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Agenda of presentation

Challenges on Quantum PIC Packaging

Sharing of experience

Our vision of future scaling

Where we are today



PhotonFirst Technologies
20 years experience in PIC Packaging
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Headquartered in Alkmaar, team of +40 FTE

• ISO9001 certified

• Specialization in PIC packaging for challenging environments

• 500m² Cleanroom for Production & PIC Packaging

• System integration and qualification expertise (DO-160, MIL-STD)



We enable PICs to be deployed in 
challenging conditions so that our 

customers can focus on their applications



Photonics 
Integrated 

Circuit (PIC) 
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Focused Markets

Image courtesy of www.rtx.com 

Defence

Aerospace

Image courtesy of www.tno.com 

Quantum

Image courtesy of www.quant.de

Image courtesy of Three Throne Productions 

Mobility

http://www.rtx.com/
http://www.tno.com/
http://www.quant.de/


Photonics 
Integrated 

Circuit (PIC) 
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PhotonFirst is Packaging PICs and building Systems for your application

Quantum

Image courtesy of www.quant.de

http://www.quant.de/


PIC packaging challenges for the 
Quantum Domian

• High channel count

o Large Optical I/O counts → Fiber Array Unit (FAU) >128 

channels and continuously increasing

o Large number of Electronic interfaces → The “simple” art 

of wire bonding suddenly becomes a major challenge

• Time-to-Market (TTM)

o Competition is strong in the Quantum domain, so Time To 

Market (TTM) is a key driver

• Scaling

o Quantum PICs do not have standard PIC Packaging 

solutions (situation of the general PIC industry) 

▪ Packaging is highly customized

▪ Requiring different platforms of PICs
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Challenge 1: High channel counts
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What are the challenges?

• Tight alignment precision 
(especially for PIC-PIC coupling)

• Channel uniformity
• Smaller spacing between 

components 
• Large chip(s) with bulking 

pigtail(s) introduce handling 
difficulties

What have we learned over the 
journey?

• Rotational misalignment is 
becoming more and more critical

• Curing of optical adhesive can 
be the dominating factor

• More than just alignment 
precision
• Fibre core positioning in V-

groove
• Optical connector quality
• Warping of PIC
• CTE mismatch

What are the solutions?

• Careful design of package and 
choice of material against the 
required environmental 
conditions
• Material Matching
• Flexible Interfaces
• Thermal Management

• Process development
• Optical adhesive 

properties
• Recipes for curing

• Trade-off between precision and 
alignment time
• With more equipment and 

trained personell

• Heterogeneous integration like 
micro-transfer printing



Challenge 2: Time-to-Market
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What have we learned over the 
journey?

• During development and 
prototyping phase, flexibility is the 
main concern in terms of 
packaging technology selection

• Iterations in smaller steps can de-
risk the final product performance 
and costs

• Plan process development on 
more “exotic” technologies like 
flip-chipping/ micro-transfer 
printing in a later phase of 
development

What are the solutions?

• Early consultation or partnership 
with packaging service providers

• Target to adapt conventional 
packaging technologies at start

• Continuous development in close 
cooperation with customer to 
systematically de-risk each step.

• Take manual/semi-automated 
process as the first step, fully-
automated process comes later

• Unlike semiconductor industry 
with well standardization, various 
PDKs are offered by different 
foundries

• Many designs still in development 
o Customer tend to 

immediately target on final 
performance without 
attention for intermediate 
details

o Costly to automate during 
prototyping

• Customized PIC designs do not 
allow for the use of COTS

What are the challenges?



Challenge 3: Scaling from prototypes to volumes
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What are the challenges?

• Non- standardized solutions in 
quantum packaging

• Customized solution does not 
allow for full grip on yield and 
repeatability

• Supply chain complexity
• Flexible tools/equipment for lab 

too complicated for production

What have we learned over the 
journey?

• Income control:
• Known Good Dies is a must
• All parts must be tested 

before assembly
• Reliability testing of end 

units is a must
• Conventional technique leverages 

several decades of risk migration 
in the industry

• Exotic technologies require 
significant deployment to reach 3-
sigma quality 

What are the solutions?

• Follow packaging guidelines of 
packaging parties

• PICs are Design for Test
• Automation of functionality test 

on PICs and packages
• Packages are Design for 

Manufacturing
• In-line inspection and Statistical 

process control
• Plan new technologies in long-

term development
• Wafer level handling should be 

considered as the next step of 
scalable solution



The PhotonFirst Vision for a 
Quantum Future

• Currently, there are two philosophies for solving the 

Quantum I/O bottleneck

⁃ The Brute Force approach: Using lessons from 

ICpackaging and deploying conventional techniques at 

large scale

⁃ The Exotic path: Using advanced and currently 

undeployed technologies for solving the challenge 
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Examples of Banks of Wirebonders to solve the IC I/O bottle neck

Image courtesy of www.nanoscribe.com

EU-funded project INSPIRE



PhotonFirst offers 20+ years experience of end-to-end PIC system development and 
qualification so our customers can focus on their application

PIC Package 
Design

PIC Testing Die-bonding Wire-bonding
Fiber-

Alignment

System 
Integration & 
qualification
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Module, Product Design and Manufacturing capabilities targeting 
volume production

Quality and Supply-Base Control

• Fully documented and traceable assembly process flows 

• ISO9001 certified

• EN9100-based development process and documentation 

• Production process qualification (IQ/OQ/PQ to control operations of 

production)

• Capacity and capability to setup dedicated assembly lines for key 

customers

Deep domain-knowledge to support your PIC qualification process

• 20+ years of engineering experience in preparing PICs for 

Real World environments

• High level know-how of relevant qualification standards

• State-of-the-Art facilities to package, test and validate packaged PICs 

for Harsh Environments
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PhotonFirst brings deep Productisation Expertise for demanding markets, 
backed by 20+ years of experience in flight-qualified PIC-based systems
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Thank you for your attention.
www.photonfirst.com | team@photonfirst.com

PhotonFirst  | Alkmaar & Eindhoven, The Netherlands | +31 85 0076700
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