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Partnering with Nordic

For centuries farmers and ranchers had no option 
but to manually monitor, protect and care for their 
herds as best they could using limited resources. It’s 

a tough job, especially for those at the smaller end of the 
commercial farming scale. Thankfully, emerging tech can 
help reduce the heavy workload and eliminate the reliance 
on sporadic observations and imperfect recollections of 
each animal’s unique behavior patterns.

Horse owners, for example, can now take advantage of 
the benefits of a wireless herd tracking solution like Farm 
Jenny for Horses, a new animal wearable and connected 
equine monitoring platform. Developed by Pittsburgh-
based agricultural technology company, Farm Jenny, the 
solution is designed to help horse owners keep a closer 
eye on the various activities and behaviors indicative of  
a horse’s overall health status and potential medical 
issues. The user tracks this information from either a web 
based dashboard or the Farm Jenny iOS or Android app on 
their smartphone or tablet. 

“Farm Jenny for Horses provides farmers with freedom 
and peace of mind by bringing the power of machine 
learning to small farms,” says Rob Crouthamel, Co-
founder and COO, Farm Jenny. “Our solution addresses the 
everyday worries of horse owners such as a horse being 
out in bad weather and the number one horse emergency, 
colic.” (Colic is a generic term referring to a combination of 
symptoms of often fatal abdominal problems in a horse.) 

The sensor based platform records animal activity levels 
including walking, lying down, rolling, grazing or running, 
as well as changes over the past day, week or month. This 
behavioral data can be used to assess potential signs of 
illness or injury. In addition, the device’s built-in sensors 
record temperature, humidity and atmospheric pressure, 
which helps determine the horse’s comfort and provides 
context for evaluating animal behavior. Farm Jenny for 
Horses also tracks the animal’s location, allowing the 
owner to follow its position in relation to facilities, food and 
water, as well as other horses in the herd. As Crouthamel 
explains: “A horse lying down and rolling in a grassy field 
on a sunny spring day is very different to one rolling in the 
mud on a [very cold] night.” 

Remotely tracking each horse’s health and location is a 
key benefit of Farm Jenny for Horses. “Since horse owners 
can’t be with their horses 24/7, Farm Jenny provides all of 
the information they need in one place,” Crouthamel says. 

Multiprotocol connectivity
Farm Jenny for Horses employs a network of wearable 
sensors, solar powered field receivers, beacons and 
a gateway, which all communicate through Nordic’s 
advanced concurrent Bluetooth LE and Thread short 
range wireless connectivity solutions. 

In operation, the nRF52832 SoC-powered wearable is 

fitted in a pouch to the horse’s existing halter or bridle, 
or in a custom headband. The SoC also powers beacons 
which provide pinpoint location in key areas of interest, 
such as individual stalls or food and water sources. 

The Farm Jenny Field Receiver, one of the world’s first 
‘Built on Thread’ certified devices, uses a Thread-powered 
wireless mesh network providing farmwide wireless 
connectivity. Both the field receivers and the gateway 
employ Nordic’s nRF52840 advanced multiprotocol 
SoC, with a Dynamic Multiprotocol feature that uniquely 
supports concurrent Bluetooth LE/Thread connectivity. 

The wearable can relay the sensor data directly to the 
gateway if the horse is in a barn; to the Cloud via the 
companion app on a smartphone or tablet if the horse 
is in transit, on a trail or at a show; and to any nearby 
solar powered field receiver if the horse is in a pasture. 
In turn, the field receiver relays the data to a central 
gateway that then forwards the data via LTE-M or NB-IoT 
cellular connectivity to the Cloud for review. In all cases, 
Bluetooth LE connectivity is used for the ‘first hop’ of data 
from the animal’s wearable sensor. “At any time, on or off 
the farm, an animal sensor with data to send can expect to 
find a device capable of relaying the information to Farm 
Jenny’s servers,” Crouthamel says.  

The open standard Thread protocol is the “backbone” of 
the on-farm network. “We wanted an IP-based solution 

which allowed us to deploy new devices and features to 
existing customers without needing to update fielded 
infrastructure every time,” says Crouthamel. 

To this end, Nordic’s multiprotocol low power solutions 
have proved critical. “We selected the nRF52840 for the 
field receiver because it is one of the few devices that can 
handle Bluetooth LE and Thread concurrently with a single 
radio, meaning lower power consumption, lower cost 
and far fewer regulatory compliance headaches than a 
multiradio design,” explains Crouthamel.

Farm Jenny for Horses provides around-the-clock 
monitoring anywhere on the farm without the need 
for rechargeable batteries. The scalable solution uses 
an: “opportunistic communications system designed 
to maximize battery run time of the animal sensor,” he 
says. “For the wearable, the SoC’s generous memory 
and processing capability allows us to do more behavior 
processing on the animal, so we save power by not 
transmitting as often when everything is okay.”

The company is full of praise for Nordic’s support and 
development tools including the nRF5 SDK. “Nordic’s 
Bluetooth LE SDKs are unmatched in the industry,” 
Crouthamel says. “And we know we’ll get help promptly 
when we get stuck. We also know that Nordic will always 
be at the forefront of low power wireless, providing us 
months ... of schedule advantage over our competitors.” 

Multiprotocol equine monitoring solution 
helps farmers monitor horses’ health
Using concurrent Bluetooth LE and Thread wireless connectivity, the Farm Jenny for 
Horses platform allows horse owners to track the location and wellbeing of animals

Case Study

Since horse owners can’t be with their 
horses 24/7, Farm Jenny provides all of the 
information they need in one place

In the fledgling smart toy sector, 
Boulder, CA-based Sphero has 
developed a programmable and 
expandable robot that’s suitable 
for beginner to advanced coders, 
STEAM educators and students, 
makers, hackers and hobbyists alike. 
The sensor-packed device is called 
Sphero RVR and it’s designed to be 
customized for a wide array of unique 
user-coded applications, from a  
home security sentry to an 
environmental sensor. 

But well before Sphero RVR made 
it to market, the unique software 
architecture of Nordic’s nRF52 Series 
helped Sphero add key capabilities to 
the robot such as enabling users to 
wirelessly code RVR from the Sphero 
Edu app hosted on a smartphone 

or tablet. The nRF52832 SoC at the 
heart of the robot runs Nordic’s S132 
SoftDevice, a proven Bluetooth 
5.1-qualified RF software protocol 
stack for building advanced Bluetooth 
LE applications. Nordic’s unique 
software architecture maintains a 
clear separation between this stack 
and the customer’s application code, 
ensuring it can’t be corrupted during 
the development process. Such  
an arrangement significantly  
eases engineering, compressing 
project schedules.

Key to taking advantage of the 
software architecture is Nordic’s 
nRF5 SDK. “All of our robots run 
specialized application code written 
by our team of firmware engineers, 
and we heavily leveraged the Nordic 
SDK to speed up that work,” says 
Jeff Wiencrot, Director of Firmware 
& Hardware at Sphero. According to 
Wiencrot, the availability of Nordic’s 

S132 SoftDevice and SDK was a 
“major factor in our decision to select 
Nordic,” with both features proving 
“extremely powerful and easy to 
work with for developers”. 

Together with the development 
tools, Sphero’s design process was 
helped by Nordic’s close involvement 
during each stage. 

“We appreciated Nordic’s 
dedicated, knowledgeable 
engineering and sales groups. The 
company’s reps are amazingly quick 
to respond to our questions and the 
documentation and support pages 
provided are extremely useful,”  
adds Wiencrot. 

“Nordic is a fantastic company to 
work with and an ideal partner for a 
company like Sphero.”

Bringing code to life 
How does Sphero assess the future 
prospects for the development of the 
smart toy market in general and the 
education sector in particular?

“Educators are looking for ways to 
teach the ‘Four Cs’ of critical thinking, 
collaboration, communication and 
creativity,” explains Wiencrot. 
“They’re seeing the value of 
robotics, as students work in teams 
to creatively solve problems and 
demonstrate these solutions through 
the robot itself. More than any 
computer program, robots bring code 
to life and can help support themes 
and topics that are currently being 
taught in the classroom.

“We’ll start to see this emerge 
as companies like Sphero create 
curriculums that can be used in 
traditional classrooms to support 
teachers in integrating robotics  
and coding.”

Need to Know
Farm Jenny employs LTE-M 
and NB-IoT technology in 
its gateway product, which 
performs as a Thread-
to-cellular router. LTE-M 
and NB-IoT provide the 
Farm Jenny for Horses 
platform with “improved 
rural coverage and signal 
penetration,” enabling 
the company to offer a full 
end-to-end solution for 
its customers with a single 
‘software as a service’ 
subscription that includes 
data connectivity

Smart Agriculture Building programmable  
robots for educators

 Robots bring code 
to life and can help 
support themes and 
topics that are currently 
being taught in the 
classroom

Supported by Nordic’s 
development tools,  
Sphero created the RVR 
smart robot

https://www.nordicsemi.com/News/2019/12/Farm-Jenny-for-Horses-employs-multiprotocol-Nordic-solutions-to-track-health-and-location-of-horses
https://www.nordicsemi.com/News/2019/12/Farm-Jenny-for-Horses-employs-multiprotocol-Nordic-solutions-to-track-health-and-location-of-horses
https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52832
https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52840
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK
https://www.nordicsemi.com/News/2020/01/Sphero-Bluetooth-LE-programmable-robot
https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52832
https://www.nordicsemi.com/Software-and-tools/Software/S132
https://www.nordicsemi.com/Applications/Education
https://www.youtube.com/embed/WuDzJz3tPiE
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Programming language could  
eliminate IoT device vulnerabilities

Nordic Semiconductor has launched the 
nRF21540 RF Front End Module (FEM),  
the company’s first power amplifier/
low noise amplifier (PA/LNA) product 
developed to complement the nRF52 and 
nRF53 Series multiprotocol SoCs.

The RF FEM’s PA offers a highly adjustable 
TX power boost up to +21 dBm, with 
the LNA providing +13 dB RX gain. The 
LNA’s low noise figure (NF) of only 2.5 dB 
also ensures increased RX sensitivity 
for Nordic’s Bluetooth 5/Bluetooth LE, 
Thread, Zigbee and 2.4 GHz RF low power 
wireless solutions. When combined with 
an nRF52840 SoC running Bluetooth LE at 1 
Mbps, for example, the nRF21540 improves 

the RX sensitivity by 5 dBm. Coupled with 
the increased output power, the connection 
link budget is raised by 18 dBm. For other 
devices with less than +8 dBm TX power 
on-chip, the improvements are even larger. 

The resulting increase in connection link 
budget offers significantly longer range and 
helps lower the number of retransmissions 
due to corrupt packages. The nRF21540 
is a valuable addition for all applications 
that may require increased range or robust 
coverage. Some example applications 
are asset tracking, audio, smart home or 
industrial use cases.

The nRF21540 is a ‘plug and play’ 
complementary device when used with 

Nordic Semiconductor’s nRF9160 SiP  
cellular IoT solution has been used by 
U.K.-based consultancy, 42 Technology, 
to successfully demonstrate what the 
company claims is the world’s first Rust 
programming language application for a 
single-chip IoT device.

“Our aim is to help eliminate the  
security vulnerabilities that too many 
people have seen, for example, with low cost 
home security cameras, smart hubs and 
medical equipment such as insulin pumps,” 
says 42 Technology Senior Consultant, 
Jonathan Pallant.

“The ability to run Rust in IoT applications 
could accelerate the development of much 
more robust and secure low 
cost, low powered cellular 
IoT products and systems,” 
continues Pallant. “And 
[the technology could] play 
a critical role in unlocking 
significant new markets for 
smart industrial and consumer 
products where security 
remains a major concern.”

Nordic unveils nRF21540  
‘plug and play’ range extender

Panasonic module 
for IIoT use cases
Panasonic Industry, a 
leading multinational 
industrial solutions 
company, has released 
the PAN1780 module based on Nordic’s 
nRF52840 Bluetooth 5.2/Bluetooth LE SoC. 
The nRF52840’s Bluetooth LE protocol stack 
incorporates Long Range functionality and 
increased throughput (2Mbps). Bluetooth 
Channel Selection Algorithm (CSA#2) 
enhances  the module’s immunity to 2.4 
GHz interference making the product 
useful in challenging RF environments. 

The Nordic SoC’s 64 MHz, 32-bit Arm 
Cortex M4 processor with floating point 
unit (FPU) ensures the module can support 
the most complex IoT applications.

Panasonic has developed a demonstrator 
for the PAN1780, consisting of a sensor unit 
measuring temperature, air pressure and 
humidity data, that transmits it to a second 
unit that displays the data. Both units are 
based on the PAN1780 evaluation board, 
allowing developers to easily build, test and 
debug product prototypes.

Nordic’s short-range wireless SoCs. The 
nRF21540 connects to the SoC’s antenna 
output and features two additional 
antenna ports to enable antenna diversity 
features. The device’s gain control, antenna 
switching and power modes are controlled 
via GPIO or SPI or a combination of both. 

While the device can be used with other 
radios, the ease of use with Nordic SoCs is 
further enhanced as driver support will 
be rolled out as part of future releases of 
Nordic’s nRF5 SDK, nRF5 SDK for Thread 
and Zigbee, and the nRF Connect SDK.

42 Technology says the Nordic  
nRF9160 SiP’s ARMv8-M processor 
architecture’s TrustZone security features 
are particularly exciting. The features enable 
applications and associated services to 
operate securely, protected from hacking, 
misuse and corruption.

In recent field trials conducted in the U.K.,  
42 Technology says its Rust application  
made secure encrypted connections to 
Amazon Cloud computing services via an 
early LTE-M (cellular IoT) network being 
rolled out by network operator, O2. The 
application is also said to support NB-IoT 
which is currently being launched in the U.K. 
by Vodafone and other operators. 

Industrial IoT

While LE Audio took much of the recent fanfare 
(see pg14) the Bluetooth SIG simultaneously 
adopted a revised Bluetooth Core Specification, 

version 5.2. The changes brought by the revised 
specification will be needed to support the new form of 
Bluetooth audio once its full specification is launched. But 
the addition of LE Isochronous Channels required for new 
use cases such as audio sharing is not the only significant 
enhancement that comes with Bluetooth 5.2. Other new 
features include an Enhanced Attribute Protocol (EATT) 
and LE Power Control. Here’s an overview. 

LE Isochronous Channels
LE Isochronous Channels’ functionality is important for 
LE Audio because it allows the communication of time-
bound data to one or more devices for time-synchronized 
processing. The technology extends audio applications 
because it can be used over connections or broadcast to 
multiple devices in a connectionless topology. 

The existing Bluetooth audio profile, Advanced Audio 
Distribution Profile (A2DP), defines how Bluetooth 
can be used for high quality audio applications, such 
as streaming music from a smartphone to a set of 
Bluetooth headphones. The drawback of A2DP is the 
topologies it can support—which define the permitted 
relationships between audio ‘sources’ (playback devices 
like smartphones) and ‘sinks’ (devices like speakers 
which render audio)—are limited to one or more point-to-
point pairs. There is no way to ensure multiple sinks play 
their audio stream such that the music is synchronized 
across a series of associated devices. In practice this 
means Bluetooth audio devices using AD2P are limited to 
operating when connected to only one other device.

LE Isochronous Channels addresses this drawback by 
providing a mechanism that makes sure that multiple 
sink devices (for example left and right ‘earbuds’) 
receiving data from the same source, reproduce it at 
precisely the same time. Data has a time-limited validity 
period, at the end of which it expires. Expired data 
which has not yet been transmitted is discarded. These 
mechanisms ensure sinks only receive data adhering to 
rules regarding age and latency. 

Enhanced Attribute Protocol
Bluetooth 5.2 introduces EATT (along with some 
associated improvements to the Generic Attribute Profile 
(GATT)). The key benefit of EATT is support for concurrent 
transactions. This is achieved by interleaving Logical 
Link Control & Adaptation Protocol (L2CAP) packets 
relating to Attribute Protocol (ATT) packets from different 
applications and allows the ATT Maximum Transmission 
Unit (MTU) to be changed during a connection. The 
result is a better experience when using devices where 
there are multiple applications using the Bluetooth LE 
stack simultaneously; the improvement comes through 
reducing instances where one application’s use of the 
stack temporarily blocks another. The improvement is 

a reduction in latency of one or more of the applications 
and better responsiveness. A further advantage of EATT 
compared with ATT is that it can only be used over an 
encrypted connection and is therefore inherently secure.

In support of EATT, the revised Core Specification 
defines a new L2CAP mode called Enhanced Credit  
Based Flow Control Mode. As the name suggests, this 
mode provides flow control and so allows applications to 
regard the protocol as reliable.

LE Power Control
The third significant addition of Bluetooth 5.2 is LE 
Power Control. The functionality makes it possible to 
extend battery life through dynamic optimization of 
radio transmission power. Bluetooth LE receivers can 
now monitor signal strength and request transmission 
power level changes in connected devices, typically to 
maintain the best trade-off between signal integrity 
and power consumption. This is an important addition 
because receivers encountering particularly high signal 
levels may become saturated causing communication to 
fail. Conversely, when the receiver signal strength is too 
low, the error rate increases - impacting throughput and 
eventually leading to failure.

LE Power Control allows the Bluetooth controller to 
monitor path loss changes to the Bluetooth host using 
the concept of ‘zones’. Finally, there are enhancements 
relating to coexistence with other wireless devices 
close by using the 2.4 GHz frequency range. (For more 
information see Bluetooth Core Specification Version 5.2 
Feature Overview available from Bluetooth.com.)

What’s new in Bluetooth 5.2
Tech Perspective

LE 
Isochronous 
Channels 
needed for 
new use cases 
such as audio 
sharing is 
not the only 
significant 
enhancement 
that comes 
with Bluetooth 
5.2

Tech Check
All of Nordic’s nRF52 
and nRF53 Series 
SoCs are capable 
of all Bluetooth 5.2 
features including the 
nRF5340 shown here. 
The SoC is capable of all 
advanced Bluetooth LE 
features including high 
throughput, Long Range,  
advertising extensions, 
enhanced channel 
selection algorithm and 
Direction Finding

Bluetooth 5.2 enhances the short range wireless standard by introducing LE 
Isochronous Channels to support LE Audio. But that’s only the start

Bluetooth 5.2 brings Bluetooth LE stack changes including an Enhanced Attribute 
Protocol (EATT), improvements to the Generic Attribute Profile (GATT) and Logical Link 
Control & Adaptation Protocol (L2CAP) Enhanced Credit Based Flow Control Mode

https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF21540
https://www.nordicsemi.com/Products/Low-power-cellular-IoT/nRF9160
https://eu.industrial.panasonic.com/products/wireless-connectivity/bluetooth/bluetooth-low-energy-functionality/series/pan1780/CS3240/model/ENW89854A1KF
https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52840
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Thread-and-Zigbee
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Thread-and-Zigbee
https://www.nordicsemi.com/Software-and-tools/Software/nRF-Connect-SDK
https://www.bluetooth.com/bluetooth-resources/bluetooth-core-specification-version-5-2-feature-overview/
https://www.bluetooth.com/bluetooth-resources/bluetooth-core-specification-version-5-2-feature-overview/
https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF5340


        

31WIssue 1   202030 W Issue 1  2020

Tech Briefing

Cellular technology promises a solution for 
connecting IoT sensors directly to the Cloud. It 
is also an option for connecting local networks 

powered by short range wireless tech such as Bluetooth 
LE, Thread or Zigbee, to the Cloud through a gateway.

Key advantages of the cellular IoT technologies 
LTE-M and NB-IoT are that they are supported by an 
open standard, operate in a licensed portion of the RF 
spectrum, leverage existing infrastructure and have 
coexistence mechanisms that enable scaling to high-
node counts per base station.

Nordic Semiconductor’s nRF9160, a low power SiP with 
integrated LTE-M/NB-IoT modem and GPS, has been 
engineered for energy-efficiency and security whilst 
simultaneously bringing advanced applications to the IoT. 
The nRF9160 has been in volume production for almost 
a year having successfully passed major certifications 
in many of the LTE  bands with more planned. To date, 
the nRF9160 is qualified by Verizon, Vodafone, Deutsche 
Telekom, GCF, PTCRB, FCC (U.S.), CE (E.U.), ISED (Canada), 
ACMA (Australia & New Zealand), TELEC/RA (Japan), NCC 
(Taiwan) and IMDA (Singapore).

Targeting asset tracking applications, the nRF9160  
SiP combines location data from the cellular network  
with GPS satellite trilateration for precision remote 
monitoring of its position.

SiP architecture
The nRF9160 comprises a dedicated application processor 
and memory, multimode LTE-M/NB-IoT modem 
with integrated RF front end (RFFE), GPS plus power 
management in a compact 10 by 16 by 1 mm package. 
Through high integration and precertification for global 
operation, the SiP solves the complex wireless design 
challenges arising when employing cellular technology 
requiring just an external battery, SIM, antenna and 
sensors. The nRF9160 supports global operation with 
a single variant thanks to the combination of Nordic’s 
multimode LTE-M/NB-IoT modem, SAW-less transceiver, 
and RFFE. The SiP is the first cellular IoT solution 
to incorporate a 64 MHz Arm Cortex M33 CPU core 
supported by 1 MB of Flash and 256 KB of RAM onboard 
memory. The module incorporates Arm TrustZone (see 
WQ Issue 3, 2019 pg25) and Arm CryptoCell (see WQ Issue 
4, 2019 pg26) security for Internet-level encryption and 
application protection. 

LTE-M/NB-IoT modem
The nRF9160 LTE modem integrates RFFE, radio and 
baseband. The modem offers 700-to-2200 MHz LTE band 
support and 23 dBm output. LTE-M throughput is (UL/
DL) 300/375 kbps while NB-IoT throughput is 30/60 kbps. 
RX sensitivity is -108 dBm for LTE-M and -114 dBm for 
NB-IoT. The modem supports half-duplex FDD operation, 
eDRX and PSM power saving, coverage enhancement 
modes, SMS, single-pin 50 Ω antenna interface and a UICC 
interface. The LTE stack layers L1-L3, IPv4/IPv6, TCP/

UDP and TLS/DTLS form part of the modem firmware. 
The application processor communicates with the LTE 
modem through a BSD secure sockets API and contains 
the application layer protocol, for example CoAP, MQTT or 
LWM2M and the application layer itself.

The nRF9160 LTE modem supports both SIM and eSIM, 
plug-in or soldered. It provides power and handles all 
communication automatically.

Development tools
Nordic’s  strategy for cellular IoT mirrors that for its short 
range wireless products and that is to make its solutions 
easily accessible, easy-to-use and well supported. 
Cellular is one of the most intricate wireless technologies, 
but Nordic’s development tools shield the designer from 
its complexity and allow them to focus on the application. 

Software development for the nRF9160 SiP starts with 
the nRF Connect SDK, a software development kit which 
includes everything needed for a designer to get started 
on a cellular IoT prototype project. The SDK also includes 
tools for more advanced design including the Zephyr 
RTOS, application layer protocols such as CoAP, MQTT  
and LWM2M, and application examples covering a  
wide range of use cases. 

The SDK also includes software for secure boot, and 
secure firmware over-the-air (OTA) device updates for 
both application and cellular modem firmware. 

The nRF9160 SiP’s tool suite is completed with an 
affordable, precertified single board development kit, 
the nRF9160 DK, easing development with LTE-M, NB-
IoT and GPS. The DK has a dedicated LTE-M and NB-IoT 
antenna supporting a wide range of bands and global 
operation. The DK also includes an nRF52840 advanced 
multiprotocol SoC enabling the DK to form the basis of a 
design for a Bluetooth LE to cellular IoT gateway.

Development can be accelerated by designing with the 
Nordic Thingy:91 cellular IoT prototyping platform. The 
Thingy:91 is the ideal platform for rapidly developing a 
prototype for cellular IoT and comes with an eSIM card 
from iBasis, preloaded with 10 MB of data allowance.

Through high integration and precertification for global operation, the nRF9160 
solves the complex wireless design challenges arising when employing cellular 
technology requiring just an external battery, SIM, antenna and sensors

Nordic’s  
strategy for 
cellular IoT 
is to make 
its solutions 
accessible, 
easy-to-
use and well 
supported

Tech Check
Nordic’s Thingy:91 
cellular IoT prototyping 
platform incorporates 
an nRF9160 SiP and 
an nRF52840 board 
controller, supporting 
Bluetooth LE and 
NFC. Source code for 
firmware, hardware 
layout and schematics 
for Thingy:91 are all 
available from Nordic 
for free

Inside the nRF9160
Nordic’s LTE-M/NB-IoT cellular IoT solution brings robust and secure 
cellular connectivity to everything beyond the smartphone

Bluetooth 5.2 SoC qualified for 105oC

nRF52833

START YOUR DEVELOPMENT TODAY
nordicsemi.com/nRF52833

Tailored for professional lighting and industrial applications [ [ [ [ 

                           TX power: +8 dBm      Concurrent multiprotocol 
 64 MHz Arm Cortex-M4 with FPU      512 KB Flash and 128 KB RAM

 Bluetooth mesh, Thread and Zigbee software support

https://www.nordicsemi.com/Products/Low-power-cellular-IoT/nRF9160-Certifications
https://www.nordicsemi.com/-/media/Publications/Wireless-Quarter-pdf/2019/NS_WQ_Issue3_2019.pdf?la=en&hash=5818478227E4E4EFBA2635673B674B56B3A77195
https://www.nordicsemi.com/-/media/Publications/Wireless-Quarter-pdf/2019/NS_WQ_Issue4_2019.pdf?la=en&hash=FC4726A2CCC6CDC5341B6225C0F766E99DAF4069#page=13
https://www.nordicsemi.com/-/media/Publications/Wireless-Quarter-pdf/2019/NS_WQ_Issue4_2019.pdf?la=en&hash=FC4726A2CCC6CDC5341B6225C0F766E99DAF4069#page=13
https://www.nordicsemi.com/Software-and-tools/Prototyping-platforms/Nordic-Thingy-91
https://www.nordicsemi.com/Products/Low-power-cellular-IoT/nRF9160
https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52840
https://www.youtube.com/embed/y7-eSOqcHYU
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CPU 64 MHz Arm Cortex-M33 128 MHz Arm Cortex-M33 
+64 MHz Arm Cortex-M33

64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 16 MHz Arm Cortex-M0 16 MHz Arm Cortex-M0 16 MHz Arm Cortex-M0

FPU  
DSP INSTRUCTION SET
CACHE
MEMORY 1 MB Flash,  

256 kB RAM
1 MB Flash, 512 kB RAM 

+256 kB Flash, 64 kB RAM 
1 MB Flash,  

256 kB RAM
512 kB Flash,  
128 kB RAM

512 kB or 256 kB Flash,  
64 kB or 32 kB RAM

256 kB Flash,  
32 kB RAM

192 kB Flash,  
24 kB RAM

192 kB Flash,  
24 kB RAM

128 kB or 256 kB Flash,  
32 kB or 16 kB RAM

128 kB or 256 kB Flash,  
32 kB  or 16 kB RAM

256 kB Flash,  
16 kB RAM

CLOCKS 64 MHz / 32 kHz 128 MHz / 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 16 MHz /32 kHz 16 MHz /32 kHz 16 MHz /32 kHz
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ARM CRYPTOCELL 310 312 310
ROOT-OF-TRUST
SECURE KEY STORAGE
AES ENCRYPTION
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LTE-M/NB-IOT/GPS MODEM
CERTIFIED LTE BANDS 1-5, 8, 12-14, 17-20,  

25-26, 28, 66

FREQUENCY 700-2200 MHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz
MAXIMUM TX POWER 23 dBm 3 dBm 8 dBm 8 dBm 4 dBm 8 dBm 4 dBm 4 dBm 4 dBm 4 dBm 4 dBm
RX SENSITIVITY -108 dBm (LTE-M),   

-114 dBm (NB-IoT)  
-97.5 dBm (1 Mbps) -95 dBm (1 Mbps) -95 dBm (1 Mbps) -96 dBm (1 Mbps) -95 dBm (1 Mbps) -97 dBm (1 Mbps) -96 dBm (1 Mbps) -90 dBm (1 Mbps) -93 dBm (1 Mbps) -90 dBm (1 Mbps)

ANTENNA INTERFACE 50 Ω single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Differential Differential Differential
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HIGH SPEED SPI
TWI, SPI, UART 4xTWI/SPI/UART 4xTWI/SPI/UART 

+TWI/SPI/UART
2xTWI/SPI, SPI, 2xUART 2xTWI/SPI, SPI, 2xUART 2xTWI/SPI, SPI, UART 2xTWI/SPI, UART TWI/SPI, SPI, UART TWI, SPI, UART 2xTWI/SPI, UART 2xTWI/SPI, UART 2xTWI/SPI, UART

QSPI
USB
PWM 4 4 4 4 3 1 1
PDM
I2S
ADC, COMPARATOR ADC COMP ADC, COMP ADC, COMP ADC, LPCOMP ADC, LPCOMP ADC, LPCOMP

TIMER, RTC 3, 2 3, 2 + 3,2 5, 3 5, 3 5, 3 4, 2 3, 2 3, 2 3, 2 3, 2 3, 2
TEMPERATURE SENSOR
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AGRICULTURE
ASSET TRACKING
AUTOMATION
BEACON
CONSUMER ELECTRONICS
DIRECTION FINDING
GAMING / VR + AR
HEALTHCARE & MEDICAL
INDUSTRIAL SYSTEMS
MESH NETWORKS
PC PERIPHERALS
PROFESSIONAL LIGHTING
SMART BUILDINGS
SMART CITY
SMART HOME
SMART METERING
SPORTS & FITNESS
TOYS
WEARABLES

CERTIFICATIONS GCF, PTCRB, CE,  
FCC, Verizon ++

CE, FCC CE, FCC CE, FCC CE, FCC CE, FCC CE, FCC CE, FCC CE, FCC CE, FCC CE, FCC

OPERATING TEMPERATURE -40 to 85 oC -40 to 105 oC -40 to 85 oC -40 to 105 oC -40 to 85 oC -40 to 105 oC -40 to 85 oC -40 to 85 oC -40 to 85 oC -40 to 85 oC -40 to 105 oC
SUPPLY VOLTAGE RANGE 3.0 to 5.5 V 1.7 to 5.5 V 1.7 to 5.5 V 1.7 to 5.5 V 1.7 to 3.6 V 1.7 to 5.5 V 1.7 to 3.6 V 1.7 to 3.6 V 1.8 to 3.6 V 1.8 to 3.6 V 1.8 to 3.6 V
DEVELOPMENT KITS nRF9160 DK,  

Nordic Thingy:91
nRF5340 PDK nRF52840 DK 

nRF52840 Dongle
nRF52833 DK nRF52 DK 

Nordic Thingy:52
nRF52833 DK nRF52840 DK nRF52 DK nRF51 DK,  

nRF51 Dongle
nRF51 DK,  

nRF51 Dongle
nRF51 DK,  

nRF51 Dongle

PACKAGES 10x16x1 mm LGA 7x7 mm aQFN94 (48 GPIOs) 7x7 mm aQFN73 (48 GPIOs), 
3.5x3.6 mm WLCSP94 (48 

GPIOs)

7x7 mm aQFN73 (42 GPIOs), 
5x5 mm QFN40 (18 GPIOs), 

3.2x3.2 mm WLCSP (42 
GPIOs)

6x6 mm QFN48 (32 GPIOs), 
3.0x3.2 mm WLCSP50 (32 

GPIOs)

5x5 mm QFN40 (18 GPIOs) 6x6 mm QFN48 (32 GPIOs), 
5x5 mm QFN32 (17 GPIOs), 

2.48x2.46 mm WLCSP33 (15 
GPIOs)

6x6 mm QFN48 (32 GPIOs), 
5x5 mm QFN32 (16 GPIOs), 

2.48x2.46 mm WLCSP33 (15 
GPIOs)

6x6 mm QFN48,  
WLCSP48,

Thin CSP

6x6 mm QFN48,
WLCSP48

6x6 mm QFN48,
WLCSP48

   

Product  
Summary
Full product details at:  
www.nordicsemi.com/Products

nRF52833
Tech Profile

Description: The nRF52833 is a multiprotocol 
SoC with a Bluetooth Direction Finding 
capable radio, qualified for operation at 
an extended temperature range of -40 to 
105°C. A generous memory allocation and 
dynamic multiprotocol support ensures the 
nRF52833 is an ideal device for commercial 
and industrial applications, including 
professional lighting and asset tracking. A 
1:4 RAM to Flash ratio and adjustable output 
power make the nRF52833 an ideal choice for 
wearables or smart home applications where 
robust coverage is important.

Hardware: The nRF52833 incorporates a 64 
MHz 32-bit Arm Cortex-M4 processor with 
floating point unit (FPU), DSP instruction 
set and cache. The hardware includes 512 KB 
Flash and 128 KB RAM. The SoC’s 2.4 GHz radio 
features +8 dBm TX power (programmable 
from -20 dBm in +4 dBm steps) and -95 dBm 
sensitivity (Bluetooth LE at 1 Mbps) for a link 
budget of +103 dBm. The radio is capable of 
all Bluetooth Direction Finding functionality 
and its large memory can support both 
receiver and transmitter roles for Angle-
of-Arrival (AoA) and Angle-of-Departure 
(AoD) applications. The SoC has an integrated 
balun with single-ended output and includes 
advanced features such as Full-Speed USB 
and High-Speed SPI. The SoC includes up to 
42 GPIOs and a range of analog and digital 
interfaces, NFC-A, ADC, UART, SPI, TWI, 
PWM, I2S and PDM. It has a 1.7 to 5.5 V supply 
voltage range, a two-stage LDO regulator and 
a DC-DC converter. The SoC is available in a 7 
by 7 mm aQFN73 with 42 GPIOs, a 5 by 5 mm 
QFN40 with 18 GPIOs and a 3.2 by 3.2 mm  
WL-CSP with 42 GPIOs.

Bluetooth Direction Finding 
supported by the nRF52833 SoC 
enables positioning applications 
that not only rely on received signal 
strength indication (RSSI) but also 
the signal direction. Illustrated here 
is an example of a real time location 
system (RTLS) where the principle 
of Angle-of-Arrival is used to 
determine tag location

Bluetooth 5.2 SoC qualified for 105oC

nRF52833

START YOUR DEVELOPMENT TODAY
nordicsemi.com/nRF52833

 Concurrent multiprotocol support      Full-featured mesh SDK

 Provisioning app      Extended temperature range      TX power: +8 dBm 

Tailored for professional lighting and industrial applications [ [ [ [ 

Software: The nRF52833 is a multiprotocol 
wireless SoC supplied with an S113 or S140 
SoftDevice. The S113 is a memory-optimized 
Bluetooth 5 protocol stack for peripherals and 
the S140 is a feature-rich Bluetooth 5 stack 
that is Bluetooth 5.1 qualified. The SoC also 
offers IEEE 802.15.4 support for protocols such 
as Thread and Zigbee. The chip’s dynamic 
multiprotocol capability is an advantage 
where concurrent Bluetooth LE and Bluetooth 
mesh/Thread/Zigbee support is required. 

Development Tools: The nRF52833 is 
supported by the nRF5 SDK, nRF5 SDK for 
Mesh and nRF5 SDK for Thread & Zigbee. The 
SDKs provide the examples, libraries and 
drivers needed to get started with Bluetooth 
LE, Bluetooth mesh, 2.4GHz proprietary and 
Thread or Zigbee development. The nRF52833 
DK is a versatile single board development kit 
and is compatible with the Arduino Uno Rev3 
standard, enabling the use of the compatible 
Nordic Power Profiler Kit and a wide range of 
third party shields.

https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52833
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Mesh
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Mesh
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Thread-and-Zigbee
https://www.nordicsemi.com/Software-and-tools/Development-Kits/nRF52833-DK
https://www.nordicsemi.com/Software-and-tools/Development-Kits/nRF52833-DK
https://www.nordicsemi.com/Software-and-tools/Development-Kits/Power-Profiler-Kit



