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Prototypical phase-change materials and their characteristics, applicatidn-driven interestysince 1960
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Evidence of PCM research can, and should, expand from terrestrial to space appli'cations’.from keywaqpds searching
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MISSE -

« MISSE - Materials International Space Station Experiment'
« Began at NASA Langley in 1999
 First external payload on ISS

+ Contains individual test specimens — materials and devices — Grazing AO &
exposed to the space enwronment (LEO space below‘an b Highest solar exposure (SE)
altitude of 2,000 km) - & gy :

* All specimens returned to E' h for

No AO & moderate SE
Wake

Determine the space envi

Starboard
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Grazing AO &

Lowest SE



On-Orbit Photographic Images & Environment Flight Data
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Results of Qualitative Analysis of Images and Quan'tit.ativ‘e Analysié ' NQSA

« Complete image data for the 24 91.7%
exposed specimens

o 91% of the specimens did
not show a change

o 9% demonstrated a change
in color only, not texture I No change
(only non-SiO, capping Il Change of color
layered specimens)

8.33%

30.7 nm
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« On-going physical and optical
properties characterization
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« PCM-based photonics /
electronics performances are
highly dependent on the
properties
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Sample Density (g/cm3) Roughness (nm) Density Thickness Roughness Density Thickness Roughness
Substrate :
SiO,, 3.1 1.1 2.2 (-3%) 80.0 (-2%) 4.3 (-5%)
Ge,Sb,Te: 3.2 1.0 4.9 (-7%) 179.4 (-6%) 2.3 (-10%) 2.2 78.5 4.0
Ge,Se, Sb, Te: . - - 4.6-4.8 (-7%) |104.7-110.4 (-6%)| 2.2 (-9%) - - -
Sb,Se, - - 3.9 (-7%) |140.5-152.5 (-5%)| 2.5 (-9%) - - -




PCM-based actively tunable filter performance evaluation after the space exposure

Photon Energy (eV)

IO.S

wavelength (um)

1.0
20 21 22 23 24 25 26 27 28

period (um)

amorphous
—— 50% crystalline

ystalline

transmission

> 01:02.99 =)

wavelength (um



Presenter
Presentation Notes




PCM-based photonics for spaceborne applications based on tech'nqlogies and subéystems
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Materials Property === Technology /Sub-system ‘Applications

Refractive Index
An, Ak
Resitivity

Ap

Joule heating

Optical pulse
Electrical stimuli

/O

Tunable optical filters
Smart coatings

Switchable color pixels

Active metaoptics
Beam steering
Flat tunable lenses

Switchable Fibre-optics

Photonic integrated circuits
Optical phase modulator
Optical ampltiude modulator

Miniaturized spectrometers
£

Multifunctional biosensors

Non-volatile memory
Reconfigurable data elements

Local Optical Diagnostics
Lab-on-a-Chip
Astronaut Health Monitoring
Optical gyroscopes
Thermal control / visualization
Remote sensing
LIDAR
Wide-waveband thermal imaging
Combustion diagnostics
Hyperspectral imaging
Miniaturized optical assemblies

Optical Communications

High speed free-space & datacomms
Inter- and intra-satellite links

Displays and panel coatings

Photonic Computing
Low power data storage
Quantum & neuromorphic circuits




On-orbit Missions and Partnerships - .
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NASA mission- / program- driven scenarios-and case studies
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PCM tunable filter for remote sensing

Optica 7 (7), 746-754 (2020)

T+

PCM reconfigurable optics for wavefront
correction and beam steering
Nat. Commun. 12, 1225 (2021).

PRAM in space
Nature Photon. 11,465-476 (2017).



Summary: MISSE-14 opens door for multiple application (photonics & electfonicS) i:ncpac'e
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PCM for P-ACTIVE starts at NASA |-SSPI Research team MISSE -Space application team
optical Langley Research Center Mission support team

storage New application collaborator (SAA)
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NASA Langley Research Center MWIR filter beyond terrestrial — Hyun Jung Kim (hyunjung.kim@nasa.gov)
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