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What is silicon photonics?

Generating, manipulating, guiding and using light
In Photonic Integrated Circuits (PICs)
processed on silicon-on-insulator (SOI) wafers
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Photonics integration — Why?

= Discrete components don’t scale up well into complicated systems

# region alignment waveguides
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Benefits of photonic integrated circuits

= Smaller size

= Smaller weight

= Smaller power consumption

= Smaller cost (in volume manufacturing)

= Better optical performance
» Lower coupling losses
 Higher bandwidth
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Many open access Si photonics platforms m
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Specialty of VTT: 3 um thick silicon waveguides


https://www.a-star.edu.sg/ime

Micronova clean room facility:
From R&D to production

= Clean room 2 600 m?, class 10-100-1000

= 150 —» 200 mm wafer size upgrade by 2021

= Stepper lithography (i-line) & e-beam lithography

= Automated wafer-level O/E testing

= Multi-project wafer (MPW) runs and dedicated runs
= Process design kits (PDKSs)

= Small/medium volume contract manufacturing via
VTT Memsfab for 1-1000 SOI wafers/year

. VIT

VTT MEMSFAB LTD

SYNOPSYS"  LucEDA



Remaining barriers for using Si photonics

= High scattering losses, strong polarization
dependency and limited optical power
in <1 um thick waveguides

= | ow bandwidth in >1 um thick waveguides
= | ack of monolithic light sources on silicon
= | ack of monolithic isolators and circulators
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Single polarization isolator Polarization independent isolator

H. Tuorila et al., Appl. Phys. Lett.
113, 041104 (2018)

Hybrid laser assembly




Unique aspects of micron-size
SOl waveguides:

 Dense integration

« Low scattering losses
 Polarization independency
« Wavelength independency




lllustration of the 3 um SOI platform m
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Wavelength dependency of a SMF-28 fiber m
Norm of the E
field plotted as Waveguide core
a function of
wavelength

Standard
single-mode fiber
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220 nm SOl waveguides have even more narrow
wavelength range and high polarization dependency
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Micron-size SOl waveguides have ultra-wide
wavelength range for both TE & TM
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Broadband 3D tapers

= Polished 3D tapers from 12 pm to 3 um
Flat transmission spectra of all 8

waveguides confirm adiabatic
spot-size conversion
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Broadband AR coating designs

= Anti-reflection coating minimizes reflections in material interfaces
= Baseline: Single SiN layer (75 nm bandwidth for 0.1%)
= Multilayer: Si-SiO,—Si-SiO,—Si-SiO,
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Highlights from silicon
photonics in 3 um SOI
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Improvements in filters & multiplexers

AWG multiplexers in 2013 (ESA OTUS):.
= Down to 5.5 dB loss and -25 dB cross talk
= AWG footprint ~100 mm?

N

Multiplexers in 2019 (EU PASSION):

= AWGs with down to 1.6 dB loss and
-35 dB cross-talk (footprint ~25 mm?)

= Echelle gratings with down to 0.7 dB loss
and -25 dB cross-talk
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Monolithic integration of modulators,
switches and photodetectors

= |mplanted heaters for thermo-optic modulation/switching
« >10 kHZ operation, 24 mW power

= Si p-i-n diodes for phase/amplitude modulation
« > 2 MHz operation, <5 mW power

0

loss < 0.5 dB

———cross port, switch off| T
———cross port, switch on

-30f
o ER > 25
dB
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= Epitaxially grown
Ge photodiodes

* Responsivity ~1 A/W

» 3 dB bandwidth
up to 40 GHz
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Hybrid integration of active components

" Lasers, amplifiers, modulators and photodetectors & Tyndall cniut ))
have been hybrid integrated with 3 um SOI | {_} TAMPERE

UNIVERSITY OF

TECHNOLOGY R A PID O

5x5 mm SOI chip with 8-ch EAM array being
SOA and EAM arrays tested on SOI Measured
12.5 Gbps
~ eye diagram
EAM array
on GaAs

chip
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Hybrid VCSEL integration on 3 um SOI

= VCSEL-SOI coupling with up-reflecting mirrors
= 40 VCSELs and 40x1 MUX in 20x20 mm

Mirror output

PIC layout (2x2 cm)

1“2z POLITECNICO
| MILANO 1863

DMT up to/

EU project 2 Tb/s transmitter
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First design and experimental demonstration of
Faraday rotation in 3 um SOl waveguide spirals

= Demonstration of Faraday rotation in Si
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4Ax25G transceiver
on 12 um SO
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Hybrid VCSEL and PD integration with m
12 um SOl for 4x25G transceiver

= Passive SOI chip added on
top of VCSELs and PDs

Fibers

Submount for SOI
chip and fibers
(TEC on backside)

1 mm

28 Gb/s
PD arrays

25 Gb/s
VCSELs

VCSELs & PDs
on submount

PDs VCSELs



Hybrid VCSEL and PD integration with m
12 um SOl for 4x25G transceiver @ verTiLas

= Optical SDM & WDM transceivers were assembled and tested
= Optical links were tested up to 25.7 Gbps (SDM)
= Total link loss ~10 dB (mainly from misalignments & VCSEL-SOI mismatch)

25.7 Gbps eye diagram from
VCSEL-SOI-SMF-SOI-PD link
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What next?
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Local spot-size conversions on 3 um SOl m
for I/0O coupling and ultra-fast components

= | ow-loss, low-cost coupling from 3 um SOI to standard SM fiber arrays
= High-speed modulators and photodetectors based on locally thinned waveguides
» Plasmonic devices with ability to reach >>100 GHz

Evanescently coupled I11-V
devices (lasers, SOAs, EAMS)

Integrated SSC

3 um thick waveguide
(low-loss, zero-birefringence)

SIDE VIEW / / l

Thin a-Si waveguide Fast (monolithic) detectors and modulators,
pulling light to the surface including single-photon detectors

ASIC
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CONCLUSIONS

Micron-size silicon waveguides already offer
* Low losses in small footprint
* Polarization independent, ultra-broadband operation
* Monolithic & hybrid integration of active components
» Path ready from R&D to volume production

...and in the future they are aimed to also offer
* Isolators & circulators on chip
» Fast monolithic modulators & photodiodes

» Even lower losses to support microwave photonics,
optical computing and other new applications

 Single-photon detectors for quantum photonics




Thank you!

@VTTFinland
#VTTbeyondtheobvious

silicon.photonics @vtt.fi
www.vtt.fi/siliconphotonics
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