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Integrated Photonics Packaging

from Research to Pilot Manufacturing



TRL1 TRL2 TRL3 TRL4 TRL5 TRL6 TRL7 TRL8 TRL9

Concept Research Prototyping Piloting Manufacturing

From Lab to Fab

EU Open Access Pilot Lines



PIXAPP Development Services PIXAPP Manufacturing Services

Gateway Training

Development Prototyping Scale-Up from Prototype to Volume

Technical Support

Scale-Up

PIXAPP Operation Model



fiber packaging

fiber packaging

fiber packaging

flipchip packaging

flipchip packaging

solder jetting

micro-optic packaging

package design

PIXAPP @ Tyndall



Quantum Technologies

LIDAR

Medical Devices

& Diagnostics

Augmented Reality Systems

Consumer Diagnostics

Communications

Computing & AI

Quantum Technologies

Expanding Range of Markets



Pluggable Optics

Co-Packaged Optics

➢ Optical Fiber Packaging (shoreline density)

➢ Laser Integration (external or internal laser)

➢ Electrical Packaging (2.5D integration & interposers)

➢ Assembly Sequence (manufacturing & yield)

From Pluggable to Co-Packaged Optics
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3

Co-Packaging (Optical Packaging)

1) Bond Fiber Array to Photonic Module

2) Pre-Assembled Photonic Module

3) Pluggable Fiber Array to Photonic Module

Switch



Package-Level versus Wafer-Level Manufacturing

Photonic Wafer-Level Integration

Packaging and Test Processes



Optical Packaging

Grating Couplers

Edge Couplers

Evanescent Couplers

Facet Couplers

Membrane Couplers

10mm Mode

6mm Mode

3mm Mode

Optical Packaging Challenges

Micro OpticsFiber Optics



Silicon Edge Couplers

Bonded Fiber Array Micro Optics Array

Suspended 
Coupler

Adhesive Vents

Fibre V-Groove

Etched Facet

Diced Facet



Pluggable Optical Fiber Packaging
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‘Pluggable single-mode fiber-array-to-PIC coupling

using micro-lenses’, IEEE Photon. Tech. Letters, Sept

2017.

Microlens Array

Si-PIC

Pluggable Optical Fiber Packaging (Grating Couplers)

Fibre Array
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Pluggable Optical Fiber Packaging (Grating Couplers)



Pluggable Optical Fiber Packaging (Biosensor)

Fibre Array

Disposable

Biochip

Disposable

Biochip

Design

Rules



Pluggable Optical Fiber Packaging (Grating Couplers)

PIXAPP Biomedical Demonstrator



Pluggable Optical Fiber Packaging (Edge Couplers)



Pluggable Optical Fiber Packaging (Edge Couplers)
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Pluggable Optical Fiber Packaging (Edge Couplers)



Pluggable Optical Fiber Packaging (Edge Couplers)

Microlens Array bonding to PIC



Alignment Waveguides

Microlense Array

Fiber Array

Photonic Device

Pluggable Optical Fiber Packaging (New Design Rule)
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Pluggable Optical Fiber Packaging (New Design Rule)



➢ Heterogeneous Micro Optic Integration (mTP)

➢ Shoreline Density (2D array)

➢ Packaging (improved machine vision process)

➢ Solder Bonding (reflow compatible)

➢ Device Singulation (no facet treatment/polishing)

➢ Wafer-Level Process (lower packaging & test cost)

2D Microlens Array

Wafer-Level Optical Packaging & Testing

Microprisms

(horizontal to vertical emission)
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Wafer-Level Optical Packaging & Testing
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Silicon Photonic Device

Collimated Beam

Microlens
+

Microprism

Wafer-Level Optical Packaging & Testing

Photonic Wafer-Level Integration

Packaging and Test Processes



Wafer-Level Optical Packaging & Testing



Package Base

& Interposer

Electrical Connections

(DC & RF)

Optical I/Os

Package Base

& Interposer

Electrical Connections

(DC & RF)

Package

Design 1

Package

Design 2

Optical Test

Electrical Test

Wafer-Level (Surface Mount) Photonic Packaging



Summary

➢ Move from package-level  to wafer-level assembly processes

➢ Bonding optical fibers to edge of photonic device is challenging & limits possibilities

➢ Micro Optics enable free space, pluggable fibre connectors and wafer-level assembly

➢ Surface coupling enables higher shoreline densities (2D arrays)

➢ Surface coupling enables high throughput manufacturing

➢ Surface coupling enables electronic style packaging and test processes



Integrated Photonics Design, Fabrication & Packaging

Basal, September 20th, 2022

(See ECOC or PhotonHub websites)

PhotonHub Europe Workshop


