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lllustration of the 3 um SOI platform
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Micron-size SOl waveguides have ultra-wide m
wavelength range for both TE & TM
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Fundamental benefits of micron-scale
SOl waveguides

= Ultra-broadband single-mode operation of rib
waveguides (from 1.2 to >4 um wavelength)

= Ultra-high mode confinement:
» Low propagation loss (down to 4 dB/m)
» Dual-polarization & zero-birefringence operation
» Reduced sensitivity to fabrication tolerances
> Very dense integration (1—30 um bend radii)
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Fundamental benefits of micron-scale
SOl waveguides

= Ultra-broadband single-mode operation of rib
waveguides (from 1.2 to >4 um wavelength)

= Ultra-high mode confinement:
» Low propagation loss (down to 4 dB/m)
» Dual-polarization & zero-birefringence operation
» Reduced sensitivity to fabrication tolerances
» Very dense integration (1-30 um bend radii)
= Large mode field area of 2—30 pum?:
» End-fire coupling loss ~0.5 dB (lensed fiber)
» Ability to handle large optical power (Watts)
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Present main limitation of micron-scale m
SOl waveguides

= Lack of monolithic high-speed modulators:
» Thermo-optic modulators only reach up to ~100 kHz
» Plasma dispersion modulators only reach up to a few GHz
(due to large waveguide dimensions)

» Plasmonic modulators could reach >>100 GHz, but they are not yet
available on 3 um SOI and they have high losses

= Alternative option: Cy Tampere University

» Hybrid integration of
directly modulated lasers
or external modulators

H. Tuorila et al., Euler bends in 1lI-V
Appl. Phys. Lett. 113, 041104 (2018)



Loss reduction with hydrogen annealing m

= Hydrogen annealing at 900°C significantly reduces surface roughness of
the etched SOI waveguide side-walls

= Smoothening is stopped before the overall waveguide shape gets distorted
and unwanted crystalline planes become visible
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Propagation Loss [dB/cm]

Measured propagation losses

= Cut-back measurement with 96 and 146 cm long spirals and a straight waveguide
= Average loss 4 dB/m in the 1540-1640 nm wavelength range

= Spectral oscillations outside this range, possibly due to higher order mode excitation
= Loss was slightly higher for TM polarization (vs. TE)
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40 GHz Ge photodiode

" 1 um wide and 9 um long Ge PD waveguide end-fire
coupled to a horizontally down-tapered Si waveguide

" Doped Ge sidewalls and 200 nm thick Ge pedestal
" Default wavelength 1550 nm Metal

Sidewall doping enables high and uniform E-field E(lngtee
in the 700 nm wide i-region with low bias g

o Ge pedestal
— Short average transit time
— Transit-time-limited bandwidth ~40 GHz
Selective Ge epitaxy on a thin SOI pedestal

% 3x3 pm SOl
200 nm Si pedestal waveguide

¥ GePD
SOI waveguide

Edge of the = v
SOI cavity for A\

E-field @ -1V
bias in i-region

Ge cavity after CMP

\




40 GHz Ge photodiode

" Measured 3 dB bandwidth is ~40 GHz as simulated (transit time limited)
" Available measurement equipment didn't reach beyond 40 GHz
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Hybrid 2 Th/s transceiver m
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Hybrld 2 Tb/s transceiver for metro networks
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VCSEL tuning and driving

= VCSEL wavelength can be tuned with current and temperature

Output Power at 20°C
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VCSEL modulation test results

= Tx capacity with DMT modulation: 48.7 Gb/s, 50.2 Gb/s with chip equalizer “on”
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Loss compared to Ref waveguide (dB)

40-channel multiplexer on 3 um SOI

= 1-3 dB loss in the arrayed waveguide grating (AWG)

m 20x20 mm SOl chip size limited by the VCSEL drivers
(AWG <10 mm?)
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Conclusions & outlook

3 um SOI PICs support ultra-broadband and
polarization independent operation with low losses
and small footprint

= Ultra-low propagation loss of 4 dB/m was demonstrated
= Monolithic 40 GHz Ge photodiodes were demonstrated

= Hybrid integration of directly-modulated VCSELs
aims for 2 Tb/s tranceivers (prototype being assembled)

= Future goals include ultra-fast plasmonic modulators,
monolithic optical circulators and hybrid integration of
100 Gbaud modulators
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