The PCM is dead! Long Live
O-PCM!
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Diffractive optics to sub-wavelength scale E-field phase control

1 2

https://len.wikipedia.o

rg/wiki/Fresnel_lens Nature 10, 1 (2019)
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Active Metasurfaces to PCM Metasurfaces

Mechanical Phase transition
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Switching PCM
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Endurance of PCMs

* Electrical phase change memory — resistance

Optical phase change device —
transmission/reflection

* PCM optical properties
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Photonic Integrated Circuits
Length in the in-plane direction
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Free-space optics
Phase accumulation along thickness

Nat. Commun. 12, 1225 (2021)
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Dewetting (Iaser heatlng)
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Platform fabrication

a) 1) Starting wafer 2) lon implantation 3) TilTiN liner deposition 4) Metal contact deposmon

S e I ~ s

8) Etch-back to metal contacts  7) Protective layer deposition 6) ALD encapsulation 5) PCM patterning

[ oxide [ n++ doped silicon ] silicon [T.] Al contact [N PcM [ Alumina [ si;N,/Si0, [ TiN/ Ti liner

e)
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Unraveling failure mechanisms in optical PCMs

In situ concurrent structural and
optical characterizations
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Delamination & Adhesion

Capping layer

delamination
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SiN, protective layer
Buckled protective layer

n++ Si

Buried SiO,

Potential solution:
Restrict dimensions of thin films
(e.g. metasurfaces);

Adjust material choice for improved
adhesion substrate-PCM and PCM-
protective layer
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Metal electromlgratlon lCurrent crowding
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Potential solutions:
Reshape heater — wider contact region
Improved heat sink; Time delay for cooling

Downside: large delay for switching
applications
Small device area
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Dewetting / fluid instability

1 um
. Dewetting of Sb,Se; thin film T : T—— sul:c;un nitride
Dewettin Lo 2l
Z ﬂe q g on Si waveguide Thin Solid Films 571. 39-44 (2014)
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8% @ | Downside: Potential losses due to adhesion
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% L o v - . . .
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Appl. Phys. Lett. 90, 051908 (2007)
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amage & pore formation due to H-release
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Elemental migration

As fabricated

Doped Si

Buried oxide
200 nm
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Based on the vapor pressure
of the elements. Potential solution:
Repeated amorphization may remove

elemental segregation
Downside: Thermal stresses
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Mitigating elemental migration

Over-amorphization

L

20 pm
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Semi-quantitative analysis for free-space devices
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Repeated longer amorphization pulse (every 100 cycles)

DMA Difference

Ly T T T T ™ "
8000 8100 8200 8300 8400 8500 8600
Cycle

¢R AG OB

Typical operation below full amorphization

Attempting to remove elemental migration results in
losing crystallites that aided in switching, reinitializing

the material
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Failure mechanisms in optical PCMs
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Conclusion and Outlook

* Cycling guidelines for testing and operation
* Continuous vs intermittent cycling
* Heater optimization or limiting PCM operational area
* Heat sink optimization or cool down time — limit to functionality

* Testing of extent of amorphization and crystallization — operation in
intermediate regions

* Extending life-time

* Adhesion layers or good wettability between substrate-PCM and PCM-
protective layer
* Reducing stress in protective layers/claddings

 PCM geometry that does not favor delamination and dewetting
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Thank you for your attention!

Questions?
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Metal electromlgratlon /Current crowding
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Endurance test with low/medium amorphization
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Endurance improvement in large-volume optical PCM
switching

L 100 million times larger than
" 3
PCM switching volume: ~ 4,000 um that in PCMemories!
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Metal electromigration
Damaged heater

n++ Si (with Al)

Al Kal O Kal Ge Lal,2 Se Lal,2
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Delamination and preferential adhesion
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