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Ambient Air Quality — AAQ
Legislation
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Legislation of Ambient Air Quality (AAQ)

Ambient Air Quality (AAQ) Directives

Air quality in buildings on radar of European legislators (GEN - 1227.00)
European Parliament picks up on long-standing industry petition to regulate
Indoor Air Quality

GEN - 1227.00. On 25 March 2021, the European
Parliament adopted a resolution on the implementation EU Ro PEAN PO LI CY
of the Ambient Air Quality (AAQ) Directives, in which it

calls on the European Commission to regulate Indoor Air
Quality (IAQ) as well. The resolution is not binding on the &~
Commission but is nevertheless a significant milestone >

in the efforts to enshrine IAQ into legislation. It confirms
there is growing appreciation among legislators of the

importance of clean air indoors, reflecting an ambition
which Eurovent has been advocating for consistently.

>+
> &
) o

» X
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Energy performance of buildings directive - EPBD o

The directive will help reach the building and renovation goals set out in the European Green Deal —
Together with the proposals presented on 14 July, the
MAKING OUR HOMES revised Energy Performance of Buildings directive supports
the development of renewable and less polluting energy
AN D B U I LD I N G S F I T FO R systems for our homes and public buildings. They will:
A GREENER FUTURE

European
Commission

« decrease emissions

* save energy

« tackle energy poverty
« facilitate renovation

« improve quality of life

« generate jobs and growth

Buildings account for:

75%

of EU buildings
are not energy
efficient

85-95%
of EU buildings
are expected to

still be standing

of energy

of energy-related
consumed

greenhouse gas
emissions

in 2050

9
Source: https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/energy-performance-buildings-directive_en

#
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Ambient Air Quality — AAQ
What it Is about?
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Where Does Air Pollution Come From?

e mobile sources — such as cars,
buses, planes, trucks, and trains

 stationary sources — such as
power plants, oll refineries,
Industrial facilities, and factories

e area sources — such as agricultural
areas, cities, and wood/oil/gas
burning fireplaces

 natural sources — such as wind-

Fertilizer _ s ™

. 4 ' 5
b I Own d USt, Wi Idfi res y an d VO I Can OeS —-——-——- Oil & Gas } Industry, Power Plants, Sewage Treatment

?{Jurce: National Park Service, US available at https://www.nps.gov/subjects/air/sources.htm
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Sources of indoor air pollutants

Airborne

particles
from diesel
exaust, dust,
smoke, and other
sources

06

e

Household

odors&gases
from activities
such as painting,
cooking, and
smoking

Indoor
formaldehyde

from building
materials,
furniture, cooking,
and smoking

=
[~
§99

Source: https://catalysts.basf.com/industries/air-quality/indoor-air-quality

12

Ozone

from outdoor air
(ground level
ozone is harmful
to breathe)

O,

Technology. Passion. EBV.

Carbon
Dioxide
from people

exhaling and
cooking
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Sources of indoor air pollutants

OUTDOOR POLUTANT SOURCES INDOOR POLUTANT SOURCES

Filter/Fan

' MECHANICAL

VENTILATION

PARTICULATE MATTER VOCS/FORMALDEHYDE
Vahicle emissions Doors/Widows . Bu[ldlng m_aterlals
Power generation NATURAL « Office equipment
Industrial & agricultural VENTILATION » Cleaners /etc.

processes

Wildfire smoke CARBON DIOXIDE (CO,)

Envelope Leaks .
« Building occupants

INFILTRATION

%)urce: https://www.andatechdistribution.com.au/blogs/resources/indoor-air-quality-infographic
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Source

Why does CO, measurement matter?  afineon |

Indoor air quality monitoring matters...

...for health — reducing the risk of ...for demand controlled

~-for our comfort & well-being virus transmission ventilation & energy (cost) savings
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Air Quality
Ozone/
Nitrogen

TVOC CO, Humidity Indoor Air Quality Outdoor Air Quality Dioxide PM2.5

\\V European
> Environment
r/ Agency

Source

RENESAS

15
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INDOOR AIR QUALITY

Gas sensors:

What are VOCs?

Volatile Organic Compounds (VOCSs) are emitted as gases from certain solids or liquids.

(one of them) can be found in

... are some other VOCs.

What is the effect of VOCs on human body? ]
Volatile Organic Compounds (VOCs) concentration may generate health issue (can be up to -
serious issues if the exposure is regular or some VOCs high concentration) —

CO, Level above

Level Category TVOC Level VOC Effects
outdoor level

CO, Effects

No impact on health or decision

1 Fresh <250ppb No impact 400 — 1499 ppm making

Eye, Nose, Throat, Skin Irritation,
Headaches, Nausea, Dizziness

Moderate Decision-Making Fatigue,

2 WL 250 - 449 ppb Impairment and Concentration*

1500 — 2499 ppm

Long Term Exposure: Carcinogenic,
Lungs, Liver, Kidney & Central Nervous
System damage

Health Effects >5000 ppm (Nausea,
Headache, Dizziness). ; P,

>450ppb >2500 ppm
Significant Impairment of

Eye, Nose, Throat, Skin Irritation, Performance & Decision-Making*

Headaches, Nausea, Dizziness

* Usha Satish et. al, Environmental Health Perspectives, Dec 2012

" BT g 2l
: &
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Jargon
Air Quality — CO2, VOC and More

17

CO,
— Has historically (Pettenkofer — see below) developed to the standard surrogate for air quality in confined spaces
— Some HVAC standards (e.g. ASHRAE, USA) exclusively rely on CO,
— Within the range used for ventilation control (<2000ppm), CO, has no impact on human health
(seeslide CO, and Its Real Impact on Our Well-Being)

VOCs

— Volatile Organic Compounds = mixed gas = hydrocarbons (C,H,), and similar gases, often include CO and hydrogen
— VOCs cause eye irritations, headache, dizziness and contribute to sick building syndrome (SBS)

— Besides humidity, VOCs are the most critical reason to ventilate

Relation between CO,, hydrogen and VOC

— Whenever humans produce COz, they also produce proportional amounts of hydrogen and vice versa

— Odors from building material, carpets, furniture, cleaners, etc. are plain VOC-events

— Modern VOC-sensors detect both, harmful VOC-concentrations and unpleasant odors while capturing hydrogen

Pettenkofer
— Max von Pettenkofer, German Chemist, 1818-1901
— Discovered relationship between well-being and CO,-concentrations in indoor air in the 19th century

: . ) : S
— Laid foundation for use of CO, as indoor air surrogate (1.000ppm rule) ouree

ScioSense’
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Typical Indoor Air Contaminants

Breath

Skin respiration and transpiration

Human Being Elatus

Cosmetics

Household Supplies
Combustion

Technology. Passion. EBV.

(Engines, Appliances, Tobacco Smoke) Co,

Building Material,
Furniture,
Office Equipment,

PVC
Printers, Copiers, Computers

18

Paints, Adhesives, Solvents, Carpets Formaldehyde, Alcanes, Alcohols, Carbonyls,

Source
Sci§$ense“

Acetone, Ethanol, Isoprene
Co,
Humidity
Nonanal, Decanal, a-Pinene
Humidity demand
Hydrogen, Methane galmitelEe
Limonene, Eucalyptol ventilation
Alcohol, Esters, Limonene
Carbon Monoxide
Humidity

permanent,

Toluene, Xylene, Decane 5-10% ventilation

Benzene, Styrene, Phenole
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Classifying Air Quality | Source
CO2-, or equivalent CO2-based Sciosense

Guide Value

— CO,* in ppm (historically established as indicator/surrogate), or
— equivalent CO, in ppm (eCO,)

e Today's classification (slightly varies by country, organization, or standard)

Ultimate historical (good/bad) threshold: 1000ppm (Pettenkofer's law)

* Indicator, only. Within the concentration range used for ventilation (400-2.000 ppm), CO2 is not harmful to human health.

19
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Classifying Air Quality | souree
AQlI's (Air Quality Indices)

« AQI's vary in thresholds and composition of analytes (specific VOC mix, may also include ozone, NO,, particles,
CO,, CO, dioxines, mercury, etc.)

» Guide Values — exemplified by UBA‘'s* AQI

VOC mix (TVOC) i.e. blend of 50 VOCs with individual thresholds
Mercury

Does not consider hydrogen
« UBA classification .-.--_-

20 * UBA = German Environmental Protection Agency
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CO, and Its Real Impact on Our Well-Being

Volume %
* in air
10‘'000ppm M - 1%
30°000ppm W -3%
50°000ppm W - 5%
80°000ppm W -8%
Respiratory
- Shortness
of breath
Muscular
- Tremor

Visual
- Dimmed
sight

Auditory—/
- Reduced
hearing

Central

- Drowsiness

- Mild narcosis

- Dizziness

- Confusion

- Headache

- Unconsciousness

—— SKkin
- Sweating

Heart

- Increased
heart rate
and blood
pressure

Technology. Passion. EBV.

Source

WIKIPEDIA

The Free Encyclopedia

Important to know...

e Human breath contains approximately
4% (40,000ppm) of CO.,.
e Some people are permanently exposed to
high CO, levels
e 8,000ppm (standard for submarines)
e 5,000ppm (ISS — International Space Station)

e The ASHRAE regulation is still based on CO2

* Note: HVAC systems control between 0-2.000ppm COz2. Within this range COz2 is not harmful to human health.

21
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Temperature & Humidity - Applications

SMART

Agriculture

23
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Temperature & Humidity - Market

TABLE 3 INDUSTRIAL SENSORS MARKET, BY SENSOR, 2017-2025 (USD MILLION)

CAGR
Sensor 2017 2018 2019 2020 2021 2023 2025 (2020-2025)

Flow Sensor 2,353 2,497 3145 2,813 2,964 3,483 4,447 9.6%
Temperature Sensor 2,730 2,859 3,552 3134 3,256 3,718 4,607 8.0%
Level Sensor 3,155 3,336 4,186 3,730 3916 4,567 5,786 9.2%
Gas Sensor 362 379 471 415 431 491 608 7.9%
Pressure Sensor 1,684 1,772 2,213 1,963 2,051 2,368 2,969 8.6%
Position Sensor 1,795 1,904 2,396 2,141 2,254 2,645 3,372 9.5%
Image Sensor 578 662 895 855 959 1,265 1,793 15.9%
;‘:’;{ﬂfg g::sor 1,007 1,122 1,482 1,388 1,527 1,950 2,689 14.1%
Force Sensor 1,418 1,510 1,908 1,713 1,810 2,142 2,753 10.0%
Total 15,083 16,042 20,248 18,152 19,168 22,628 29,024 9.8%

Source: Press Releases, Investor Relation Presentations, Annual Reports, Expert Interviews, and MarketsandMarkets Analysis

24

Technology. Passion. EBV.

TABLE 1 AVERAGE SELLING PRICE OF VARIOUS INDUSTRIAL SENSORS, 2019

OFFERING 2019 (USD)
Flow Sensors 1.1
Temperature Sensors 0.7

Level Sensors 62.4

Gas sensors 211
Pressure sensors 0.9
Position Sensors 2.8

Image Sensors 1:3.
HUmidity and Moisture Sensors 0.893
Force Sensors 0.901

Source: Secondary Research, Expert Interviews, and MarketsandMarkets Analysis

The average selling price of industrial sensors varies from sensor to sensor.

Source

RENESAS
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Smoke sensor market: 8.2% growth expected*

Growth drivers:

Global 3.4 Billion USD * new achievements in advanced smoke detection
e.g.:
market (expected for 2027) « False alarm suppression

« Smart detectors:
« Self testing
« Connectivity for alerts

and remote management
Dual Sensor solutions with highest growth
expectation
rising governmental initiatives
Servicing business cases for commercial
2.3 Billion USD buildings.
(in 2022) Europe will _Iead market
Photoelectric sensors

*Source: e.g. Smoke Detector Market Size, Share, Industry Forecast 2022-2027 (marketsandmarkets.com)
25



https://www.marketsandmarkets.com/Market-Reports/smoke-detector-market-162940771.html?gclid=CjwKCAiA85efBhBbEiwAD7oLQNO8jSlXTJGQA7Iu0YGUrhqLJW58yixhwdZ9o0t02qqw7kSZnVGHwRoCqxkQAvD_BwE
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Trends for Smoke and Fire Detection pesnssswem—m

- for residential homes
Facts:

« More false alarms (6%) cause fire _ : T
service calls than real t)ires (5%) In non-domestic buildings

1/3 of fires are related to buildings
(Source CTIF 2018 n°23)

OSRAM

more complex fire alarm systems may
consist of Smoke, Fire Gas (CO), Flame,
or Heat Detectors

residential
homes

amu
)

Reqgulation, Norms & Trend Update:

 Residential Homes: DIN 14676-1:2018-12 (https://dx.doi.org/10.31030/2893226 )
-  Remote inspection (automated) possible now (DIN 14676-1C)
-2 loT & connectivity!
-> automated obstruction sensing possible by ToF or Radar
- Multisensors now permitted (if primarily for smoke detection)
e.g. for open kitchen / combined kitchen & living room
Smoke sensor norm EN54 part 7 and 29
- Definition of various smoke types for testing - also against false alarm!

“Burger-Test” = Smoke Alarm Nuisance Sources from Cooking Scenarios
Smoke type info to help fight fire and to help curing injured people
_ Queensland (Australia) enforced interconnected smoke detectors (-> connectivity)

| .
non-domestic

& challenging residential rooms

©BROADCOM

26



https://www.ctif.org/sites/default/files/2018-06/CTIF_Report23_World_Fire_Statistics_2018_vs_2_0.pdf
https://dx.doi.org/10.31030/2893226
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Theory of operation
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PAS — Photoacoustic Spectroscopy principle for CO, detection

Absorption chamber < Accoustic detector

- - A=42um e
accoustically isolated —— A e : optimized for low
from external noise " Y - frequency operation

AVAS AVAS
-0-9
Infrared T T
||ght source Optlcal filter | f | Source
Port for gas diffusion @'

» Infrared emitter with blackbody radiation characteristic — periodically chopped
» Optical filter to filter wavelength related to specific gas (A = 4.2 ym for CO,)
» Low frequency acoustic detector acting as a pressure sensor

— CO, molecules absorb light

— Absorption causes a periodic local change of temperature and pressure

— Change in pressure detected by the acoustic detector

» The absorption chamber is acoustically isolated from the external environment to provide accurate CO, sensing
information, otherwise the function of CO, would be significantly disrupted

» The detector is optimized for the low frequency range outside of the most important frequencies for speech and
language

28
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MOX Semiconductor — General principle

¢ A granular semiconducting material (SnO2) is applied onto an electrode
structure. This material can be doped with a catalyst to enhance performance.
Typical temp. range is 200 to 400°C

Oxygen from ambient air is absorbed onto the particles, trapping electrons

A depletion zone is built

A current is running through the layer on distinct paths

The presence of oxidizing or reducing gases modulate the depth of the
depletion zone

® The measured resistance is a function of gas concentration

oo
e. E. e.
()
(<)
o © o ©
Oxidizing gas Dry air
|
. | | ‘ Source
Sci§\Sense@

Conducting Bulk Depletion Layer

Technology. Passion. EBV.

Conducting
| Bulk

E
qu§
| -~ v
<> .
w o w =
N PSR >
R R
ELECTRODES
‘/THICKFILM\
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Relative humidity

30

RH is the ratio between the amount of water vapor
(moisture) in the air at a given temperature to the maximum
amount of water vapor the air can hold at that temperature;
expressed in %

RH is relative to the temperature at that moment

Warm temperature can hold more moisture than cold
temperature

Dew Point is a better indicator for “how comfortable the air
feels”, it is equal to or lower than ambient temperature

Absolute Humidity is independent of temperature,

30grams/m3 at 35°C
N—
<
M S .
<
N—
Temp 0°C Temp 7°C Temp 24°C Temp 32°C
RH 100% RH 55% RH 19% RH 12%
~ U

Technology. Passion. EBV.

Absorbtion and release
C, of moisture content

y y !
.
Y Y Y

Electrodes (porous
metallic membrane)

Reference capacitor

MOX: high sensitivity, long response time, large
hysteresis

Polyamide: high linearity, low sensitivity, fast response,
almost no hysteresis

Source *RENESAS




@ EBVElektronik —— {T{ENESAS W Technology. Passion. EBV.

| An Avnet Company |

Key Technical issues
Checking very high %RH ACCURACIES is not straightforward

CHALLENGES:

= Humidity and temperature are very slow to stabilize (if at all !!)

= Major challenge to control gradient of the stimuli in an enclosed
space

= Humidity readings highly depends on temperature. Thus, any
fluctuations in temperature will throw off the humidity accuracy

SOLUTIONS:

= Must use a professional high-quality environmental chamber

= Must use a very high-accuracy probe inside the chamber — can
not rely on chamber set point and control system

= Place the sensor under test as close as possible to the high-
accuracy probe inside the chamber, as show in the figure

——— o — -
- < ——

= If the chamber has a fan, place the device-under-test as far away v
as possible from the fan S A i M Y ]

et 1\ \NSANNNY

RENESAS

e e et A

— -

31 Source
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Key Technical issues

- . . Suggested Lead Free Reflow Profile
All humidity sensors are fragile ! arc
10. Soldering Information 200 zooc _

i 60s

-

[

=3
T

1

* The recommended soldering profile for a lead-free (RoHS-compliant) process must be
followed, to avoid irreversibly damaging the sensor.

-

(=3

=
T

Temperature (°C)
8

It is important to ensure this temperature profile is measured at the sensor itself.
Measuring the profile at a larger component with a higher thermal mass means the SO
temperature at the small sensor will be higher than expected. | |

0 50 160 1;0 2(;0 250
. . .. . . Time ( ds)
 For manual soldering, the contact time must be limited to 5 seconds with a maximum e eeeones

iron temperature of 350°C.

ek ye

==> |n either case, a board wash after soldering is not recommended. Therefore, if a

\l* ™~ ‘

§ i

solder paste is used, it is strongly recommended that a “no-clean” solder paste is used to '\T [i Llj'. %
avoid the need to wash the PCB. " Ve

3r bies Liin

* The sensors tends to dry out, and must be rehydrated after the soldering process.
* A relative humidity of 75% RH at room temperature for at least 12 hours

* Arelative humidity of 40% to 50% RH at room temperature for 3 to 5 days

Otherwise, in the relative humidity readings, there might be an initial offset, which will
slowly disappear as the sensor is exposed to ambient conditions.

- Source =RENESAS ﬂ
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Key Technical issues
Layout to minimize heat transfer

Undesired heat transfer paths to the HS3000 chip must be minimized.

Milled openin
P 9 Stray/parasitic heat from other components on the PCB will result in inaccurate

temperature and relative humidity measurements.

Solid metal planes for power supplies should be avoided in the vicinity of the sensor
since these will act as thermal conductors.

To further reduce the heat transfer from other components on the board, openings can
be milled into the PCB as shown.

Milled opening
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Fire/Smoke detection

lonization vs. photoelectric

lonization smoke alarm

PLATE Light source o Light beam
1
1
1

CIRCUITY

(L

I
~ I
e
I\-- L]

I

1

1
.’j

CIRCUITY

CIRCUITY

34
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Photoelectric smoke alarm

S N

e L

Light sensor
PLATE

Light rays activates sensor

sy

S

Smoke deflects light
PLATE
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Fire/Smoke detection - Optical

Addressing false alarm challenges

Next generation: \ﬁ'

Basic smoke Advanced smoke : _
€ smoke Spectral fingerprint

type classification - to decide on alarm

detector ( only) detector (  + )

Light absorbent Light absorbent Light absorbent 1:'( 4Smoldenng 2
surface surface surface o plastics

© EBV Elektronik

otV
_ 2
{%} Smoldering
wood

\‘ )
\ % Wood fire é
4# \ % cooking nuisance

© EBV Elektronik
© EBV Elektronik

(.burger test’)

N % (Oil) Dust s

e 4
emitter detector emitter detector\\ A*' Liquid fire é
% Cigarette

<
detector b

emitter

35




@ EBVElektronik —————— @sroaocom  Lyf..cpn.  ONSEMIL Technology. Passion. EBV.

| An Avnet Company |

Radiation detection with SiPMs (Silicon photo multipliers)

Radiation (e.g. gamma) ‘ digital signal

Radiatiomm—Scintillation— Light detection — signal
(light flash) (PMT, SiPM, )

mm s | ©

SiPM thickness:

PN: AEBR-S4xX

RADIOACTIVE Il
L1

Energy (photon counting) few mm!
Time
. SiPM best suited to read out scintillatorsScintillator thtgmlglt\;ﬁ_”er
4 ~a — Radiation detectors (a, B, y, n) ube ( )
o » CSPs: advantageous for small detectors/handhelds
Applications — Robust
» Radiation detectors (based on scintillators)- Low voltage AxAA
* Medical — Can be battery powered Chip Size X 4 Array
. . . — Insensitive to magnetic fields O Package
. gr?c:mlcagl PET ("?‘t”'ma') « 4x4 and 8x8 arrays: et (CSP) ﬂ
36 alety and security — large area- / multichannel-detectors — <—_«



https://www.broadcom.com/products/optical-sensors/silicon-photomultiplier-sipm/
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Sensor vs. supplier matrix — Environmental sensing
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https://ams.com/digital-temperature-sensors
https://www.microchip.com/en-us/products/sensors-and-motor-drive/temperature-sensors
https://www.nxp.com/products/sensors/ic-digital-temperature-sensors:MC_31128
https://www.onsemi.com/products/sensors/thermal-management/temperature-sensors
https://www.st.com/en/mems-and-sensors/temperature-sensors.html
https://www.vishay.com/sensors/sensors-temperature/
https://www.renesas.com/us/en/products/sensor-products/humidity-sensors
https://www.sciosense.com/products/environmental-sensors/
https://www.sciosense.com/products/environmental-sensors/
https://www.st.com/en/mems-and-sensors/pressure-sensors.html
https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/digital-gas-sensors
https://www.sciosense.com/products/environmental-sensors/
https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/digital-gas-sensors
https://www.microchip.com/en-us/products/sensors-and-motor-drive/co-smoke-detector-and-horn-driver-ics
https://www.renesas.com/us/en/products/sensor-products/sensor-signal-conditioners-ssc-afe
https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/digital-gas-sensors
https://www.sciosense.com/products/environmental-sensors/acm-family/
https://www.onsemi.com/products/sensors/ambient-light-sensors
https://www.infineon.com/cms/en/product/sensor/co2-sensors/
https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/thermopile-gas-sensor-detectors
https://ams.com/wireless-sensor-tags-interfaces
https://www.nxp.com/products/identification-and-security/nfc/ntag-smartsensor:NTAG-SMART-SENSOR
https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/analog-gas-sensors
https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/analog-gas-sensors
https://ams.com/wireless-sensor-tags-interfaces
https://www.onsemi.com/products/sensors/battery-free-wireless-sensor-tags
https://www.renesas.com/us/en/products/sensor-products/flow-sensors
http://ams.com/eng/Products/Flow-Sensing
https://www.renesas.com/us/en/products/sensor-products/flow-sensors
http://ams.com/eng/Products/Flow-Sensing
https://www.sciosense.com/products/wireless-sensor-nodes/
https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/thermopile-gas-sensor-detectors
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Ams OSRAM — AS62xx Family

amiii OSRAM

Temperature sensor product portfolio

Technology. Passion. EBV.

New Actual
AS6221T AS6221 AS6212 AS6214 AS6218
-5323,% 4%'2%’ 4W

+0.09°C @ 20°C... 42°C

+0.09°C @ 20..42°C

+0.3°C @ -40..-10°C
+0.2°C @ -10... 65°C

+1.0°C @ -40...0°C

+1.0°C @ -40..0°C

Accuracy +0.4°C @ 0... 65°C +08°C @0..65°C
+0.12°C @ 0°C ...60°C +0.3°C @ -40..125°C +0.3°C @ 65... 85°C . N . s
+05°C @ 85, 125°C +1.0°C @ 65...125°C +1.0°C @ 65...125°C
Resolution 16bit 16bit 16bit 16bit 16bit
Temp-Range 0°C to +60°C -40°C to +125°C -40°C to +125°C -40°C to +125°C -40°C to +125°C
Packade 6pin WLCSP* 6pin WLCSP 6pin WLCSP 6pin WLCSP 6pin WLCSP
9 1.5x1.0x0.5mm 1.5x1.0x0.6mm 1.5x1.0x0.6mm 1.5x1.0x0.6mm 1.5x1.0x0.6mm
1.71- 3.6V (0°C to
B . . 1.71 - 3.6V (0°C to 125°C) 1.71 - 3.6V (0°C to 125°C) 1.71 - 3.6V (0°C to 125°C) 125°C)
Supply 1.71-36V0°Cto60"C 2.00 - 3.6V (-40°C to 125°C) 2.0 - 3.6V (-40°C to 125°C) 2.0 - 3.6V (-40°C to 125°C) 2.0- 3-62V ((-:‘;0°C to
125°
6UA @ 4Hz 6UA @ 4Hz 6UA @ 4Hz 6UA @ 4Hz 6UA @ 4Hz
b 1.6pA typ. @1Hz 1.6pA typ. @1Hz 1.6pA typ. @1Hz 1.6pA typ. @1Hz 1.6pA typ. @1Hz
Constvr‘;egﬂon 2.1 A (max) @1Hz 2.1 pA (max) @1Hz 2.1 pA (max) @1Hz 2.1 pA (max) @1Hz 2.1 A (max) @1Hz
0.1pA typ. / standby (25°C) 0.1pA typ (standby (25°C) 0.1pA typ (standby (25°C) 0.1pA typ (standby (25°C) O.luAggo(é)tandby
Conversion Time 36ms (typ) 36ms (typ) 36ms (typ) 36ms (typ) 36ms (typ)
Interface 12C 12C 12C 12C 12C
Factory calibrated yes yes yes yes yes
Alert output yes yes yes yes yes

I2C addresses

8 (0x54 to 0x5B)

8 (0x44 to 0x4B)

8 (0x44 to 0x4B)

8 (0x44 to 0x4B)

8 (0x44 to 0x4B)

40

*The T has a different pinout (matching TI TMP117) and reduced height (500um nom instead of 600um). Beside that there is no difference
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amiii OSRAM

Fire/Smoke detection
Photoelectric effect - IRED & PIN Photo Diode

// Product: SFH 4059 2 Product: SFH 203 FA
‘// SFH 4056 ‘,// SFH 213 FA
IREDinT1 (3mm), TL % (5  SFH 4350 ~ T1%(5 mm), Surface SEH 2500/5 FA
Lt mm), Surface Mount Radial SFH 4356 ‘ - M_ount Raadial (SMR) SEH 205 FA
= (SMR) and CHIPLED SFH 4544 Sidelooker R —
SFH 235 FA
° SFH 4547 —
Half angle opt. from +3 to +30 M Half angle options from +10 N—
Devices with UL recognition —_— to £65°
& available on request (marked ~=E4254 S &
¢ ; SFH 4551
with E-#)
SFH 4558
Building Blocks amii OSRAM amui OSRAM
C ham ber 0603 9 0603 f]}} 1
fK 0603 .
q) il 1200 % OA_SM_SHDN ?
\ DGND D3 D4 S_SMOKE_OUT
é absorbent O absorbgnt /. . ¥ e # S Coe Lo | ew o
E Su rfaC e x Su rfaC e /‘ \\\ S_SMOKE_LED RI5 R R ;(1’%3 I iV I sl T
(D O o . \\ Tpgzs $283R U9 V+3V3D Dc:r:m AGTD AGTND
/ \\ E RESN2EN . \\\
®) . \ © T~ N0
= test signal, 0p Alarm SlgnaF\:{g J ?gg‘g
41 emitter detector. emitter detector' ﬁ



https://dammedia.osram.info/media/resource/hires/osram-dam-2495942/SFH%20203%20FA.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496031/SFH%20213%20FA.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2495998/SFH%202500%20FA.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496049/SFH%20205%20FA.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2495944/SFH%20235%20FA.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496052/SFH%20206%20K.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496010/SFH%204059.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496004/SFH%204056.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496268/SFH%204350.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496253/SFH%204356.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496283/SFH%204544.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496271/SFH%204547.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496286/SFH%204550.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496298/SFH%204554.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496295/SFH%204551.pdf
https://dammedia.osram.info/media/resource/hires/osram-dam-2496289/SFH%204558.pdf
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ams — Components for Optical Smoke Sensor
AS7343 — 14 Channel Spectral Sensor

Key features
= 12 spectral channel within 400nm — 1000nm

— 2 additional general-purpose channels (clear, flicker
detection)

* |ncreased sensitivity compared to AS7341 by up to 8x
(depending on channel)

= Improved outer band suppression of spectral filters
= Automatic ADC re-configuration for multi-channel read-out
» |mproved flicker detection (continuous flicker detection)
— Increased flicker sensitivity (2nd PD)
— Decreased 12C Interface loading (8-bit mode)
I2C Interface with 1MHz
Low profile package size with 3.1 mm x 2 mm x 1 mm

& EBVE ekiro; . !

| An
Avn@‘ Companyl

—> Increase reliability also in challenging
environments (bathroom, spa, kitchen)

—> Faster response
- Smoke type analysis for furher insight or Peak [nm] 400 425 440 473 514 555 547 595 635 685 745 850

new applications (fume hood) FWHM[nm] 30 22 55 30 40 100 35 80 50 55 60 54

| FlrelrzlFalra]Fv P el Fe] F7 | F8 | NR]

42
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ams OSRAM — Evaluation kit for multi-criteria smoke / fire detector

AS7343 smoke / fire detector with pre-integrated smoke chamber, ready for in-application testing

Hardware Infrastructure

AS7343 Smoke Detector evaluation kit consists of the following
ams OSRAM key components:

- * 1x AS7343 multi spectral sensor
» 2x SFH4171S NIR LEDs emitters
» 2x LUW CRBP white LEDs emitters

-

Spectral Range

Integration is provides a customized smoke chamber and
dedicated measurement software (incl. GUI) for performing

— | Software / GUI Infrastructure | | quantifiable detection / identification measurements

[ = & Setup Profoessional Lab Infrastructure for EvalKit Testing
/ - G o

:mh_h St WIS _'_ : Control + Log

43
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ams — AS7343 — 14 Channel Spectral Sensor

Next generation multi-purpose spectral sensor s ,
. 18v VDD @ VLED
- LED

Key features - POND  ps7aus X o)

= 12 spectral channel within 400nm — 1000nm T GND LDR

— 2 additional general-purpose channels (clear, flicker detection) %ﬁéﬁ rach
* Increased sensitivity compared to AS7341 by up to 8x (depending on g- § Spectral
channel) ° " $ SCL | 350-1000nm
. . MCU SDA
= Improved outer band suppression of spectral filters |
. . . . INT \K GPIO Trig/Sync
=  Automatic ADC re-configuration for multi-channel read-out L Eﬁ

= Improved flicker detection (continuous flicker detection)
— Increased flicker sensitivity (2nd PD)
— Decreased 12C Interface loading (8-bit mode)
I12C Interface with 1MHz
= Low profile package size with 3.1 mmx 2 mmx 1m

Sensitivity XIYZ_plus10.Hg.VIS.850

Applications
Emissive: SRy — :
» Spectral ALS with CCT measurement based on a precise light source S R B

identification for camera AWB (Spectral re-construction of light) _

*  Flicker compensated camera operation and image
High precision reflective color point and spectral measurements: PEalt | i) 00 [ 629 e | a8 [ Bi | 9 f e | B | B2 | EEY | 69 | B

«  Such as color measurements or lateral flow test applications FWHM[am] 30 22 55 30 40 100 35 80 50 55 60 54

44
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Broadcom — ezPyro

Pyroelectric Detectors — IR-Detector for Gas sensing:

investigation |

MP j

IR-Sensor with monochromatic band pass filters for 2-20 um

—> for integration in selective gas detection, \
N _ Gas Inlet Gas Outlet Y
Sensor needs additional light source :
. NDIR || ®BrROADCOM S &
« separate IR emitter (bulb or MEMS) for standard gas Components: 5 &
anaIySiS Gas Sensor Q<
c 2
* Hot gases (e.g. hot CO, / H,O In flames) ?fgteurﬁgé;?rg;nso# o 2
Due to technology and ambient IR radiation S

only evaluation of signal modulation / flicker
-> good measurement data

IR spectrum of hot co,

gases over fire / flames

Wideband IR

Eval kits are available:
-> for PoC & feasibility

Near IR

Visible
uv

Flame

Gas CO,

*Typically reference sensor(s) with detuned filter (from molecule resonance) in same
light path for compensation of ambient light or moving heat sources like humans

921N0S Y| SI MOWS &
:Bbuisuas swe|H

46
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Radon sensing

Radon is a dangerous naturally occurring radioactive gas
coming out of soll.

Issues in hon-sealed basements at bad ventilation = risk —
. _-_-_-________________—-—f
of lung cancer sng
?_ZERa
: . t 2, @
Broadcom SIPM can be used as a low voltage, high a
reliable, instantaneous (in situ) measurement method NP
\ N\~ Scintillation
% ' photons
I
sipm 8

Electronics

47
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AFBR-54 Silicon Photomultipliers: Applications
[ SIPM ]
NUV-SIPM \ NIR-SIPM
AFBR-S4N l l AFBR-S4P

2 - Safety / Security
Positron Emission »  Border Control

Tomography (PET) © CBRN defense

Nucelar decomissioning

Life-Sciences: e Photon- [ N~ B ML’;L”T% r{] SzOLOQY
Radon detetection counting CT [ , | O IfIT

Flow cytometry , « Photon Counting X-ray
Hygiene detectors RO ] e O D . : .
Cell sorting ST D= 8 ata-comm I 7 LIDAR & Ranging
Time-corellated e A « Underwater comm. .

fluorescence il « Long-distance line-of-sight '
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Infineon — PAS CO2

XENSIV™ environmental sensor based on the photoacoustic principle

* Unprecedented small form factor in
an SMD module
* ppm reading of the CO2 level

Ml e e » Operating range
S I * CO,: 0 ppm to 10,000 ppm
£ » Temperature: 0 °C to 50 °C
i » Supply voltage
o T e g, =N mo - ¥BBB \:/3;?1;/\/
Acoustic CO, « Interface: UART, 12C, PWM
sensor
=42 pm e, _ \
% A ” & O « Ventilation control/building automation \
A e * Smart appliances such as air purifiers, air conditioners
A A & ‘ - & « Consumer devices for air quality monitoring, such as
A _| | i sz thermostats, weather stations and personal assistants
! « Smart indoor lighting
T T T T * In-cabin air quality monitoring
Infrared Optical Absorption chamber Microphone
light source filter with dif usion port with output

50
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Comparison of CO, sensing technologies

XENSIV™ PAS CO2 beats NDIR in size and cost, with the same or even better performance

XENSIV™ PAS CO2 NDIR

Size

Cost

Accuracy

Long term drift
Warming time
Response time

Selectivity

Humidity impact

Power consumption

PAS = Photo Acoustic Spectroscopy EC = Electrochemical
worst . . best NDIR = Non Dispersive Infrared Light eCO, = equivalent CO,

51
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Infineon — Pressure & Temperature sensor portfolio

Miniaturized, lowest power consumption & highest precision

Key features

DPS310: 2x2.5x1.0 mm
Q DPS368: 2x2.5x1.1 mm

Peak current: 345 pA (pressure
DPS310 _ measurement)
Low power & high |

Standby: 0.5/ 1.0 yA

robustness against
water, dust &
humidity

1. Pressure sensor fully functional after 50 m under water for 1 hour

DPS368 is robust against water
(IPx8)%, dust & humidity

precision
== Pressure temperature sensitivity:
0.5Pa/°C
Precision: £0.002 hPa (2cm)
DPS368 @ Rel. accuracy: + 0.06 hPa
DPS310 + Abs. accuracy: £ 1.0 hPa

52

Technology. Passion. EBV.

Key value

Space-saving
integration into device

Increased battery
lifetime

No drift over wide
temperature range

Precise detection
of altitude, activity, air
volume, etc.

Easy operation in harsh
environment
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Infineon — DPS310 & DPS368

Pressure & Temperature sensors

Oy

DPS310

Low power & high
precision

DPS368

DPS310 +
robustness against
water, dust &
humidity

53

Operation range: Pressure: 300 —1200 hPa. Temperature: -40 — 85 °C.
Pressure sensor precision: £ 0.002 hPa (or £0.02 m) (high precision mode).
Relative/Absoluteaccuracy: + 0.06 hPa (or £0.5 m)/£ 1 hPa (or £8 m)

DPS368 only - IPx8 certified: Temporary immersion of 50m for 1 hour
Temperature accuracy: = 0.5°C.

Pressure temperature sensitivity: 0.5Pa/K

Measurement time: Typical 27.6 ms for standard mode (16x). Minimum: 3.6 ms
for low precision mode.

Average current consumption: 1.7 pA for pressure measurement, 1.5 pA for
temperature measurement @1Hz sampling rate, standby: 0.5 pA.

Supply voltage: VDDIO: 1.2-3.6 V,VDD: 1.7-3.6 V.

Operating modes: Command (manual), Background (automatic), and Standby.
Calibration: Individually calibrated with coefficients for measurement correction.
FIFO: Stores up to 32 pressure or temperature measurements.

Interface: 12C and SPI (both with optional interrupt)

Package dimensions: 8-pin PG-VLGA-8-2 ,2.0 mm x 2.5 mm x 1.1 mm.




@ EBVElektronik

(Tmneon /

Infilneon — Pressure sensor

Low energy consumption

1 Pa
(0.1 m)

2.5 Pa
(0.25 m)

>5 Pa
(0.5m)

Precision

‘W‘

Altitude control

+2 cmmode — 8 Hz > BRI

[

Jir"

s
°
N -

Measurement rate

N,

54

1 Hz

32 Hz

Technology. Passion. EBV.

=
Efj Different operational
modes that can be optimized
for different use cases

o,
Pressure sensors use
over-sampling and time
measurement

Operation modes:

B High precision mode

" | Standard mode

.~ Low power mode
Ultra-low power mode
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Infineon — Pressure sensors
High sensitivity

Sensors have a resolution | Low pressure noise of |
of up to 0.002 hP (2 cm) only ~0.4 Pa
A walk through the office with DPS368
o openin :
957 4 p g Detalls Extraction of Pressure Data
s Floor 1 A i
g : Floor 1.1 956,71 | | A | — Walking
= | Walking 956 69 | ! Ay on
. | downstairs | Floor 2 5 | "/ plateau
& N\ £ 956,67 |
G 9568 Floor 2.1 f" p= 956 65 H . h f
p 920,00 v eight o
Floor 3 % 956,63 AV | Onegstep
Floor 3.1 a 956,61
956,59 /’“\J
o 956,57 | :
550 o - - - 125000 126000 127000 128000 129000

tinms
55
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Infineon — Sensor APIs

« Extensive API
« ModusToolbox
« Multi-platform support

56

ModusToolbox\

ModusToolboxW

kspace/mtb_shared,/sensor-xensiv

asco2/release-v1.0.0/docs/htmi/

8 cy_syslib_gce.S

Befl~ooovo | m

[H xensiv_pasco2.h [¢) xensiv_pasco2.c

ndex.html - Eclipse IDE for ModusToolbox™

Technology. Passion. EBV.

@ sensor-xensiv-pasco? 2

|5~ ‘ﬂIe‘///D‘/MyPru/MudusTUuIbuxWUlkspace/mib,shared/sensul-xensiv-pas:UZ/reIease-v1.U‘D/dDcs/html/mdex‘himl

Sensor-xensiv-pascoz2

- X
Q im |
= B & Outline & #8=0
v ‘ B There is no active editor that provides
an outline.
~

Eile Edit Navigate Search Project Run Window Help
C-H@ s -&-B0ibIlEaN:cr IR Sk -0 -A-OF HE
(25 Project Explorer &2 i Registers %, Peripherals = B [@mainc [Eox12a
BT 8 oo
~ & html o
'l
> (= search .

@ beson0 Infineon

@ bdwn.png /

@ closedpng

@ docpng

Home | API Reference ‘

[ doxygen _style.css

@ doxygen.svg

[2 dynsectionsjs

@ folderclosed.png

@ folderopen.png

@ group_group__board_libs__mtb.html

|2 group_group_board_libs_mtb,js

@ group_group_board_libshtm|

= group_group_board_libsjs

@ indexchtml

= jqueryjs

@ logo.png h
< >

Sensor-Xensiv-pasco?

> XENSIV™ PAS CO2 sensor

» APl Reference

[ Quick Panel (= Variables % Expressions ® Breakpoints =~ O

Eclipse IDE for o
ModusToolbox™

~ Start

= New Application

& import Application & Console [21 Problems @ Memory

XENSIV™ PAS CO2 sensor

(Q- Search

E Library Manager 1.40 s - O X
Settings Help
Directory: ‘D:/MyPrDiModusTuoIboxWorkspacEIEC,Master | ‘ Browse... |

Project: | D:/MyPro/ModusToolboxWorkspace/12C_Master

Active BSP: ‘ CYBCKIT-06252-43012

& Search Online for Code Examples

B2 <Closed> COM59 &2
& Search Online for Libraries and BSPs Pressure 992.76 mbar
. N Temperature: 25.51 °C
& Training Material
& Refresh Quick Panel coz2: 522 ppm
Pressure 992.74 mbar
~ mth_shared Temperature: 25.46 °C
& Build mtb_shared Application co2: . 519 ppn
o Clean mth_shared Application Pressure 992.74 mbar
Temperature: 25.49 °C
- Launches
& Generate Launches for mtb shared v

Getting manifests fro
FEREEEEREEEES

Closed - Encodina: Default (IS0-8859-1)

Processing super-mal
Successfully acquired

Reading project (D:/1

Successfully acquired project information.

e

‘Entermtertext ‘ 7
BSPs ‘ Libraries ‘
Name + Shared  Version =
multi-half-bridge Latest 5.X release
V| retarget-io v 1.3.0 release
rgb-led 1.2.1 release
sensor-light 1.1.0 release
sensor-motion-bmi160 1.1.1 release
sensanArisntationahmyl A L0 Lrels
sensor-xensiv-bgte0tnoc 0.63 release
V| sensor-xensiv-dps3xc v 1.0.0 release
V| sensor-xensiv-pasco2 v 1.0.0 release
serial-fl 2

V| sensor-xensiv-dps3xx
V| sensor-xensiv-pasco2
serial-flash

1.0.0 release
1.0.0 release
1.3.0 release

Update | |

Close
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NXP — Digital Temperature Sensors portfolio at a glance

A
Accuracy
e ) 13c/2C
+0.4°C P3T1084 | 0.4°C (12-bit ADC)
L ) 1.4-3.6V; WLCSP-6
° 13c/nzc 1t N\ ) 13C/12C
+0.5°C £0.5°C (12-bit ADC) ESLESIDL P3T1085 P3T1035 | *0.5°C (12-bit ADC)
1.4-3.6V: TSSOPS LI:):'?b-l-:|.75\l.'_)DP/QgOOJ L ) 1.4-3.6V; WLCSP-4
13C/I2C
X ) +0.5°C 12-bit ADC
1oC (12_bi'f’%g P3T1750DP 1.4-3.6V; WLCSP6
A2 Ay- P3T1750DP/Q900 For DDR3 +1°C Remote
+10C 1.4 36V, TSSOP8 U Q J +1°C (11-b|t) +2°C Local 11-b|t)
- 2K E2PROM
e A | PCT2075 SE98A SE97B SA56004
For DDR3
+1°C (11-bit) 13C/12C
+2°C il L”ziucsg gaq‘iag‘i ADC 1.7Vt 3.6 P3T2030 | +2°C (12-bit ADC)
LM75A | 25vt055v LAS OV WLESP
> Features
Remote & Local Temp Sensor Local Temp Sensor b New Local Temp Sensor
Remote
Sensor
(]
58

Local Sensor Local Sensor
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NXP — Digital Temperature Sensors portfolio at a glance

S AT I 1.4V ~ 3.6V 1.4V ~ 3.6V 1.4V ~ 3.6V 1.4V ~ 3.6V

Temp range -40°C ~ 125°C -40°C ~ 125°C -40°C ~ 125°C -40°C ~ 125°C

Interface 12C (up to 3.4 MHz HsM)
I13C(up to 12.5MHz)
In-Band-Interrupt(IB)

Low power(push-pull)

12C (up to 3.4 MHz HsM)

I13C(up to 12.5MHz)
In-Band-Interrupt(IB)
Low power(push-pull)

12C (up to 3.4 MHz HsM)

I13C(up to 12.5MHz)
In-Band-Interrupt(IB)
Low power(push-pull)

12C (up to 3.4 MHz HsM)

I13C(up to 12.5MHz)
In-Band-Interrupt(IB)
Low power(push-pull)

e eniestel el 12-bit (0.0625°C) 12-bit (0.0625°C)

12-bit (0.0625°C) 12-bit (0.0625°C)

+1°C @ -40°C ~125°C +1°C @ -40°C ~ 125°C

+0.5°C @ -20°C ~ 85°C

+1°C @ -40°C ~125°C
+0.5°C @ -20°C ~ 85°C

+1°C @ -40°C ~125°C
+0.4°C @ -20°C ~ 85°C

Max temp
accuracy

I2C Alert pin YES YES YES YES

Device address

32 (3 address pins) 32 (3 address pins) 4 (1 address pin) 4 (1 address pin)

12C/I3C YES YES YES YES

Quiescent 6UA 6UA 6UA 6UA

current

Package TSSOPS8 TSSOPS8 WLCSP-6 (3 x 2) WLCSP-6 (3 x 2)

3.0mm x 3.0mm 3.0mm x 3.0mm 0.84 mm x 1.18 mm,

0.4 mm pitch

0.84 mm x 1.18 mm,
0.4 mm pitch

AEC-Q100 Grade 1
three address pin — 32
addresses

High accuracy +0.5°C
AEC-Q100 Grade 1
three address pin — 32
addresses

High accuracy +0.5°C
one address pin — four
addresses

High accuracy +0.4°C
one address pin — four
addresses

P3T1750DP & P3T1755DP & P3T1085UK P3T1084UK P3T1035xUK
DP/Q900 DP/Q900 (coming up soon)

1.4V ~ 1.98V
-40°C ~ 125°C

12C (up to 3.4 MHz HsM)

I3C (up to 12.5MHz)
In-Band-Interrupt(IB)
Low power(push-pull)

12-bit (0.0625°C)

+2°C @ -40°C ~ 125°C & >1.62V
+0.5°C @ 0°C ~ 70°C & & >1.62V

NO

8 (fixed by OTP)
YES

6UA

WLCSP-4 (2x2)
0.88 mm x 0.93 mm,
0.4 mm pitch

High accuracy +0.5°C
Smallest package
fixed address — 8 parts

P3T2030xUK
(coming up soon)

1.4V ~ 1.98V
-40°C ~ 125°C

12C (up to 3.4 MHz HsM)

I13C (up to 12.5MHz)
In-Band-Interrupt(IB)
Low power(push-pull)

12-bit (0.0625°C)
+2°C @ -40°C ~ 125°C & >1.62V

NO

8 (fixed by OTP)
YES

GUA

WLCSP-4 (2x2)
0.88 mm x 0.93 mm,
0.4 mm pitch

Low pin count
Smallest package
fixed address — 8 parts
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NXP — Pressure Sensor Portfolio

60

MPX10/12/53 DG
10...53 kPa

SOP, Unibody

MPX2 Series ADGYV
10...300 kPa

ChipPak, Unibody

MPX7 Series DG
+2...+25 kPa
SOP

MPX4 Series
6...250 kPa
SOP, SSOP, Unibody

MPX5 Series
4..1°000 kPa
SOP, SSOP, Unibody

MPX6 Series A
100...400 kPa
SOP, SSOP

ADG

ADGYV

MPL3115 (Digital 12C) A
115 kPa Smart Baro/Pressure
3 x5 mm LGA

MPL115 (SPI) A
115 kPa Smart Baro/Pressure
3 x5 mm LGA

Uncompensated
High sensitivity analog output
Need external circuit for compensation and amplification

Temperature Compensated
Integrated temperature compensation
Need external circuit for amplification

Integrated Pressure Sensor
Integrated signal conditioning for temperature compensation, linearization and amplification

PACKAGE EXAMPLES

oo

SOP SOP SOP Unibody SSOP Medical LGA
Basic Side Axial Dual Basic ChipPak 3 x5 mm
Case Port Port Port Case Case Case

Integrated Digital Pressure Sensor
I2C Digital Interface with digitized output in Pascal or meters.

SPI Interface
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NXP — MPL3115A2, MPL3150A2, FXPQ3115BV

Precision Pressure Sensor / ALTIMETER

DIFFERENTIATING POINTS

- Internally compensated, software is not needed
- Direct reading pressure in Pascal or Altitute, plus Temperature

PRODUCT FEATURES
« Pressureresolution: 1.5 Pa

- Guaranteed drift over time (<20 Pa) for use in “pseudo differential mode”
« Pressure ranges: 20 — 110 kPa and 50-150 kPa

- 1.95V to 3.6V supply voltage
- I2C digital interface

- Interrupt driven events

- 32-Sample FIFO

- Low power down to 8uA

PART NUMBER INTERFACE PF;iSNSggE

MPL3115A2 1°C 20kPa-110kPa
MPL3150A2 [2C 50kPa-150kPa
FXPQ3115BV 1°C 20kPa-110kPa

RESOLUTION

1.5Pa
1.5Pa
1.5Pa

RELATIVE
ACCURACY

0.05kPa
0.05kPa
0.05kPa

GEL COATING

Standard
Standard
Bio Compatible

Package
3x5x1.1mmLGA

Key Applications

Medical, Industrial & Consumer

- Altimeters/navigation systems
- Weather station equipment

- Health / Activity Monitors

- Oxygen Concentrators

- HVAC/Ventilation system

- Tank pressure monitor

- Medical respiratory

- E-inhalers

- Bolilers
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Renesas —Environmental Sensing Solutions

Intelligent Sensor
: Modules Sensor Hub
Discrete Sensors

i S +
Accelerate Time to Market Sensors + Firmware for ENSOIS Sensors +

2018 - 2023 firmware 2024+

2023

Reduced Development Costs

No need for individual sensor
firmware integration on host MCU

Enabling additional analysis using Al for
multi sensor data
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Renesas — HS4x & HS3x

Digital Relative Humidity & Temperature Sensor

RENESAS HS4X

- Features Benefits Use Cases

+ =+1.5% Relative Humidity Accuracy (HS4001, HS4101) + Digital 1°C Output (HS400x) * monitor ambient
+ Temperature sensor accuracy of =0.2°C (HS4001/2, HS4101/2) | « Analog Output (HS410x) enV|r.0nment
» Fast RH response time (Typical 3 seconds) . * monitor temperature and rh

Very low power consumption
« Silicon-carbide capacitive sensing element

levels inside IoT devices
* monitor water ingress

* 14-bit resolution, 0.01%RH (Typical)
* Low power consumption, 0.62UA average

+ Digital and Analog Output * Excellent stability against aging « monitor condensation build
25 X 25 X0.9mm + Supply voltage, 1.71V to 3.6V * Highly robust lprote(;:_tqon fron:jharsr;] e up
environmental conditions and mechanica : :
DFN-style 8-LGA package chock « preventative maintenance

» Automotive Qualified, -40°C to +125°C

RENESAS HS3X

_______ Features Benefits Use Cases

«  *1.5% relative humidity accuracy (HS3001) « Digital I°C output « monitor ambient
» Temperature sensor accuracy of =0.2°C (HS3001, HS3002) * Very low power consumption environment

{ * Fast RH response time (Typical 3-6 seconds) « Highly robust protection from harsh * monitor temperature and rh
+ 14-bit resolution, 0.01% RH (Typical) environmental conditions and mechanical levels inside IoT devices
* Low power consumption, 1.0pA average (one RH+ T shock « monitor water ingress

measurement per second) * Excellent stability against aging « monitor condensation build
* Extended supply voltage, 1.8 t0 5.5V « Silicon carbide capacitive sensing element up
3.0 X241 x0.8mm * preventative maintenance
DFN-style 6-LGA package

, a
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Renesas — HS300x & HS310x

Digital Relative Humidity & Temperature Sensor

Features:

Silicon carbide structure

+1.5%RH, £0.2°C accuracy (HS3001)
+3.8%RH, £0.3°C accuracy (HS3004)

Fast RH response time (Typ. 6 seconds)
0.1%RH/Yr drift

14-bit resolution: 0.01%RH (Typ.)

Low power consumption: 1.0UA average
Digital/Analog output

Extended supply voltage: 1.8V to 5.5V
3.0x2.41x 0.8 mmLGA

Product family approach for varied accuracy levels

Benefits:

66

Integrated temperature and humidity sensing solution

Small form factor solution with lower system cost

Low power consumption saves battery

14-bit high resolution provides extremely tight accuracy
Insensitive to environmental contaminants like dirt and dust
Small size solution saves space & BOM for compact designs
On board calibration reduces time to market

Wide supply voltage range eliminates the need for LDO/DC-DC

Technology. Passion. EBV.

Key applications:
* White goods

* Weather stations & Dew point temperature
 HVAC and air control systems

* Portable and battery operated ﬂ’ﬂ =

l\“\

T

Relative Humidity

HS3001 +1.5%RH (Typical), 3.0 X 2.41 X 0.8mm, 6-LGA -40°C to
+125°C

HS3002 +1.8%RH (Typical), 3.0 X 2.41 < 0.8mm, 6-LGA -40°C to
+125°C

HS3003 +2.8%RH (Typical), 3.0 X 2.41 < 0.8mm, 6-LGA -40°C to
+125°C

HS3004 +3.8%RH (Typical), 3.0 X 2.41 < 0.8 mm, 6- -40°C to
LGA +125°C

The HS310x features a hydrophobic membrane
protecting it from environmental dusts, particles,
and liquids.



https://www.idt.com/us/en/products/sensor-products/humidity-sensors
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Renesas — HS3XXX relative humidity & Temperature sensor

High Accuracy Relative Humidity & Temperature Sensor

 Feawres | Benefits | Applications

+1.5% relative humidity accuracy
(HS3001)

Fast RH response time (Typical 3-6
seconds)

14-bit resolution, 0.01% RH (Typical)
Low power consumption, 1.0pA
average (one RH + T measurement per
second)

Temperature sensor accuracy of
=+0.2°C (HS3001, HS3002)
Extended supply voltage, 1.8t0 5.5V

« Silicon carbide capacitive sensing
element

» Excellent stability against aging

 Highly robust protection from harsh
environmental conditions and
mechanical shock

» Very low power consumption
« Digital I2C output

Climate control systems
Home appliance

- Weather stations

Industrial automation
Process controls and monitoring

- Automotive climate control

Medical equipment

High RH Accuracy and Long Term Stability You Can Depend On

HS3001 Accuracy at25° C

Maximum Tolerance
+8 === Typical Tolerance

RH Accuracy Tolerance (%RH)
I+

+0

i i i i i i i i i
0 10 20 30 40 50 60 70 80 90 100
Relative Humidity (%RH)

HS3001 Accuracy over Temperature

90

2.0 25

~
=}

2.0

o
o

k2.0 15

Rel. Humidity (%RH)

w
o

2.0

=
o

10 20 30 40 50 60 70
Temperature (°C)

o
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Renesas — HS400x/HS401x product family

12C digital output

« Features: Application Circuit Pin-Out Diagram
- Digital 12C output SCL ALERT NC SDA
- +1.5%RH accuracy (HS4001/HS4011) 22kn§ B

_ % SDA VSS 4t et
- Fast RH response time (Typ. 4 seconds) s —__L
- 0.1%RH/Yr drift w | NC NC
- 14-bit resolution: 0.01%RH (Typ.) M&= ALERT NC ,
- Low power consumption: 0.62uA average e w— SCL vDD {m N [,
masier 1H i E E E E E E E
- Supply voltage: 1.71V to 3.6V ! I 9 161 17} 18
- Operating temperature: -40°C to +125°C VDD NC NC Vss
- i;g 2'1502 0.9 rlnfm ;GA Relative Humidity Accuracy Temperature Accuracy
] Q-100 qualifie Hsa001  +1.5%RH (Typical), 10% to 90%RH +0.2°C
* Benefits: HS4011
- Integrated temperature and humidity sensing HS4002 +1.8%RH (Typical), 10% to 90%RH +0.2°C
solution
Small f fact luti ith | t 54012
© Sl form factor soltion WIth IoWeT SyStem < 100s £2.5%RH (Typical), 20% to 80%RH +0.25°C
- Low power consumption saves battery HS4013
- 14-bit high resolution provides extremely tight HS4004 +3.5%RH (Typical), 20% to 80%RH 10.3°C
accuracy HS4014

- Small size solution saves space & BOM for
compact designs - _ : :
- Hydrophobic membrane (HS401x), IP67 rated Competitive Price-to-Performance Value Product Family Choices

68
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Renesas — HS5410x/HS411x product family

Analog output
Features:

69

10% to 90% ratio-metric analog output
+1.5%RH accuracy (HS4001/HS4011)
Fast RH response time (Typ. 4 seconds)
0.1%RH/Yr drift

Low power consumption: 92uA average
Supply voltage: 1.71V to 3.6V

Operating temperature: -40°C to +105°C
2.5x25x%x0.9mm LGA

AECQ-100 qualified

Benefits:

True Analog output, reduce application components

Integrated temperature and humidity sensing
solution

o Small form factor solution with lower system
cost

Low power consumption saves battery

14-bit high resolution provides extremely tight
accuracy

Small size solution saves space & BOM for compact
designs

Hydrophobic membrane (HS401x), IP67 rated

Application Circuit

VSS
NC
NC

I

0.1pF

VRH
VSS
VSS

Analog
RH Out

+
L

i? 2uF

Analog
Temp Out

Technology. Passion. EBV.

Te Signal

ADC. etc

1 vop
1

iHH

2.2pF

Y 1Y

Te Signal

ADC. etc

g Processing,

—o0 Processing,

Pin-Out Diagram

VT VSS VSS VRH

....................

........

........
....................

--------
....................

VDD NC NC VSS

Relative Humidity

HS4101
HS4111

HS4102
HS4112

HS4103
HS4113

HS4104
HS4114

+1.5%RH (Typical), 10% to 90%RH

+1.8%RH (Typical), 10% to 90%RH

+2.5%RH (Typical), 20% to 80%RH

+3.5%RH (Typical), 20% to 80%RH

+0.2°C

+0.2°C

+0.25°C

+0.3°C

True Analog Output
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Renesas — HS4 XXX relative humidity & Temperature sensor

Lowest Power with High Accuracy

. Featues | Benefits

+1.5% Relative Humidity Accuracy
(HS4001, HS4101)

Fast RH response time (Typical 3 seconds)
14-hit resolution, 0.01%RH (Typical)

Low power consumption, 0.62uA average
(one RH + T measurement per second, 14-
bit)

Standby current; 25nA

Temperature sensor accuracy of =0.2°C
(HS4001/2, HS4101/2)

Digital and Analog Output

Hydrophobic membrane

Supply voltage, 1.71V to 3.6V

2.5 %X 25 x0.9 mm, 8-LGA

« Silicon-carbide capacitive sensing
element

» Excellent stability against aging

« Highly robust protection from harsh
environmental conditions and
mechanical shock

» Very low power consumption
« Digital I2C Output (HS400x)
» Analog Output (HS410x)

« Automotive Qualified, -40°C to
+125°C

Applications

Climate control systems

Home appliance

Weather stations

Industrial automation

Process controls and monitoring
Automotive climate control
Medical equipment

High RH Accuracy and Long-Term Stability You can Depend On

N I
i :“—230—’“ —— Pin1Corner

gy

0.8

b

0.3mm diameter
Circular Port

HS4001 Accuracy at25° C

T = T r
Maximum Tolerance
=== Typical Tolerance ||

RH Accuracy Tolerance (%RH)

OS5 %RH

0 i i i i I i i i i
0 10 20 30 40 50 60 70 80 90 100
Relative Humidity (“%RH)

HS4001 Accuracy over Temperature

90

~
o

Rel. Humidity (%RH)
{9
o

[
o

2.0

=
o

10 20 30 40 50 60 70
Temperature (°C)

o
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Sensor technology & key features and benefits

" |ndustry leading long term stability and reliability
Drift (total): less than 1.25 %RH over five years, (typical 0.50 %RH only over five years

® Fastest in-class response time
Typical 4 seconds RH time constant in still air

Best accuracy in the industry SiP (System in Package) "\

Protecting Layer Electric Filed

Down to * 1.5 %RH accuracy, and £ 0.2°C  ccowes Aock | B e )
generator
temperature accuracy Humidity

sensor

- ) Electrode 2 Cali'bra'tion !IC Sr:rial " /6
= Micro-Watt level power consumption — — Temperature — Sl
MEMS Capacitive type humidity sensor sensor
Down to 0.62pA average current at one RH+T i e /)
... alters the capacitance N N . N
measureme nt pe r secon d High-end sensor interface electronics and signal processor
|

Independent resolution settings for Relative Humidity & Temperature

Resolutions of 8, 10, 12 or 14 bits to increase versatility, and to enable dynamic power consumption management
In power-sensitive applications (can trade resolution for power),

Lower resolution means lower power and faster response time Source -RENESAS

71
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Renesas — ZMOD4410 — Air Quality Sensors

MOX Based Gas Sensor for AIR Quality Measurements - TVOC & eCO2

72

Features Benefits Applications
Application Specific Firmware « One device & many sensors HVAC systems
« TVOC & eCO2 UBA Calibrated * Reliable and accurate sensors Air purifiers

* Odor Sensing

*  Sulfur Odor Sensing

*  Ultra Low Power

Proven 16+ year history in Mox

+ Siloxane resistant

» Miniature size: LGA & IP67 waterproof
JEDEC qualification — JESD47
Electrical and Gas calibrated

Accepted definition of clean air
Part to part consistency

Integration into small foot prints
Battery operation mode

Low cost indication of CO2
Waterproof packages

Known 3 party quality qualification
No additional Calibration required

Wireless Access Points

Smoke Detectors
Smart Thermostats
Appliances

0T & IAQ monitors
Industrial building ¢
Smart toilets

ontrols

FW (Al based) Configurable Gas Sensor

TVOC / eCO2

One sensor with multiple software options to support
absolute or relative measurements of Indoor Air Quality

et v v s s UYL 1D
BAD ODORS
Hydrogen Suflide,

Dimethyl Sulfide \

Sensitivity [Ra/Rea]

Qu:
13
Medium Alr Quality

Level 5

TVOC Concentration [mg/m3]
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Renesas — ZM0OD4410 Firmware releases

Renesas has pioneered the use of an advanced sensor signal conditioner plus a unique sensing element to develop a
series of operating methods that add new features to the ZMOD4410 platform with firmware without changing the
hardware.

Current Firmware Releases for ZMOD4410

Name of Standard Application Target Gases Sampling Rate AYEEL Po.wer Release
Release Consumption

IAQ 2" Gen
(v3.0): UBA Standard for HVAC air conditioners, - TVOC: 160 - 10,000 ppb
Absolute TVOC L air purifiers, thermostats, IAQ monitors - eCO2: 400 - 5000 ppm 3 sec 6 mw el
for IAQ
Relative 1AQ N/A Control dewces_ for sensing changes Detects a wide range of VC_)C and VSC and 3 sec 6 MW Released
in IAQ reports changes in air quality
_Sulf_ur _Od(_)r N/A Bathroom fans and switches Dete(_:ts EIEnS (O, VSC.) el REMANES (i 3 sec 6 mW Released
Discrimination odor is acceptable (organic) or bad (sulfur)
AQ 2 Gen: UBA Standard for IAQ i TVOC 160 - 10,000 ppb
tandard for monitors, - : - 10, pp
Ultra-Low M rechargeable & portable devices -eCO02: 400 - 5000 ppm 90 sec 0.16 mW REEESEE
Power
REETRIACE Remote & rechargeable devices for Detects a wide range of VOC and VSC and
Ultra-Low UBA ing ch 9 : h ANQE i 90 sec 0.16 mW Released
Power sensing changes in IAQ reports changes in air quality
IAQ 2" Gen: WELL Standard for HVAC air
WELL/RESET conditioners, - TVOC: 0.5 -2,000 ppb 5 sec 1 mwW Released
PBAQ air purifiers, thermostats, IAQ monitors

. a
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Renesas — ZMOD4450 — Refrigerator Air Quality Sensors

MOX Based Gas Sensor — Supports smart refrigeration systems

Features Benefits Applications
* Targeted refrigerator gasses: « Detects Fruit ripening * Smart refrigerators
» VSC: Volatile Sulfur gasses  Part to part consistency » Shipping containers

+ Ethylene Integration into small foot prints * Freezer systems
Proven 16+ year history in MOx production + Waterproof packages Food storage trucking systems
+ Siloxane resistant Trusted qualification ensuring 10 year life Commercial refrigeration
* Miniature size: LGA & IP67 waterproof No additional Calibration required
JEDEC qualification — JESD47
Electrical and Gas calibrated

Targeting Food Spoilage and Odors

[ T
| 0ppm

¥
]

~ 0.2ppm

Y 0.5ppm
e . lppm

Sensor Resistance (ohms)

10 minutes

5 ppm
16405 . . —10ppm

Response to Ethylene

L ! 1
2018-07-3109:46:40 2018-07-31 10:20:00 2018-07-31 10:53:20

Response to Ethylene ffom ppb to 10s of ppm
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MOX Based Gas Sensor — Outdoor Air Quality

75

Features

Benefits

Technology. Passion. EBV.

Applications

» Waterproof package
03 & NOx / Selective O3

Agency (EPA) Air Quality Index (AQI)

* Proven MOx Material, JEDEC JESD47
qualified

 Electrical and Gas calibrated
* Miniature 3 x 3 x 0.9mm

« Digital (I12C) output

» Siloxane resistant

* Reliable Detection of Outdoor Air Quality:

» IP67 rated package

» Leading high sensitivity and long term
stability allows ppb detection limits

* Correlates with US Environmental Protection | « Smallest sensor in the market enables

reduced end product size

Allows improved energy efficiency without
compromising air quality

» Enables rapid customer integration with
easy to use precompiled software

* Pre-calibrated sensors save in production
costs

Wearables

Home & Building automation systems,
including HVAC systems

Smart fans and damper applications
City air monitoring stations

Personal monitors

Indoor appliances

Weather stations

Reporting Calibrated EPA Definition

Health effects of pollution

e

Air poliution

Viater pollution

'7'_"&\.»-'
&m
Pwe

£
w’ b; Wﬂuh Soil
h{l contamvnation
m g -
- FY v Ay W
e

Air Quality Index

(AQI) Values Levels of Health Concern Colors

When the AQI is in this range:

51 to 100

e P
_

..air quality conditions are: ...as symbolized by this color:

Moderate

301 to 500
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Renesas — RRH46410 - Air Quality + MCU + Firmware

Q3 2023 Release

Features Prelim datasheet available

* Sensor output based on Al machine learning algorithmic:
* Absolute measurement of total organic compounds (TVOC)
concentrations and indoor air quality (IAQ)
« Estimated carbon dioxide level (eCO2)
* Relative IAQ based on TVOC and odor changes
Algorithm to discriminate sulfur-based odors
Ultra-low average power consumption down to 160uW
Siloxane resistant
JEDEC JESDA47 qualified for 10 years lifetime
Supply voltage: 1.7V to 3.6V
Package: 20-LGA
Dimensions: 4.5 X 4.0 X< 0.95 mm body, 0.50 pitch

Supports 12C and UART On Board ((j)peration Modes
_ e Relative IAQ

Accelerate Time to Market e 1AQ 2" GEN ULP

Flexibility to use across all product lines e Relative IAQ ULP

Improved performance e WELL

Reduced Development Costs e Sulfur Odor

76 NPI specs subject to change
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Renesas — RRH62000 — All-in-one integrated sensor module
Q3 2023 Release

Features Applications Prelim datasheet available
Simultaneous multi-sensor measurements of all relevant air
guality parameters * Air Purifiers
« Up to nine sensor outputs: * Smart Home Appliances
+ Particulate Matter * Air Quality Monitors

» Detection of particle sizes from 0.3um to 10.0um HVAC / Demand Control Ventilation
* Output mass concentration bins for PM1, PM2.5, loT Devices
and PM10 g
« Laser based PM2.5 detection il
 Temperature and Humidity
» Operating temperature range up to 60°C

«  Operating humidity range up to 90% RH PM 2.5
« Temperature sensor accuracy: +0.2°C .
« TVOC and Indoor Air Quality
«  TVOC concentrations and indoor air quality (IAQ) _ ISM
index according to UBA T:;g‘;‘:;yu;. TvOoC Connector
» Estimates carbon dioxide level (eCO2) 62000 /e

* Siloxane resistant

« Targeted - JEDEC JESD47 qualification M
« Targeted - Standards Based Output : WELL, RESET Air

 |2C interface Quality

* QOutline dimensions 46.6 x 34.8 x 12 mm
s Module Lifetime : 50,000 hours NPI specs subject to change
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RENESAS

Renesas — Air velocity sensor
Surface mount air velocity module

Applications

82

Thermal mass air flow measurement
principle

Fully calibrated

Robust Isolation technology resistant to
surface contamination

Resistant to vibration and shock

12C output

Module size —8 x 9 x 3.7 mm

No long term drift

Output calibrated in meter/second
Two variants available 0-7.23m/s
and 0-15m/sec

“solid” thermal isolation technology
and silicon-carbide coating to protect
it from abrasive wear and water
Accuracy - +/-5% of Full scale

Technology. Passion. EBV.

Breath analyzers

Data center and servers

HVAC and air control systems
Laminar flow control systems

Air filtration and collection systems

FS3000 air velocity module

)

11
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Renesas — RTD60/RTD120 — Silicon-Based Thermopile Detector

Industry’s best Thermopile performance, quality and longevity

[ T —

Applications T
= Gas analysis ; el || o Lo v [0e
= Fire suppression — e
* Non-contact temperature sensors

51: 3084.7 52: 25965 e f

§3: 2700.0

CO2_delta_adc: 27035
REF_delta_adc: 3484.9

= Horizon sensors
= |ndustrial/environmental leak detection
= Air quality monitoring
= Capnography
Feature Rich
= Very low time constant
= Nitrogen encapsulation gas

CO2_ppm: 1356.2 ppm

Pressure: 969.2 mbar

HS3001 RH percent: 50.1 ppm
HS3001 temperature: 25.0 C

= Internal 5% NTC chip thermistor provides ambient J— S
package temperature measurement Dual Single Evaluation Board EVK GUI Software
* Internal aperture precisely defines active area (o] (] [ wEEE e — T
for applications with FOV and/or spot size requirements e B [T e m——
# of elements i e
RH5Z0610D20GZ0O Single Four pin TO-5 small active area e e
RH521210D20GZ0 Dual Five pin TO-5 small active area, I E=nEs, l
RH5Z0622D20GZ0 Single FourpinTo-5  M9n Segjt'g‘lj'tty’ high - e
RH5Z1222D20GZ0 Dual Five pinTo5 9N Se(;‘jt'g‘lj'tty’ high

. = -
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RTD60/RTD120 — Silicon-Based Thermoplle Detector

Aq&faéﬁnsslg best Thermopile perforr Lo qu-t ~nd

Fire suppression

= Non-contact temperature sensors

= Horizon sensors

= Industrial/environmental leak detection

= Air quality monitoring

= Capnography

Feature Rich

= Very low time constant

= Nitrogen encapsulation gas

= Internal 5% NTC chip thermistor provides ambient
package temperature measurement Dual Single

= Internal aperture precisely defines active area
for applications with FOV and/or spot size requirements

# of elements

RH520610D20GZ0O Single Four pin TO-5 small active area
RH521210D20GZ0O Dual Five pin TO-5 small active area,
RH5Z0622D20GZ0 Single FourpinTo-5  Mgh sensitivity, high
output
RH5Z1222D20GZ0 Dual SeEnTeE | e SEmEi,
output
84

Evaluation Board
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)

Y
£
CO2 SENSCR BP SENSOR HS3001 SENSOR

co2 | 1347.5ppm BP | 969.2mbar Temperature | 55 oc

Thermistor | 24.1°C

REF_OFF: 1150639825.0
s1:3084.7 s52: 2506.5

C02_delta_adc: 2703.5

Humidity 50.1%

REF_ON: 1163523613.00

-------- Humidity,

$3: 2700.0

REF_delta_adc: 3484.9

C02_ppm: 1356.2 ppm

Pressure: 969.2 mbar
HS3001 RH percent: 50.1 ppm :
HS3001 temperature: 25.0 C

‘ uss

Connector ‘ ‘

Antenna

Connector
¥

Character LCD
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Renesas — Sensors APl — an overview

» The sensors APl are modules in the FSP which provide an APl which communicates with a set of sensors.
= Their currently exists two sensor APISs:

= HS300x

= ZMOD4xxxx

= Both API's make use of the 12C Device module, which uses the 12C Bus module.

= Within each sensor module, we can configure which sensor within the sensor family is being communicated with (supported
sensors detailed later in presentation — Page 20).

= The sensors modules describe the sensor in software and provide an interface which breaks-out the functionality of the
sensor, thus abstracting us away from the 12C Device.

= Documentation for the Sensors API can be found in the FSP documentation available on the Github page: RA Flexible Software
Package Documentation: Introduction (renesas.github.io)
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RENESAS

Renesas — Sensors APl — ZMOD4 XXX

Technology. Passion. EBV.

» The ZMOD4xxx module allows us to select which sensor we are communicating with and what information we are requesting
from it through the FSP Configurator.

» By selecting which library, we want to use, this determines which device we are communicating with and what post processing
should be done on the data retrieved.

= Another option is to whether to include the IRQ driver which is used internally, either to;

= Monitor the BUSY signal.

= Or accept the INT signal.

86

g_zmoddxxx_sensor0 ZMODAXXX on rm_zmod4xxx Stacks

& g_zmoddxx_sensord ZMODAXXX on rm_zmoddxxx

©)

a
% g_timerD Timer Driver
onr_gpt
m
New > @ ZMOD44101AQ 1st Generation on rm_zmoddxxx

ZMOD4210 1AQ 2nd Generation on rm_zmoddiox
ZMOD4410 Odor on rm_zmoddioo:

ZMOD4410 Sulfur-based Odor on rm_zmoddxxx
ZMOD4510 OAQ 15t Generation on rm_zmoddxxx
ZMOD4510 0AQ 2nd Generation on rm_zmoddxxx

¢teedee

T
@ g_external_irg0
External IRQ Driver on

ricy
~

%) NewStack> % fotenn tach o

g_zmoddxxx_sensor) ZMODAXXX on rm_zmoddxxx Stacks

)

New Stack > == Totend Stack = %) Remove

& g_zmoddixx_sensord ZMOD4XXX on rm_zmod4xxx

®

4 ZMOD4410 I1AQ 2nd Generation on rm_zmodéxxx

& g_timer0 Timer Dniver
onr_gpt

@

- > i+ Extemal IRQ Driver on r_icu I

I

P g_comms_i2c_devicel 12C Communication Device
on rm_comms_i2c

[©)

A
1

4 g_comms_i2c_bus0 12C Shared Bus on

rm_comms_i2c

®

[ o 206 80t Diicw o e i 02
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Renesas — Sensors APl — HS300X

= The HS300x module allows us to select whether we are requesting both temperature and relative humidity or just relative humidity.

» The HS300x module also provides a method of entering the sensors “Programming Mode” which allows us to change the resolution
of the sensor with the ResolutionChange API and get the sensor ID with the SensorldGet API

g_hs300x_sensor0 HS300X on rm_hs300x

|

 Settings  Property Value
BEkEaEg v Common
Parameter Checking Default (BSP)
Data type Both humidity and temperature
Proegramming Mode OFF
v Module g_hs300x_sensorQ H5300X on rm_hs30!
Name g_hs300x_sensord
Callback hs300x_callback
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ScioSense — Environmental Sensing Portfolio

ENS215
RH+T Digital Sensor

ENS213A
RH+T Digital Sensor
AEC Q100 grade 1

ENS211/212
RH+T Digital Sensor

ENS210/210A

RH+T Digital Sensor
AEC Q100 grade 1

Temp. + Humidity

89

ScioSenser

ENS170A

Automotive multi-gas AQ
digital sensor

ENS161

Digital Air Quality sensor
(multi gas, low power)

ENS160

Digital Air Quality sensor
(multi gas)

Q ENS145 / 145A

Analog Multi-gas sensor

Gas & Air Quality

ENS220

Digital relative and
absolute Pressure Sensor

Pressure

/. S y
?20 S'

PM+VOC+RHT

Technology. Passion. EBV.

Development
Planned |

Automotive
@ grade

BCM1
pattery Condition Monitor,
LIN

DPS1

HVAC Dewpoint Sensor,
RHT, LIN

ACM4
Air Class’ module
3 channels, RHT, LIN

Q ACM3

Air Class’ module, PWM

Combos Automotive Modules
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ScioSense — ENS210

Digital Relative Humidity & Temperature sensor

Features Applications
« Typical accuracy: * Building Automation / Smart home / HVAC

»  Temperature: £0.15°C (0°C to 70°C *  Demand controlled ventilation

* Relative humidity: £2.0% RH (0°C to 85%RH) * Smart thermostats
* Wide operating range: 0% to 100% RH and -40°C to 105°C * Home appliances
« Digital precalibrated output in K and %RH « Air cleaners / purifiers
« Supply voltage range: 1.71V to 3.60V * Refrigerators, washing machines, dishwashers, dryers
« Stand by current 40nA, Active current 6.6y A @ 1Hz (1.8V) * Mobiles / Wearables / 0T devices
* Low drift: 0.25%RH p.a. * Portable devices for personal health and wellness
* Fastresponse time: T <1s, RH <3s * Weather stations
* Interface: 12C standard (100kbit/s) and fast (400kbit/s) VDD
+ Package: open cavity QFN 2.0x2.0x 0.75\m o l _____________________

| Always powered ON 11 Powered on demand |

Benefits E ii iy E
+ Highest accuracy in broad operating range : | L vemary ||
« Ultra low power, High reliability sl —n - ————
- Fast response, Small footprint SOA ¢_E-. e C°“:°"” KA o E
* AEC-Q100 grade 2 qualified (grade 1 in Q1/2022) : | -
* NIST traceable . I | 1

- Alternative I12C address available (ENS210C) T T 1 T TTT T )
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ScioSense — ENS21x family

High-performance digital temperature and humidity sensors

Multi-Industry solutions

Building automation / HVAC / Home appliances
Condition monitoring / Cold-chain management
loT devices & wearables

Instrumentation

Automotive

Industry leading accuracies

1. Temperature accuracy down to £0.1°C
2. Humidity accuracy down to £0.8%

3. Fast response times: <1s (T); <3s (RH)
4. Ultra low-power: 40nA stand-by current
Properties

92

2.0 x 2.0 x 0.75mm QFN4 package
Operating voltage range : 1.71 — 3.6V
Standard 12C digital interface

AEC Q100 grade 1 variants available
Topp: -40 — 125°C, RHopp: 0 — 100%

Technology. Passion. EBV.

Power Supply

1o

GND

ENS210A

ENS212

ENS215

Automotive qualified

Premium consumer and appliances

Peak performance for instrumentation

+0.15°C

+0.15°C

+0.10°C

2.0%RH

1.5%RH

0.8%RH
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ScioSense — ENS160

Digital Metal Oxide Multi-Gas Sensor ENS160

Heaters Sensors
Features Voo —pp “WWA~ -'SN(\'-

Multiple IAQ outputs (TVOC, eCO2, AQI) Vobio ——p
« <5 minutes warm-up GND —»>

Sense’ Technology. Passion. EBV.

((«

° True siloxane immunity Heater Driver Sensor Measurement
x4 X 4
* Hassle-free all-on-chip data processing INTH <—
« Wide operating range & separate VDDIO CSn —» System Control
* Small 3.0 x 3.0 x 0.9mm LGA package SCL (SCLK) =3 Memory
. Data Processing
* High-speed I2C and SPI SDA (MOSI|) <@
«  Low peripheral BOM required ADDR (MISO) <&

* Tape & reel, reflow solderable
*  Environment: —-40 to +85°C /5 to 95% rH
« VCC:1.71-1.98V, VDDIO: up to 3.6V

_ L 4000
Benefits Appl!cat!qng | T 3500 — ENSI0 |
. Freedom of air qua“ty Signa| choice ° Alr purlflcatlon / home automation & 3000 . — NDIR COy

«  Crucial for quick system start-ups * HVAC/ ventilation systems E 2500

Safe use with everyday products *  Building automation / smart thermostats ~ § 500

«  No libraries needed — no host CPU impacts °*  Appliances / cooker hoods g 1500

«  Allowing for flexible & rugged designs * Mobiles / wearables g 100

* Smart things & 10T devices 500

oh 1h 2h 3h 4h 5h 6h

93
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ScioSense — ENS160

Architecture

Most MCU/MPU

12C Set Mode
SPI Read Results

I2C / SPI Interface

Embedded

processor core

Control and Measurement
Sequencer

Results Processing Algorithm

Hotplate
(temperature)
control x4

Rsensors
Mesure x4

Si-MEMS
Hotplate Die
4x hotplates

with
MOX sensing
material
spots

Package

94
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- - e

Quad hotplate
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ScioSense — ENS161

Low Power Digital Metal Oxide Multi-Gas Sensor

Features

Low power operating modes down to 150pA
Multiple IAQ outputs (TVOC, eCO2, AQI)
<5 minutes warm-up

True siloxane immunity

Hassle-free all-on-chip data processing
Wide operating range & separate VDDIO
Small 3.0 x 3.0 x 0.9mm LGA package
High-speed I2C and SPI

Low peripheral BOM required

Tape & reel, reflow solderable
Environment: —40 to +85°C / 5 to 95% rH
VCC: 1.71 -1.98V, VDDIO: up to 3.6V

Benefits

95

Freedom of air quality signal choice

Crucial for quick system start-ups

Safe use with everyday products

No libraries needed — no host CPU impacts
Allowing for flexible & rugged designs

Technology. Passion. EBV.

ENS161

Heaters Sensors
Voo ——p A~ AN~

VooI0 —pp

GND —~ I

Heater Driver Sensor Measurement
x4 X 4
INTn <—i
CSn —P» System Control
SCL (SCLK) ——» Memory

Data Processing

SDA (MOSI) <P
ADDR (MISO) <>

Applications

Air purification / home automation
HVAC / ventilation systems

Building automation / smart thermostats
Appliances / cooker hoods

Mobiles / wearables

Smart things & loT devices
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ScioSense — ENS220

(I«

Technology. Passion. EBV.

Premium accuracy barometric pressure and temperature sensor

Features

P operating range from 300 to 1200 hPa
T operating range from -40 to +85 °C
Absolute / Relative accuracy: £0.5 hPa / £0.025 hPa (equiv. to £20 cm in air)
Lowest power: average supply current of 100nA (idle), 800nA (1/60 Hz)
Ultra-low noise of 0.1 Pa rms (= 1 cm in air) at 2 Hz sample rate
User-configurable sample rate up to 1 kHz (0.9 Pa rms)
Temperature accuracy of 0.2 K with 8 mK resolution
Fully digital interface with best-of-breed form factor
Small 2.0 x 2.0 x 0.75 mm LGA package

Power supply range from 1.62 V to 1.98 V

Standard, fast, and high speed 12C and SPI interface

Benefits

Reliable cm resolution positioning and differential pressure
measurements

Perfectly integrates into space-constraint designs, e.g. mobiles,
wearables, hearables

Long battery life even at high sampling rates

Minimal peripheral BOM requirements

96

ENS220

Oscillator

Pressure
Sensor

Temperature
Sensor
Power

management

]

Calibration

Applications

Mobile/Wearables: activity tracking, indoor localization/navigation, fall detection
Gaming, AR/VR, Drones: height tracking

Appliances/HVAC: filter clogging detection

White goods: liquid level detection

Medical: blood pressure measurement

Accurate temperature meter for gasses and surfaces
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ScioSense — APC1

Sense’ Technology. Passion. EBV.

’/(

Air Quality Combo Sensor — Ve APC1
—GND-» Sensors
RX
sa ™
50 x 38 X
e X1mm oA
Features 2Py
* Up to 20 calibrated signal outputs: —Set—p|
+  PML1.0, PM2.5, PM10, TVOC, eCO2, AQI, Sciss -
DA —Reset

i

temperature and relative humidity
*  Matchbox-size, fully orchestrated design
+ Particle detection down to 0.3um — /
*  Superior accuracies over wide temperature

and humidity ranges (self-compensated)
Benefits Applications
«  All-in-one air quality module, easy integration * Home appliances
- Self-compensated, best temperature and *  Aircleaners/ purifiers
humidity accuracy in the market *  Building automation / smart home / HVAC
«  Compliant with international standards * Indoor air quality detection
«  Smallest form factor + Demand-controlled ventilation —
*  Smart thermostats

loT devices & air quality monitors
97
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ScioSense — AS3935 Franklin Lightning Sensor™ IC

Sense’ Technology. Passion. EBV.

/(/

Lightning sensor IC with embedded distance estimation algorithm os 2 so PR ant AD0D ADDT VDD VREG EN.VREG
i l ¢ 1 y l i i Voltage
SPI > 12C [« 12C_ADD Regulator
i i Bq ACG
Features i Ndl :
«  Detection of both cloud to ground and cloud to cloud lightning S| 15 ] Seeien
activity within a 40km range NP b4 et
+ Intelligent algorithm provides for false disturber rejection NN z: e
«  Supply voltage range of 2.4-5.5V with power down, listening and , T 1
. LC-Osdillator > Watchdog —> Signal Validation L{Xl IRQ
active power modes (1/60/350uA) i | I I
* Antenna auto tuning . AS3935 : | E—— | :
*  Small MLPW-16 (4mmx4mm) package = F4—- I T [
| | TReo | skeo | Bias I Statistical Distance Estimation |
| com con I Block | |
—_—— _eﬁors_ l Lightning Algorithm |
Benefits Applications
«  All-in-one air quality module, easy integration *  Watches, Key chains, Portable GPS, Bike
«  Self-compensated, best temperature and computers, Sports equipment
humidity accuracy in the market * Golf carts
«  Compliant with international standards *  Weather stations
«  Smallest form factor * Uninterruptible power supply

*  Power line conditioners
*  Smart grid systems
98 +  Environmental monitoring systems

Demo Kit
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STMicroelectronics
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‘ , I life.augmented

STM — Temperature sensors portfolio

Digital output

* Programmable temp. conversion rate.
* One-shot reading for current saving.

* Pin for interrupt generation with
programmable threshold & hysteresis.

* Accuracy flat (typ) across the whole operating
range.

« [2C/SMBus output with selectable address (up
to 8).
* One-shot reading for current saving.

* Dedicated pin for interrupt or
thermostat/comparator function

 Programmable threshold with hysteresis.

Pin-to-pin compatible with Texas Instruments,
Microchip and Maxim part numbers

100

& 0100
1010
1001

Temp. range: -40°C / +125°C
Accuracy (typ/max):

1£1.0°C @25°C/£2.5°C @125°C
Vee: 225V -36V

lpp: 20 MA (typ @ 1 conv/s)
Resolution: prg 9 — 12 bit
Conversion time: 14 — 112ms (max)
UDFN-6L (1.0 x 1.3 x 0.5mm)

12C/SMBus 2.0 output. Up to 8 selectable addresses

STCN75
g* 0100
1010
1001
STLM75
g* 0100
1010
1001

Resolution: 9 bit
Conversion time: 85 ms (max)
Ipp: 125 UA (typ)

MSOP-8 (3.0 x 3.0 x 1.1mm) =
ST

Standard
Products

Resolution: 9 bit

Conversion time: 150 ms (max)
Ipp: 125 UA (typ)
MSOP-8 (3.0 x 3.0 x 1.1mm)

SO-8 (4.9x39x 1.75mm)  [est

‘ Products ’

COMMON FEATURES:
Vee: 2.7V -5.5V - Temp. range: -55°C / +125°C — Accuracy: £0.5°C (typ), £3.0°C (max)

* 0100
1010
1001

Technology. Passion. EBV.

Temp. range: -40°C / +125°C
Accuracy: £0.5°C from -10°C to 60°C (max)
Vee: 15V -36V

lpp: 1.7 WA in, one-shot mode

UDFN (2.0 x 2.0 x 0.5mm)

[2C/SMBus 3.0 output with ALERT (ARA) support

STTS75
g* 0100
1010
1001
STDS75
g* 0100
1010
1001

Resolution: prg 9 — 12 bit
Conversion time: 85 - 680 ms (max)

Ipp: 75 UA (typ)
15T

MSOP-8 (3.0 x 3.0 x 1.1mm)

SO-8 (4.9x 3.9 x 1.75mm) L
Resolution: prg 9 — 12 bit

Conversion time: 150 — 1200 ms (max)

Ipp: 125 UA (typ)
MSOP-8 (3.0 x 3.0 x 1.1mm)
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STM — Temperature sensors portfolio

Analog output

* Very low current consumption.
* Predictable curvature error

« Suitable for: consumer, portable,
industrial and medical applications,
home appliances.

Pin-to-pin compatible with Texas
Instruments part numbers

* Accuracy flat across the whole
operating range.

* Up to 200°C operating temp.
(non continuous).

« Suitable for: Industrial applications &
home appliances

Pin-to-pin compatible with Texas
Instruments part numbers

101

STLM20DD9F

Technology. Passion. EBV.

"

STANDARD
PRODUCTS

Lo

Temp. range: -40°C / +85°C
Accuracy (typ/max): £0.5°C @25°C/ £1.0°C @85°C
Vee: 24V -55V

UDFN-4L (1.0 x 1.3 x 0.5mm)

Temp. range: -40°C / +100°C
Accuracy (typ/max): £0.5°C/ £1.0°C
lg: 450uA to SmA .
To-92 (3.7 x 5.03mm)
SO-8 (4.8 x3.9x 1.75mm)

lz: 450uA to SmA
To-92 (3.7 x 5.03mm)

Temp. range: -55°C / +130°C
Accuracy (typ/max): £0.5°C @25°C/ £1.5°C @130°C
Vee: 24V -55V

lg: 4.8 HA é
SOT323-5L (1.8 x 1.15 x 0.8mm) {ﬂ

Lo

Temp. range: -40°C / +120°C Temp. range: -55°C / +150°C
Accuracy (typ/max): £0.5°C/ £1.5°C Accuracy (typ/max): £0.5°C/ £1.5°C
@ lz: 450uA to SmA @
N\ T0-92 (3.7 x 5.03mm) N\
SO-8 (4.8 x 3.9 x 1.75mm) ’ v SO-8 (4.8 x 3.9 x 1.75mm) v
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STM — STTS22H Temperature sensor ﬂ

Integrated ultra-low power, high accuracy temperature sensor

STTS22H Specifications Features / Benefits Applications
2x2 6-lead UDFN
« NIST Certification by Q3’20 * Wearable devices
i':"R';l;];]'e—:'_zo'o'é't;';i'zgl'c' """" E « Industry standard package * Portable devices
! . Accuracy: | «  Output interface 12C/SMBus 3.0 « Smartphones
i + +0.25°C Typ [-10°C : 60°C] i e One-shot mode for power * Home appliances
Exposed pad down for i + +0.5°C Max [-10°C: 60°C] i Saving (175 |.,lA) e Asset and goods tracking
better temperature matching i+ 1.0°C Max [-40°C : 125°C] ! . FEactorv calibrated . .
with external environment y * Predictive Maintenance
STEVAL-MKI200V1K (DIL24) STEVAL-MKI109V3 Unico GUI graphical user interface
STEVAL-MKIGIBV1 adapter (Profi MEMS —
System .
Vanagessent Evaluation Tools
Sm. +
3.0

102 ﬁ
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STM - LIS2DTW12 Temperature + accelerometer

Ultra low power / Low noise accelerometer with temperature Sensor

Specifications Features / Benefits Applications

Main parameters: .

LIS2DTW12
2x2x0.7 LGA12

A high performance 3-axis * Fragile shipment tracking

accelerometer «  Motion and temperature

. +1.3°C Typ [-40°C : 85°C]

i + Operating temperature from - * Up to 16g full scale, ODR from monitoring in battery-powered
i 40°Cto +85°C 1.6 Hz up to 1.6 kHz devices

i « Temp Accuracy: . : _ ) . '

| . £0.8°C Typ [0°C : 70°C] Mgltlple Iqw power and low Smart power saving for

: noise settings handheld devices

e FIFO,LP and HP filters,Self-Test  Portable healthcare devices

LIS2DW12 3 LIS2DTW12
Factory calibration ensure an
homogeneous accuracy within

the whole operating temp range Factory

Calibration

» Further improvement can be met
with an additional OPC at
customer production line

L S Sy e S S
-45 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

Temperature (DegC)
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STMicroelectronics — Pressure sensors roadmap

Main products

Ambient ‘ < <
2x2x0.76 mm 2x2x0.73mm 2x2x0.73mm
pressure
SeNsors Full molded PKG with 6 vent holes High performance with full-molded PKG Ultra low power & high performance 15t barometer with embedded Qvar
Absolute accuracy = * 1 hPa (0~65'C) Absolute accuracy = * 0.5 hPa (-20~80°C) Absolute accuracy = + 0.5h Pa (-20~80°C) Industrial pressure sensor
Noise RMS [HP] = 0.75 Pa Noise RMS [HP] = 0.65 Pa Power consumption = Operating T : -40 ~ 105°C
1.7 uA [ULP] /9.4 uA [HP] Pressure FS : Up to 4 Bar

Performance improvement & smaller PKG

LPS33HW Waterproof package (3x3 mm)
Noise RMS [HP] = 0.8 Pa

Absolute accuracy = + 2.5 hPa (0~65'C)

Relative accuracy = + 0.1 hPa
(800~1100nPa)

3.3x3.3x29mm | LPS33K : Pin to Pin with MS5837

Liquid
resistant

tr?l

pressure LPS33W Waterproof package (2.7x2.7mm) Wider dual full scale & lower power (w/ Qvar)
Noise RMS [HP] = 0.7 Pa Dual FS : ~ 1.26Bar/ ~ 4 Bar
Sensors Q # Absolute accuracy = + 1 hPa (0~65'C) Power consumption : 1.7 uA [ULP] / 9.4 uA[HP]
‘ ‘ ESD robustness Noise RMS [UHP] = 0.32 Pa
LPS27HHTW : Embedded temperature Embedded temperature 1.5°C
3.3x3.3x2.9mm 3.3x3.3x2.9mm (x1.5C @ 25~65'C) ESD robustness

105

. Up to 10ATM . IPx8 Robustness PKG to mechanical stress
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STMicroelectronics — ILPS22QS

Industrial pressure sensor with full molded package

Wide full scale up to 4060 hPa with dual scale mode and wide

operating temperature

ILPS22QS key features
* Dual FS mode

*+ Mode 1: up to 1260 hPa (1.26Bar) / Mode 2: up to 4060 hPa (4Bar)
High accuracy and resolution:

_ LPS22HH * Absolute pressure accuracy 0.5 hPa (Mode 1) / 0.28% (mode 2)
High performance barometer +  Low noise 0.34 Pa (Mode 1) / 0.57 Pa (Mode 2)
» Absolute accuracy = £+ 0.5hPa (-20~80°'C) *  Current consumption down to 1.8uA [ULP] / 9.2uA [HP]
 Noise RMS [HP] = 0.65Pa «  Embedded temperature compensation

* Power consumption: 4uA [ULP]/ 12uA [HP] * High performance TCO 0.45 Pa/°C (temperature coefficient offset)
* ODR = upto 200Hz

. TCO = 0.65Pa/'C @ -20~65'C + 2 times OPC writing available on dedicated OTP
+ 8 different ODR support from 1 Hz to 200 Hz.

* FIFO: 128 samples only pressure

* Qvar sensor embedded

Common full molded package * Unique full molded package 2x2x0.73 mm — to offer smallest size and

2x2x0.73 mm superior robustness
: + Extended operating temperature: -40°C +105°C

Evolution

106




@ EBVElektronik ——————  K§f voamen Technology. Passion. EBV.

I An Avnet Company |

STMicroelectronics — ILPS22QSW

Industrial pressure sensor with waterproof package

Enable wide full scale up to 4060 hPa with dual scale mode

& ultralow power consumption

ILPS28QSW — Key features

* Dual FS mode for wide coverage on both altimeter & water depth.
* Mode 1: up to 1260 hPa (1.26Bar) / Mode 2: up to 4060 hPa (4Bar)
High accuracy and resolution:

LPS27HHW .« +1hPa @ 0~65°C (Mode 1 up to 1260 hPa)
Smallest WP pressure sensor . +0.6% of input pressure @ -40~105°C (Mode 2 up to 4060 hPa)
* FS:~ 1260 hPa * Low noise 0.32 Pa (Mode 1) / 0.57 Pa (Mode 2)
* Noise RMS [HP] = 0.7Pa « GEL proven in automotive products for harsh environment

» Absolute accuracy = = 1hPa (0~65'C)

: « 10 Bar water resistant
* Power consumption: 4uA [ULP] / 12uA [HP] c ion d 1.7 UA
* Superior robustness to ESD urrent consumption downto 1.7y

e CLGA 2.7x2.7x1.7 mm3 _  Embedded temperature compensation for precise pressure accuracy
Evolution « 2 times OPC writing available on dedicated OTP
+ 8 different ODR support from 1 Hz to 200 Hz.
* FIFO: 128 samples only pressure
* Qvar sensor embedded
107 + Extended operating temperature: -40°C +105°C
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STMicroelectronics — X-CUBE-MEMS1

Sensor and motion algorithm software expansion for STM32Cube

J

Application Applications

Complete software to build applications using the following sensors:

— motion sensors: A3G4250D, AIS2DW12, AlIS2IH, AlIS328DQ, AlS3624DQ,
ASM330LHH, ASM330LHHX, H3LIS331DL, IIS2DLPC, lIS2ICLX, [IS2MDC,
[IS3DWB, ISM303DAC, ISM330DHCX, ISM330DLC, LIS2DH12, LIS2DTW12,

LIS2DU12, LIS2DW12, LIS2MDL, LIS3MDL, LSM303AGR, LSM6DSL,

Risiacion LSM6DSO, LSM6DS032, LSM6DS032X, LSM6DSOX, LSM6EDSR,
LSME6DSRX, LSM6DSV16BX, LSM6DSV16X, LSM6DS0O16IS

— pressure sensors: ILPS22QS, ILPS28QSW, LPS22CH, LPS22DF, LPS22HB,
LPS22HH, LPS27HHTW, LPS28DFW, LPS33HW, LPS33K

— infrared sensor: STHS34PF80

— temperature and humidity sensors: HTS221, STTS22H, STTS751

— audio sensor: IMP34DT05

— X-NUCLEO-IKS4A1 expansion board with onboard LSM6DSV16X,
LSM6DS016IS, LIS2DUXS12, LIS2MDL, LPS22DF and STTS22H sensors

— X-NUCLEO-IKS01A3 expansion board with onboard LSM6DSO, LIS2DW12,
LIS2ZMDL, LPS22HH, STTS751 and HTS221 sensors

— X-NUCLEO-IKS02A1 expansion board with onboard ISM330DHCX, 11S2DLPC,

0P S IS2MDC and IMP34DT05 sensors

ep
mmmmmm Maniiring

Middleware
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EBV-10T — Infineon + IoTConnect Cloud connected solution

System overview

(infineon Infineon

OPTIGA™ Trust M OPTIGA™ TFUSt.M
@ embedded security
solution

I (infineon i
PAS CO2 G ¥ lll PSoC™ 62 Ty CYW43012
DPS310 35 6 L
PAS CO2 & DPS310 Infineon PSoC™ 2 Seamless connectivity
disruptive CO, sensor & using CYW43012 based
accurate temperature and 150/100MHz. 2MB/1MB Urninela Ly pis
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EBV-IoT — SmartCTherm WiFi Demo

System overview

¢Jdialog

SEMICONDUCTOR

IIIIIJJ

@ DA16200

. The HS3001 sensor RAG6M3 Microcontrollers The DA16200 module

. : ®_ -
@ a highly-accurate, fully ba_sed on Cortex®-M4 core, Ultra Low Power Wi-Fi
8- calibrated relative humidity & Includes TFT controller, module for battery powered
= temperature sensor S BLEIet S E TS Ee 0T devices with Wi-Fi AT
O .. 5 exible ecosystem concept — i) S
@ * adddltloqal ZNII.?DMOl the Flexible Software Package
L indoor air quailty sensor (FSP), built on FreeRTOS.
=8  (+ OB1203 HRM, SpO2, RBG)
- Best candidates, providing Fits best for 10T applications It adds connedctivity to
— basic environmental requiring TFT, connectivity, always-on loT devices
GC" conditions data and security, and large embedded enabling years of battery life
g advanced indoor air memory. while maintaining continuous

conditions monitoring. Wi-Fi connections




() EBVE ektronik

I An Avnet Compa

EBV-IoT — SmartCTherm WiFi Demo

with voice commands

The shield on embedded

Demo includes: evaluation platform with

cloud connectivity

FreeRTOS running demo using Renesas EK-RA6M3G
EBV-loT — DA16200MOD Evaluation Shield

Renesas HS3001 temperature/humidity sensor

Renesas ZMOD4410 Air Quality sensor

External Microphone

Cloud connectivity over MQTT/WIiFi connection

Cyberon voice commands integration

Smart Thermostat GUI example using Segger AppWizard

Technology. Passion. EBV.

¢Jdialog

SEMICONDUCTOR
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EBV-l0oT — Sciosense ENS160 Air Quality Evaluation Shield

System overview

ScioSenser

- MCU (MPU) Connectivity
N A {0

ENS160
digital multi-gas sensor

for indoor air quality Easy to use and cross Seamless connectivity
monitoring platfrom portable library for using WiFi, 2G, LTE 1,
most of market available LTE Cat M, NB-loT
= MCU (MPU) solutions modems

Acurate temperature and
relative humidity sensor
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EBV-1oT — Sciosense ENS160 Air Quality evalaution shield

Embedded platform & cloud connectivity
The shield on embedded

Key Benefits: _ evaluation platform with
» C source available (NXP LPC55S69 supported cloud connectivity

and extending)
* On board OLED display option
* Displays Air Quality + Temperature & Humidity

« Cloud connectivity using WiFi modem over AT
commands

« MQTT used for cloud communication

ScioSense’

MCU (MPU) Connectivity
@ b & [
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EBV Solutions

EBV-I0T — SmartCTherm
Renesas EK-RA6M3 +
DA16200MOD WiFi
connectivity demo

EBV-loT

STM32Secure

Renesas Sensors
shield

EBV-loT —
SIMCom SIM7022
shield and demo

EBV-I0oT — SmartCTherm
Renesas EK-RA6M3 +
Espressif ESP32 connectivity
demo

EBV-loT
Renesas DA16200MOD
shield

Technology. Passion. EBV.

EBV-loT
Sequans GMO01Q
shield

EBV-loT —
Infineon PAS CO2
sensor shield and

demo

EBV-IoT
Espressif ESP32-C3
shield

EBV-loT
Icrochip ATECC608

secure shield EBV-loT -
STMicro STM32U5 +

Espressif ESP32-C3
connectivity demo




Technology. Passion. EBV.

& EBVElektronik

I An Avnet Company |

Cloud Connectivity
loT Connect
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loTConnect — ,keep it simple” cloud connectivity

\
@ Highly complex O Simplicity
< Device enablement

7=\ Extended time
to value Speed > < loTConnect platform>

@ A ( Security

Implementing
security is difficult

n Security

/ CONNECT® TheloT Solution Accelerator

Platform for EBV customers
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An IoT platform that simplifies the complex

One platform for collaborative development and management of end-to-end loT solutions, connecting
devices to software applications, analytics and Al services to generate maximum business value.

‘\“ e

FIOTCONNE C T S e acure o7 suie - Al data services

Platform

' Smart Diesel Predictive Maintenance
Generator Recommendation Engines

a—', Smart @0 Smart Connected
Warehouse % Worker

‘ Smart Factory

Smart Asset Customer Loyalty and Retention
¥ Smart Asse B, : W =] Smart Facility + Inventory Management
Q Monitoring e Smart Fleet E Smart Retall _-rgﬂjo Monitoring Fraud Arsllalyticsg
Smart . i Healthcare Analytics
' 7] <=7 Smart _ _ Smart City _ :
Healthcare |l| Building Ty Smart Office Solutions Sentiment Analysis

) Sales Forecasting

}% Smart Cell @ Smart Energy  #~, Smart @ Smart

- Tower Monitoring ¥ Monitoring Greenhouse QQE% Air Quality

Valuable insights
7 7 EERW <

Pre-built solution accelerator SaaS applications

N 4 : \ \ AT
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