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Outline

« Bay Photonics Intro

* Quantum Comms projects

« Compact model for optimizing TEC cooling
« Real component performance

¢ Summary
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Bay Photonics Products & Services 0 bay photonics

ced Photonics Assembly and Packaging

« 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
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Manutacturing Process Development 0 bay photonics
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Hermetic seam sealer &
projection welder



t@ Telecommunications Optics & Photonics Feb 23

Quantum & (Q)PIC Comms projects bay photonics
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* |nnovate UK
o PACKABLE (IUK 104511)
o AQUASEC (IUK 104615)
« AIRQKD (lUK45364)
« QFOUNDRY (UK 48484)
« PADME (IJUK 10031438)

PADME entangled
photon source

AIRQKD FIBRE
COUPLED SPAD
detector

AIRQKD FREE
SPACE SPAD
detector

PACKABLE PIC
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Quantum Photonic Semiconductor Packaging -
divergence
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* Mechanical (strength, mass, shielding, fixturing etc)

e Electronic (current, RF, ESD, etc)

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

* Environment (N,, vacuum, hermetic)

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

Quantum semiconductor packaging "divergence” .
uantu P g'ng I Drive to Low cost

Semiconductor

General Packaging Requirements "Leveraging Telco/Consumer

Wgth Wmentr X _everaging
ssipation eratmg eCtronics

temperature
\/ "\olume”

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

bay photonics
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Single photon 2

approx. 1000000x multiplication
Correctly detects photon entry. Maore ace infarmation
received per photon due to multiplhcation

1
sPAD| |
1

Photodetector I/V curve

AIRQKD SPAD
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Thermal model of TEC cooling

Complex stackup
of elements
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Simplified
Compact Model

Stackup

[o s

T cold + Cold Side
T_hot Hot side
Header
T_surface Lumped Heatsink

Ambient

« 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 (T,,) 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:

a(Ty,) — Seebeck Coef ficient
R(Ty,) — Electrical Resistance

k(Ty) — 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)

Table 1 - TEC Performance Data
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Hot Side Temperature ("C)

27

50

A Tmax (*C)

96

109

Qmax (watts)

0.33

0.38

Imax (amps)

1.3

1.3

Vmax (vdc)

1.9

22

AC Resistance (ohms)

142
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Model Mathematics
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° Where:

« T_.isthe cold side temperature (K)
« T,isthe hot side temperature (K)
Th — TC « AT is the difference in hot and cold

side temperatures (K)
« Q_is the heat load on the cold side (W)
ai(Th AT) — = lZR — kAT « iisthe input current (A)
o isthe seebeck co-efficient (V/K)
)  Risthe electrical resistance (Q)
aiTh—EizR—QC e kisthe thermal conductance (W/K)

k+ai

Q. = «aiT. ——lZR — kAT

AT

Qc

AT
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Model Results

Ambient T, = 27C, N, internal
atmosphere

*  For Qc = 0 model follows data sheet

* If heatload increased, compact model
diverges from data sheet

1onemperatunte Difference for Datasheet and Compact Model

— Compact Model
=== DataSheet

100 A

Temperature Difference (°C)
8

00 02 04 06 08 10 12 14 16
Current(A)
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Modification of model leads to
closer agreement

* As heatload increased, divergence is
worse as current increases

1ZoTemperature Difference for Datasheet and Compact Model

- Compact Model
=== DataSheet

100 -

Temperature Difference (°C)
2

0.0 0.'2 0'4 0.‘6 0,'8 —/1'0 1'2 1,'4 1'6
Current(A)

« BUT SPAD does not generate

heatload,i.e. Q- = 0, where

model is most accurate
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Model Results - Environment bay photonics

Advanced Photonics Assembly and Packaging

* Environment
« #2 - Nitrogen in hermetic package
« #4 -Vacuum in hermetic package

20 | #Z Iat 21°C
. —_— gt 21°C
* Lowest achievable temperature _ R il
E'E o . \ -=- #4at0°C ||
o
T_cold (°C) ESE BN
i f"'
T_amb (°C) 3 WO
E _4:] 11.."'- "‘.\"-.
21 = RN
; hﬂh\‘ﬁh’-ﬁ--
O E —60 “-hh"b.h -“"l-:-_:
A Rt THNE
—a0
0. oz 04 (L 08 14 12 14
* Vacuum gives >10C improvement CurrentiA)

* Lower ambient gives improvement, but not 1 to 1
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Model Results - Materia bay photonics
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 Material
e #3-TO header material A
e #5-TO header material B

[}
)

[Operating Point 1.254 @ 0.52°C

=
=]

=]
LA

T_ cold Min -81.19  -81.71

Current (A) 1.24 1.25 0.01
Th (°C) 28.90 27.59 -1.3

Power (W)  2.31 2.33 0.02

=] P, =] =
= Pd o

Decrease in Cold Side Temperature (*C)

=]
e

02 04 06 08 10 12 14
Current({s)

=
=

» Expectation that material B would provide
improved performance Graph indicates difference in temperature between

' # # TE i
* YES - but less than 1C improvement 3 &#5 as TEC currentincreased
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Model Results - Heatt
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OW

Kovar TO Can, Vacuum environment

Heatflow h=25W/m?2K 20 1 —— h=25W/m*K
« Laboratory, vigorous A/C only 5 o ] :;E:;E
Heatﬂovv h=250W/m2|< g —— h=1000W/m?K
 Forced air across heatsink (fan) E&_Eﬂ

f -40
Effect diminishes EE_ED

5

—a0
0.0 IlI 2 IlI 4 0. IE 0. IE ]_Il:l ]_IE 14

Currenif4)
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QFoundry SPAD

* Fibre coupled butterfly package, 2 stage TEC
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Rough
« Standard telcois N, . |vecuum |
» Standard welding machines do not seal in vacuum gm //f—_
« Bay developed vacuum process for butterfly packages to Tl L/
exploit improvement in low temperature performance s omaf——— /
 Initial batch built under engineering control NI

ol | el
10° 10° 10° L et 9 | 10

Pressure(Bar)

30 Figure 2. Air thermal conductivity as a function of pressure.

- « Double stage TEC
10 R « -50C achieved on a
S P S R e R R A e A P number of trial devices
£ p RS * Initial trial of different
e ‘., environment
E 40 . ; * Average reduction in temp
5 § N, to vacuum ~7/C
B TEC Current (A « Efficiency of TEC increases

~1EO
QFoundry SPAD QFE1A4 vacuum butterfly package by 15%
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QFoundry alpha production
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« Manufactured under pilot line production

1.5 1.6

Thermistor Temp (C)

-40

-50

TEC Current(A)
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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
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30

20

10

0.9 1 11 12 13 14 15 16
-10

Thermistor Temp (C)

-20

fs,

-30

AIRQKD target wgre., o

-40

s b e

-60

TEC Current (A) AIRQKD SPAD TO8
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Summary & Next Steps bay photonics

ced Photonics Assembly and Packaging

Developed Compact Model to optimize cooling of hermetic packages
Packaged SPADs under vacuum in TO can and buttertly
In real devices @ room temperature, see AT~70C

Performance of fibre coupled, buttertly 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
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Contact Details

Bay Photonics
Boundary of the
EPIC Ce ntre ) English Riviera UNESCO
White Rock Business Park Glshel Geparie UK
Waddeton Close, Paignton
Devon, England, UK
BABBACOMBE

TQ4 7RZ TORQUAY
Tel: +44 (0)1803 714744

Email: info@bayphotonics.com

PAIGNTON

Total area:

g y . 103.9km?
@J (62 4hm' tand,

41 Sk’ marine area)

BRIXHAM

If)ubxb

London
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