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Presentation Notes
Hi everyone,
My name is Kiumars Aryana and I am a postdoctoral fellow at NASA Langley Research Center and the focus of our group is developing the next generation of reconfigurable optical optics with no mechanical movements.
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Phase Change Materials for Reconfigurable Optics

< 1µm

1-100 µm

> 100 µm
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To achieve reconfigurable properties, we
need materials that can switch between
two different states upon a trigger.

Thermo-optic Electro-optic

volatile 

non-volatile 

Presenter
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PCMs have been widely used on storage devices for decades, first in optical disks and later in memory devices. In recent years, with acceleration of photonic integrated circuits, an interesting avenue for these materials has opened up to achieve reconfigurable optical properties after fabrication. Due to non-volatile behavior and large switching contrast in refractive index (~ 1) between the two states, they are very appealing to be incorporated into the photonic systems. In addition to PICs, there is another application for these materials to be integrated into free-space optics to develop next-generation of optical reconfigurable filters, zoom lenses, and beam steering technology without any moving parts.

PCMs are compatible with large-scale integration since they can be easily deposited by sputtering or thermal evaporation onto almost any PIC materials, including silicon and silicon nitride.
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Applications in Free-space Optics

Presenter
Presentation Notes
With the advancement in the fabrication processes and capability to manufacture meta-surfaces with subwavelength features, optical components can be now manufactured with specific design to optimize their property with respect to the application in a more compact configuration than conventional refractive optics. Depending on the geometry of the metasurface element, a wide variety of application can be achieved from a filter, zoom lens, or beam steering devices. The idea here is to incorporate an active element into the design that can be electrically triggered and gives different optical properties.
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PCM-Based Actively Tunable Filter

State of the Art: Reconfigurable Filter:
 Filter wheels comprised of several static filters physically 

rotate to switch spectral passband
 Has moving parts, large mass, slow response time (ms), and 

provides limited spectral resolution
 0.8kg (weight), 725cm3 (volume), 15W to power motor

 Increased spectral and temporal resolutions
 GHz (ns) switching speed (106x improvement!)
 Continuously-tunable passband

 Single-component, non-volatile, broad tunability
 10g (weight), 0.253cm3 (volume), ~mW average power to tune filter 
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Presentation Notes
PCM-Based actively tunable filter
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Bandpass Filters – Tunable Fabry-Perot
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Recently, using a chalcogenide-based phase change material, we demonstrated a Fabry-Perot bandpass filter with adjustable wavelength range from 3 to 5 um. We showed that as the PCM goes from amorphous to crystalline phase upon heating, the bandpass wavelength of the filter changes accordingly. This enables tuning the bandpass of the filter without any moving mechanical parts and allows a uniform spectral tunability with great resolution. In addition to this. we also sent these filters into space for a period of 6 months to investigate the effect of radiation and harsh temperature fluctuation on the performance of the material.
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Simulation Domain
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Heater size 200 um

140 um PCM
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Blanket-coated Thin Film GSST
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Metasurface Deposition of PCM for Filtering
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Filtering Performance - FTIR
Po

pe
sc

u
et

 a
l. 

ar
X

iv
pr

ep
rin

t a
rX

iv
:2

31
2.

10
46

8
(2

02
3)

.

amorphous

crystalline






National Aeronautics and 
Space Administration10

Filtering Demo
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Filtering Demo
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Summary

• Increasing the size of PCM devices poses a challenge 
to uniformly switch the device between amorphous 
and crystalline.

• Switching blanket-coated PCM is prone to failure 
and shorter lifetime. 

• Reconfigurable optical metafilter is demonstrated 
with switching contrast >5 dB and lifetime over 1000 
cycles.

• Metasurface PCM is more stable upon switching due 
to existence of pillar type connections between the 
capping layer and the heater surface.






Thank You!

NASA LaRC Team
• H.J. Kim
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MIT Team
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KAIST Team
• H. B. Bae
• T. Lee
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Power Consumption vs. Heater Size

Fourier’s law: Q = −kA(dT/dx)
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Thermal Conductivity of Liquid PCM

Aryana, et al. Toward accurate thermal modeling of phase change material 
based photonic devices. Small (2023).

Tmelt = 900 K Tmelt = 900 K
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Experimental Results vs. Simulations
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Critical Thermodynamic Parameters
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Critical thermodynamic parameters in crystalline-
to-amorphous phase transformation:

• Effect of heat capacity 
• Enthalpy of melting
• Thermal conductivity of liquid phase

after ~1000 cycles

Failure
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In order to understand any experimental test, you need to use computational modeling to understand the parameters that would be experimentally hard to measure. And you wanna make your model as close as possible to the experiments. But it is impossible to account for all the parameters and you need to make some simplifiying assumtoins.
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Heater size 200 um

140 um PCM
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Phase Change Materials

Rewritable DVD

20

140 µm
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Presentation Notes
PCMs are a class of materials that can be reversibly switched back and forth between their amorphous and crystalline structure for millions of cycles via thermal excitation. One of the earliest application of phase-change materials have been associated with data storage, or rewritable CD and DVDs. Because of their large optical contrast between amorphous and crystalline structures, it was possible to optically deliver heat and raise switch them between the two phases. For this, if the temperature of the amorphous phase is raised to above its glass transition temperature, the material becomes crystal and if the material temperature is raised above it melting point and quickly cooled down to room temperature, the atoms will not have sufficient time to reorient into their more stable ordered structure, and thus, a supercooled liquid phase or “amorphous” phase is formed. The beauty of PCMs is that depending on the application, their properties can be changed. The plot here shows the wavelength that different PCMs can operate depending on their composition. 
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Muti-pixel Array of PCM

5 mm

50 um
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Tunable Optics for Space Explorations

Long Wavelength 
Filter Wheel

Short Wavelength 
Filter Wheel

JWST NIRCam

0.6-5 µm
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One of the quintessential examples for the importance of optical filters can be found in the most complicated and powerful space telescope that has ever been made. Behind 21 feet glamorous mirror of James Webb Space Telescope there is a nearIR camera, referred to as NIRCam, that Uses 29 different spectral filters and enables selectively choosing between different wavelengths from 600 nm all the way to 5 um is of the main superiorities of James Webb Space Telescope compared to its predecessor Hubble. 
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Enthalpy of Fusion

Specific heat capacity of Ice: 2090 J/kg/K

Specific heat capacity of Water: 4181 J/kg/K
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ΔH: 334,000 kJ/kg 

TF = 450 K Tm = 900 K
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Latent Heat Effects

Aryana, et al. Toward accurate thermal modeling of phase change material 
based photonic devices. Small (2023).

Tm = 900 KTF = 450 K
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Heat Capacity Effect

Aryana, et al. Toward accurate thermal modeling of phase change material 
based photonic devices. Small (2023).

Tm = 900 KTF = 450 K
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Electron vs. Phonon Dominated Thermal Transport

• Thermal conductivity of the liquid phase 
is largely affected by the carrier’s type.

Aryana et al., Suppressed electronic contribution in thermal 
conductivity of Ge2Sb2Se4Te. Nature Communications, 12(1), p.7187.

TTmelt = 900 K

TTmelt = 900 K
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