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Agenda

e Introduction PHIX
 PHIX approach to volume assembly of PIC based products

* Challenges on scaling manufacturing of PIC based products
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Who we are

PHIX is a world leading foundry for packaging and assembly of
photonic integrated circuits (PICs) and MEMS, supplying
components and modules in scalable production volumes.

» Started operationsin 2018

* Established US operations in 2024

* Independent pure play packaging facility

* Specialized in hybrid PIC assembly and optical interfacing

* New 1800 m? building in 2024, located in Enschede, the Netherlands
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Our position in the value chain

Manufacturing

Chip EjeSIgn Packaging
e PIC
Product - Mousing Ce

* Electronics Test
* Fibers
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End application

PHIX NPl support
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PHIX Approach to Packaging & Scale-up

e Focus on the end product

e Optimize all parameters in paralle

e Minimize total costs

phi%

* Optimize Design
* Minimize Costs

Manufacturing
Equipment

Manufacturing
Process
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Our capabilities

* Die preparation (dicing, polishing)
* Die bonding / flip chip

* Spot size conversion

e Fiber array attach

e PIC edge coupling

* Micro optics active alignment

* 3D printing micro optics

* Wire bonding

e Package sealing
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Two types of challenges in scaling manufacturing

Organizational:

* Next to lower maturity level of the technology level we also experience lower maturity level of the
NPI process

Technical:

* For many process steps we can piggyback on semiconductor manufacturing (incl. developments on
advanced packaging), however there are some specific bottlenecks in photonic packaging and
assembly
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NP| process in TRL
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ACTUAL SYSTEM PROVEN IN OPERATIONAL ENVIRONMENT

SYSTEM COMPLETE AND QUALIFIED

SYSTEM PROTOTYPE DEMONSTRATION IN OPERATIONAL
ENVIRONMENT

TECHNOLOGY DEMONSTRATED IN RELEVANT ENVIRONMENT

TECHNOLOGY VALIDATED IN RELEVANT ENVIRONMENT

TECHNOLOGY VALIDATED IN LAB

EXPERIMENTAL PROOF OF CONCEPT

TECHNOLOGY CONCEPT FORMULATED

BASIC PRINCIPLES OBSERVED

Expectations from research to deployment
Time/effort

Production
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Technical challenges for optimizing/scaling manufacturing

facet polishing

Accurate die bonding

PIC edge coupling
Micro optics pick & place

Spot size conversion
Fiber array attach

Component testing

Final assembly testing
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Slow but reproducible

Accurate die bonders

Dedicated equipment
Extensive set-up and change
costs

Dedicated equipment
Extensive set-up and change
costs

Additional component
Complex membrane interface

Epoxy attach
No automation

Insufficient PIC testing

Dedicated EOL test
Expensive system burn in test

Etching, stealth dicing

Process development
Die to wafer for scaling

standardization

standardization

Robust ssc on chip

Detachable fiber connector

Full WLT testing incl burn in

Tested components as input
EOL test only verifies correct assembly
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Conclusions

e For low and mid volume assembly we have reproducible manufacturing processes.
e Alignment on NPI process will increase efficiency
* Smart standardization can help reduce tooling and set-up costs
* Testing strategies of both PICs and final assemblies (burn in) need attention

* For high volume assembly we need
* detachable fiber array connectors and
* full coverage wafer level testing
* Wafer level assembly for hybrid/heterogeneous assembly
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