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Green photonics: photonic integrated circuits for optical 

communications and sensing based on organic-inorganic hybrids

This work focus on the optical communications and sensing fields, particularly in the development of miniaturized optical

components with low energy consumption and low production cost to encounter Green Photonics goals. To accomplish this goal,

siliceous based organic-inorganic hybrids were developed and characterized, as novel photonic integrated circuit (PIC) substrates.
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Direct writing by UV laser

Organic-inorganic hybrids
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Reasonable attenuation values ( 1-3 dB/cm)

Thermal stability (up to 90 ˚C)

Compatible with SiO2 optical fibers (n1.49)

Photosensitive to UV radiation

Synthetize by sol-gel at room temperature

Organic-Inorganic Hybrids

d-UZ40

A.R.N. Bastos, et al., “Revisiting thermal-actuated integrated optics devices based
on organic-inorganic hybrids”, 17th International Conference on Transparent Optical
Networks, invited oral presentation, Budapest, Hungary (2015).

An integrated variable wave plate device based on the
thermo-optic effect was fabricated by direct UV patterning
on the surface of di-ureasil films. A high thermo-optic
coefficient of −(4.9±0.5)×10−4 ⁰C−1 at 1550 nm was
calculated. The waveguide temperature was tuned,
inducing optical phase retardation between the TE and TM
modes, resulting in a controllable wave plate with a
thermal linear retardation coefficient of 19±1 ⁰/ ⁰C.

An optical biosensor based on a MZI to monitor the
growing concentration of E. coli cells in an aqueous
medium was produced by direct UV patterning on the
surface of di-ureasil films. The sensor performance was
evaluated, yielding a sensitivity of 2×10−4 RIU and limit
of detection of 2×10−4, which are among the best
values known for low-refractive index contrast sensors.

A.R.N. Bastos, et al., “Integrated Optical Mach-Zehnder Interferometer Based
on Organic-Inorganic Hybrids for Photonics-on-a-chip Biosensing Applications”,
Sensors 18, 840 (2018).

An integrated 90⁰ hybrid coupler based on
self-patternable di-ureasil thin films was fabricated by
direct laser writing. The device performance was
demonstrated for a transmission over 40 km (G.652
fiber) with a 20 Gb/s QPSK, yielding a 2.5 dB power
penalty (BER=3.8×10−3), being the best figures of
merit for waveguides processed by low-cost
patterning techniques..

Planar and channel waveguides based on a blue
emitting poly(fluorene) conjugated polyelectrolyte,
namely, poly[9,9-bis(4-sulfonylbutoxyphenyl) fluorene-
2,7-diyl-alt-1,4-phenylene] (PBS-PFP) incorporated into
di-ureasil were fabricated and characterized for optical
amplification in Visible light communications. Taking
advantage of the di-ureasil host as a UV-self
patternable material, UV-laser direct writing was used
to pattern channel waveguides, enabling confinement
and guidance of the PBS-PFP emission with maximum
optical gain efficiency value of 1.62±0.02 cm∙µJ−1.

A.R.N. Bastos, et al., “Flexible optical amplifier for Visible Light
Communications based in organic-inorganic hybrids”, ACS Omega
(2018).

https://www.greenphotonics.de/
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