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Programmable / switchable photonics: application perspective
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Programmable / switchable photonics: application perspective
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Programmable photonics: supply chain benefits
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Programmable photonics & sustainability

1. Switching costs energy
2. Actively maintaining a state costs energy

Liquid crystals MEMS Phase change
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https://doi.org/10.1063/1.4976504 https://doi.org/10.3390/electronics11020243 M.Y. Shalaginov et al. Nat. Commun. 12, 1225 (2021).
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Programmable photonics & sustainability

1. Switching costs energy
2. Actively maintaining a state costs energy
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Programmable photonics & sustainability

Non-volatile PCMs could be competitive for low-energy
programmable photonics compared to volatile technologies:

* For applications that require a relatively low rate of changes (defined
0y write energy < non-volatile retention energy)

« |If we can demonstrate good switching of thicker (100s of nm) layers
 Sufficient durability for cycling >10° (?) cycles
« Thermal stability acceptable for the application

Fang, Z., et al. Nat. Nanotechnol. 17, 842—-848 (2022)
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Optical switching using Phase change materials

« Antimonide PCMs have a higher Figure of Merit than GST
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Sb,S;: Dong, W., Simpson, R.E. et al. Adv. Funct. Mater. 29, 1806181 (2019)

Sb,Se,: Delaney, M., Zeimpekis, I., Lawson, D., Hewak, D. W., Muskens, SUniversity of

O. L., Adv. Funct. Mater. 2020, 30, 2002447. outhampton



Optical switching using PCMs: Ellipsometry results

 Ultralow optical losses k<10~ in telecom range (1550nm)
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Delaney, M., Zeimpekis, I., Lawson, D., Hewak, D. W., Muskens, O. L., Adv.
Funct. Mater. 2020, 30, 2002447.
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Programmable silicon photonics using Sb,Se,

Optical switching of Multimode
Interference (MMI) device

 Precise 2D control of
Individual pixels on a MMI
was achieved

* Pixels can be set and
reset in complex patterns
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Programmable silicon photonics using Sb,Se,

Optical switching of Multimode
Interference (MMI) device

« Unperturbed device acts
as a 50:50 power splitter
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Programmable silicon photonics using Sb,Se,

Optical switching of Multimode
Interference (MMI) device

« Unperturbed device acts
as a 50:50 power splitter

« Patterned device acts as a
92%:8% power splitter
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Programmable silicon photonics using Sb,Se,
Is It a metamaterial?
Inverse-designed metastructures that solve equations
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Programmable metasurface structural color using Sb-based PCMs
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Probing the phase transitions in Sb,Se,
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Time-resolved optical switching measurements of 20nm Sb,Se,
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Switching of thicker Sb,Se, layers

Amorphisation pulse / Crystallisation pulse
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Switching of thicker Sb,Se, layers

Sb,Se, thickness 400nm
80 nm Sb,Se,

Amorphization map Crystallization map 170 nm znS:Sio,
Constant setting

= sophs - P,.,=60mwW = 12
S T.mo=50ns £
5 | o o
S ] )
o @)
o o
< 4 s 4 \

101 108 10° 10" 103 10% 10°

Pulse length (ns) Pulse length (ns) Selected crystallization

‘Sweet spot’
Pery=6mW, T.,=12ps

%%@ University of
\&/Southampton



Cycling at 1KHz — 400nm thick Sb,Se, layer
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Driving at 10KHz — faster crystallisation of laser-written glass regions

Around 10° cycles reversible
switching demonstrated for Sb,Se,

Fractional reflectance modulation
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Conclusions

”~ A
* Introduced Sb,Se; as new optical PCM | > S'l "
/e U
. | =
« Demonstration of programmable photonics ﬁ Vod
using Sbh,Se, -

* Optical switching of thick (400nm) Sbh,Se,
films with >10° cycles

Norm R.

Delaney et al., Adv. Funct. Mater. 2002447 (2020)
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Delaney et al., Science Adv 7, eabg3500 (2021)
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