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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 transfer to volume manufacturing

• Founded 2007, comprising former Nortel Networks & JDS Uniphase engineers

• Many decades of telecoms optics & photonic packaging experience

Bay Photonics Products & Services
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Manufacturing Process Development

Palomar 3880 die bonder

Palomar 9000 wedge bonder

Hermetic seam sealer & 
projection welder
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Quantum & (Q)PIC Comms projects

• Innovate UK
• PACKABLE (IUK 104511)

• AQUASEC (IUK 104615)

• AIRQKD  (IUK 45364)

• QFOUNDRY (IUK 48484) 

• PADME (IUK 10031438)

PADME entangled 
photon source

PACKABLE PIC

AIRQKD FREE 
SPACE SPAD 

detector

AIRQKD FIBRE 
COUPLED SPAD 

detector
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Quantum Photonic Semiconductor Packaging -
divergence

• Mechanical (strength, mass, shielding, fixturing etc)

• Electronic (current, RF, ESD, etc)

• Thermal (high power, low temperature, temperature stability, cryogenic)

• Environment (N2, vacuum, hermetic)

• Optical (transparent material with characteristics to match other requirements!)

Semiconductor 
Application General Packaging Requirements

Wavelength Environment Heat 
dissipation

Minimum 
operating 
temperature

Computer CPU non optical
Non-
hermetic High -40C

Telco Colourless
Non-
hermetic Low -40C

LIDAR Eye-safe
Non-
hermetic High -40C

Quantum 
Technology

Narrow band 
(visible to IR) Hermetic High -50C to cryo

Drive to Low cost

“Leveraging Telco/Consumer 
Electronics”

“Volume”



✓

New optical Tx (+ve) margin 
only realised after 12 months 
of production and > 10000 
units per month  

Quantum semiconductor packaging “divergence”



Commercial in confidence

Telecommunications Optics & Photonics Feb 23

SPAD Detectors for comms

• Single Photon Avalanche Photodiode (SPAD)

• Similar to Avalanche PhotoDiode (APD) 
• biased well above its reverse-bias breakdown voltage

• With a structure that allows operation without damage or 
undue noise 

• Both free space & fibre coupled requirements

• Low temperature operation, -40C to -50C
• QFOUNDRY fibre coupled (butterfly package)

• AIRQKD free space (TO Can)

Photodetector I/V curve

AIRQKD SPAD
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Thermal model of TEC cooling
Complex stackup

of elements

Simplified 
Compact  Model

• Assume single stage TEC

• Assume 1D heat flow

• Assume thin bond (Ignore bond materials)
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Model Usage

• Used to extract the TEC performance curves determining delta T vs current

• The model can be used to create performance curves for any hot side 

temperature (Th) and any known heat load

• Model uses the data in Table 1 to extract 3 temperature dependent 

parameters

• Linear interpolation between the 2 hot side temperature values provides:
• 𝛼 𝑇ℎ − 𝑆𝑒𝑒𝑏𝑒𝑐𝑘 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡

• 𝑅 𝑇ℎ −𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒

• 𝑘 𝑇ℎ − 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒

• User can then use model to determine cold side temperature and vary 

parameters to optimise desired performance

• Materials

• Environment (both external and internal to package)
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• 𝑄𝑐 = 𝛼𝑖𝑇𝑐 −
1

2
𝑖2𝑅 − 𝑘∆𝑇

• ∆𝑇 = 𝑇ℎ − 𝑇𝑐

• 𝑄𝑐 = 𝛼𝑖(𝑇ℎ − ∆𝑇) −
1

2
𝑖2𝑅 − 𝑘∆𝑇

• ∆𝑇 =
𝛼𝑖𝑇ℎ−

1

2
𝑖2𝑅−𝑄𝑐

𝑘+𝛼𝑖

Model Mathematics

• Where:

• Tc is the cold side temperature (K)

• Th is the hot side temperature (K)

• ∆T is the difference in hot and cold 
side temperatures (K)

• Qc is the heat load on the cold side (W)

• i is the input current (A)

• α is the seebeck co-efficient (V/K)

• R is the electrical resistance (Ω)

• k is the thermal conductance (W/K)
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Model Results

• Ambient Th = 27C, N2 internal 
atmosphere
• For QC = 0 model follows data sheet

• If heat load increased, compact model 
diverges from data sheet 

• Modification of model leads to 
closer agreement
• As heat load increased, divergence is 

worse as current increases

• BUT SPAD does not generate 
heat load, i.e. QC = 0, where 
model is most accurate
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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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Model Results - Heatflow

• Kovar TO Can, Vacuum environment

• Heatflow h=25W/m2K 
• Laboratory, vigorous A/C only

• Heatflow h=250W/m2K
• Forced air across heatsink (fan)

• Effect diminishes
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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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QFoundry alpha production

• Manufactured under pilot line production
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AIRQKD SPAD

• Free space, TO8 Can, 3 stage TEC 

• 20 samples
• 100% achieve AIRQKD target of -40C

• 80% achieve -45C

• 15% achieve -50C

AIRQKD SPAD TO8-60
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• Developed Compact Model to optimize cooling of hermetic packages

• Packaged SPADs under vacuum in TO can and butterfly

• In real devices @ room temperature, see ΔT~70C

• Performance of fibre coupled, butterfly package SPAD, 2 stage TEC
• Can achieve -50C, although production devices only achieved -45C

• Performance of free space, TO can, 3 stage TEC
• Can achieve -50C, generally performance more reproducible

• Improve manufacturing process of butterfly packaging
• Particularly vacuum process

• Investigate bonding materials & process

Summary & Next Steps
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Contact Details
Bay Photonics
EPIC Centre
White Rock Business Park
Waddeton Close, Paignton
Devon, England, UK

TQ4 7RZ

Tel: +44 (0)1803 714744

Email: info@bayphotonics.com
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