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MISSE - o -t i

* MISSE - Materials International Space Station Experiment |
» Began at NASA Langley in 1999
 First external payload on ISS

- Contains individual test specimens — materials and devices —
exposed to the space enwronment (LEO, space belpw an
altitude of 2,000 km) ey
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Why is NASA researching reconfigurable metasurfaces?
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MISSE-14 PCM and PCM-based Tunable MWIR Filters
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Basics of Phase-change Material (PCM)-based Tunable Filter

What are PCMs?

* In1966, PCMs (i.e., Ge,Sb,Te; / GST) were developed
for re-writable, non-volatile memory applications

*  Memory recording between amorphous [(8)] and crystalline
phase transitions

« Reversible, linear, non-volatile phase transition

*  PCMs exhibit an ultrafast refractive index modulation across
the infrared or visible, depending on specific material

 From 2014, large refractive index contrast utilization in
photonic devices (Nature, 511, 206-211 (2014))
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Reconfigurable Metasurface Optics using PCM

Packaged PROWESS

{ 10x optical zoom }

Adv. Opt. Mater. 10, 2200721 (2022)
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Exposure Environment
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The radiation level in ISS is >100X
higher than earth annual exposure.
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Your total radiation dose per year is 93 mrem

Your Estimated Total Yearly Dose without Radon -

93 (mrem)

Cosmic
28 (30.1%)

@ Terresfrial
@ Cosmic
@ Internal
i Travel

§ Ciher
Sources



Exposure Environment

Radiation (rad)

UV (mW cm)

Temperature (°C)
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Transmission Before vs. After Exposure

* The transmission of filters has dropped by 5-10% upon 6-month exposure to LEO.
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Ref: llI-V semiconductor material for tunable Fabry—Perot filters for coarse and dense WDM systems
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MISSE-14 Summary

Different chalcogenide-based PCM (GST, GSST, SbS)
are sent to ISS for exposure to LEO environment.

Relatively extreme environment is recorded for the
6-month period that the specimens were in space:
v" Nearly 75 °C temperature fluctuations
v" 100X higher Radiation
v" 300X higher UV exposure

Visual variation is observed in a few specimens after
return to earth, mostly those exposed to Zenith

orientation.

Transmission of filters is reduced by 5 to 10%.
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COMMUNICATIONS |
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Tunable Optics for Space Explorations

MzWfUKOyvdY

https://www.youtube.com/watch?v
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NASA LIDAR mission

Increased Planetary Albedo

Main Stratospheric Aerosol Layer Insolation
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15-years NASA Professional & Personal Growth

Space (functional) Materials & (sensors) in Scientific Payload

Independent researcher, Pl, PM, Engineer, Mission support team member, Mentor, and Educator

AlAA young NASA director award NASA best paper NASA patent awards | Y
engineer award awards o

technology
achievement medal

NASA exceptional

28 mentorin

16 projects (%3.4M/ 439 3)
13 patents & 23 inventions

16 awards (AIAA EQY, 2024)
120 international talks 14
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PCM-based photonics for spaceborne applications
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Evidence of PCM research can, and should, expand from
terrestrial to space applications from keywords searching
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Technology Development Progress (H. J. Kim et al.)

P-ACTIVE tunability & gas sensing Reliability test PCM-net database
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MISSE-14

SAERDSPACE

CERTIFICATE OF SPACE FLIGHT

This certifies that the

Langley Research Center
Tunable mid-wave infrared (MWIR) filters based on

exofic phase-change materials (PCM)
experiment flew inspace as part of the MISSE-14 mission
a . on 20 Feb 21

Al ik

Mark . Gitlleman, PLE.
President & CED

MISSE-21 “Electrically reconfigurable metafilter”
(March 2025)
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