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Photonic Integration at Tyndalli

Simulation & Design
Materials & Epitaxy
Fabrication & Devices
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Photonic Systems
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Photonic Integration Laboratory

-1

. " \\J 1 '1“ a
*IPIC 8UCC . € Tyndal <




Photonic Integration
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Photonic Integration (Many Challenges)

Single Mode Optical Fibre

Temperature Control

Electronic Integrated Circuit
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Ceramic Interposer

Discrete Electronics
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Optical Integration (Fibre Coupling)

Fiber: ~125um diameter

Grating: 12pm x 20pym

SOl Waveguide:
0.45pum x 0.22pm

N

Core: ~10.4ym mode
diameter at 1550nm

O
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Optical Integration (Fibre Coupling - Silicon)
1. Edge Coupled

Mode Convertor

Si Waveguide

Lensed Fibre
(MFD ~ 3 pm)

Si Substrate  SiO, Layer

2. Grating Coupled

4’-(£Angled Facet
Challenge: Fibre coupling f

to sub-micron waveguides
\

Si Waveguide

Grating Coupler

SiSubstrate SiO, Layer
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Optical Integration (Fibre Coupling)

Stripped fiber Core

Spot Diameter

Strip Length Working Distance

Wy
MFD
Mode field diameter (MFD) Working distance { W}
3.0pum + 0.5 um 7S um + 15 um
4.0pum + 0.5 um 120 pm + 15 um
4.7um £ 0.3 um 45 um £ 5 um
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Optical Integration (Fibre Coupling)
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Optical Integration (Fibre Coupling - Silicon)

40° Angled Facet

Si Waveguide

Grating Coupler

Si Substrate  SiO, Layer
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“Packaging Process for Grating-Coupled Silicon Photonic Waveguides Using Angle-Polished Fibers”,
B. Snyder and P O’Brien, IEEE Trans on Comps, Packaging and Manufacturing Tech., Vol. 3, No. 6, June 2013.
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Optical Integration (Fibre Coupling Arrays - Silicon)
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Optical Integration (Sources - Lasers)

pick & place collet

electrical connections
(flexible substrate)

ceramic
(active alig

Alignment over waveguide grating
(packaging equipment vision system)
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Optical Integration (Sources - Lasers)
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Manufacturing tolerances = "
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Laser placement tolerance Ball lens height tolerance
to couple into SOI grating . to couple into SOI grating
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Laser to Lens Distance (mm)

-0.016 -0.012 -0.008 -0.004-2.19E-16 0.004 0.008 0.012
Vertical Offset (mm)
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Optical Integration (Sources - Lasers)
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AuSn solder Ball lens mounting |

(laser pad) _ ,
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AIN ceramic submounts for laser integration on Silicon
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Optical Integration (Sources - Lasers)

electrical input

laser connection

“Hybrid integration of wavelength-tunable
laser with silicon photonic integrated circuit”,
B. Snyder, B. Corbett and P O’Brien, IEEE,
Journal of Lightwave Tech., Vol. 31, No. 24, Dec
2013.

*IPIC BUCC = & Tyndall

=




Electronic Integration (Drivers, Modulators, ...)

4 )
Grating Couplers :habulous
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Electronic IC

RF Input Si Photonic IC

DC Inputs

20 um Copper Pillar
SnAgCu Solder Cap

Electronic IC

Si Photonic IC

Flipchip Integrated Photonic-Electronic Sub-Assembly
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Electronic Integration (Drivers, Modulators, ...)
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Solder Sphere Jetting (50 um Spheres)
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Electronic Integration (Drivers, Modulators, ...)

4 MSMP (RF) Connectors
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Rogers-4350B Interposer
(3 Layer PCB)
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Thermal Effects
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Photonics Integration (Medical Devices)

stryker 'QLakeRegion @

Medironic
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\for screening of arterial stiffness and stenosis

v Barts and The London

School of Medicine and Dentistry

% Maastricht University

~

Faculty of Health, Medicine and Life Sciences

Silicon photonic integrated laser doppler vibrometer

/
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Photonics Integration (Vascular Guidewires)
‘P Lake Region

Fermoral artery

uidewire
s Blood Flow Analyser

- optical fibre in guidewire

- maintain guidewire diameter

- maintain guidewire flexibility

FIPIC 8UCC € Tyndal i




Photonics Integration (Vascular Guidewires)
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European Integrated Photonics Foundries (Silicon)
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Photonic Integration Design Rules (Design Kit)

Fibre

1.0mm
{For bonding)
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Photonic Integration Design Rules (Design Kit)

\? P_hoeniX S_of[wqre CREATE YOUR DESIGN | MANAGE YOUR CLEANROOM
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Summary

MPW Foundry Services

Resources

Research A " o Commercialization
Resources Valley of Death Resources
Research level of Commercialisation

development

*IPIC & UCC . € Tyndall %




