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This webinar . i e @

| Home - nordicsemi.... COther bookmarks

= Duration: 45 mins

= Questions can asked by typing in the e

People Questions
guestions field. We can’t take questions

Questions are only visible tathe wehinar
host and to the speakers.

verbally

= We will take the questions at the end of

No questions have been posted.

the webinar.
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What is Nordic Thingy:91?

= Prototyping and PoCs

= The Nordic Thingy:91 kit

= NRFI160 SiP - LTE-M/NB-loT + GPS
= Sensors and features

= Cellular loT

= Nordic cloT prototyping platform

NRF52840 & BLE

NRFE Connect SDK
Asset-tracker example
summary

Demo
Q&A
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What is Nordic Thingy:917

= An ‘out-of-the-box’ rapid
prototyping kit for cloT

= Supports LTE-M/NB-1oT and GPS

= Ships with a eSIM

= Supports Bluetooth Low Energy

= | ots of other sensors etc.

= Comes with a sophistcated
application ready to go

= Dev tools and SDK




Nordic Thingy:91 - Flexible, rugged, compact

ocm
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Why we made it? -loT projects are big

= |0T systems are complex and straddle multiple
domains

= Only the largest companies have expertise
across all domains

= Many loT companies are young and have limted
resources available

= Need to demonstrate viability at an early stage

A @) O @ Xk

Sensors-Embedded-Connectivity-Cloud-Analytics-Insights
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Prototyping and PoCs

= Embedded is getting more and more
complex

= Even simple connected products
have significant complexity

= PoCs need to be built so they can be
adapted to final product

= Nordic offers PoC that works
immediately and can be tailored later m
= Nordic Thingy:91 covers sensors to -
connectivity

((+)

Sensors-Embedded-Connectivity
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Nordic Thingy: 9T

cloT: LTE-M and NB-loT |
r NV,

Short range: Bluetooth Low Energy °°°$ Yy, Q
“‘

COLOR SENSOR

Positioning: GPS HIGH-G RGB LED

Touch-to-pair: NFC

o Beoa § O O
eSIM: iBasis global roaming

TEMP HUMIDITY
Sensors: various LTE-&@

Power: LiPo battery ? ﬁ &
Upgrades: FOTA ALTITUDE PUSH BUTTON

Programming: External DK m m @ @

N FC ACCELEROMETER PRESSURE TRANSISTOR
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What can you measure?

Parameters

Impact Absolute position (GPS)
Temperature Relative position
Movement Altitude
Vibration Button press
Humidity Pressure
Light level Gas

Light color
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Comms and actions

LTE-M RGB LED
NB-loT Buzzer
Bluetooth LE 4 x MosFET ouputs
Bluetooth mesh
Zigbee
Thread

NFC

1
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Sensors partners

= Bosch Sensortec BMEG80O BOSCH

= Barometric pressure and altitude
= Temperature

= Relative humidity

= Volatile organic compounds (VOCs)

Main features
= A na | O g D ev | ces ANALOG G ". Environmental Unit ." Pressure
Measures pressure, humidity, Measures barometric

. ADXL362 Low power accelerometer DEVICES temperature and gas pressure and altitude

- ADXL372 £200g accelerometer RN %
@ with a fast response time temperature
Gas ) _
= ROHM BH1749 Light/Color Sensor Compounds (100)
ROHM

SEMICONDUCTOR
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Active antenna performance

AlA
. . - FROI-S54-210
= ACth@ tUﬂlng Of the aﬂteﬂﬁa LTE RF 13 L;FC B ;LTAF TID T4A Lim FFC |3 ANT LTE €1
- EF2 —i3 RE2 .
%‘:_% % mﬂ_.m- = ANT GBS 5 ToH T % % ‘“% fﬂm
N RF SW3 | T2F Clo 35 1A 5 RF SW3
=  Small ground plane means small bandwidth TR B gibE— : B U
VDD RF7 RF7 VDD
ﬁ @D RFS 2 TSF + CL IF 2oF J| JI_ T 1 RES GND 15 -
13nF [¥1 1T LT 2~ pLs | L7 oo 13F
on the antenna. Tl Bt Hhumamptha ¥ LT

= Using MAGPIO, RF switches and different
matching networks to move the peak
performance of the antenna to the currently

used frequency. & 60

s RF1
= Application note with Fractus Antennas. o S EE
30 ——— =l i
20 — \ RF
§ —— RF

10 L

FRACTUS ANTENNAS : __,ﬁ_ﬁ%

0,70 0,79 0,89 0,98 1,08 1,17 1,26 1,36 1,45 1,54 1,64 1,73 1,83 1,92 2,01 2,11 2,20
Frequency (GHz)



Thingy:91 Hardware

Current measurement

Program/debug device
selection switch

nRF9160 SiP

nRF52840 WLCSP

-
o

2
O
0

High-g accelerometer

Nano/4FF SIM

card slot RGB LEDs
Temperature, humidity, air

Button quality and air pressure

LTE-M/NB-loT/ Light/color sensor

GPS antenna

Buzzer

2.4 GHz antenna
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Low-power
accelerometer

PMIC

Battery connector
Power switch
MOSFET transistors

USB connector

Program/debug
connector

NFC antenna connector
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NRFI160 SIP for cloT

Radio/Modem
= [ TE-M and NB-loT

= +23dBm output power

Application Processor Modem . GPS
Arm Cortex-M33 GPS
with Floating w/cache . .
Feintand Koo | © Application processor
of RAM
L
i System Peripherals ; E \/ " Arm Cortex-M33 @ 64MHz
comeCorec | _oesuic S
| = = IMB flash + 256kB RAM
- | e
e . LL
8 gital, Analog |/F and 10 Ports RF transceiver (a's = Arm TYUSJ[ZOI’\@
“n 4xUART/SPI/TWI
d | UICC-IF Integrated
x 3 . i
 aewm 12-6it ADC [
5 = .
; 32-GPIO Crossbar »
= RFFE
PWR lI . .
I =  Extensive peripheral set

>




Low power LTE-M/NB-loT modem + GPS

3GPP LTE release 13 Cat-M1 and Cat-NB1 compliant
MUl EEleieleel NINWAIVEIAMEEN 3GPP LTE release 14 Cat-NB1 and Cat-NB2 compliant
729 - 2200 MHz band range

MN=NeENORN 1, 2 3,4, 5,8 12,13,14,17,18, 19, 20, 25, 26, 28, 66

-108 dBm RX Sensitivity (LTE-M)
EElatelgnpEIglesl -114dBm NB-loT

Up to +23 dBm TX output Power
375kbps - LTE-M, 60kbps - NB-loT

=Hetclge)VASIEIVA <DRX, PSM

GPS
H=EIIEeIl On-chip Balun, Single ended 50Q
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Arm Cortex-M33 application processor

SIS @®eIgN ARM® Cortex®-M33 at 64MHz

DEIERCURRON As per Cortex-M4F

SR Eellulelal Arm TrustZone

EElaielanElplecl 234 EEMBC CoreMark® - 3.65 Coremarks/MHz
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NRFIT160 — Arm TrustZone

Non Trusted

Trusted

NRF9160 is a security-hardened
device - in hardware

Arm TrustZone
Arm CryptoCell

Parts of of the device no outsiders
can get access to

Memory
Key storage

Critical functions
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NRES2840 multiprotocol SoC

On the Nordic Thingy:91

nRF52840
. UE *0/1’:"\3} = Comms support from NnRF9160 to USB
ash w, ache
64MHz ARM® Multi-Protocol ; ; ;
Cortex®-MaF o 2 4GHz Rodio = Standard nRF52840 compatible with SoftDevices and SDKs
256kB RAM
System Peripherals % Key features
Crypto Co-Proc DEBUG % |
ommer | orc | wor = e /O * Bluetooth 5/802.15.4 radio
m
3 I = = Arm Cortex-M4F
Digital, Analog |/F and 10 Port Z
. E—— — E = IMB flash + 256kB RAM
I ME T | © e
PDM 128 QDEC 3 LDO

= Extensive peripheral set

2xACMP 4xPWM 12-bit ADC 2-stage Buck DC/DC

UsB QSPI HS-SPI

POR I BOD

48-GPIO Crossbar

VBUS 3.3V reg
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The prototyping platform

Supplied with roaming eSIM from iBasis

10MB pre-loaded data plan

Provision to network using nRF Connect for Cloud

FOTA is driven from the nRF Connect for Cloud

Monitor parameters in NRF Connect for Cloud

Test tools in NRF Connect for Desktop
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Certifications and usage

= Thingy:9lis CE and FCC certified
LTE bands: B2, B3, B4, B8, B12, B13, B20, B28

= nRFII60O certified: C

= CE
FCC
= GCF
PTCRB
Japan, Taiwan, ISED, ACMA, RCM, IMDA
Arm PSA

Network operators: Verizon

Global Certification Forum




Asset tracking with cellular 1oT

.

Equipment/plant Valuables Parcels
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Cellular loT
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Long range connectivity - options
Low Power Wide Area Networks (LPWAN)

Some LPWAN considerations: Some IC considerations:

= Mobility and roaming = Choice of SoCs/ICs with support

= Range/Link budget = Advanced technology devices

= Secuity = Security features

= Data throughput = Single device application solutions
= QoS/reliability = Global operation

= Coverage/Density
= Standardized/Non-standardized

= Carrier network support g
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LPWAN Technology landascape and strategy

Not low power

Low power

Long range wireless technologies

Cellular Cellular
2G LTE Cat 1+, 3G, 4G
.
O Z [
o © m
%) 0 <
Sub 1GHz ISM band < -
(SigFox, Lora etc.)

Tkbps

100" kbps

>1Mbps >>

384kbps

Mobility & roaming

Range x4 of 4G

QoS, TLS security

3GPP standard

Maximum
throughput

LTE-M NB-loT

30-60kbps

Range x7 of 4G

QoS, TLS security

3GPP standard



Long range connectivity options - LPWAN

Standards-based/Licensed

e e———
Lo -
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Proprietary/Unlicensed

SGPP
4G/5G

N m
@3 NB-IoT _
ll..

SEL

NEIGHTLESSW
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LTE-M Networks
@ LTE-M National
NB-loT Networks
@ NB-loT National

LTE-M & NB-loT Network National Deployment
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LTE energy saving modes

PSM eDRX

Up to 40- minutes vs. today's
upper limit of 2.56 seconds

Page
monitoring

Data transfer

L
7]
c
o
5
O
+=
O
O

Power consumption
Data transfer
Power consumption

Device not reachable Sleep Sleep

Time Time




cloT + Bluetooth LE/Bluetooth mesh

Nordic Thingy:91 has nRF9160
and NnRF52840 . .
cloT and Bluetooth LE/mesh are . Bluetooth LE

and Bluetooth mesh

naturally complimentary

Not supported ‘out-of-the-box’
as yet

LTE-M/NB-loT



N

Developing
& NRE Connect SDK
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Developing and firmware

Asset tracker application

= Thingy:91 SW is in nRF Connect SDK.
= Uses Zephyr RTOS.

= Sensor drivers ported to Zephyr.
=  Available on Nordic Semi GitHub.
= Segger Embedded Studio IDE
. oD
= Use nRF9160 DK for program/debug.
With offloading

Ram: 0x20020000 — 0x20040000
Flash: 0x40000 — 0x80000

Board support
Sensor modules
Environment and motion

(%]
o
=
o
(%)
[}

LTE Link Controller
AT commands to establish link
UART AT commands interface

Device information

Zephyr Kernel

=
=
/ \ g. =
‘ ! - . o 5
\ R I di [ BSD lib socket offloading 3 s
} €po color coding } zephyr socket <-> nrf socket a g
| } ) T
| - fw-nrf t-nrf a
| twrfconnoctzephyr | nRF9160 BSD Socket Lib 8 g
| - fw-nrfconnect-zephyr | = 3
| - nrfxlib | E 3
‘ ! nrf socekts CE
\\ /‘ Ram: 0x20010000 - 0x20020000
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Why the Zephyr RTOS?

Zephyr designed & built for low power wireless

Zephyr is independent ‘»A

= Linux Foundation Project Zephyl‘m PI’OJECt

=  Contributions made by over 300 industry embedded experts

Zephyr is scalable
= Very small configurations for memory constrained devices (< 8 kB)

=  Powerful, feature-rich, configurations for large memory, high-
processing power devices

Zephyr includes popular IP standards

= Nordic can focus on other important features
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Software architecture

Application Processor

« Complete and easy to use solution
User Application

« Connectivity and application software

Application Layer IP Stack
(CoAP, MQTT, HTTP, LWM2M) « Support for OTA Modem and Application

I oo

IPv4/IPv6 TCP/UDP TLS/DTLS * Reference design with multiple sensors

LTE L2/L3 Stack * Support for “thin modem” operation

Modem Baseband
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Nordic Thingy:91: Asset Tracker

= Sends simulated GPS coordinates &

real accelerometer, temperature,

humidity & air pressure data to nRF

Connect for Cloud

= Source code for connecting to server

Thingy:91
(MQTT Client)

A

LTE/TCP/IP,

<—

TCP/IP

—

£k
e N
nRF Cloud
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Sign in to nrfcloud.com

Getting started - V

Add new LTE Device Activate SIM Card Insert SIM Card and power
Input SIM ICCID, PUK and personal on Thingy:91
@ nRF Cloud information:
»  Goto www.nrfcloud.com
= Addnew LTE Device -
= Activate SIM Card o e :
's"JGIObafO o
. . . . S
=  Associate Thingy:91 using PIN DUA (Device- i % g
ew
User-Association). Bass &
. Bluetooth Device AR — Then wait for light blue blinking or
"Waiting for DUA with PIN" on the
= Input IMEI and PIN from label on PCB. consdleoulpit
- o : Note: Piot series might need a manual
N U o restart the very first time it connects.
. . ===
= Demo - Showing data in graphs. [
= REST API, MQTT API, webhooks, IFTTT, Slack ig
= Can take a few minutes on first start-up to be ST e g ASiETDE
Lo your user account
\/|S|b|e Oﬂ ﬂetV\/Ol’k Wait for green blinking. Then
your Thingy:91 is associated and
connected!
T
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Nordic Thingy:91 - avallable now

(Digi-Kay

CORPORATION

m MOUSER Q} Premier Farnell

N\N\OWJ IN\VNET Eﬂ RUTRONIRK

ARROW ELECTRONICS, INC. ELECTRONICS WORLDWIDE

http://www.nordicsemi.com/About-us/FindDistributor
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Asset-tracker demo



QEA



