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Presentation Contents
• Intro to Bay Photonics

• Brief History of Photonic packaging

• Current solutions

• New packaging materials & processes

• Developing future Engineers and entrepreneurs in Photonic packaging

• Future Photonic Packaging
• LoCoPack

• Quantum Packaging projects for security, automotive (slides included for later distribution)
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• Downstream photonic semiconductor (chip) processing
• Die attach & wirebond, PIC packaging, co-packaging, hermetic (e.g. butterfly, TO)

• Optical & electronic interface design & simulation, thermal control

• Manufacturing process development to enable production ready volume manufacturing

• Founded 2007, 6 people in 2019, now 33 employees

• Many decades of telecoms optics & photonic packaging experience
• FOCUS ON SEMICONDUCTOR PHOTONICS, PHOTONIC INTEGRATED CIRCUITS (PICs) 

• ISO9001:2015 accreditation

Bay Photonics Products & Services

The 2020 team                The 2024 team
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Bay Photonics Products & Services

• Design the packaging
• Source the components
• Assemble the components
• Test the device
• Prototypes to Production

• 475m² of manufacturing & 
development space 

• 190m² office space
• Class 7 (10000) cleanroom & a well 

equipped Prototype Suite

Facilities      Services
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Bay Photonics Products & Services

• SolidWorks: mechanical, electrical, 
optical & thermal design & modelling

• Altium: PCB layouts

• Zemax: Optical Component Design

• X-Ray: Nikon Xray XT V 160-CT system
• SEM: Nikon Neoscope JCM-6000Plus 

Benchtop SEM /w element analysis.
• CMM: Mitutoyo Quick Vision Apex (0.1um 

resolution)
• Nikon High Magnification Microscope
• Ophir Nanoscan Beam-profiler

 Design      Inspection
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Bay Photonics Products & Services

• Semi-automatic die bonding (solder & epoxy)

• Cammax EDB80, EDB65

• Fully automated die-bonding (solder & epoxy)

• Palomar 3880

• Amadyne Fab1

• Vacuum reflow oven

• Palomar SST 5100 Vacuum Reflow Oven

• Void free solder joints

• Bond test equipment

• XYZTEC Condor Sigma Bond Tester

Eutectic and Epoxy Die Bonding
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Bay Photonics Products & Services
Gold & Aluminium wire/tape Bonding

• Semi-automatic wire bonding
• Kulicke & Soffa 4124 Au ball bonder (x2)

• Kulicke & Soffa 4523 Al & Au wedge bonder 

• Fully automated wire bonding
• Palomar 8100 automatic Au wire ball-bonder

• Palomar 9000 automatic Al & Au wedge-bonder

• Kulicke & Soffa Rapid Pro wire ball-bonder

• Hughes 2470 Palomar Al & Au wedge bonder

• ESEC 3100 Optima (in-Line) Au ball bonder & bumper

• Henniker HPT-200 Vacuum Plasma Cleaning System 
• Dage/Precima Industries 2400 Wirebond Microtester
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Photonic Alignment

Sub-micron optical alignment workstation

SMF alignment 

Fibre array to PIC 

• Fibers, Fiber Arrays

• Free Space Optical Components

• Athermal design & low stress bonding 

Array to PIC vertical grating  

Bulk optics  Lens alignment
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A  Very brief History of Photonics Packaging
(credit Bob Musk Entroptix PoP2 conference 2018)

Early 1980s (STC) Hi-Rel submarine 
1300nm Tx 
Features Diamond heatsink, laser 
welding complex fibre assembly,  low 
yield. And High cost c$10K !

Late 1980s (STC) 1300nm landline Tx 

Features decoupled (bare) fibre laser 
welding close to chip = higher yield. 
Lower cost tub package

Late 1980s/early 1990s (BT&D) sub module

Features small “low cost” SUB MODULE 
located on PCB, cooler or plastic butterfly .

2000s Ceramic packaging

Features lower cost, smaller 
footprint, multi layer capability, still 
mostly manual assembly 

2000s Si V groove for “passive 
align”

Requires precise chip placement 
and still low yield for high coupling

2010s Si V Photonic Integrated chip and Generic 
package (PARADIGM FP7 ICT 257210)

“one size fits all” = lower cost 

but only if purchased in very 

high volumes (still hermetic)
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Current prototype packaging solutions

• Low cost Prototyping
• Hermetic “gold box” packaging is 

too expensive for small 
quantities of prototyping or 
development samples.

• Bay Photonics have developed  a 
system to cost effectively 
produce suitable samples for lab 
testing using low cost materials 

• The disadvantage of this is that a 
re-design is often needed for 
production or high volume .
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Current prototype packaging solutions
Introducing the BEVI (Bay Evaluation Vehicle )
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Training tomorrows Packaging Experts

Bay Photonics have participated in 3 InnovateUK funded Projects to provide 
Photonic Packaging skills training for undergrads, start ups, and R&D engineers
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Training tomorrows Packaging Experts
Cohorts have learnt the fundamentals of PIC design and university foundries and 
essential packaging knowledge around materials, die bonding, wirebonding, fibre 
alignment and test.
Including hands on experience of packaging at Bay Photonics in-house advanced 
packaging centre, in some cases taking home a functioning PIC device in the Bay 
Photonics BEVI package.
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Training tomorrows Packaging Experts

Recorded sessions 
covering :-
photonics fundamentals, 
wafer processing, 
materials packaging,  
Quality (SPC), 
systems 
and 
marketing knowledge
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PIC Packaging Reality

• No one material will do all functions
• Need chip-to-chip optical interface

• Fiber for long reach

• Electrical & optical chips need interfacing

• Higher & higher electrical I/O count

• 10s of thousands for processors

• Light needs to get out of package
• Transparent packaging

• Mode field conversion, fibre optics

• Optical sources create heat
• Thermal issues for co-packaged optics
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Bay LoCoPack “Concept”

• Product platform designed for automation 

compatibility from day 1

• Open carrier allows access for P&P machines

• Glass Composite Structure enables new designs to 

be supplied in low volumes at far lower cost 

compared to metal packages (20% cost at qty>25)

• High volumes can also be produced at a low cost

• Reduced development time and faster New 

Product Introduction as same package can be used 

for prototypes & volume

• Sustainable photonics packaging material

• Completely transparent package interface offers 

interesting options for LIDAR 
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Bay LoCoPack “Concept” 
LoCoPACK New Product Introduction (NPI) process flow  reduces the product development time from 18 months to 9 month

Main time savings are 
made at early 

development stages

where the benefit from 
the LoCoPACK ToolBox 

enables faster 
prototyping design 

also prototype package 
material and design, 
negates the need for 

complete redesign for 
production 
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Thank You

Bay Photonics Ltd
EPIC Centre
Whiterock Business Park
Devon, England, UK

TQ4 7RZ

Tel: +44 (0)1803 714744

https://www.bayphotonics.com/

info@bayphotonics.com

Glenn George (CEO)
glenn.george@bayphotonics.com

Andrew Robertson (CTO)
andrew.robertson@bayphotonics.com

We are here!

There are more slides in the pack 
describing some of the recent 
packaging solutions Bay Photonics 
have provided in various quantum 
projects 

mailto:info@bayphotonics.com
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Quantum & (Q)PIC projects

• Innovate UK Quantum projects 
• AQUASEC (IUK 104615)

• SPIDAR (IUK44835)

• AIRQKD  (IUK 45364)

• QFOUNDRY (IUK 48484) 

• PADME (IUK 10031438)

• QPODS (IUK10032041)

• Q3MD (IUK 10032009)

• GALACTIC (IUK10077950)

• TRILOBITE (IUK10102696)

• MARCONI (IUK10103658)

• SANTANA (IUK10102355)

• SPARQLE (IUK10140518)

SPIDAR SPAD Array

Q-PIC

Q3MD FREE 
SPACE SPAD 

detector

AIRQKD FIBRE 
COUPLED SPAD 

detectorQFOUNDRY
VCSEL 

SPIDAR 64 
channel laser 
array
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Example Quantum Systems Deployed

AIRQKD SPAD

Absolute Quantum Gravimeter (AQG) uses an ensemble 
of laser-cooled rubidium atoms. Quantum matter-wave 
interferences are used to measure the acceleration of the 
atoms as they fall and to track variations of the value of 
gravity over time. 
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Galactic R&D Project
Bond pads Optical Outputs

• University of Strathclyde, Fraunhofer 
UK, Quantopticon, Ki3

• Generation of entangled photon pairs 
in PIC with microring resonator 
structures

• Through non-linear process of 
spontaneous four-wave mixing

• Quantum computing and quantum 
secure communications 

Fiber Array

PIC
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SPIDAR R&D Project

• IQE, Universities of Cambridge, 
Glasgow, Edinburgh, Heriot-Watt, 
SIVERS, Thales, Jaguar Land Rover, 
TOSHIBA

• Quantum Single Photon Avalanche 
Detector (SPAD) Array and laser 
emitter array 

• LIDAR for automotive and defence 
(single photon imaging, detection and 
ranging)

64 Channel 
laser array with 
input & output 
PIC 

128 Channel 
SPAD array 
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SPIDAR R&D Project

PIC attached to substrate on wire bonder 

64X laser bar 

PIC alignment to bar 

Wire bonding of laser bar 
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SPIDAR SPADs

Air/cooled ROIC/SPAD Unit 

Single pixel demonstration 

SPAD array & 16 channel ROIC 2D SPAD array  
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SPIDAR Laser Array

PIC attached to substrate on wire bonder 

PIC alignment to bar 

Wire bonding of laser bar Demonstrated 250m 
range operation 
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• Developed Compact Model to optimize cooling of hermetic packages
• Enables rapid design guidance

• Packaged SPADs under vacuum in TO can, butterfly, large custom package

• Performance of fibre coupled, butterfly package SPAD, 2 stage TEC
• Two stage -50C (single stage -30C)

• Performance of free space, TO can, 3 stage TEC
• Can achieve -55C, very reproducible

• Demonstrated ΔT>100C

• Stable, narrow linewidth VCSELs for quantum applications
• Fully automated manufacture into TO Can package

• Successful package SPIDAR SPAD Array and SPIDAR Phased Laser Array
• Full LiDAR system demonstrated

Summary
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AQUASEC & QFOUNDRY R&D Projects

• IQE, NPL, CSAC, TOSHIBA, Universities 
of Cambridge, Sheffield, & Cardiff 

• Quantum enabling optical sources & 
PICs, single photon sources, single 
photon avalanche detectors (SPADS), 
quantum

• Quantum secure communications, 
quantum enabled Positioning, 
Navigation & Timing (PNT) 

PIC Images from TOSHIBA - AQUASEC project
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QFOUNDRY Quantum components

• SPAD packaging required cooling of 
components to -50C
• Free space and fiber coupled devices

• Single mode VCSELs required precise 
temperature control to achieve required 
wavelength in miniature package 
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Thermal model of TEC cooling
Even “simple” packages have 
complex stack-up of elements

Simplified 
Compact  Model

• Assume single stage TEC

• Assume 1D heat flow

• Assume thin bond (Ignore bond materials)
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QFoundry SPAD

• Fibre coupled butterfly package, 2 stage TEC
• Standard telco is N2

• Standard welding machines do not seal in vacuum

• Bay developed vacuum process for butterfly packages to 
exploit improvement in low temperature performance

• Initial batch built under engineering control

QFoundry SPAD QFE1A4 vacuum butterfly package 

• Double stage TEC
• -50C achieved on a 

number of trial devices
• Initial trial of different 

environment
• Average reduction in temp 

N2 to vacuum ~7C
• Efficiency of TEC increases 

by ~15%
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Model Results - Environment

T_cold (°C)

T_amb (°C) #2 #4

21 -53.9 -68.8

0 -65.6 -78.2

∆ 11.7 9.4

• Environment 
• #2 – Nitrogen in hermetic package

• #4 – Vacuum in hermetic package

• Lowest achievable temperature

• Vacuum gives >10C improvement

• Lower ambient gives improvement, but not 1 to 1
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Model Results – Material

@ 
T_cold_Min

#3 #5 ∆

T_cold_Min -81.19 -81.71 -0.5

Current (A) 1.24 1.25 0.01

Th (°C) 28.90 27.59 -1.3

Power (W) 2.31 2.33 0.02

• Material 
• #3 – TO header material A

• #5 – TO header material B

• Expectation that material B would provide 
improved performance
• YES – but less than 1C improvement

Graph indicates difference in temperature between 
#3 & #5 as TEC current increased
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QFoundry Quantum VCSEL

• VCSEL use in Quantum
• 852nm Cs based magnetometers & atomic clocks

• 894nm Cs based magnetometers & compact atomic clocks

• 795nm Rb based magnetometers & compact atomic clocks

• 935nm Yb+ atomic clocks & quantum computers

• 940nm Mg atomic clocks 

• Offer narrow spectral width and high stability 
performance

• Bay designed thermally stable TO39 & TO46 packages 

• Micro-TECs

• Fully automated build (dimensional tolerances too tight 
for semi-manual build)
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VCSEL Performance

VCSELs in TO46 package 
VCSELs in TO39 package 

850nm 935nm 
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AIRQKD/Q3MD SPAD

• Free space, TO8 Can, 3 stage TEC

• Initial build with different epoxy attach

• Semi-manual build

• All samples achieved target -50C with most 
achieving -55C (thermistor limit) 
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AIRQKD/Q3MD SPAD

• Investigation of devices using X-ray tomography revealed 
non-perfect attach (voids) 

• Next batch built with fully automatic workstations

• All 16 devices achieved -55C

• Elevated temperature tested demonstrated ∆T>100C

X-ray tomography image of device 
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SPIDAR Quantum LiDAR

• LIDAR for automotive and defence 
(single photon imaging, detection and 
ranging)

• IQE, Universities of Cambridge, Glasgow, 
Edinburgh, Heriot-Watt, SIVERS, Thales, 
Jaguar Land Rover, TOSHIBA

• Quantum Single Photon Avalanche 
Detector (SPAD) Array

• Phased laser array to enable solid state 
beam steering 

128 Channel 
SPAD array 
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