanced manufacturing of optics
to enable future missions
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YAG = Yttrium Aluminum Garnet
DIW = Direct Ink Writing
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Compositional gradients in glass are achieved using direct ink
writing (DIW) of SiO, slurries with active mixing
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Nguyen, D.T. et al., Adv. Mater. 2017, 29 (26), 1701181
Dudukovic, N. A. et al., ACS Applied Nano Mater. 2018, 1 (8), 4038-4044.

Material properties can be tuned by adjusting relative flow rates
of different ink compositions
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Using TiO,-doped SiO, inks, we have produced flat GRIN glass
optics with three different functionalities; max An of ~0.01
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DIW also enables material switching to yield regions of glass
with distinct material properties
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Topology optimization combined with AM can be used to impact
performance of individual optical elements
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Topology optimization combined with AM can be used to impact
performance of individual optical elements

Bulk material & surface co-design Metasurface design
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Topology optimization can be used to impact performance of the
optomechanical system

Problem Uncoupled System Coupled System

~ 13x diffraction-limited spot Diffraction-limited spot

M. Langelaar, Delft University of Technology
S. Koppen et al., Structural and Multidisciplinary Optimization (2018) 58:885-901
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System level optomechanical system optimization can be further
enhanced by including meta materials and multiple materials

» Optimal band gap materials serve as perfect reflectors

Band gap
» Light weight supports enable fuel savings

* Mounts with thermally insensitive materials ensure
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Challenges or barriers to implementation

Integration of optical performance tools with TO tools

Broadening the range of 3d printable materials

More exploration of integration of disparate materials

Scale-up still needed in a variety of materials/multi-material systems
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither
the United States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any
warranty, expressed 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 Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or Lawrence
Livermore National Security, LLC, and shall not be used for advertising or product endorsement purposes.
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