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he Wi-Fi Alliance says there are 18 billion Wi-Fi devicesin use.

A glance around the home or workplace shows Wi-Fiisintegral

to the way we work, rest and play.

With the introduction of Wi-Fi 6, the technology is set to become
even more widespread. The latest specification brings features
that make Wi-Fieven better suited to the loT. Examplesinclude an
advanced power saving mode and the capability to support many
more devices on a single channel without coexistence challenges.

Together with Bluetooth LE and cellular [oT, Wi-Fiis a foundation
technology of the loT. Nordicis the leader in Bluetooth LE andis
disrupting the cellular loT sector withits low power cellular loT.
However, until now, the company didn't offer a Wi-Fi solution. That's

changed with the availability of the nRF7002, a Wi-Fi 6 companionIC.

Theintroductionis accompanied by the nRF7002 DK and software
development supportis through the nRF Connect SDK, helping
developers get started on nRF7002 Wi-FiloT projectsimmediately.

The nRF7002 operates alongside Nordic's nRF52 and nRF53 Series

SoCsto bring Internet Protocol (IP) connectivity to Bluetooth LE

networks where it willenhance existing applications and enable new

ones. The nRF7002 will form a key part of Nordic's Matter standard
solutions which bring interoperability to smart home ecosystems.

ThelCalso works well withthe nRF9160 SiP where it supplements

cell-based and GPS-based location services with the SSID-based

Wi-Filocation service offered in nRE Cloud.

Thisis an exciting time for Nordic. The company is now one of
very few suppliers with wireless |loT solutions for all three key
technologies. And this is just the start; our R&D roadmap details
major advances in our Bluetooth LE, Wi-Fiand cellular loT products
whichI'mlooking forward to telling you about soon.
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The latest developments from Nordic Semiconductor

ordic Semiconductor has announced
N the availability of its NRF7002 Wi-Fi

6 companion IC and the associated
nRF7002 DK. TheICis the firstin Nordic's
Wi-Fiproduct family andis alow power
device providing dual band (2.4 and 5 GHz)
connectivity. By using the IC, developers
can take advantage of Wi-Fi6's higher
throughput compared with, for example,
Bluetooth LE, and ubiquitous infrastructure.

ThenRF7002 IC canbe used together
with Nordic's award-winning nRF52 and
nRF53 Series multiprotocol SoCs and
the nRF9160 cellular loT SiP, but
can equally be usedin conjunction
with non-Nordic host devices. The
DK makes it easy for developers to get
started on nRF7002-based loT projects.

Wi-Fi 6 brings significant benefits to loT
applications—such as smart home products,
industrial sensors, asset trackers, and
wearables—including power efficiency
gains for battery powered Wi-Fioperation,
and management of large loT networks
comprising hundreds of devices.

"The nRF7002 Wi-Fi 6 companionICisa
testament to Nordic's leadership inlow-
power wireless technology," says Svein-Egil
Nielsen, CTO/EVP of R&D and Strategy at

Nordic introduces nRF7002
companion IC for Wi-Fi 6 IoT applications

the company. “Supported with the nRF7002
DK and the award-winning nRF Connect
SDK, combined with Nordic's best-in-class
technical support, | believe it has never been
easier to develop great Wi-Fiproducts.”
“"ThenRF7002is a perfect fit for Matter, a
smart home standard backed by Amazon,
Apple, Google, Nordic, Samsung, and others,"
says Finn Boetius, Product Marketing
Engineer with Nordic. “The nRF7002 makes it

ed on Matter Wi-Fi
ons for the smart home

easy for developers to get started on Matter
over Wi-Fiapplications.” Matter uses Thread,
Wi-Fiand Ethernet for data transport, and
Bluetooth LE for commissioning.

ThenRF7002is theideal choice for
implementing low power SSID-based Wi-Fi
locationing when used together with Nordic's
nRF9160 SiP and the company's nRF Cloud
Location Services. The nRF7002 companion
ICand nRF7002 DK are available now from
Nordic's distribution partners.

Yarward Electronics has launched two
wearables for patient use in hospitals and
aged care facilities. The wearables offer a
wide range of featuresincluding patient
location monitoring, health data acquisition
as well as automated alerts and emergency
calling. For example, staffinan aged care
facility could use the products to not only
remotely monitor anindividual's key health
metrics but also their locationin the building.

-

The YH-WR6 smartwatch and YH-WR7 smart
bracelet both employ Nordic's nRF52832
SoC to provide Bluetooth LE wireless
connectivity to send data to a gateway. From
the gateway the datais relayed to the Cloud
where hospital or facility staff canreview it
via a web-based platform.

The IP68 waterproof-rated devices
integrate sensorsincluding an accelerometer
for activity monitoring; an optical sensor for

Wearables provide seniors healthcare metrics

heart rate and blood

oxygen measurement;

an air pressure sensor;

atemperature sensor; gyroscope;and an
ambient light sensor to adjust the screen
brightness and save power. The SoC's Arm
Cortex-M4 processor acts as the main
microcontroller and helps oversee the inbuilt
sensors. The nRF52832 also enables the
devices'location monitoring functionality.

Samsung keeps track of consumer
valuables with Nordic technology

Nordic's nRF52833 SoC s being used to power
the Galaxy SmartTag from global IT and mobile
company Samsung Electronics. The Galaxy
SmartTag provides a simple and effective

way to keep track of commonly misplaced
items, such as keys or bags. Nordic's SoC
provides Bluetooth LE wireless connectivity,
which Galaxy SmartTags use to pair with the
SmartThings app on Galaxy smartphones.

"The demand for consumer
asset tracking solutions has
witnessed significant growth
in our increasingly mobile
world, and Samsungis a
technology leader in this area,”
says Nordic's Bjern Age "Bob" Brandal, VP of
Sales and Marketing, Asia Pacific. “Nordicis
delighted to be working closely with Samsung
Electronics on the new Galaxy SmartTag."

For taggeditems lost but still within
Bluetooth LE range, the SmartThings' ‘search
nearby' feature lets users see the approximate
location of the tag, while the 'ring' feature
allows the tag to emit abeeping sound. If
the tagis out of range, the user willreceive a
smartphone or smartwatch notification letting

themknow the item has been
left behind. Any nearby Galaxy
smartphone or tablet that has opted in can
alert the Samsung server, whichin turn alerts
the owner. The user datais encrypted and
securely protected, ensuring the locationis
only revealed to the owner.
With Nordic's Bluetooth LE wireless
connectivity, Galaxy SmartTags can do
more thanlocating valuables. They can also
be programed to perform automated tasks
such as activating a home security system,
dimming thelights, or controlling a smart TV.

Internet of Things

Nordic becomes fullmember
of DECT Forum and joins board

Nordic Semiconductor has announced its
fullmembership of the DECT Forum, the
organizationresponsible for fostering the
development of the DECT (Digital Enhanced
Cordless Telecommunications) industry
standard, and the adoption of the DECT New
Radio (NR)+ standard.

The European Telecommunications
Standards Institute's (ETSI) DECT NR+ is the
first non-cellular 5G wireless standard and is
designed to support massive loT at densities of
amillion devices per square kilometer.

Nordic has been a key contributor to the
development of the DECT NR+ standard since
theinitial specification was published in July
2020. The standard promises 99.99 percent
reliability due to features built into the lower
layers of its RF stack. Nordic became the main

dect

wireless technology

contributor for the stack’s physical (PHY) layer
and a key contributor for the Media Access
(MAC) layer at the launch of the specification.
The company continues to serve as the editor
for the PHY layer.

As part of its membership, Kristian Saether,
Nordic's Product Director of Cellular loT and
NR+, will join the DECT Forum Board. Nordic
has also joined several key working groups.

“Nordicis abelieverinbringing the loT to the
widest audience,” says Saether. "Our strategy
is to support the loT technologies that cater
for the widest range of applications while
being based on open standards and built to
exacting technical specifications. DECT NR+
fits the bill perfectly,” he adds. “We joined the
DECT Forum due toits proven track record for
establishing DECT in the market.”
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IMPROVING AIR QUALITY

Nordichas addedits
technical expertise to an
international air quality
monitoring initiative. The
South African Consortium
of Air Quality Monitoring
(SACAQM) is a consortium with the goal of
bringing together the private sector, and
other institutions to promote and develop
loT-powered air quality monitoring and
prediction technology. Due to the cost
and complexity associated with deploying
traditional air quality monitoring systems,
countries are forced to allocate their limited
resources to monitor priority sites which
necessitates the omission of others. As such,
SACAQMis developing an Al-powered loT
system envisioned to address shortcomings
in currently available commercial systems.

A SCENT FOR VIRTUAL
REALITY EXPERIENCE

Scent might soon

become part of the

multisensory extended

reality experience. At CES

2023,U.S. startup OVR

Technology presented
ION, a wearable featuring a cartridge filled
with unique digital aromas. The company
says the sense of smellinfluences
emotions and behavior. The device, which
connects wirelessly over Bluetooth LE to a
smartphone, PC or VR headset could open
up anew realm of possibilities for gamers,
retailers and healthcare providers, the
company claims. Adding scent to a virtual
reality retail exhibit or therapeutic VR
environment, for example, could influence
the way peoplerespondtoit.

NORDIC THINGY:53
WINS AWARDS

The Nordic Thingy:53
has beennamedthe
winner of two important
industry awards. The loT
prototyping platform won
the ‘Best loT Innovation
of the Year' category of the Electronics
Maker (EM) Best Awards 2022, India's most
prestigious electronics industry awards.
The Thingy:53 was recognized as theideal
platform for building advanced wireless
proofs-of-concept with ML capabilities
onshort schedules. It then won the ‘RF/
Wireless/Microwave' category of the 2022
World Electronics Achievement Awards
(WEAA), which honors products, companies
and individuals that have made outstanding

contributions to innovation and development.
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Livestock tracking solution offers
remote health and location alerts

U.S.-based HerdDogg has released a suite

of livestock tracking solutions to provide
ranch operators with remote health and
location data for their herd of cattle. The
rangeincludes three DoggTag smart tags—
TraceTag, YardTag and WelfareTag—as well
asthe DoggBone gateway whichrelays the
smart tag datato a Cloud platform for review
by ranch management.

The smart tags are applied to the ear of an
animal using a standard tag applicator and the
tag thenrecordsits proximity to the gateway
at specifictimes. Ranchers can thenuse the
datato determine, for example, if or when
an animal visits a feed trough or a watering
location, as well as maintain alocation-based
inventory of their herd. If an animal fails to visit
afeedtroughit could be a sign that the animal
isunwell or of potential theft.

The WelfareTag also includes temperature
and light sensors as wellas a MEMS
accelerometer torecord data about animal
behavior. This datais gathered several times an
hour andis stored in the smart tag's memory
untilit can berelayed to the Cloud when the
animalis next within range of the DoggBone

gateway. The data can also be used for estrus
detection—identifying when a female animal
is ready for breeding—as well as for health
alerts for apparent lameness, fever or Bovine
Respiratory Disease.

The TraceTag and YardTag smart tags are
powered by Nordic's nRF52833 SoC, while
the WelfareTag device employs the advanced
nRF52840 SoC. The Nordic SoCs provide

or their herd of cattle

Bluetooth LE wireless connectivity between
the tags and the gateway at adistance of up to
90 metersin standard operation.

The DoggBone gateway employs two U-Blox
BMD345 modules—whichintegrate the
nRF52840 SoC—to provide long range wireless
connectivity between the gateway and the
smart tags. From the gateway, the datais
relayed to the Cloud using cellular or Wi-Fi.

Location & Tracking

Resort management
solution tracks skier
location on mountains

Flaik, a skischool management firm, has
upgradedits workforce management solution
toinclude loT network capabilities. The
network indicates the location of thousands
of guests andinstructors anywhere on

the mountainin near real time. The flaik
SnowSports Workforce Management
solution with GPS Tracking platform
comprises the flaik tag wearable device using
Nordic's nRF9160 SiP and the associated
Mountain View web-based dashboard.

The SiP provides the GNSS positioning and
cellular 1oT connectivity that allows the skier's
location datato berelayed from the flaik tag
toasmartphone or tablet via the Cloud. The
nRF9160 combines cellular location data with

GNSS trilateration for precise location.

Thelocation of individuals is continually
relayed to the flaik servers for a
comprehensive understanding of what's
happening on the skifields.

The system allows, for example, ski
management to direct late students to
classesinminutes or track any classes late
toreturn at the end of the day. At the same
time, data-driven feedback helpsinstructors
setlevel-appropriate lessons. At the biggest
resort at whichitis deployed in Whistler,
Canada, flaik can scan and associate up to
3,500 devices to guests andinstructors.

Connected rowing
machines provide
performance insights

Rowing machine maker, WaterRower, is
using Nordic Bluetooth LE connectivity in
its rowing machine performance monitors
to provide users with real time access to
programs to help them train smarter.

The WaterRower rowing machines
provide smooth and evenresistance and a
realisticrowing experience. The company's
S4 Performance Monitor can be mounted
to the machine and displays arange of
time, distance and intensity metrics.
Itintegrates Insight SiP's ISP1907-LL
module based on Nordic's nRF52811
SoC. The module provides Bluetooth LE
connectivity to the WaterRower Connect
iOS and Android app. From the app the
user canreview their workout history.

Cellular IoT animal tracker
monitors small species

Wildlife telemetry solutions provider, Cellular
Tracking Technologies, has developed a
lightweight tracker designed for monitoring
the migration patterns of species weighing as
little as 75 grams. The company has already
deployed the trackers on species that were
previously too smallto carry trackers - such
as the American Robin and Green Jay.

Both versions of the animal tracker,
FlickerGPS and FlickerCL (CellLocate), comein
acompact form factor—the smallest version
weighs approximately 2.5 grams—with the
transmitter generally weighing below 3
percent of a tracked bird's weight so as to not
impact its natural behavior.

The products use Nordic's nRF9160 low
power SiP for the GNSS positioning and
cellular loT connectivity that allows the animal
datatoberelayedto the Cloud.

The battery- and solar-powered devices
feature a three-axis accelerometer for
detecting mortality, providing a general
level of activity (not moving or moving
significantly), and providing the user with raw
X.Y,Z measurements. Algorithms can also be
deployed toidentify specific animal behaviors

like roosting, flight and foraging, for example.

“The FlickerGPS and FlickerCL leverage a
whole new suite of tools enabling the study of
animal movement and behavior at a spatial and
temporal scale previously unattainable for a
wide range of smaller species,” says Sheldon
Blackshire, the firm's CTO.

FlickerGPS and FlickerCL use Nordic's nRF.
Cloud Location Services for power-efficient
and accurate positioning. From the web
platform the user can see where the animalis
onamap, view sensor data and update device
configurations over-the-air.

Haptic skin VR system provides

vivid touch experience

Ahand-worn wireless hapticinterface system
that collects personalized tactile sensation
datato provide a vivid touch experience

in the virtual world has been developed by
researchersin Hong Kong. The ultra thin,

ultra flexible, wireless skin-integrated
electrotactile techis designed to enhance the
immersive experience of VR and AR users.
Users can feel virtual objects at varying
degrees of force proportional to actions in the
metaverse — such as amouse running along
the hand, or grasping a tennis ball.

Based on personalized threshold data,
electrotactile feedback canbe delivered to
any part of the hand on demand and withinan
intensity range that is strong enough to be
noticed but will not cause any pain.

Unlike typically cumbersome haptic gloves

which tend to rely on bulky pumps and air
ducts powered through cables, the WeTac
system, developed at the City University of
Hong Kong (CityU), employs Bluetooth LE
connectivity provided by a soft driver unit
worn on the wrist. This enables configuration
from asmartphone to adjust the strength
of the electrotactile stimulation. WeTac has
application potential across gaming, sports
and skills training,and remote robotic controls.
"“Touch feedback has great potential, along
with visual and audial information, in VR, so
we kept trying to make the hapticinterface
thinner, softer, more compact and wireless,
so thatit could be freely used on the hand, like
asecond skin,” said Dr Yu Xinge, Associate
Professor in the Department of Biomedical
Engineering at CityU, who led the research.
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WASTE ENERGY
POWERS WEARABLES

Researchers at

the University of

Massachusetts Amherst

haveinvented an

innovative method of

harvesting waste energy
to power wearable devices using the human
body as an antenna. After experimenting with
an antenna made out of coiled copper wire
to collect leaked RF energy, the team found
that placing the coil in contact with a human
body could maximize the collection of waste
energy — up to ten times more than the bare
coil alone. Theresult of this discoveryisan
upper forearm-worn device called Bracelet+
that canreach up to microwatts to support,
for example, body worn health monitoring
sensors thatrequirelittle power.

SURGE FOR SMART
METERING TECH

The smart electricity

meter penetration

ratein North America

reached 77 percent at

theendof 2022,and a

new report from market
research firm Berg Insight says smart
meter penetrationin the U.S. willincrease
toreach 93 percent by 2027. Overall, the
analyst projects theinstalled base of smart
electricity meters will grow at a compound
annual growth rate (CAGR) of 4.8 percent to
reach a total of 173.4 million units at the end
of the 2021to 2027 forecast period. Yearly
shipments of smart electricity metersin
North America will continue to grow from
10.7 million units in 2021to 17.3 million units
in 2027, according to the study.

MIC BLOCKS
AMBIENT SOUND

A wireless soundproof
microphone that straps
over the user's mouth
tocreateaseal can
prevent ambient noise
fromleakingin while
simultaneously suppressing the user's voice
tomakeitless audible to the outside world.
Developed by Japanese company Shiftall,
the Mutalk deviceis designed for various
applications in environments where external
noise might hinder communication, such
as VR, online gaming and conference call
scenarios. The technology is based on the
Helmholtz resonator principle to achieve
a significant sound deadening effect. It
operates as a wireless headset whenlinked to
asmartphone viaBluetooth LE connectivity.
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Speeding up
arapid transit
system

Therapid transit system of one of China's
most populous cities is employing Nordic
Bluetooth LE wireless technology to help the
10 million people who use the network each

The point of sale (POS) ticketing system at
the Shanghai Metro's entry and exit gates
uses Shanghai Dito Information Technology's
(Dito) QR Code Bluetooth Security
Signature Verification Module. The
module employs Nordic's NnRF52832
multiprotocol SoC. The SoC enables
secure, offline signature verification
to authorize customer paymentsin
the event of network loss.

To access ShanghaiMetro,
commuters can download the Shanghai
Daduhui app to their smartphone. From
the app, users can generate a QR code that
is scanned on approach to the entry or
exit gates. In addition to Shanghai Metro,
the POS ticketing system has also been
rolled out across a number of other smart
transportation facilities across China. The

day get to their trains and destinations faster.

systemis used up to 150 million

times each day, accounting

for more than 35 percent

of transportation payment
transactionsin China, according to the firm.

"With Nordic's in-depth cooperation and

support, Dito's offline ... verification module
is not only improving travel convenience
of citizens' travel, but also greatly reducing
the use of physical cards and tickets, and
theresources required to make them,"” says
Bruce Xie, CEO of Dito.

The solution comprises a QR code module—
whichiis linked to the main board of Shanghai
Metro's POS machine to provide QR code
camera control—as well as the Nordic-
powered Bluetooth verification module.
Bluetooth LE provides an alternative method
of verifying the QR code and authorizing
customer payments should the entry or exit
gates suffer aloss of network signal. The
nRF52832 SoC ensures secure Bluetooth

LE connectivity between the entry and exit
gates and the user's smartphone.

Developers
delivering health
solutions for women

Wireless devices that target women's health
are beginning to emerge on the consumer
market. At CES 2023 inLas Vegas, Movano
Healthintroduced a future iteration of its
medical-grade Evie smart ring for women,
which willmonitor health metrics to help
users better understand the timing of their
menstrual cycle, including menstruation
onset and ovulation windows. The device
also offers support for menopausal
symptoms through insights delivered to an
app on a paired smartphone.

“By monitoring their [women's]
temperature, through the course of the
month, as well as their heart rate, we can
track and predict when, say, the periodis

-

The Evie smart ring monitors the wearers menstrual
cycle, including menstruation onset and ovulation

about to start,” John Mastrototaro, Movano
Health's CEO and Director, recently explained
to TechCrunch magazine.

Elsewhere at CES 2023, Withings
demonstrated a version of its hands-free
home urine lab, which sits under the front rim
of atoilet bowl. It monitors menstrual cycles
by tracking hormone levels. The device can
even help screen for bladder and ovarian
cancer, says the company.

Information collected by the deviceis
relayed to a smartphone app via low power
wireless connectivity.

Cellular IoT

Cellular loT
gateway enables
sensor data collection

AnloT gateway solution developed by
German company TYMIQ sits at the heart
of its asset monitoring and data acquisition
platform. The Prylada loT Gateway (ADH-
02) provides a set of connection interfaces
for gathering telemetry datafroma
variety of sensorsincluding temperature,
humidity, light, liquid leak, air quality and
movement detection.

The device employs the computational
power of Nordic's nRF9160 SiP's Arm
Cortex-M33 application processor to
oversee the sensors and collate data. The
nRF9160 SiP enables the collected sensor
datatobe securely transmitted to the
proprietary Cloud portal, Prylada Cloud,

via a cellular loT network.

Wireless sensor networks predict
environmental changes

Three wireless sensor networks that
supervise square kilometers of land and water
to predict environmental changes are being
developed by ateam of researchersin the

U.S. Led by Supratik Guha, Professor at the
University of Chicago's Pritzker School of
Molecular Engineering, the teamis creating a
sensory network capable of tracking pollution,
moisture levels and chemical composition

to generate data about the rapidly shifting
composition of the planet.

"We want to see how rivers are being polluted,
how much fertilizer is washing out of the soil,”
said Prof. Guha. "With better data, terrestrial
ecologists can develop better nitrogen and
carbon dioxide cycling models. [And] farmers
canuse exactly theright amount of water at
exactly theright time."

Under the project name Thoreau (after the
famous naturalist Henry David Thoreau), Guha's
team have created one network that monitors
the water quality in several Indianrivers,
another that records ground moisture around
the University of Chicago campus, and a third
that collects soil information at a pilot farm near
FermiNational Laboratory in Batavia, lllinois.

The Fermi farm network (Thoreau 2.0), for
example, uses a soil sensor connected to a
plastic-encased circuit board. The farm has
23 battery-powered nodes buried beneath
the surface where they detect and monitor
volumetric water content, temperature and
soil electrical conductivity.

The sensors have an operational life span of
roughly four-and-a-half years, thanks largely
to their use of low power wireless tech.

The nodes collect data every 30 minutes,
relaying it via a cellular loT network to a solar-
powered base stationin the middle of the field,
whichin turn transmits theinformationto a
remote laboratory.

Nordic Semiconductor has reported
2022 annual revenue of $777 million,

GPS bike computer provides
riding data and supports sensors

Magene has launched a multifunctional
GPS bike computer that canrecord over
100 different items of riding data across 13
categories as well as support up to eight
peripherals. The C406 Pro uses satellite
positioning to accurately record and display
arange of data such as speed, mileage,
time, temperature and altitude onits 2.4-in
LCD screen. Theintegration

of Nordic's multiprotocol

nRF52840 SoC allows the bike

computer to support wireless

sensor devices such as heart

rate monitors, power meters,

speed and cadence sensors,

as well as electronic shifting

systems and the company's

L508 Radar Tail Light.

ThenRF52840 SoC's powerful Arm
Cortex-M4 processor provides ample
computational resources to supervise the
data acquisition, data processing, data saving
and GUl display.

The SoC's Bluetooth LE connectivity enables
datatobe syncedbetween the C406 Pro and
Magene's OnelapFit app on a smartphone.
From the app the user canreview and manage
their ride data and statistics, engage with

social media platforms, as well

as select training modes. The
SoCalso supports the ultralow
power ANT+ wireless protocol
which allows the bike computer

to be simultaneously linked with
complementary ANT+ Magene and
third party devices.
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representing growth of 27 percent over the
2021full year. The result comes on the back
of alltime record Q4 revenue of $191million,
anincrease of nearly 12 percent in the
quarter over 2021. The strong year-on-year
demandreflects significant growth across
all Nordic's main verticals with Bluetooth LE
once again dominating, contributing S669
million to annual revenue.

The global consumer loT market size is
forecast to reach $556 billion by 2030,
registering a CAGR of 12.7 percent from
2023 to0 2030, according to Grand View
Research. The analyst ascribed this growth
to theincreasing adoption of loT devices—
including smart wearables, fitness trackers,
smart home devices and more—that
gather and share data over the network.
The wireless segment held a considerable
revenue sharein 2022 andis projected to
expand further at a significant CAGR.

The global smart rings market was worth
$1.67 millionin 2022, according to a study by

market research firm Contrive Data Insights.

The analyst anticipates the smartrings
market will reach $11.44 million by the end
of 2030 with a CAGR of 24 percent over the
2023 to 2030 forecast period. The Asia-
Pacificregion has the largest market share.
Cloud services enable these small devices
provide various functions, the firm says.
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Smart Home

smart lighting, home security, and energy

management are just some of the applications
enabled by the smartphoneinteroperable technology.
Dogs too are getting in on the act with their own
Bluetooth trackers that let owners know where they
have wandered (see WQ Issue 3, 2021pg14). But what if
the pet decides the yardis boring and scales the fence
to explore the neighborhood? Once out of Bluetooth LE
range, the animalis lost.

B luetooth LE is on the path to ubiquity. Wearables,

widespread Amazon Echo and Ring smart home devices
as gateways (known as Sidewalk Bridges) to provide
both Bluetooth LE and longer range ‘neighborhood-wide,’
sub-GHz wireless connectivity. In this way, Amazon
Sidewalk forms a free-to-connect ‘community’ wireless
loT network.

The network is based on two variants. The first suits
applications in the home and uses Bluetooth LE (2.4 GHz).
For applications outside the home, a second license-free
bandin the sub-GHz spectrum allocation enables longer
range applications. Like tracking escaped pets.

Amazon Sidewalk over Bluetooth LE will streamline
connecting Bluetooth LE devices to the Cloud witha
particular focus on data privacy and security. This variant
is most applicable to equipment located inside buildings.
Thelonger range version operates at alower throughput
and forms a network sitting between the home Wi-Fiand
cellular loT LPWANS. It provides greater neighborhood
coverage than home Wi-Fi, but without incurring the data
costs associated with a cellular network connection.

Built with Nordic
Nordic Semiconductor’s technology can now be used
by developers as a basis for both variants of Amazon
Sidewalk. The company’'s nRF52840 SoCis the ideal basis
for the home-based Bluetooth LE networks. The longer
range sub-GHz Amazon Sidewalk variant will make use of
the Nordic SoC's Arm Cortex-M4 application processor
while the radio will provide smartphone-interoperable
Bluetooth LE connectivity to authenticate new devices
into the network and provide over-the-air firmware
updates (OTA-DFUs).

Developers can design and test Amazon Sidewalk
products using the nRF52840 and Nordic's nRF
Connect SDK (see sidebar next page Building Amazon
Sidewalk products).

Inthe U.S., the longer range Amazon Sidewalk variant
willuse the license-free 900 MHz band. The Nordic

-

Amazon Sidewalk offers a solution. The technology uses

Amazon
Sidewalk over
Bluetooth LE
will streamline
connecting
Bluetooth LE
devicesto the
Cloud with a
particular focus
ondata privacy
and security

Nordic Bluetooth LE approved for Amazon
Sidewalk IoT network applications

Amazon Sidewalk combines Bluetooth LE and sub-GHz radio technologies to help
wireless devices work better indoors and extend their reach beyond the home

solution for this variant willuse a Semtech SX1262
transceiver which opens up two further two options:
Amazon Sidewalk over LoRa and Amazon Sidewalk over
FSK (using frequency shift keying modulation and offering
higher throughput than LoRa but with shorter range).

In addition to keeping track of errant pets, application
examples for Amazon Sidewalk include smart outdoor
lighting, environmental sensors, utility meters, asset
trackers, and domestic appliances such as washing
machines—that are often keptinbasements or garages—
as well as healthcare and commercial devices.

Sidewalk Bridges allow all Amazon Sidewalk devices
to communicate with the Internet. The gateways share
a small portion of their Internet bandwidth to provide
services toany Amazon Sidewalk product. This will
also enable use cases such as asset tracking and lost or
misplaced item finding.

With Amazon Sidewalk now open to developers,
device makers can focus on designing products without
worrying about how to connect themto the Internet.

“Amazon Sidewalk is areally promising development,”
says Finn Boetius, Product Marketing Engineer at Nordic.
"By upgrading its near ubiquitous infrastructure in the
U.S., Amazon has taken a unique opportunity to expand
the application range and market potential of wireless
|oT. This includes using Bluetooth LE to make it simple
for consumers to add Amazon Sidewalk devices to their
network using their smartphones.”

Amazon Sidewalk is currently only availablein the U.S.

Building Amazon
Sidewalk products

A combination of aNordic nRF52840 Bluetooth LE SoC and
a Semtech SX1262 sub-GHz radio transceiver provides

the foundation to build an Amazon Sidewalk device. The
nRF52840 is the most advanced SoCin the nRF52 Series. It
supports Bluetooth 5.3, and Bluetooth 5's Long Range and
high throughput (2 Mbps) modes.

The nRF52840 uses a powerful 64 MHz 32-bit Arm
Cortex-M4 processor and includes 1MB Flash plus 256 KB
RAM. The multiprotocol radio offers up to +8 dBm power
output and -95 dBm sensitivity at 1TMbps Bluetooth LE for a
link budget of 103 dBm. The nRF52840 includes a full-speed
(12 Mbps) USB 2.0 controller on-chip. An extensive range of
peripherals are available with a number of high performance
digitalinterfaces such as high speed SPI(32 MHz) and
quad SPI(32 MHz) to allow direct interfacing to displays
and external memory.

The nRF52840 uses the nRF Connect SDK for Amazon
Sidewalk software development. The scalable, unified
software development kit enables developers to build
software optimized for size and performance on devices with
limited memory, as well as more sophisticated and feature-
rich software for more advanced devices and applications.
The SDK canbe used by developers toimmediately get
started on Amazon Sidewalk projects becauseitintegrates
thelatest version of the Amazon Sidewalk software
repository. In addition, the SDK brings developers a wealth
of varied examples, including Bluetooth LE profiles and
driver support for all peripherals. It supports applications
using Bluetooth LE and Bluetooth mesh as well as other
popular protocols.

Amazon Sidewalk applications can be evaluated using the
nRF52840 DK. This is a versatile single board development
kit for Bluetooth LE, Bluetooth mesh, and other low power
2.4 GHz protocol development on the nRF52840 SoC. It
facilitates development by exploiting all features of the
nRF52840 SoC. All GPIOs are available via edge connectors
and headers, and 4 buttons and 4 LEDs simplify input and
output to and from the SoC. An on-board external memory is
connected to the QSPI peripheralin the nRF52840 SoC.

Amazon Sidewalk development
is supported through Nordic's
nRF52840 DK
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s the world transitions away frominternal
A combustion engine (ICE) vehicles to help

meet climate targets, the rollout of electric
vehicles (EVs) as a viable, more sustainable transport
alternativeisincreasing.

Government mandates and regulatory incentives have
been akey driver of the growthin EV adoption. The U.S.
Government is aiming to make EVs half of allnew vehicles
sold by 2030. And the E.U.'s Green Trucking Directive calls
for 50 percent toll discounts for EVs from 2023 and air
pollution charges for gas vehicles from 2026.

But deployment schedules around the world are still
checkered. According to the Global EV Outlook from the
International Energy Agency, Europe’s Nordic nations—
with Norway (86 percent) and Iceland (72 percent) at the
top—led the world in global EV market penetration in 2021,
while the U.S. barely made the top 20 with 5 percent EV
sales as a percentage of overall car sales.

Oneroadblock to faster EV adoptionis that
infrastructure and customer experience challenges
remain. The drivers of EVs rely on the availability of
dedicated EV charging stations to efficiently plan their
journeys. While traditional fueling stations for ICE
vehicles are readily available, a much smaller network of
operational EV charging stations has prevented many
people from making the switch to electric. And the
charging stations that do exist must be kept reliably up
and running. Companies also need to continue to investin
smart charging technologies to generate faster charging
options, while also reducing potential grid overload during
peak charging times, says analyst ABl Research.

According to anew report, Connected EV Charging, from
global telco infrastructure leader Ericsson, “EV charging
stations are critical to ensure a steady adoption, and there
are significant business opportunities for EV charging
companies and therelated ecosystem.”

Despite these challenges, there are signs of movement
with arecent study by Berg Insight forecasting 9.7 million
charging pointsin Europe by 2024.

The need for connectivity

Asinsomany otherindustry sectors, reliable, secure
wireless connectivity to EV charging stations enhances
their value proposition. Connectivity enables data to be
gathered on how customers use the station, as well as
the availability and condition of charging sockets. Data
canberelayedto a central platform for staff to respond
to disruptions or problems remotely. Avoiding potential

-

Initially developed for
consumer electronics,
theLi-ionbattery type
hasbecomeincreasingly
important for usein

EVs. Asmore countries
advancein the shift
towards cleaner fuel
alternatives, analyst
Statistaprojectsthe
global market demand
for Li-ion batteries used
inEVs will grow from 500
gigawatt hoursin 2023
toapproximately 1,525
gigawatthoursin 2030

Connectivity a driving force to
standardize EV infrastructure

Bluetooth LE, Wi-Fiand cellular loT connectivity can help electric vehicle charging
companies manage the complex EV ecosystem and grow clean transport

technicalissues canimprove maintenance and uptime at
the electrical outlet. It can also help charging companies
plan when and where to scale their charging network
based on demand. Data gathered can evenbe used

to provide real-time visibility of all stations to drivers
directly, helping them map out their journey.

Cellular loT willbe adriving force for the fledgling EV
charging market, according to the Ericsson report. The
report suggests LTE-M/NB-loT connectivity canhelp EV
charging companies manage the complex ecosystem of
stakeholdersincluding drivers, hardware and connectivity
providers, utility companies, automotive OEMs, and asset
owners like parking operators, cities and homeowners.

“By connecting charging stations with cellular loT, EV
charging companies are better positioned to effectively
manage their orchestration, administration and
maintenance, offering a smoother driving and customer
experience, the Ericssonreport stated.

A flexible approach

Cellular loT is not the only wireless tech with arole to
play inthe future of EV charging. "Bluetooth LE, Wi-
Fiand cellular connectivity are allneeded to enable a
flexible approach for EV charging stations,” says Martin

Bluetooth LE, Wi-Fiand cellular
connectivity are allneeded to enable a
flexible approach for EV charging stations

Lesund, Technical Marketing Manager — Cellular loT, Nordic
Semiconductor. “"With the ability to seamlessly integrate
shortrange, Wi-Fiand cellular devices using the same
software development kit [nRF Connect SDK], developers
can createinnovative and reliable charging solutions that
meet the evolving needs of the EV industry.”

An example comes from India-based tech company
Intellicar. The firm's multiprotocol edge intelligence solution
has been developed for the EV value chain. The Nordic
nRF52833 SoC-powered Flashp gateway with a cellular
modem enables customers to deploy edge analytics on
their remote assets including batteries, swap stations,
charging infrastructure and vehicles. The SoC provides
seamless Bluetooth LE connectivity for connecting assets
and data to the Cloud in the absence of cellular coverage.

The use of multiple wireless technologies will also be
beneficial when EV owners are charging their cars at
home. “We need to future proof applications [by adding]
EV charging stations to the Matter-enabled networks of
tomorrow's smart homes," says Lesund. "In residential
building use cases where apartments have shared parking
spaces, severalhundred EV charging stations might need
to communicate together for different reasons.” Matteris a
smart-home standard that brings interoperability to Wi-Fi
and Thread products (see WQ Issue 1,2022 pg14.)

12 WQ Issue12023

Jannicke lanssen

VP Organizational Development & Talent,

Nordic Semiconductor

Calling all engineers -
you are in high demand

Nordic's establishment of
abasein Denmark builds
on the company’s strategy
of opening local offices to
attract skilled staff

As the pandemic-induced chip
shortage eases, new loT product
development is accelerating. That's
increasing the demand for skilled
electronics software and hardware
engineers, and created human
resource shortages. Inresponse,
many countries have implemented
educational programs so areas that
might have previously not been
considered engineering hotspots
are now producing thousands

of highly skilled practitioners.

Nordic has taken
a global perspective to
recruitment, underpinned
by the establishment
of hubs where talent is
concentrated

Examples are India, Turkey, Poland
and Nigeria. And today's highly
interconnected world means talent
doesn't have to be uprooted to
work overseas.

We are working hard to secure
global talent because engineers
are fundamental to ensuring Nordic
designs and builds the products
our customers need today andin
the future. That's why we've taken
along-term, global perspective to
recruitment, underpinned by alocal
presencein theregions where talent
is concentrated.

Inrecent years, Nordic has
expanded into Finland, Poland, the
U.K.,the U.S, Sweden and India.

By moving to where the engineers
live, Nordic has not only bolstered its
Bluetooth LE team but also built up

highly experienced cellular loT and
Wi-Figroups. These key expansions
have enabled the company to
significantly strengthenits wireless
technology hardware and software
expertise and become one of

the few companies able to offer
Bluetooth LE, LTE-M/NB-loT and
Wi-Fisolutions. These engineers
enhance the company's credibility
and expertisein the foundation
technologies of the loT andincreases
customer confidence.

And now we have continued this
approach by opening-up an office in
Copenhagen, Denmark. The office
houses a team of analog designers,
while also serving as alocation for
attracting other talentin Denmark.

The new officeis afurther
example of Nordic's dynamic and
flexible approach to recruiting.
Thisis helped by a distributed
management structure and flat
hierarchy dynamics, enabling fast
decisions to secure talent.

Engineers are thelifeblood of
atech company, especially one
like Nordic which places aheavy
emphasis on R&D. Today, the
engineering team make up over 70
percent of the company'’s staff. But
we're always looking to strengthen.
If you'reinterested in seeing what
we need go to nordicsemi.com/
About-us/Careers.
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There are serious
challenges to building
asustainable world,
fromraw material
constraintsto stressed
supply chains and
climate changeimpacts

Astheimportance

of environmental
sustainability grows,
organizations are
increasingly being
mandated to be part
of achieving net-zero
emissions

TheloT and other smart

Sustainability

How theIol Can
Help Save the World

As we face up to the challenge of transitioning to a sustainable
global economy, the IoT is providing the platform to help countries,
communities and companies meet their green responsibilities

ustainability—the ability tolive, thrive and advance
without depleting the planet's natural resources—
has become something of a catchcry for the 21st
century. But now it's imperative the word becomes
much more than a slogan or convenient rhetoric.
According to Scientific American, over 200 countries
have shaped their environmental policies around limiting
the planet's maximum temperaturerise to 1.5 degrees
centigrade compared to pre-industrial levels. And yet
Earthhas already warmed by 1.3 degrees and, while they
are only whispering itin private, climate experts collectively
believe the target willbe overshot in aslittle as ten years,
the publicationreports.
A world that warms by two degrees looks alot different to
one thatincreases by 1.5. There would be more heatwaves,
greater rainfall (although less freshwater), lower crop yields

down to anincreasing appetite for consumer electronics,
but the emergence of the loT and machinelearning (ML)
isleading to many new applications that are also boosting
semiconductor demand.

Increased accessibility to electronics technology has
improved the lives of many, and as it becomes even
more environmentally-friendly, modern technology will
alsoimprove the health of the planet. New practices are
being adopted for material sourcing through processing,
manufacture, distribution, retail, repair and recycling. (See
analysis pg21Making greener semiconductors.)

Growth of electronics technology is making the
management of e-waste one of the most importantissues.
Recyclingis key. According to the UN, 20 percent of e-waste
is successfully recycled today, and the organisation has
announced a plan By 2030 [to] substantially reduce

technology formthe and higher sea levels. Such somber predictions make it waste generation through prevention, reduction, repair,
basis of sustainable incumbent on humanity to take meaningful action now, recycling andreuse.”
economies evenif some of the suggestions seem a little extreme (see “There's a growing focus on supply chain sustainability
sidebar pg19 Weird Science). The stark reality is the planet in electronics and manufacturing, with an emphasis
needs us to do much more thanjust talk. onresponsible sourcing of materials and reducing the
The good news s the hard work needed to overcome environmentalimpact of production,” says Linda
sustainability challenges is already underway. Initiatives Pettersson, Senior Vice President Legal & Compliance,
include greener extraction of raw materials, energy- Nordic Semiconductor. "Additionally, there's a growing trend
efficient supply chains, robust financial operations andlabor ~ towardrecycling semiconductor materials to reduce waste
forces that are paid fairly and kept safe. These efforts are and conserveresources.”
positively impacting the ability of countries, communities
and companies to adapt their economies. DOING THE RIGHT THING
Since the 1980s the pace of development in the electronics
sector has outstripped that of practically any otherindustry.  Asbefits a global body, the UNis helping drive the
It has become aleading contributor to the economy of some  international sustainability agenda throughits Sustainable
countries and a major input to total industrial productionin Development Goals (SDGs). Createdin 2015, SDGs have
many others. And the rate of growth is showing no signs encouraged organizations to strive to enhance the
of slowing down; according to analyst Fortune Business sustainability of their practices andinvestments. The 17
Insights, the chip sector alone will expand from $527 billion SDGs include targets to ensure availability and sustainable
in 20271to $1,380 billionin 2029 at a compound annual management of water and sanitation (SDG 6); ensure access
growthrate (CAGR) of 12.2 percent. In part, this growthis to affordable, reliable, sustainable and modern energy (SDG
14 WQ Issue12023

By the Numbers

1.5°C

Target limit for global
average temperature
(above pre-industrial levels)

Source: United Nations Framework Convention
on Climate Change

2.7X

Sales growth for sustainably
marketed products vs
conventional products since 2015

Source:IRland the NYU Stern Center for Sustainable Business

S8.98
bhillion

E-waste management
market by 2028

Source: SkyQuest Technology Consulting
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Sustainability

7);and make cities and human settlements inclusive, safe,
resilient and sustainable (SDG 11). There are also goals to
promote sustainable consumption and production patterns
(SDG 12) and take urgent action to combat climate change
anditsimpacts (SDG 13), among others.

The goals themselves do not yet form the basis of
enforceable legislation or provide economicimperatives
for compliance; they do, however,impose specific,
measurable and observable targets. Andit's those targets
that are motivating industry to get its act together.
Companies are spending time and financial resources to
enhance sustainability with the SDGs acting as the baseline
for their efforts.

While the SDGs are the posterchild for sustainable action
there are also regulatory frameworks and commercial
dynamics encouraging firms to become greener. A greater
emphasis on social responsibilities based on policies that
actively promote companies’ social accountability alongside
profits, and which make them directly answerable to
stakeholders and the public, has created sustainability
ratings, new legislation and government incentives for
adopting environmentally-friendly practices — or penalty
fees for non-sustainable ones.

Challenges remain: *Changing consumer behavior to
prioritize sustainability is a significant challenge, as old habits
are difficult to break, and there are often financial barriers to

TheloT will
soon gener

enough savings
to pay back the

ate

energy cost of

its manufacture
and deployment

and, from
then on, wil

save around

eight times
the energy
consumes

it

Executives embrace sustainability leadership

Business leaders across industries are under pressure to meet green targets. Among
CEOs and VPs surveyedin 2019, sevenin ten said they felt the push from customers
andinvestors to make sustainability a strategic priority for their organization,

and eight in ten noted coercion fromregulators. According to the research by the
Environmental Defense Fund, this is how manufacturing, energy and technology

executives are embracing the pillars of sustainability leadership:

Setting
science-based
sustainability
goals

Collaborating
across your
industry for

sustainability

Scaling
sustainability
across your
supply chain

Using emerging
technology to
increase your
sustainability

80%
92%
93%

88%
96%
90%

88%
95%
89%

87%
95%
92%

~

Source: Business and the Fourth Wave of Environmentalism report — Environmental Defense Fund,

adopting sustainable practices,” says Nordic's Pettersson.
But thanks to the efforts of farsighted people, there's a

master plan. Andit's a plan that sees electronic tech not as

part of the problem, rather as a major part of the solution.

THE GREEN ADVANTAGE

In addition to enhancing a company’s image, green policies
canboost its competitive advantage and strengthenits
bottomline. A 2019 survey by U.S. insurance
company Aflac found 77 percent of consumers

are more willing to purchase from companies

with an environmental pledge. According to

new NielsenlQ survey data, 46 percent of
consumers are looking to brands to take the

lead on creating sustainable change, while 93
percent of business leaders believe consumers
arelikely to hold businesses accountable for

their environmentalimpact, the Environmental
Defense Fund claims.

But while anindividual company's action can
help towards a sustainable economy, a group of
organizations working together can do much more.
Industry group the Responsible Business Alliance
(RBA) is committed to sustainable global supply
chains. The alliance has developed a sustainability
code of conduct inspired by international standards,
including the Universal Declaration of Human Rights,
International Labor Standards and International Social
Accountability Standards. The RBA drives suppliers,
partners and customers to meet similar environmental
responsibility goals, influencing every part of the process
through sustainable practices.

The more than 1770 members of the RBA have now also
committed to driving sustainable value for workers, the
environment and business throughout the global supply
chain. Members, including Nordic, are accountable to a Code
of Conduct. "“For corporations, change begins with enhanced
visibility and control of the supply chainitself," says
Pettersson. "RBA members are more likely to require their
suppliers, partners and customers to meet similar green
goals by following the RBA Code of Conduct, which sets
abaseline for allrelevant areas including business ethics,
diversity, non- discrimination, workers'rights and privacy.”
(SeeWQ Issue 3,2021pg12.)

As theimportance of environmental sustainability grows,
organizations are increasingly being mandated to be part
of the transformation toward achieving ‘net-zero'—or even
carbon negative—objectives. Itis working, says analyst ABI
Research. The company notes that regulations addressing
climate change and environmentalimpact are influencing
greener corporate and product business strategies. For
example, the German Supply Chain Act, which cameinto
forceinJanuary 2023,and the E.U.'s proposal for Corporate

Sustainability Due Diligence Directive are proposing or
requiring companies to conduct due diligence on their
value chains, while assessing environmental risks such
as pollution, carbon emissions and biodiversity loss.
Furthermore, mandatory climaterisk reporting has been
introducedinthe UK, the U.S., the E.U., Japan, Brazil, Hong
Kong, New Zealand, Singapore and Switzerland.

THE CIRCLE OF (PRODUCT) LIFE

Changing how we do business at the corporate levelis going
to help, and new business models are helping too. The old
trend tointroduce new products every few years has gone
andin the process it has dramatically decreased the volume
of e-waste. Sleek new products are designed to last instead
of being thrown away after just afew years. One example,
reportedin The New York Times, is the Fairphone 4 made by
an Amsterdam company of the same name. The smartphone
has a plastic cover that can be easily removed to expose
itsinternal components. And those components can be
replaced in minutes by removing a few ordinary screws.
Other manufacturers are making it easier to fix broken
products—meaning trivial faults nolonger put expensive
devices permanently out of commission—and simplifying
disassembly at the end-of-life to aid recycling. It all helps to
build a sustainable economy and the smartphone makers

Theodor Rohde
CEQ,
Lobaro

Sustainability

Linda Pettersson
Senior Vice President
Legal & Compliance,
Nordic
Semiconductor

TheloT has amajor
sustainability problem when

it comes to batteries. We talk
about the promise of amassive
loT, but we have to consider
how we are going to power

it. Replacing or recharging
batteriesinbillions of devices
issoimpracticalitisn'tevenan
option. Instead, as soon as the
battery is empty the device

is written off and scrapped,
creating further waste. Asan
industry we have toincrease
our investmentinharvested
solar energy.

My company was the first
manufacturer tolauncha
completely solar-powered NB-
loT and LoRaWAN gateway that
enables theremote wireless
reading of consumption
meters. The combination of a
supercapacitor, sophisticated
firmware and a custom solar
cellmakeit possible for the
device tobe completely battery
free. We have shownthata
single 13 by 13 cm solar cell
provides more than enough
energy to power a gateway or
sensor reporting data every
hour yearround, 24/7,evenin
winter. Evenindoors with only
alittle daylight,itis already
feasible to power loT devices
without disposable batteries.

Abattery-free future for
theloT is possible, but the
responsibility for it doesn't lie
with the end customer, itlies
with the hardware developer to
design battery-free solutions.

Nordic Semiconductor
has a history of investing
in sustainable practices.
While these practices have
positive side-effects such
as lowering operating costs,
ensuring we comply with
regulatory requirements, and
mitigating business risks, more
importantly they reduce the
company's carbonfootprint and
help to conserve the planet's
precious resources.

Nordicis part of a highly-
interconnected supply
chain where much of the
sustainability responsibility
lies directly withits suppliers
and customers. But we do
work very hard toimplement
sustainable practices where
we have direct control,and we
do work hard to engage with
partnerson their efforts todo
thingsin a greener manner.

Our sustainability focusis on
continuing to develop energy-
efficient chips that together
with optimized manufacturing
canreduce waste and
emissions, and increase the
use of renewable energy. And
we are committed to helping
our customers find ways
touse our energy-efficient
chip technology ininnovative
solutions that support and
promote sustainability.

There are still challenges
for Nordic, our customers and
theindustry, to overcome. But
overcome them we must to
create asustainable future.
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arenot alonein their good endeavors. New PCs, TVs, tablets
and wearables are among the consumer products that now
offer longer life and easier recycling.

Manufacturers are embracing a circular economy concept.

The concept aids sustainability through strategies based on
the five ‘Rs'—reduce, reuse, repair, recycle and restore—and
has the potential to contribute to multiple UN SDGs.

According to The Connected Consumer Report 2030,
produced by business think tank The Future Laboratory
for Vodafone Smart Tech, so-called smart circularity—the
circular economy asit relates to connected technology
and the loT—can help the world shift away from linear
consumption to an economy where resources are fed back
into a closed loop of recycling, reusing and sharing,.

By 2025, improved resource productivity could deliver
an annual net material cost saving of S600 billionin Europe
alone, according to the Ellen MacArthur Foundation, and cut
greenhouse gas emissions by 39 percent.

Toreach these ambitious targets, chip makers and
electronic device manufacturers are playing a critical role.
Tech products now emphasize reusability, and developers
consider recyclability and multi-purpose use in their
designs from the beginning.

Consumers can expect new devices to be compatible with
several generations of previous technology. This forward
and backwardintegrationis cutting down on e-waste and
discouraging over-consumption. Meanwhile, tech advances
such as over-the-air firmware updates increase end-
product longevity, ensuring users don't have to buy new

Nordic Semiconductor
takesits green
responsibilities seriously
andhas alignedits policies
withthe RBA Code of
Conduct sustainability
goalssince 2007.As
aresult,Nordichas
beenrecognizedas

oneof thetop 100
companies by STOXX
Global ESG Leaders
Index, abenchmark for
sustainability champions

hardware to access the latest software product features.

The Connected Consumer Report 2030 also notes beyond
the electronics design and manufacturing community, loT
technology can also help the whole of society embrace smart
circularity with the potential to transform how we view and
manage consumption. (See WQ Issue 4, 2022 pg12.)

Planned obsolescencein allits guises—from contrived
durability and repair prevention to software lockouts and
batteries that can't be replaced—is now consigned to history.

TECHNOLOGY TO THE RESCUE

While consumers and corporations are changing their habits,
protecting the planet andits resources for tomorrow will
also need widespread deployment of new technology. The
UN already recognizes the transformative power of tech;

its 2030 Agenda for Sustainable Development states: “The
spread of information and communications technology, and

Better waste
management
using the IoT

Eveninacompletely sustainable world there willbe
some waste which must be carefully treated and
disposed of. Some of the companies that do this
important work are customers of German
firm adhoc networks. The firmis helping the
business of trashitself become more sustainable
by releasing aNordicnRF9160 SiP-based smart
waste management solution.

The systemis capable of remotely measuring
filllevelsin waste containers which enables
waste management businesses to better allocate
collectionresources and avoid overflow. The smart
device uses optical sensors to monitor the fill
levels of a variety of different containers, including

underground waste systems which present
additional monitoring challenges through reduced
visibility and increased storage volume.

The monitoring process is overseen by Nordic's
nRF9160, which then collates the data and sends
it to the Cloud, using its cellular loT connectivity.
Users can then view this information through the
centralized web platform, manage waste container
assets, as well asreview current and historical
data. The platform can also perform self-learning fill
level prediction modeling and offers dynamic route
simulation to optimize collection crew productivity.

“Our platform has been tailored so customers
can easily manage their container fleet and conduct
dynamicrouting based onfill levels,” says Christian
Wedekind, Senior Product Manager at adhoc
networks. “This helps save resources and reduces
CO: emissions by only scheduling waste collection
when containers are actually filled. With our
solution, emissions in waste disposal businesses
canbereduced by up to 40 percent.”

The company is supporting a sustainable economy
by choosing low power technology to maximize
battery usage. “Battery life was a very important
factor as the product is designed to be used ona
large number of containers, meaning theless we
have to change the battery, the better,” explains
Michael Ebert, Senior Embedded Developer at the
company. "“As such the extended lifetime enabled
by the nRF9160 SiP was a major drawcard for us.”

globalinterconnectedness has great potential to accelerate
human progress, to bridge the digital divide and to develop
knowledge societies, as does scientific and technological
innovation across areas as diverse as medicine and energy.”
But how exactly to turn that progress, knowledge and
innovation towards the sustainability challenge?

TheloT will form a foundation platform for sustainable
tech. But firstit needs to be fully rolled out and that willincur
an energy cost. Willthat cost be worthit? A Transforma
Insights and 6GWorld report, Sustainability in New and
Emerging Technologies In 2030, highlights how building the
loT from now until 2030 will significantly increase global
electricity use, and 112 million cubic meters of water will be
consumed during the manufacture of loT-enabled solutions
until that time. Hydrocarbons used for the distribution and
deployment of loT solutions will add to the cost.

Yet the Transforma report concludes that the positive
environmentalimpact of loT applications will make the cost
well worth theinitial sacrifice. In fact, loT technology will
soon generate enough savings to pay back the energy cost
of its manufacture and deployment and, from then on, will
save around eight times the energy it consumes (see WQ
Issue 1,2022 pg12). 10T devices will also conserve nearly 230
billion cubic meters of water in 2030, the report says, with
35 percent of thisimpact coming fromimproved
water grid operations and the balance boosted by loT-
enabled agricultural applications such as smart irrigation
(see WQ ssue 3,2022 pg14).

The benefits of big data are also expected to be crucialin
justifying the loT's environmental footprint. When combined
effectively with, for example, ML applications, the loT
will generate swathes of information to help people and
organizations better understand their energy costs and
make informed environmental decisions (see case study
pg18 Better waste management using the loT). Moreover,
the key green benefits of the loT will largely come from
enterprise solutions, which are generally associated with
efficiency savings — oftenin the form of reduced electricity
consumption leading to lower carbon emissions (see case

Thereisa
growing focus
on supply chain
sustainability in
electronics and
manufacturing,
withan
emphasis on
responsible
sourcing of
materials and
reducing the
environmental
impact of
production

Sustainability

Weird Science

Alex Osborn, the father of the creativity technique we know
today as brainstorming, was a firm believer that there was no
such thing as abadidea. For successful brainstorming, he said,
participants had to suspend judgement. But even Osborn'’s faith
may have been put to the test by some of theless well considered
ideas proposedin thelast 15 years whenit comes to slowing
climate change, promoting sustainability and fighting pollution.

For example, back in 2011, U.S. Republican politician Dana
Rohrabacher suggested clear cutting the world's forests as a
means to eliminate greenhouse gas emissions. Cutting down
the forests, he said, would get rid of 90 percent of emissions
generated by natureitself. Then there are the proponents of
pouringironinto the oceans to stimulate the production of
CO.-eating phytoplankton. The only downsideis it creates algal
blooms loaded with a brain-damaging neurotoxin.

But not all off the wall environment-saving ideas are a crazy
as they sound. For example, one Belgian NGO is using human
hair to absorb environmental pollutants. The company collects
clippings from hairdressers and feeds them into a machine that
turns our hairinto matted squares. These squares can be used to
absorb oil and other hydrocarbons polluting the environment. A
single kilogram of hair can absorb seven to eight liters of oil and
hydrocarbons, according to the developers.

Meanwhile, earlier this year, astrophysicists from the
University of Utah proposed a plot fit for Hollywood to create a
solar shieldin spacein order to deflect the sun'srays away from
Earth.How does it work you ask? Simple really. Go to the moon,
start mining for millions of tons of dust, and then ballistically
ejectit about one and a half million kilometers into space froma
massive electromagnetic railgun. Sitting between Earth and the
sun, the dust particles would partially block incoming sunlight.

Improbable though the solution might be, the scienceis
sound. Naturallunar dust grains are exactly theright size
and composition for scattering sunlight, and it would take
significantly less energy to launch fromthe moon's surface rather
than from Earth. Maybe there really is no such thing as abadidea.
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study below, Smart lights cut carbon emissions) or reduced
fuel or water consumption, for example through smart
electricity grid operations. (See WQ Issue 2, 2021pg22.)

Onmore modest scales, innovative developers are doing
their bit to use theloT to create solutions that cut down
the totalamount of resources the world consumes. For
example, the Smarter Sustainable World Challenge with
Nordic Semiconductor competition—launched in conjunction
with hardware education community hackster.io (an Avnet
company)—called upon participants to plan, design and
prototype cutting-edge solutions that reduce humanity's
ecological footprint using the power of sensors and wireless
connectivity. Participants were provided with the Nordic
Thingy:53 multiprotocol prototyping platform to help them
realize theirinnovative ideas.

The overall winner, Elijah Maluleke from South Africa,
created asmart water tap leakage controller that
automatically closes a valve whenever thereis an abnormal
flow of water through the water tap. The volume of water
saved by using the loT device, when scaled to millions of
water sources, would have a huge impact on conservation
efforts. Another entrant, Mateusz Pajak from Poland, used

Nordic has
continually
lowered the
power budget
of its wireless
solutions
without
compromising
performance

Plug, a Nordic-powered Bluetooth LE /cellular IoT electricity
plug that canbe used to monitor energy usage and save
power consumption by remotely controlling load switches.
Another is Canadian technology firm AquaSensing's Leak
Sensor 1.0, abattery free, self powered leak detection device
using a sensor as bothits power source and for detecting
water leaks. The solution harvests energy from any fluid
ingress to power the Nordic nRF52832 SoC that wirelessly
connectsto asmartphone, from where the user canreceive
alerts of active leaks via an accompanying app.

The flexibility built into Nordic loT solutions—which are

theloT technology to create a vertical self-regulating
soilless farm built to fight the food storage crisis and at the

same time achieve maximum yield.

Nordic corporate customers are also sustainably
developing innovative solutions to help other businesses
and communities work towards a greener future. One
exampleis China-based MOKO Smart's MK117NB Smart

Smart lights cut
carbon emissions

The glowing filament of traditional incandescent
bulbs turned only around 5 percent of the
electrical energy powering theminto light.
Fortunately, the devices have now largely been
consigned to museums. Today lighting companies
have turned to the LED. These devices generate
photons through electroluminescence and use
about 15 percent of the energy of anincandescent
bulb to generate the same amount of light and last
up to 30 times longer.

According to the U.S. Department of Energy,
lighting accounts for 5 percent of worldwide
greenhouse gas emissions. The organization says a
wholesale shift to LEDs could reduce CO. emissions
by 800 million tonnes per year, the equivalent to
shutting down 684 coal-fired power stations.

used in millions of loT applications optimizing resource
usageinareas of energy, travel, transport, agriculture,

manufacturing, waste handling, smart cities and more—
makes it easy to customize the trade-off between duty

That's abig step towards sustainability. But even
better results can be gained from teaming LEDs
with wireless connectivity to allow smart control
such as automatically turning down the lights
when external conditions are brighter, or cutting
illumination when people leave the room. The
energy savingresults are even better whenthe
wireless controllers are themselves optimized for
thelowest power consumption.

Thisis why U.S. smart lighting and building
solutions company, Acuity Brands, chose Nordic's
Bluetooth LE SoCs for its smart lighting controllers.
The company estimates by pairing Nordic's ultra
low power technology with solid-state lighting it
has saved over 2.3 million tonnes of CO; emissions
from six million of its smart lighting deployments
since 2016. The CO: emissionreductionis based ona
calculation of lower fossil fuel-generated
energy consumption of the new Acuity lights
compared with the energy consumption of the
previous lighting solutions.

cycle, throughput and battery life to suit the needs of
the application. Nordic also builds its hardware to last for
years, backwards compatible with previous generations of

Acuity says the Nordic Bluetooth SoCs played a
criticalrolein reducing the power consumption of its
smart luminaire lighting fixtures by 40 watts while
they'reinuse. "Sustainability requires every single
joule of energy to be conserved...and Nordic wrote
the book on energy-efficient short-range wireless
chips. The [company’s] SoCs allowed us to maximize
[carbon] savings,” explains Adam Handler, Director
of Corporate Sustainability at Acuity Brands.

J

its products. Software is continously upgraded to include
new features and easily downloaded through over-the-
air software updates. These upgrades make it simple for
customers to enhance the performance and lower the
energy consumption of productsin the field.

STRIVING FOR A BATTERY-FREE WORLD

Network equipment provider Cisco suggests thatinas
little as a decade, there could be more than 50 billion
wireless and cellular loT sensors. Many of those will

be powered by batteries. Apart from the maintenance
issues—evenif each cell lasts for a decade, technicians
across the globe would still be faced with changing millions
of batteries every day—those cells threaten to undermine
theloT's sustainability credentials. Exotic materials such
as lithium must be mined, the cells must be fabricated, then
distributed around the world, and then there's the major
problem of safely disposing of them once exhausted.

Nordic has continually lowered the power budget of its
wireless solutions without compromising performance.
Suchis the modest power consumption of its latest
generation of products that, in certain applications,
energy from harvested sources alone is sufficient to
power the end-product.

Tomorrow's wireless solutions will be even more efficient,
dramatically extending the range of applications that will
be able to harvest all their energy from the environment.
And anew generation of power management ICs (PMICs),
customized for energy harvesting devices, will stabilize
the variability of harvested-energy sources andplay a
significant partin freeing loT products from batteries.

While the potential for a thriving connected worldis huge,
we must ensure sustainability is built into everything we
do. It's clear the challenges areimmense, but the stakes are
even higher. But by nolonger simply taking, making, using
and disposing, we are adopting a better way.

Together with clever engineers, progressive politicians
and savvy consumers, the loT can ensure sustainability
becomes a part of everything we design, manufacture, use
and discard. We have the technology, we have the tools, we
have the motivation and we stillhave a beautiful planet. All
we need to do now is work together to keep it that way.
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Making greener chips

Rolling out a dense global loT network comes with an
ecological cost. What's being done to lower it?

hedistributed intelligence of the
_|_ loT is founded on the chemical
element silicon whichisusedin

the manufacture of semiconductors.
The elemental form of siliconis rare - but
locked-upinrocks as silicon dioxide
(silica) it is the second most abundant
elementinthe Earth's crust (after
oxygen). The raw materialis typically
extracted from sand, whichis mined from
lakes, riverbeds and coastlines, or from
quartzite, a silica-rich rock. The mining
processis not without an environmental
footprint, butitis nowhere near the scale
of that for materials such asiron ore.

There are some options for making
silica extraction alittle greener. For
example, sugarcane contains significant
amounts of silica taken up from the soil as
the plant grows. Work is under way to find
ways to economically extract the silica

from the waste products of sugar refining.

Other plant waste, for example that from
wheat, corn and sunflowers, also contains
significant amounts of silica.

A bigger environmental challenge
arises when converting the silicainto

To lower the
environmental impact,
foundries are taking
advantage of renewable
sources of power

silicon of a purity high enough for
electronics. The processis intensive and
requires lots of water, lots of energy for
arc furnaces running at 2000 degrees
centigrade, and carbon (which extracts
the oxygen from the silicaas carbon
monoxide) often in the form of coal.
Tolower the environmentalimpact,
foundries are taking advantage of
renewable sources of power. Samsung,
for example, one of the largest chip
makers, saysinits 2021sustainability
reportit has trebledits proportion of

renewable energy since 2018 and the
company reused half its water in 2021.

Foundry siliconis about 99 percent
pure — good enough for most uses
outside of electronics (for example, for
alloying with aluminum and iron) but
not for chips. Toraiseit to the ‘seven
nines’' (99.99999) purity needed for
semiconductors requires a process that
includes mixing the elemental silicon
with hot, gaseous hydrochloric acid to
turnitinto a gas called trichlorosilane.
This gas and hydrogen are then pumped
into areaction chamber using electrodes
heated to 1150 degrees centigrade.

The gas then decomposes onto the
electrodes as seven-nines silicon. The
main environmental cost is that the
process consumes a lot of energy to
keep the electrodes hot.

However, alower energy optionis
being developed for mass production.
Based on a fluidized bed reactor it
does away with the energy-intensive
electrodes - instead using heated and
fluidized silicon powder onto which the
trichlorosilane gas can decomposeinto
the highly purified silicon.

While the chipindustry works diligently
tocleanupits act,itis already way down
thelist of major carbon emitters. Tech
publication Arstechnicareported that
the total ICT sector was responsible
for between 1.8 to 3.9 percent of global
greenhouse gas emissionsin 2021.

Beef production, by comparison, was
responsible for 9 percent.
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Logistics

Demand for

online shopping has seen
the addition of millions
of square meters of new
warehouse space and
more varied and dynamic
product holdings

Tomeet

the challenges of the
new digital landscape,
operatorsareturning
totechnology to build
warehouses that are
smarter andmore
optimized

loT sensors

are helping find products
faster using technologies
such as Wi-Filocationing
and canalso help detect
changesinproduct
quality,identify damage
and prevent workplace
incidents

Warehouse Rave

Warehouses are rapidly adopting loT solutions to meet the
challenges of the huge global shift towards online shopping

few years ago, dozens of malls and retail outlets
inthe U.S. began shutting, one closure after the
other.Not long after, warehouses and fulfillment
centers sprouted up in those very same locations.

Demand for online shopping had begun to take hold,
and with it, intense demand for warehouse space froma
growing number of online retailers and logistics providers.
Between 2016 and 2019, 734,000 square meters of retail
space—including Walmart and Target stores and cinemas—
was convertedinto one million square meters of industrial
warehouse space, according to U.S. broadcaster CNBC.

When COVID hit, this nascent trend became a tidal wave.
Lockdowns forced even larger swathes of retailers globally
tolock up their shopfronts and shift aggressively to digital
channels. In the first year of the pandemic alone, the share
of e-commerce grew at two-to-five times therate it had
grown prior to 2020, according to McKinsey. Online retail
figures everywhere — beitthe U.S., U.K,, Asia, or Latin
America all told a similar story.

To support the shift online, major changes also needed to
take place on the ground. Millions of square meters of new
warehouse space were acquired and created to support
theincreasedretail demand. Warehouse occupancy by
retailersinthe U.K. aloneincreased more than 600 percent,
according to the U.K. Warehousing Association (UKWA).

For warehouse operators there'llbe no turning back -
three-quarters of people who used digital channels for

the first time during the pandemic will continue in this
vein, says McKinsey. It's estimated that 140 million square
meters in new warehouse space will be needed globally to
meet therise in e-commerce sales.

As well as the addition of new facilities, the typical
individual warehouse is expanding, by more than 140
percentin some parts of the globe. Amazon's largest ever
warehouse, measuring 381,000 square meters, is now
being built in California.

Warehouse operations willneed to modernize fastin
response to the growing size and number of warehouses.
Storing goods in their designated places in the warehouse
and locating those goods to retrieve them for packaging
and shipment are already intensive and exhaustive
processes. Employees spend about a third of their shifts
just moving around inside the building. With larger tracts
of floor space for workers to cover, a shrinking labor pool,
andinventories expandinginline with the growthin online
shopping, these numbersrisk blowing out unsustainably.

Supporting the dynamics of online shopping, warehouses
today must also support smaller and more frequent orders
and work with more varied products lines and
unpredictable buying patterns.

APERFECT STORMFOR loT

To meet all these demands, leading operators are now
turning to technology to build warehouses that are
smarter, safer and more optimized. A prime example of this
is Amazon's Industrial Innovation fund, a S1billion corporate
venture capitalinvestment for projects toimprove
outcomes in warehousing, supply chain and logistics.
Analyst Frost & Sullivan also predicts the warehouse
automation market will double to $27.2 billion by 2025.
U.K.newspaper The Economist says the imperative
tointroduce automation and robotics in the warehouse
sector aslabor pools shrink is a “watershed moment".
Other analysts have described the situation as a "perfect
storm for loT, a rapidly maturing technology with a track
record for precisely solving the kinds of problems affecting
the warehouse sector. These include improving visibility
of physical assets, enhancing efficiency and condition
monitoring, and delivering rich data-driveninsights using

Warehouses
today must
support
smaller

and more
frequent
orders and
work with
more varied
products
lines and
unpredictable
buying
patterns

sensors, connected networks, location services and
machine learning (ML) capabilities.

Let's start with the challenges of locating goods in
ever larger warehouses. Connected sensors placed on
warehouse assets can provide workers information about
the precise locations of products, allowing them to locate
andretrieve those products more efficiently. Sensors
installed throughout a warehouse can also support the
building of ‘digital twin' applications that provide workers
withinformation about how best to access key locations.

Several loT technologies support these location needs.
Wi-Filocationing is one geolocation solution that is suited
for asset tracking inindoor environments. "In addition to
the high propagation of Wi-Fisignal strength, one of the
benefits of Wi-Filocationing is the ability to build off the
warehouse's existing Wi-Fi connectivity infrastructure,”
says Clay Hine, Business Development Manager - Asset
Tracking at Nordic Semiconductor. Devices such as
Nordic's nRE7002 Wi-Fi 6 companion IC, when built into an
asset tracker, use the known location of the warehouse's

Wi-Fiaccess points to provide an accurate location of a
given asset, Hine says. Nordic's chip provides fast and
reliable connectivity, and low power consumption.

Bluetooth LE beacons, when taking advantage of
features such as the Nordic Distance Toolbox—which
uses phase based measurements to get more accurate
distance values compared with conventional received
signal strength indication (RSSI)—offer another option
for low power, cost effective indoor location finding. The
ubiquity of Bluetooth in smartphones gives warehouse
workers easy access to tech that helps themlocate assets.
Hine adds that Bluetooth Direction Finding, supported
by several Nordic SoCs, delivers centimeter-level indoor
positioning and location (see WQ Summer 2019 pg26.)

As well asimproving the ability to locate goods, Bluetooth
LE beacons can help warehouses preserve product
quality. By combining accelerometers with sensors in the
beacons placed on goods, warehouse operators can detect
incidents of drops, impact or other disruption to products.
Other sensors, usedin combination with Bluetooth LE, can

U.K.firm System Loco's asset tracker,

LocoTrack HGC4,is embedded

intransport pallets. The device

includes atemperature sensor and

anaccelerometer. The product uses Nordic's nRF52840 SoC
aspart of GNSS, Wi-Fi, Cellular loT and Bluetooth LE location
techniques toindicate the position of the pallets

Semiconsoul's LINT device uses
NordicnRF52833 SoC for Bluetooth

LE connectivity and location finding.

LiNT is suitable for a wide range of indoor
industrial or enterprise asset monitoring. The

device supports applicationsincluding indoor tracking,
navigation, asset management, and condition monitoring

Estimote's Anchor Beacons

canbe placedin fixed corner

locationsinafacility and use

ultra wideband (UWB) technology

to compute their relative position and map

the dimensions of the warehouse. Assets with
UWB tags automatically appear on the digital map
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also detect temperature or humidity changes, ideal for
warehouses that store perishable goods.

Once warehouses get started with loT automation,
the benefits quickly flow. Sensors can turn warehouse

shelvesinto smart shelves that can detect and broadcast

information about stock levels, product displacement or
theft,improving inventory management. Beacons can

communicate with driverless robots and forklifts, helping

them move more efficiently and safely around the aisles.
Further, the loT can monitor the performance of critical

equipment, by collating sensor data about the operation of

key parts and using ML to detect and predict failure.

TUNING UP FOR THE FUTURE

A compelling extra benefit that comes with introducing

|oT to solve problems such as locating assets, are therich

and broader insights that can be gleaned from the data
generated by sensors. Inthe 'smart warehouse’ context,

sensor data about the location and movement of products,

and even movement of workers and machinery, can help
operators optimize operations.
By using ML and Al, operators canidentify potential

bottlenecks in the movement of goods and calculate more

efficient routes for workers and machinery — supporting

both productivity gains and reducing risk of collisions and

accidents. Al technologies can also use data on product

retrieval frequency to optimize where products should be

located for most efficient storage and retrieval.
Establishing an loT platform also positions warehouses
to capitalize on further innovative integrations as
complementary technologies advance. For instance, as
enterprise wearable technology becomes more
prevalent, connected products or warehouse shelves
could communicate with a worker's wearable smart
glasses to guide them to the exact location of a product.
And many of the benefits of warehouse loT will
extend beyond the warehouse and into the supply
chain. Data about inventory levels could be fed to
manufacturing facilities to ensure further production or
ordering of raw materials occurs on a just-in-time basis,
supporting lean manufacturing and sustainable
economies (see this issue pgi4).

The warehouse
space that willbe
needed globally
to meet therisein
e-commerce
Source: CBRE

Average time
employees spend
traveling inside a
warehouse during
ashift

Source: ReadWrite

Size of the global
warehouse
automation
marketin 2025

Source: Frost & Sullivan

jumped 71percent.In Asiait rose 82 percent.

Logistics

Tracking moving assets
using GNSSis precise but
energy intensive - which
drains batteries. Wi-Fi
locationing using the
known position of access
pointsisless accurate but
saves power and works
where GNSS doesn't, for
example,indoors. Single-
celllocationing uses a
nearby base station for
acoarselocation, while
saving battery power.
Using more towers aids
precision. Nordic's nRF
Cloud Location Services
optimally manages

the trade-off between
accuracy and power

Every year,around a billion dollars
worth of consumer goods are subject
to shipping damage, and who picks up
thebill canbe a contentious and litigious
blame game. Cellular loT devices paired
with GNSS and nRF Cloud Location
Services, and using a host of sensors,
cantrack and monitor assetsinreal time. (g
The tech enables end-to-end supply
chain monitoring and ensures freight
companies and consumers can identify
the party responsible for any damage

At the heart of the wireless warehouse

are beacons employing Bluetooth

Direction Finding, Ultra Wideband (UWB)

or acombination of both to support

accurate andreliable location systems.

Bluetooth Direction Finding beacons use

Angle-of-Arrival technology toidentify (e
thelocation of tags on pallets and
parcels with precision. UWB systems
use Time-of-Flight of the RF signal to
establish the exact distance between
thebeaconandthetarget tag

Boxing Clever

:sayeg 83,9 uopensny|

When COVID-19 struck, e-commerce in Europe

Warehouses were suddenly brimming with
online orders needing fulfillment. To have ahope
of meeting demand, companies have had to
embrace wireless techin an effort to keep pace

/53¥eq-83.18/501[04110d/W0 BIIRIISNRS 103 SN || MMM //:c11Y

Warehouses aren tjust full of
things, they're full of people too,

and wireless access management
systems cankeep both boxes

and personnel safe and sound.
Bluetooth LE and cellular loT-

based wearables can ensure only
authorized staff gain facility access,
as well as report staff location to
the Cloudinreal time or trigger
location-based alarms. Paired with
multiple sensor inputs they canalso
discriminate between alegitimate
access attempt or abreak-in

The average warehouse can ship up to 200,000 boxes a day during
apeak holiday season, which makes a warehouse manager's job

of coordinating incoming and outgoing stock, reconciling orders

in databases, and managing teams of warehouse staff abusy one.
Employing wireless techin the form of Bluetooth LE or Wi-Fienables
management staff to constantly track movements inreal time via web-
based warehouse management software running on tablet computers

Amazon's warehouse near Ontario,
California willhave a floor space about afifth
the size of Disneyland. Little wonder then
that sometimes things can go missing. Inthe
predigital age, tracking assetsindoors was
alaborious, error-strewn manual process,
oftenresultingin forlorn packages. Now,
asset trackersincluding a Wi-Firadio and
nRF Cloud Location Services canreveal the
position of boxes relative to Wi-Fiaccess
points. Moreover, the Bluetooth Direction
Finding angle of arrival feature estimates the
distance and angle of a tracking device from
aknown fixed point such as abeacon

Some robots may soon be smart enough to take over the
world, but others are simply happy to follow instructions.
Warehouse robots are designed to augment human labor

by performing various tasks from picking and palletizing to
transportation. With next-gen 3D LiDAR, robots willbe able to
identify obstacles—such as humans—and pick the best path
around them. They will also be able to detect vertical drops -
thus avoiding a damaging plunge off the edge of aloading dock

The nRF7002 Wi-Fi 6 companionIC is the ideal choice for
implementing low power Service Set Identifier (SSID) Wi-Fi
locationing. SSID Wi-Filocationing supplements GNSS- or
cell-basedlocationing by providing accurate positioning in
warehouses with a high density of Wi-Fiaccess points
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Remote Patient Monitoring

Remote monitoring tech
isincreasingly offering
solutions to keep older

people out of hospital
andaged careandin
their home for longer

The pandemic has
accelerated adoption
of wireless healthcare
solutions, however
people over the

age of 60 are under
represented amongst
the user base

Cellular loTis gaining
tractionfor remote
monitoring devices as
itisreliable and secure,
and eliminates the
needfor asmartphone,
gateway or user
intervention

The Digital Aged

As the world's population ages, pressure is mounting on health and
assisted living facilities to provide adequate care to seniors. Cellular
loT-based remote monitoring solutions are plugging the gap

tereotyping older peopleis arisky business.

Against every cliche of infirmity, it takes less

than a minute to find a video on the Internet of

someone's 85-year-old grandmother skydiving,
or abare-chestedretiree flexing his abdominal muscles. So
while stereotypes are best avoided, certain maxims about
the older population generally hold true, not least a dislike
of hospitals. While not many of us of any age like a trip to
hospital, statistically at least, people over the age of 65 are
much more likely to end up there.

And it doesn't have to be a hospital. Moving from your
own homeinto aresidential aged care facility is a step many
are understandably reluctant to make. Moving out of your
long time family home, loss of independence, boredom,
being alone or forgotten, are all frequently cited reasons
for resisting the move. On the other side of the ledger
are therealities of aging and the associated risks — falls
and accidents, forgetting important things like taking
medication, and not eating properly, for example, all of
which canresultin that unwelcome trip to hospital.

Nothing canreverse the march of time and the aging
process, but technology is increasingly offering a means to
keep people out of hospital and out of aged care in certain
circumstances. Evenbefore the COVID-19 pandemic

that put unprecedented pressure on hospital beds and
healthcare systems worldwide, the delivery of healthcare
services was already transforming into one increasingly
relying on technology- and data-led ‘virtual' care, remote
from hospitals or doctor's surgeries. While technology
adoption may have been accelerated by the pandemic, a
significant barrier to adoption has been that many older
adults distrust or simply don't understand technology,
making it difficult to practically implement.

While technology use has grown markedly among the
over 65sinthelast decade, today still only 61percent of
U.S.peoplein that age bracket own a smartphone, while
only 75 percent are Internet users, according to arecent
study by Pew Research. This compares poorly to 18 to 29
year-olds where both smartphone ownership (96 percent)
and Internet usage (99 percent) are for practical purposes,
universal. In the case of wearables, older Americans are
evenless wellrepresented, with only 19 percent of over
55s owning such a devicein 2021, according to Statista.

TECHNOLOGY AT ANY AGE

Increasing the adoption of technology solutions

that can assist older people to stay in their own home—or
help residential aged care facilities provide more effective
care despite staff shortages—should neither rely on
smartphone ownership nor a graduate qualification in
wireless communication.

"“Digitalization is one of the most powerful drivers and
potential enablers of positive change across generations
toward healthier aging populations,” says Jane Barratt,
Secretary-General of the International Federation
on Ageing. “The pandemic has served as a propellant
accelerating the adoption of devices, models and
digitalization faster than might have otherwise occurred,
[and] digital access at home and in facilities is now equally
critical to our capacity and quality of life.”

Unfortunately, the benefits of technology have been
divided highly unevenly between different generations
(see State of Play pg28 A healthcare tech age divide).
Digital healthcare tech has to be widely available and
useable by the demographic most in need of its benefits.

Yet of the people who use healthcare wearables, for
example, only 15 percent are over the age of 65, according
to the Journal of Medical Internet Research.

The solution, according to the American Association
of Retired Persons (AARP), is to design the technology
to suit the needs of this population group, and to
democratize technology by simplifying its use for
everyone.Developers are listening.

ELIMINATING THE MIDDLEMAN

While Bluetooth LE remains the most popular wireless
technology for connected wearables, cellular [oT is gaining
tractionin health-related wearable devices as it removes
the middleman, doing away with the need for a smartphone
or a gateway and enabling continuous monitoring without
the need for intervention on the part of the wearer. For
older people this is of enormous significance — no pairing,
no smartphone, no remembering passwords for Wi-Fi
networks, just data sent reliably and securely to the Cloud.
Reassuringly for what can amount to life and death
applications, LTE-M and NB-loT low power cellular
loT provides the gold standard in reliable and secure
connectivity. Interms of coverage, operators haverolled
out networks across the globe with the same country-

Nordic'snRE9160is
alow power cellular
loT SiP. The integrated
modem supports both
LTE-MandNB-loT
wireless connectivity.
Arm TrustZone
technology helps
build solid and secure
loT applications that
feature secure boot,
trusted firmware
updates androot of
trustimplementations
without performance
compromise

wide coverage as their mobile phone networks. This means
most of the industrialized world—and an ever-increasing
proportion of developing countries—offers ubiquitous NB-
loT and/or LTE-M coverage.

Cellular loT is also about the most secure communications
technology around, with baked-in security features
as part of the 3GPP standards. Additional security can
also be applied at the chip level with devices that offer a
secure-by-design product development process. For
example, Nordic Semiconductor's nRF9160 low power
SIP withintegrated LTE-M/NB-loT modem makes use of
Arm TrustZone's and Arm CryptoCell's additional layers
of security for Internet-level encryption and application
protection. This level of security is reassuring to both
developers and consumers, particularly when it comes to
healthcare wearables handling and transmitting potentially
sensitive personalinformation.

LOOKING AFTER OTHERS

One company driving the development of cellular loT-
based health monitoring wearables for older peopleis
Californian tech firm, SalusWear Corp. Last year the
company launched a cellular loT-powered wearable

designed to track and monitor individuals suffering from
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Remote Patient Monitoring

Alzheimer's, dementia or autism. The solution
has applicationin aged care facilities or by individuals
living independently.

The SalusWear device integrates Nordic-powered
LTE-M connectivity and GNSS to report the location of
the wearer to family, friends, or caregiversin the event
they go missing, as well as an accelerometer to detect
if they have potentially been subject to a fall. The wrist-
worn solution requires no interaction on behalf of the
wearer and responds directly to specific SMS commands
from preapproved phone numbers, without the need
for asmartphone app. For example, a caregiver can text
“LOCATE" to the device's dedicated phone number to
receive amap link to the wearer's location, or “TRACK" to
receive amap link with alocation update every minute.

“"We know that a significant portion of our user base
will be older, and can sometimes find new technology
challenging, so we have designed this device with ease-of-
useinmind,” says Chris Rotberg, President of Saluswear
Corp."“Inan emergency they can just send a quick text and
not worry about finding the app on their phone or trying
toremember a username and password. This is especially
important because in the case of a missing person -
timeis of the essence.”

KEEPING ON TOP OF HEALTH METRICS

Another company championing the use of device-to-
Cloud cellular loT connectivity in health wearables is
August International, that last year launched a pair of
smartwatches that provide continuous monitoring and
recording of arange of key health metrics.

Digital access
athome and
in facilities is
criticalto our
capacity and
quality of life

Ahealthcare
tech age divide

Wearable healthcare technology

has the potential toimprove

access to healthcare information

especially for older people. It can

also empower themto play an 50-64
activerolein the self-management 31%
of their health. Despite the potential

benefits, the acceptance and use of

wearable healthcare technology declines

as people get older. The most likely users

of the technology are white women, aged

between 18 and 50, with some level of

college education and ahouseholdincomein

excess of $75,000. The least likely are non-

white single men over the age of 65 who

failed to complete high school.

18-34

27%

35-49

27%

Use of wearable
healthcare devices
by age group:

Source: Journal of Medical
Internet Research

The E2 and N2 devices bothintegrate pulse oximeter,
temperature, and inertial measurement unit (IMU) sensors
to determine heart rate, blood oxygen, blood pressure, and
body temperature vital signs, while the N2 also includes
an ECG sensor torecord heartbeat and rhythm, as well as
providing GPS positioning and fall detection functionality.
As they are primarily designed as healthcare devices

for family members, clinics and care homes to remotely
monitor the health of the wearers, the company chose to
employ Nordic nRF9160 SiP cellular oT connectivity to
relay key health data direct to the Cloud, rather than using
asmartphone as aBluetooth LE gateway.

"Due to COVID-19, there has been aneed to reduce the
frequency of face-to-face medical appointments [and]
the use of remote healthcare devices has subsequently
become akey part of patient care," says Dr Keming
Zhou, Managing Director of August International. "When
doctors have access to data collected by the E2 or N2, they
can obtain amore detailed and accurate insight into the
wearer's condition, and adjust treatment as necessary."”

For those requiring urgent care, the smartwatches
include an SOS button which calls for assistance and
transmits the user's location to emergency services, as
well as sending a prerecorded message alert and position
notification to third parties. The nRF9160 SiP combines
cellular network location data with GPS trilateration for
precise position monitoring in case of any SOS alerts.

Hong Kong-based microelectronics company, Dayton
Industrial, has gone a step further, integrating both cellular
loT and Bluetooth LE connectivity into its new healthcare
wearable, that can serve the dual purposes of aremote
healthcare/telecare solution as well as a multifunctional
device the wearer can connect to their smartphone and
use as a conventional smartwatch.

The Link2Care Smartwatch DA13700 features a 3D
motion sensor for activity records, inactivity alerts, sleep

monitoring and fall detection. By pressing the SOS key, the
user can activate an SOS alert message with their health
information—including name, gender, age, blood type and
any drug allergies—and location that is sent to predefined
mobile phone numbers and uploaded to a Cloud server
and service center for emergency response. Further
information, including sleep/activity stats and wellness
data such as daily step count/distance and calories burned,
can be uploaded to the Cloud and a customer service
center using Nordic LTE-M/NB-IoT cellular connectivity.
Nordic's nRF52832 provides Bluetooth LE connectivity
enabling, for example, calls and notificationrelaying from
smartphone to wearable. The smartwatch also supports
the Bluetooth LE Beacon profile - allowing connection to
beacon accessories for indoor location tracking.

IT'S AGRAY WORLD AFTER ALL

By 2030, onein six people in the world will be over the age
of 60 years, according to the World Health Organization.
By that time, the number will equate to 1.4 billion people.
Fast forward to 2050, and the world's population of people
aged 60 years and older will double from what it is now, to
2.1billion. The demand on assisted living and healthcare
facilities will be at unprecedented levels, and tech willbe
essentialin helping manage the challenge. Not only to keep
peoplein their ownhomeslonger, but also to support staff
in facilities supervise the health of peoplein their care.
Sophisticated wearables will do the heavy lifting on behalf
of the medical profession by wading through huge volumes
of data to rapidly establish anomalies that could indicate
underlying healthissues. Cellular loT wireless connectivity
will seamlessly and autonomously relay this data to the
Cloud for just-in-time medical intervention, allowing carers
to make rapid, accurate clinical decisions. This is the future
of aged care, andits a future that's closer than we think.

Dayton Industrial's
Link2Care Smartwatch

DA13700 featuresa 3D
motion sensor to record
activity andinactivity,
sleep andfalls

Remote Patient Monitoring

What's age
got to do with it?

Older people have areputation for struggling with new
technology, areputation anyone who had to teach their
grandmother how to use Zoom during the height of the pandemic
lock-downs can probably attest. The more serious side of this
disconnect was the difficultly older adults had registering online
for vaccines during the same period.

However, we all need to be careful when it comes to age-based
stereotypesbecausein some aspects of technology and life, the
older brain has been demonstrated to outperform a younger one.
For example,in a study of air-traffic controllers and airline pilots,
those between ages 50 and 69 took longer than those under 50
to master new equipment. Once they had however, they made
fewer mistakes using it. Reassuring for next time you take your
seat onanaircraft and the captainlooks past retirement age.

According to numerous studies, people in their fifties and
sixties also consistently outperform younger people whenit
comes to visual spatial processing and reasoning tasks. Visual
spatial processing tells you how far objects are from you and
each other,and means older people are better at some aspects
of driving—reverse parking and merging lanes for example—than
teenagers or peoplein their twenties.

Another survey by file hosting platform Dropbox found IT
workers over the age of 55 are less stressed using technology in
the workplace than their younger peers, and they are better at
using multiple devices at work.

Infact, whenit comes to some technology, young adults are
not only getting left behind by older generations, but by younger
ones too. A study by U.K. communications watchdog Ofcom,
said digital understanding peaks between the ages of 14 and 15,
before gradually dropping throughout adulthood. The report also
said that while the average six-year-old child may not know how
to tie their own shoelaces, they understand more about digital
technology than most millennials.
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Audio & Music

BluArmor C30
Helmet Comms

This Bluetooth LE motorcycle helmet
communication unit offers hands-free
long range connectivity betweenriders

The wireless audio device market is already booming,
but is projected to reach $143 billion by 2029 based on
current growth trends, according to analyst Fortune
Business Insights. The company said Bluetooth-
based solutions would likely dominate the industry
and propelits growth owing to the technology’s rich
connectivity and interoperability features

The BluArmor C30 Helmet Comms Unit allows groups of

While the C30 can connect animpressive 20 ridersinan
audio mesh network, some motorcycle gatherings get a
little larger than that. The Sturgis Motorcycle Rally held
annually in South Dakota brings together around 500,000
riders for 10 days in August, with the crowd peaking at a
whopping 739,000in 2015. Originally held for stunts and
races, since then therally has become an event for both
riders and sightseersinvolving parties, bike shows, live
concerts and of course, alot of motorcycles

up to 20 riders to maintain a continuous audio connection
while on the road. This enables motorcyclists to speak to
any other member of their group over arangein excess
of 1 km. The C30is not only capable of connecting to the
user's smartphone, but also to their pillion rider, their
riding group and their bike. Using RIDEGRID proprietary
mesh intercom technology, riders can listen to music
while having a conversation with other riders

The C30is powered
by a1000 mAhLiPo
cellthat can achieve
abattery life of up

to 16 hours between
rechargein‘meshand
music’ mode, thanks
inpart totheultra

low power operating
characteristics of the
Nordic SoC. The SoC
has been engineered
to minimize power
consumption with

a fully automatic
power management
system. The BluArmor
Comms app offers
over-the-air firmware
updates, dynamic
volume controlandride
management features

Last year Japanese bike manufacturer Yamaha
announced plans to make the world's cheapest
motorcycle priced at just $500 for the 100 cc model. For
those with abigger budget at the other end of the scale
thereis the Neiman Marcus Fighter. The limited edition
Neiman Marcus bike is powered by a 2000 cc 45° air-
cooled V-Twin engine and can allegedly reach a top speed
of 305 kph. At auction the bike sold for a cool $11million

The C30is supervised by
thenRF52840 SoC's 64
MHz, 32-bit Arm Cortex
M4 processor with floating
point unit (FPU) and the
nRF21540 RF FEM power
amplifier/low noise
amplifier (PA/LNA). The
addition of the FEM offers
ahighly adjustable TX
power boost up to +21dBm,
with the LNA providing +13
dBRX gain, enabling the
devicetorelay audio data
fromheadset to headset
over arangeof 1.2km,
allowingriderstostayin
contact ontheroad

When it comes to famous motorbikeriders, itis hard to beat
Evel Knievel, a stunt performer and entertainer in the 1960s
and 1970s. Knievel found widespread fame jumping over
cars, buses, canyons and sharks, as well as for breaking
433 bonesintheprocess, a Guinness World Record that
stands to this day. His dangerous line of work and accident
prone nature made Knievel virtually uninsurable. He was
rejected 37 times by Lloyd's of London, a firm with the
reputation for insuring unusual risks
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percent of the Earth's surface, less than half

apercent of itis fresh, making it anincredibly
precious commodity. And yet, waste is happening right
under our noses. According to the U.S. Environmental
Protection Agency, nearly 4.5 trillion liters of water are

D espite the fact that water makes up over 70

Not only is this hugely detrimental to the environment, it's
costing homeowners and landlords a fortune.

Because leaks can often occur in hard-to-see spots—
where damage to the building may not be immediately
noticeable—anomalous water useis key to leak detection.
Andthatis not always easy to spot using conventional
water meters. It might be that the leak is small; but any
leak is continuous, soif left unattended losses mount.

“In North America, multifamily residential buildings
consume a significant amount of water,” explains Johann
van Niekerk, CTO at Connected Sensors, a
Canadian green technology company that's
leading the way in the water monitoring and
conservation space. 'The volume of water is
typically measured using a compound meter —
however, these meters are not always accurate,
and the volumes of water used are sometimes
estimated by local utilities, resulting in customers
being billed incorrectly.

“In addition, when water meters do function
properly, they only provide a summary of the water
usedin each period. Due to this limitation, building
owners and utilities have no way of knowing
about potential leaks. [And yet] we have seen
that [leaks] alone can account for 30 to 60
percent of alandlord's total water bill.”

Accurate flow measurements

To help combat theseissues, Connected Sensors has
released the Water Monkey, a smart water flow device
powered by Nordic's nRF9160 cellular |oT SiP. This product
provides residents and property managers with precise
water usage data for billing and leak detection.

The Water Monkey uses animpeller—which rotates as
water passes through it—to calculate the volume of liquid
being used. The device also houses accelerometers to
detect the pipe vibrations that might indicate problems
are afoot. Using the edge processing capabilities of
the nRF9160 SiP's powerful 64 MHz Arm Cortex-M33
dedicated application processor, the Water Monkey can
provide near real time water volume detection.

-

lost annually across the country through household leaks.

[t took Connected
Sensors only sixmonths
todesign, manufacture
and certify Water
Monkey. Suchashort
timeline wasmade
possible thanksto the
features of thenRF9160
low power SiP, as wellas
the global community of
followers and support
available for this solution,
according to the company

Wireless flow monitor provides
real time usage data and leak detection

The Nordic nRF9160 SiP-powered Water Monkey smart water flow device helps ensure
accurate water billing and alerts users when water usage exceeds expected volumes

This datais then sent to the Cloud using the nRF9160's
LTE-M/NB-IoT connectivity. From a web interface, users
can view their water use metrics and set up SMS and
email alerts. This notifies landlords and homeowners if the
water usage exceeds expected amounts, which can assist
in both leak detection and early flood warning.

"After conducting thoroughresearch and considering
our customers' requirements, we decided to use cellular
loT instead of [other] LPWAN technologies for several
reasons," says van Niekerk. "Firstly, we concluded that
having a decent amount of edge computing capability
would be beneficial, and the [robust] connection offered
by cellular options would allow us to [update] our software
[over the air] on Water Monkey. Using cellular loT does
not require any additionalinfrastructure, and we are able
to deploy the smart water flow device almost anywhere
with the assurance of having coverage.”

Wireless monitoring

Afurther advantage of the deviceis thatit can be easily

retrofitted to most water meters without the need for an

electrician or plumber, as it doesn't require an external

power source. Anditincludes an expansion port, allowing

it to be used onboth single and compound water meters.
“Conventional ‘water to Cloud' interface devices often

The Water Monkey can function for up to five
years between battery replacements with the
NRF9160 SiP's low power consumption

Water Monkey canbe easily retrofitted to most water
meters without the need for an electrician or plumber,
asit doesn't require an external power source

require hardwiring,” says van Niekerk. “However, building
owners and managers are often not allowed to alter the
wiring of their water meter without facing penalties. The
Water Monkey, on the other hand, can be non-invasively
attached to the side of the water meter, allowing it to
detect therotation of the impeller without requiring any
changes to the meter itself.

"Water Monkey is the first device of its kind offering the
ability to monitor compound meters from a single device
over areadily available wireless network while running on
battery power for an extended period of time."

The Water Monkey can function for up to five years
between battery replacements with the help of the
nRF9160 SiP's low power consumption. The Nordic product
supports both PSM and eDRX power saving modes,
allowing the device to sleep for long periods.

“Thereference designs, technicalinformation and
development applications provided by Nordic were already
enough to convince me that they are areliable partner,”
adds van Niekerk. "[But] when it came time to choose a
chipset for the Water Monkey, the additional support and
reference material available specifically for the nRF9160
further strengthened my belief in Nordic and made me
confidentin our decision to use the company's products.”

It's a decision that will help to keep the water flowing
when we need it but safely stored when we don't.
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Health over fitness drives
wearables to careables shift

Sensor tech and the
pandemic have changed the
paradigm for wearables

Step counting and fitness may

have been the drivers behind the

first wave of wearables, but the

development of better sensor tech

and the demand for real time data

exchange between healthcare

providers and their patientsis

definitely behind the latest boom.
COVID-19 created the demand

for wirelessly capturing our

health metrics and sharing

them with our GPs, but

this wouldn't have been

possible or meaningful

without the sensors we

cannow packageina

wristwatch-sized wearable.

Equally, it wouldn't have

been possible without the

connectivity, processing and

power consumption capabilities

of the highly integrated SoC or

The senior care
market is going tobe a
huge driver of wearable
techinthe next decade

SiP supervising them. Let's faceiit,
measuring ECG, blood glucose, SPO,,
blood pressure, potential falls and
sleep patterns from your wrist and
sending them to the Cloud for your
healthcare provider or loved ones
toreview andrespondtoinreal
timeis pretty remarkable. It's also
probably essential for the future of
our aging population.

To that end | think the senior
care market is going to be ahuge
driver of wearable techin the next
decade. People are getting older,
they want to remain at home and
evenif they do moveinto an aged

care facility thereisn't always the
staff available to check on their
health round-the-clock. Thisis what
the next generation of wearables
has the potential to do, and they will
increasingly use machinelearning
to determine what informationis
critical toreport and what is not.

Powering remote healthcare
This thinking was behind our
company'srecent Link2Care
Smartwatch DA13700 launch,
aNordicBluetooth LE- and
cellular loT-powered wearable
that enables remote
healthcare and telecare
applications. A 3D motion
sensor records activity,
inactivity, sleep and falls.
Further, the user can
activate an SOS alert with
their healthinformation—
including name, gender, age,
blood type, and any drug
allergies—as well as location. This
is sent to predefined mobile phone
numbers and uploaded to a Cloud
server for emergency response.
Ultralow power is key, whichis
not easy when you consider the
increased sophistication of these
devices and the sensors we expect
the batteries to power. Under
normal conditions, for Bluetooth LE
wearables, up to five days between
rechargeis possible, but for Cloud
connectivity using LTE-M, there's
room for further optimization.
Data security will also become
important because personal health
data from wearables is being
shared via the Cloud. Our wearable
incorporates Arm TrustZone
and Arm CryptoCell security
for encryption and application
protection via Nordic's nRF9160 SiP,
but developers as a whole have to
build customer confidence that their
datais well protected.
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Anin-depthlook at Nordic's wireless solutions

ordic Semiconductor has announced
| \ | itsplantorelease a third power

management IC (PMIC) in mid-2023.
ThenPM1300 will expand the company's
PMIC offering by adding support for both
charging of larger batteries and four
regulated power rails. The nPM1300 will be
optimized for efficiency and compact size
(3.1by 2.4 mm WL-CSP or 5 by 5mm QFN)
andisdigitally configurable through an
12C-compatible Two Wire Interface (TWI). The
digitalinterface provides access to system
management functions that are usually
discretely implemented in Bluetooth LE
designs - such ashardreset, battery fuel

Nordic announces nPM1300 PMIC
to simplify power system design

gauge, system-level watchdog, power loss
warning andrecovery from failed boot.

“Nordic's customers [now] have access to
on-chip functions that enhance product
safety and provide additional ways of
conservingbattery energy,” says Geir
Kjosavik, Product Director — PMIC at Nordic.

The nPM1300 provides highly efficient
power regulation for Nordic's nRF52 and
nRF53 Series multiprotocol SoCs.

The PMIC's four regulated power rails and
battery charger makeitideal for compact
and advancedIoT products based on, for
example, annRF5340 SoChost and multiple
peripheral functions such as sensors.

The nPM1300 will be
optimized for efficiency
and compact size

Examplesinclude advanced wearables and
portable medical applications.

ThenPM1300 charges single-cell Li-ion,
Li-Poland LiFePO4 batteries with alinear
charging module that supportsup to 800
mA charge current. The termination voltage
isprogrammable from 3.5t0 4.45V. The
battery charger features automatic thermal
regulation with programmable maximum
chip temperature during charging to enable
simple thermal management that can be
adapted to any systemrequirement.

The nPM1300 is available for limited
sampling now, and will be available to order
from Nordic's distributors mid-2023.

A platform which enables a wide range of
indoor industrial and enterprise tracking
and monitoring solutions hasbeenlaunched
by Indiabased Semiconsoul Technologies.
The Nordic nRF52833 SoC-powered LiNT
(Location of Interest) device supports indoor
tracking, navigation, asset management and
condition monitoring.

LiNT features several sensors including
infrared (IR) proximity, IR array, ambient
light and addressable LED indicators, as
well as footprints on the board for additional
sensorsincluding an accelerometer,
gyroscope and magnetometer.

LiNT operatesin both Bluetooth LE host
and peripheral mode under Semiconsoul's
Secure Platform for IoT Data Exchange
(SPIDEX). Using the nRF52833 SoC-enabled
Bluetooth LE connectivity, the product is able
to continuously scan nearby Bluetooth LE
devices, and can also act asaperipheral to

\

Bluetooth LE device and
gateway enable indoor tracking

connect to any IoT gateway

or the proprietary, Nordic SoC-

powered parent gateway, Special Purpose
Industrial-IoT Gateway (SPIGWAY).

SPIGWAY runson aLinux open-source
system and provides theloT connectivity
framework called C3F (Common
Communication and Control Framework)
to control data acquisition, data cleansing,
filters, device management, over-the-air
device firmware updates and edge processing.
Multiple LiNT devices can connect to a single
gateway, with collected sensor data then sent
to the Cloud for further analysis. Optionally,
the LINT also supports mesh networking.

"The continuous Bluetooth LE connectivity
and ability to acquire sensor data enabled by
the Nordic SoCs [enables firms] to improve
operational efficiency,” says GovindaRao
Gotta, Chief Functionary - 10T Device Platform
Engineering & Technology, Semiconsoul.

Module enables
Cloud connectivity
for Modbus RTU devices

AnloT modulelaunched by Germany-
based grandcentrix (part of Vodafone)
enables Cloud connectivity via NB-IoT and
LTE-Mfor any Modbus Remote Terminal
Unit (RTU) devices.

The grandcentrix Modbus Cloud Connect
allows any devices running the Modbus
RTU protocol toreport their data to the
Cloudrather than via a wired connection.
By using converters, it can also be used for
arange of other device protocols.

Typical use cases of Modbus Cloud
Connectinclude theremote connection
of industrial machinery. Modbus Cloud
Connect connects the Modbus RTU over
alocalRS-485interface to a Cloud-based
platform or central IT system. The product
provides standardized, well-documented
interfaces (MQTT and HTTP) to connect to
the customer's Cloud or centralIT system.

34 WQ Issuel2023

Nordic's enhanced PPK2
wins awards double

Nordic Semiconductor’'s enhanced Power
Profiler Kit Il (PPK2) has been named winner
of two highly regarded awardsin Greater
China. The PPK?2 for power profiling and
power optimization of embedded solutions
won the ‘Best Development Tool' categories
of the 2022 EE Awards Asia and the 2lic
Electronics Network Topl0 Power Awards.

"The PPK2is an affordable yet powerful tool
used by embedded Bluetooth, Wi-Fi, LTE-M
and NB-IoT developers, says Bjorn Age “Bob"
Brandal, Nordic Semiconductor, VP of Sales
and Marketing, Asia Pacific. "We're delighted
toreceive these awards and recognition for
the enhanced Power Profiler Kit.

The EE Awards Asia celebrates the best
products, companies and individuals across
the continent's highly regarded electronics
industry. Winning products wererequired
todemonstrate the ability to add value and
improve modernlife through the application
of technology. The 2lic Electronics Network
ToplOPower Awards were launched in
2003, andrecognize technological
innovation in power products.

Lighting products allow OEMs to make
luminaires Matter-compatible

Austrianlighting technology company,
Tridonic, haslaunched a suite of Nordic
nRF52840 SoC-powered solutions to help
make professional and hospitality lighting
installations compatible with Matter — the
smart home standard maintained by the
Connectivity Standards Alliance. Matter
bringsinteroperability between smart home
devices and ecosystems toreduce complexity.

Tridonic's Matter-enabling lighting products
ensure customers can take advantage of
popular ecosystems and controls from
Amazon, Apple, Google and Samsung, allowing
users to build a smart, voice-controlled
environment where thelighting systems—
plus all other Matter-compatible devices
operate over a common application layer.

The Wireless Matter Driverisa24 V constant
voltage LED driver that dims and switches LED
strips, while the Push Button Coupler, installed
in a flush-mounted box, converts existing
conventional switches into Matter-compatible
smartlight switches. The Wireless Matter to
DALI Active module (complete with its own

power supply) and

the Wireless Matter

toDALIPassive

module (used with

an external supply)

canbeusedto

upgrade any DALI

(Digital Addressable Lighting Interface - a

professionallighting standard) luminaire or

existinginstallation into Matter-ready. This

allows commercial units to become Matter-

enabled and virtual assistant controllable.
Each product works with the Thread protocol

soit canbeintegratedinto an existing Thread

network without using a gateway. Thread, a

smart-home protocol, together with Wi-Fiand

Ethernet, forms the transport for Matter (with

Bluetooth LE used for commissioning).
“Thread devices compatible with Matter

support battery-powered sensors and have

the ability to support Thread mesh lighting

networks in addition to alternative wireless

protocols,” says Philipp Heindl, VP Business

Development, Tridonic GmbH & Co KG.
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An Introduction to Nordic's Low Power Wi-Fi

The launch of the nRF7002 companion IC adds Wi-Fi 6 to Nordic's product portfolio and will
enhance current IoT applications while enabling many new ones

ccording to the Wi-Fi Alliance, the organization

that promotes the use of Wi-Fi, the economic value

derived fromthe techis a staggering $3.5 trillion.
(Global Economic Value of Wi-Fi 2021 - 2025.) The alliance
says there are 18 billion Wi-Fi devices in use and 4.4 billion
annual shipments of which 2.3 billion meet the latest Wi-
Fi6 standard. Wi-Fiis seriously big business.

This popularity is down to Wi-Fi's Internet Protocol (IP)
interoperability. A Wi-Fidevice can connect directly to
the Cloud without the need of a gateway beyond existing
Access Points (AP). And the adoption of Wi-Fi 6 made
the tech better suited to the IoT where it complements
existing IoT technologies used for low power networks, for
example, Bluetooth LE and Thread. Wi-Fi 6 offers higher
throughput and longer range than these other protocols
allowing it to enhance existing IoT applications while
enabling new ones. This synergy is evident in Matter,
astandard that brings together separate smart home
ecosystems (see WQ Issue 4, 2022, pgl0).

How Wi-Fi 6 has been built for the IoT
Wi-Fi 6 introduced many enhancements to the
specification but those most useful for Nordic's IoT
solutions are Orthogonal Frequency Division Multiple
Access (OFDMA), beamforming (on the receiver side
rather than the transmitter), longer symbol duration,
Target Wake Time (TWT - a new power saving mode
(PSM)) and Basic Service Set (BSS) Coloring (a method of
differentiating between access points (APs) broadcasting
onthe same channel). Among these,itis TWT and OFDMA
which make the greatest contribution to power saving
and allow energy-constrained devices to take advantage
of Wi-Fiwhere it might previously have been impossible.
Earlier versions of the Wi-Fi standard do include PSM,

Where amI?

The nRF7002 Wi-Fi companion IC can be used with the
SiP to enhance location accuracy. Together with

Nordic's Wi-Fi
companion|Cs
make it simple
for engineers
to extend
theirlegacy
and future
Bluetooth LE
and Thread
networks
directly tothe
Cloud within
Nordic's familiar
development
environment

cellular loT

1

(see pg10) the SiP can use cell-based (single- or multi-cell)
and/or GPS-based (Assisted- or Predictive-GPS) location features. The
nRF7002, together with nRF Cloud Location Services, enables a third location
service that complements the others. Wi-Fi SSID locationing is more accurate
than cell-based location features and less power hungry than GPS. Moreover,
Wi-Fiexcels where GPS struggles. For example,among a city's high buildings
the GPS signal can be patchy yet there's typically a high density of Wi-Fi APs.
Wi-Fiis also good indoors where GPS fails. The nRF7002 looks for a nearby
AP and obtains its SSID; the nRF9160 then sends the SSID to nRF Cloud which
in turn checks a Wi-Fi AP database. nRF Cloud then returns the location, with

the degree of uncertainty, to the SiP, or elsewhere.

but the power saving mechanisms are controlled by the
AP and offer limited flexibility to the end device. The end
device was forced toremain awake toreceive the AP's
beacon ahead of a data exchange. The TWT PSMincluded
in Wi-Fi6 allows the end device to individually negotiate
awake-up schedule with the AP. This enablesit to sleep
for defined periods which helps to significantly lower
power consumption. Data exchange then occurs at the
agreed wake-up time. Another advantage of TWTis thatit
enablesinterference mitigation by letting the AP allocate
dedicated time slots for end device data transfer.

The OFDMA employed in Wi-Fi 6 allows for a higher
number of subcarriers within a single Wi-Fi channel. For
example, a 20 MHz channel can be further divided into 117
subcarriers each side of the channel's central frequency.
Groups of subcarriers can then be allocated to a certain
end device while other groups can be allocated to different
end devices depending on the data trafficrequirement.
This technique (called Multi User uplink/downlink) does
add complexity to AP transmission and receiving but
thisisnot the case for the end device which only works
withits dedicated subcarrier frequencies. OFDMA is
particularly useful for large IoT sensor networks with
many end devices, but with each needing to send only a
small amount of data, because it enables dynamic, flexible
and highly efficient division of the available spectrum
bandwidth. Without OFDMA, alarge sensor network
would typically generate alot of channel contention,
as Wi-Ficlient devices attempt to access the medium
without much coordination, causing higher interference
levels andresulting inreduced throughput.

Nordicrecently launched the nRF7002 Wi-Fi companion
IC (see thisissue pg4). The product is part of a planned
series of companion ICs—each of whichrequire the
resources of a separate microprocessor—that will add

nRF Cloud Wi-Fi
Location feature

low power Wi-Fi capabilities to embedded [oT systems.
When combined with Nordic's nRF52 and nRF53 Series
multiprotocol SoCs, the companion IC enables many new
applications. For example, the higher throughput supports
applications such as video cameras. Wi-Fialso boosts
range compared with Bluetooth LE or Thread alone and
introduces high-grade security. Wi-Fiis also a good option
for ‘always connected’' devices such as home appliances.
The companion IC can significantly enhance existing
applications. For example, the high throughput is useful
for scenarios when occasional high volumes of data are
transferred - such as performing over-the-air (OTA)
updates for complex firmware. Wi-Fialso brings higher
security for sensitive data transfers than Bluetooth LE.
Athird area where the nRF7002 will play a key roleis
inmaking it easy tobuild a gateway between low power
Bluetooth LE or IEEE 802.15.4 -based networks and the
Cloud. The nRF5340 SoC operates as the host processor for
the gateway with the nRF7002 handling Wi-Fi traffic. The
nRF7002's built-in coexistence control features a Generic

Packet Traffic Arbiter (PTA) design which ensures the Wi-Fi

ICdoesn't transmit at the same time as thenRF53 40 host
processor on the 2.4 GHz band.

Inside the nRF7002
The nRF7002is a dual band (2.4 and 5 GHz) device, and
features alow power capable Wi-Firadio, advanced

security features, and the 2.4 GHz coexistence mechanism.

TheIC is compatible with earlier Wi-Fi (IEEE 802.11)
standards and supports 1 Spatial Stream (SS), 20 MHz
channelbandwidth, 64 QAM and 86 Mbps PHY throughput,
OFDMA (Downlink and Uplink), TWT and BSS Coloring.

In addition to thenRF7002, Nordicis planning to launch
two variants, thenRF7000 and the nRF7001. The latter is
similar to the nRF7002 but supports only the 2.4 GHzband.
ThenRF7000is a dual-band device but cost optimized
for Wi-Filocationing. Its functionislimited to scanning
APs passively and actively for Service Set Identifier
(SSID) information. (See panel pg36 Where am I?) When
powered froma2.9to 4.5V supply, thenRF7002'sradio

operates with a peak transmit current (2.4/5 GHz)
0f191/260 mA and a peak receive current of 60/56

mA. Sleep current (withreal time clock (RTC))is15 pA

and shutdown current is1.7 pA. With TWT (2.4 GHz, 60°s
interval), the average currentis 29.5 1A, reducing to 18.2 pA
for one day intervals. Sensitivity (IDSSS, 2.4 GHz) is -98.6
dBmand TX(max) (2.4/5 GHz) is 21/15 dBm.

The nRF7002 supports the Wi-Fi Protected Access (WPA)3
high grade security protocol which features increased
cryptographic strength and more robust authentication.
ThenRF7002's support for WPA3removes some of the
security burden from the host side.

The companion ICimplements the IEEE802.11 Physical
layer (PHY) and Medium Access Control (MAC) firmware
only. The Wi-FiDriver and Wi-Fiand Transmission Control
Protocol (TCP)/IP stack are held on the host processor.
Communication between the MAC and the other parts of
the stackis via thenRF7002's Serial Peripheral Interface
(SPI) or Quad SPI(QSPI).

Nordic offers an open source Wi-Fi 6 Certified stack
to support the nRF7002 through the nRF Connect SDK,
the company's unified and scalable software
development kit. A qualified solution makes it easier for
users to get end product certification. The Wi-Fistackin
thenRF Connect SDK is designed for use with the Zephyr
Project's Zephyr real time operating system (RTOS) but
could also be used with other RTOSs.

The nRF7002 DK has just been launched (see pg4). The DK
has anRF5340 host processor (connected to nRF7002 by
the QSPI) but Nordic plans further kits with nRF52840 SoC
and nRF9160 cellular IoT SiP host processors.

Nordic's Wi-Fi companion ICs make it simple for
engineers to extend legacy and future Bluetooth LE and
Thread networks directly to the Cloud within Nordic's
familiar development environment. The ICs also make
it straightforward to add Wi-Fi SSID location services
by complementing the nRF9160 SiP and nRF Cloud in
applications such as asset tracking.

A Nordic Webinar entitled Introduction to low-power Wi-Fiis
available from bit.ly/3IHw5bl.

ThenRF7002 DK is the
development kit for the
nRF7002 companion
1C. The DK comprises
everything needed to
get started developing
Wi-Fisolutionsona
single board. The DK
features annRF5340
multiprotocol SoCas a
host processor for the
nRF7002
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This handy summary describes all of Nordic's loT solutions

RF SoCs
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nRF gv nRF SERES | nRF
and SiP o
(2] SERIES
nRF9160 nRF52840 | nRF52833 | nRF52832 | nRF52820 | nRF52811 | nRF52810 | nRF52805
LTE-M [ J
NB-loT [ J
GNSS [ J
BLUETOOTH LOW ENERGY [} ® [ [ (] [} [ [
BLUETOOTH 5.3 [ [ ] [ [ J [ ] [} [ J [
LE AUDIO [ J
DIRECTION FINDING [ ] [ J [ J [ J
2 Mbps [ J [ J [ J [ J [ J [ [ J [ J
LONG RANGE [ J [ J [ J [ J [ J
BLUETOOTH MESH [ J [ J [ J [ J [ J
THREAD [} [ J [} [ J [}
MATTER [ [ J
ZIGBEE [ J [ J [ J [ J
ANT [ J [ J [ J [ J [ J [ J [ J [ J
2.4 GHz PROPRIETARY [ ] [ J [ J [ J [ J [ J [ J [ J
NFC [ J [ J [} [ J
SYSTEM-ON-CHIP (SoC) [ (] [ [ [ ] [} [ [
SYSTEM-IN-PACKAGE (SiP) °
CPU 64MHz Arm 128 MHz Arm 64MHz Arm 64MHz Arm 64 MHz Arm 64MHz Arm 64MHz Arm 64MHz Arm 64MHz Arm
Cortex-M33 Cortex-M33+64 MHz Cortex-M4 Cortex-M4 Cortex-M4 Cortex-M4 Cortex-M4 Cortex-M4 Cortex-M4
Arm Cortex-M33
FPU [ J [ J [ J [ J [ J
DSP INSTRUCTION SET [ ] [ ] [ J [ J [} [ J [ ] [ J [ J
CACHE [ J [ ® [ [
MEMORY 1MBFlash, TMBFlash,512KB 1MBFlash, 512KBFlash, 512KBor256 KB 256 KBFlash, 192 KBFlash, 192KBFlash, 192 KBFlash,
256 KBRAM RAM +256 KB Flash, 256 KBRAM 128 KBRAM Flash, 64 KB 32KBRAM 24KBRAM 24KBRAM 24KBRAM
64KBRAM or32KBRAM
CLOCKS 64MHz /32kHz 128MHz/k64MHz/ 64MHz/32kHz 64MHz /32kHz 64MHz/ 32kHz 64MHz/32kHz 64MHz/32kHz 64MHz/ 32kHz 64MHz/32kHz
32kHz
ARM TRUSTZONE [ ] [ J
ARM CRYPTOCELL 310 312 310
ROOT-OF-TRUST [ J [ J [ J
SECURE KEY STORAGE [ J [ J
AES ENCRYPTION [ ] [ ] [ J [ J [ J [ J [ ] [ J [}
LTE-M/NB-loT/GPS MODEM [
CERTIFIED LTE BANDS 1-5,8,12-14,17-20,
25-26,28,66
FREQUENCY 700-2200 MHz 2.4GHz 2.4GHz 2.4GHz 2.4GHz 2.4GHz 2.4GHz 2.4GHz 2.4GHz
MAXIMUM TX POWER 23dBm 3dBm 8dBm 8dBm 4dBm 8dBm 4dBm 4dBm 4dBm
RX SENSITIVITY -108dBm (LTE-M), | -98dBm (1Mbps) -95dBm (1Mbps) -96 dBm (1Mbps) -96 dBm (1Mbps) -95dBm (1Mbps) -97 dBm (1Mbps) -96 dBm (1Mbps) -97 dBm (1Mbps)
-114 dBm (NB-loT),
-155dBm (GPS)
ANTENNA INTERFACE 50Qsingle-ended Single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Single-ended
HIGH SPEED SPI [ J [ J [ J
TWI, SPI, UART 4XTWI/SPI/UART 4XTWI/SPI/UART 2xTWI/SPI, SPI, 2xTWI/SPI,SPI, | 2xTWI/SPI,SPI,UART |  2xTWI/SPI,UART | TWI/SPI,SPI,UART TWI, SPI,UART TWI, SPI,UART
+TWI/SPI/UART 2XUART 2XUART
QsPI [ J [ J
usB [ J [ J [ J [ J
PWM 4 4 4 4 3 1 1
PDM [ J [ ) ® [ [ ) [ J [ ]
12s [ [ [ J [ J [ J
ADC, COMPARATOR ADC [ ] [ ] [ ] [ ] ComP ADC,COMP ADC,COMP ADC
TIMER, RTC 32 3,2+3.2 5,3 53 53 4,2 3,2 3,2 3,2
TEMPERATURE SENSOR [ ] [ ] [ J [ J [ J [ J [ ] [ J [ J
nordicsemi. CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC
com/9160cert
-40t085°C -40t0105°C -40t085°C -40t0105°C -40t085°C -40t0105°C -40t085°C -40t085°C -40t085°C
3.0to5.5V 17t05.5V 17to5.5V 17t05.5V 17t03.6V 17to5.5V 17t03.6V 17t03.6V 17t03.6V
nRF9160 DK, nRF5340 DK, nRF52840 DK, nRF52833DK nRF52DK, nRF52833DK nRF52840DK nRF52DK nRF52DK
Nordic Thingy:91 nRF5340 AudioDK, | nRF52840Dongle Nordic Thingy:52
Nordic Thingy:53
10x16x1.04mmLGA | 7x7mmaQFN94 (48 | 7x7mmaQFN73 7x7mmaQFN73 6x6mmQFN48(32 | 5x5mmQFN40(18 | 6x6mmQFN48(32 | 6x6mmQFN48(32 | 2.48x2.46 mmWLC-
GPI0s), 4.4x4.0mm (48 GP10s), 6x6 (42GPI0s),5x5mm | GPIOs),3.0x3.2mm GPIOs), GPI0s), 5x5mm GPI0s), 5x5mm SP28 (10 GPIOs)
WLCSP95 mmQFN48 (30 QFN40 (18 GPIOs), WLCSP50 2.53x2.53mmWLC- | QFN32(17GPIOs), QFN32(17GPIOs),
(48GPI0s) GPIOs),3.5x3.6mm | 3.2x3.2mmWLCSP (32GPIOs) SP44 (18 GPIOs) 2.48x2.46mm 2.48x2.46 mm WLC-
WLCSP94 (42GPI0s) WLCSP33 SP33(15GPIOs)
(48 GPI0s) (15GPI0s)
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Power
Management nRF21540
ICs
Description: ThenRF21540is an RF front-
PmIC ° ® end module (FEM) that improves range and Output power
BUCK REGULATOR 2 1 4 connection robustness for Nordic nRF52 Adjustable in small
BATTERY CHARGER [ ] and nRF53 Series SoCs. ThenRF21540is a increments upto +21dBm
LDO 2 2 complementary device operating as a ‘plug- Receive gainand noise
LOAD SWITCH 2 dplay’ tend ith the additi figure ratings
TERMINATION VOLTAGE 35t0445V 47t04.2Vor and-play range extender with the addition 13dB receive gain. 2.7 dB
42510465V of just afew external components. The noise figure
MAXCHARGING CURRENT, 800mA 400mA nRF21540's 13 dBRX gain and low noise figure Innut supol
POWER PATH MANAGEMENT ° ) nput supply
of 2.7 dB, coupled with up to +21 dBm TX output 17t03.6V
THERMAL PROTECTION ° o : : :
BATTERY COMPATIBILITY LiFeP04, Li-ion,LiPo | Li-ion,LiPo power, ensure a superior link budget boosting Package
INPUT VOLTAGE 4t055V 41t06.7V 3t05.5V therange of supported SoCs by between 6.3 4by 4mm QFN16
USB COMPLIANCE Type-C and 10x. The RF FEM suits all applications that Development bundle
REGULATED OUTPUT VOLTAGE 1to3.3V 18103V 0.5t03.3V require increasedrange and/or robust coverage.  nRF21540 DK and
AN CERRENHEERBUCK 200 ey T} ig%m%ggm’ In demanding RF environments, or where the nRF21540EK. The EKisa
ADC 10-bit applicationis operating close to therange limit, it Shﬁld;g;ze "‘.”tthEFw
FUEL GAUGE [J canbemore energy efficient to use the nRF21540 Zn In " eries oS
HARD SYSTEM RESET d than continuously resend packets. pplications
TIMED WAKE-UP ° ° Asset tracking, smart
WATCHDOG TIMER Y Y . hOme, indUStrial, tOyS,
S ERGOENVEERRATE ° ° Operation: The nRF21540 supports Bluetooth audio
BROWN-OUT DETECTOR o Y LE, Bluetooth mesh, Thread, Zigbee and 2.4 GHz
LED DRIVERS, GPIOs 35 03 protocol applications. The RF FEM's TX output
CONTROL INTERFACE TWI Pin-configurable TwI power is dynamically adjustable and can be
CEJEITA; RobtS F | FFRCE JEITA, Rotts CErRoHt> set to comply across all geographical regions.
-40t085°C -40t0105°C -40t085°C : .
FETI0ER ST T TRTIER The RF FEM can be use with Nordic's extended
5x5mm QFN32, 4x4mmQFN24, | 2.2x3.6mmWLCSP temperature-qualified nRF5340,nRF52833 and
SHABIICSP || AReinILES? nRF52820 SoCsinindustrial applications.
nRF Cloud Services nRF7002
Description: nRF Cloud Services are optimized for Description: The nRF7002is a Wi-Fi 6 Companion
Nordic'slow power IoT Devices. nRF Cloud Services  Location services ICforuseinthe 2.4 and 5 GHz bands. The product Compliance

support Device-to-Cloud or Cloud-to-Cloud use.
Intheformer, the device connects directly tonRF
Cloud.In thelatter, connectionistoacustomer's
Cloud that then connects to nRF Cloud's REST APL

Services: nRF Cloud Services are offeredinnRF
Cloud and include GPS, cell-based and Wi-Fi
assistedlocationing. The product supplies accurate,
rapidlocation data for IoT devices. The A-GPS
servicereduces time-to-first-fix. Theresultis
lower latency and lower power consumption.
P-GPS downloads predictive data, extending the
validity of assistance data. For Wi-Filocation, the
device scans two or more Wi-Fi APs and sends
network information to nRF Cloud, where the
locationis calculated. Cellbased services usebase
stationsto predict location. Eachlocation feature
hasitsadvantages, so switching between different
location services during operation can be useful.

Assisted GPS (A-GPS),
Predictive GPS (P-GPS),
Single-Cell (SCELL),
Multi-Cell (MCELL), Wi-Fi
Additional features
Supports Cloud-to-
Cloud use cases for
devices provisionedto a
different Cloud provider
Supported products
nRF9160 SiP,nRF9160
DK, Nordic Thingy:91,
nRF7002 companion|C
Applications

Industrial, smart
appliances, asset
tracking,RTLS

offers good coexistence with Bluetooth LE devices
and features one Spatial Stream (SS),20 MHz
channel bandwidth, 64 QAM (MCS7), 86 Mbps PHY
throughput and OFDMA (downlink and uplink).

Operation: The nRF7002 Wi-Fi 6 Companion IC
isalow power and secure Wi-Fidevice for IoT
applications. It provides Wi-Fi connectivity and
Wi-Fi-based locationing (using SSID sniffing of
local Wi-Fihubs). ThenRF7002 incorporates Wi-Fi
6's Target Wake Time (TWT), a power-saving
feature allowing theIC tonegotiate a wake-up
schedule with the access point (AP) to whichit is
connected. ThenRF7002 accompanies Nordic's
nRF52 and nRF53 Series Bluetooth LE SoCs, and
thenRFO91 Series cellular IoT SiPs. The nRF7002
canalsobeusedasacompanionICin applications
hosted by non-Nordic products. Development is
supported through Nordic'snRF Connect SDK.

IEEE 802.11b (Wi-Fi1)/a
(Wi-Fi2)/g (Wi-Fi3)/n
(Wi-Fi4)/ac(Wi-Fi5)/ax
(Wi-Fie)

Package

6by 6mm QFN
Features

Low power, good
coexistence with
Bluetooth LE, TWT
Development tools
nRF7002 DK, nRF
Connect SDK
Applications

Asset tracking, smart
home, industrial
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Cellular loT made easy

nRF9160 DK

Easy-to-use cellular loT development kit with
software development environment

@nBioT LTE-I) QGNSS

nRF

BUY ONLINE
nordicsemi.com/nRF9160dk
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