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Photonics 4 Sustainable Environment am.:

Sensingis life.

“ Photonics is a tool to drive innovation
% Photonics 4 raising societal awareness
» Adressing “issues” to be solved 4 sust. environment

% Right measures at the right time and place




Personal air quality monitoring: amiii
Improve people’s health and well-being o

World Health Organization?
s Air pollution is a major environmental risk to health (heart disease, lung cancer, and respiratory diseases incl. asthma)

s PM is a common proxy indicator for air pollution. It affects more people than any other pollutant.
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" R &  Official air quality monitoring stations provide
Vs only averaged outdoor but no indoor air data.
-> We spend 90% of our life in buildings

o~

¢ A portable air quality measuring device in our
smartphones or wearables — could solve this

problem.

1) https://Iwww.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health

L : ) / 2) https://www.who.int/data/gho/data/themes/air-pollution/ambient-air-pollution



Particulate Matter: Dust, droplets, ultrafines

B0 - distribution of airborne particles
- '_E illustrative graph, not real data.
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Dust: Short lived Solid particles broken from larger solids (settle-out)

Droplets: Liquid particles which grow as they condense gases out of the air).
Ultrafines: Short-lived emissions from combustion (nucleation centers).

http://nepis.epa.qgov/Exe/ZyPDE.cqi?Dockey=20008MAJ.PDF
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https://i.publiclab.org/system/images/photos/000/014/317/original/CORRECTillustrative3-peak-ultradropdust.png
http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=20008MAJ.PDF

Photonics & integration is enabler for amu:
personal air quality monitoring

PM reference device Mobile PM sensor
0*11*2,2 mm?3

63,5

Mounting Holes
/4 off M3 inserts

75

All dimensions in millimetres (+ 0.15mm)

PM ,,PM,,and PM  (PM

as an option)
Measures up to 40 um for pollen detection
Reduced power standby mode

425

Capability to measure up to 2,000 pg/m?
Onboard temperature and humidity sensor
SPI interface not included, order code 000-0SPI-00
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Detection scheme based on Mie scattering to count ami
matter particles between 0.3 to 2.5 um diameter Sensingis fe,

Light-particle
interaction volume

Transmitted light: ~1mW

m Incoming light: 1ImWw

Single particle scattering
power: 60 pW

Photodetecto



Main components of PM2.5 sensor system am..
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Whole sensor system ~9*11*2.2 mm?3 X-section of photonic unit

Light-particle
Interaction volume

Pump driver unit v / I |
Pump unit  Photonic unit VCSEL Photodiode+ADC  Light trap

Mems pump VCSEL
Pump carrier Photodiode + ADC
light trap



Concept & design requires extensive simulationsOIMLT
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Photonic Unit

% VCSEL light source emission characteristics . .

< Light guiding & cavity dump raytracing D —
% Light-particle interaction (Mie scattering) v e & y e

X/

+ Photodetector response

Pump unit
s MEMS micropump design
s CFD particle flow simulation

Driver unit
s |C design (data collection)
» Power unit
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Expected optical signal and stray light level amin

Scattered light from particles

Incident power [W]
12
= O 5= :
o -
=
o
""-:-J.\

0 0305 1 15 2 25
Diameter [um]

* Mie scattering from smallest single particles results
in ~ 60 pW incident power onto photodetector

Sensingis life.

Ray tracing to minimize stray light

s Beam (-1 mW) entering light trap experience min 4
bounces before it might reach the PD:
1mW*0.014 ~ 10 pW stray light



WLAN based PM2.5 sensor demonstrator amin
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Lab demonstrator
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« Wy b, Interface (FPGA)

Supply board

. WLAN server



Mobile sensor delivers high accuracy

PM25 /pg/m?
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Alphasense reference
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PM2.5 prototype

™ \,

L |
Mt B e g Vil W e

"

s

L U

t"‘.

Loy

.-l‘_r

i

0
09:00:00

12:00:00

15:00:00

15:00:00

21:00:00

00:00:00 03:00:00
Time

06:00:00

09:00:00

12:00:00

Hig
I
1ot

Sensing

Confidential © am

is life.

s AG
Page 11



am

Sensingis life.

Thank you!

Please visit our website
WWW.ams.com




