
Racing caR ReFeRence design

Reference design adds better 2.4GHz 
wireless control to racing car toys

Has viable home 
automation 
finally arrived? 
Critical technology 
innovations, including 
uLP wireless, have cut 
costs and complexity, 
explains Jack shandle

Extracting more 
energy from coin 
cell batteries
Nordic’s Kjartan 
Furset reveals how a 
coin cell’s internal 
resistance affects uLP 
wireless performance

www.nordicsemi.com
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ultra low power

Tiny mouse turns 
laptop palmrests 
into touchpads
the swiftpoint mouse 
combines wireless 
mouse functionality 
with the convenience 
of a trackpad
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Nordic Semiconductor has released a 
complete reference design for advanced 
remote controlled racing car toys. The 

reference design demonstrates how Nordic’s low 
cost 2.4GHz solutions bring sophisticated two-
way wireless game-play features to mass-market 
toys. These features  were previously impossible 
using technically inferior (but until now popular) 
27/49MHz solutions.

The advanced game-play features include: 
racing with friends; auto-set-up of free-form 
racing tracks (indoors or outdoors) using wireless 
(proximity sensing) waypoints; feeling crashes 
through controller vibration feedback; and the 
ability to collect, see and share racing data such 
as lap times, speed, and number of crashes.

The car racing reference design (dubbed the 
‘nRFready R/C Racing’) additionally features 
continuous steering and throttle control, blinker 
lights and headlights that can be switched on 
and off from the controller, and LEDs on the 
controllers for indicating car battery charge.

The reference design includes two cars, two 
controllers, four waypoints, a USB wireless 
dongle, the nRFready Racing Studio PC 
application, plus all required source code and 
hardware design files.

Racing data is collected wirelessly by the 
waypoints and transmitted to the nRFready 
Racing Studio PC application through the 
supplied USB dongle. Nordic says that waypoint 
functionality can easily be expanded to include 
additional game features such as pit-stops, fuel 
stations or repair shops. Each car and controller 
is also easily paired, and with Nordic’s Gazell 
2.4GHz protocol multiple cars can race against 

each other without interference issues or the 
complexities associated with having to change 
crystal components in cars and controllers.

System-on-Chip inside
The cars, controllers and waypoints are all based 
on Nordic’s flagship single chip nRF24LE1 
2.4GHz RF System-on-Chip 
(SoC) solution. This
provides both a flexible 
development platform with 
Flash memory, and a
smooth migration to
Nordic’s lower-cost one time 
programmable 
(OTP) variants for 
mass-market 
production 
(see tinyurl.com/
y8vejn5). 

“We see an increasing interest in our 2.4GHz 
technology from the toy industry,” says Thomas 
Embla Bonnerud, Product Manager with Nordic 
Semiconductor. “This reference design enables 
innovative toy manufacturers to very easily take 
advantage of our 2.4GHz technology to take 
their remote controlled racing car toys to the 
next level by adding features not possible with 
the 27/49MHz technologies typically employed 

today, and at a price point consumers 
around the world will find appealing.” 

The nRFready R/C Racing 
reference design (product 

order code: nRF6909) is 
available to innovative 
toy manufacturers now.  
Nordic advises readers to 
contact its sales network 
for pricing (see tinyurl.

com/37mnaed).

Nordic 2.4GHz wireless 
will make mass-market 
toy racing cars more 
realistic and fun
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in bRieF

First controller to offer RF, 
IR, and color display

Remote contRol

German custom A/V (audio/visual) development 
specialist, Audivo, claims to have created the 

first mainstream universal RF remote control – the 
M-Remote OEM platform – to combine RF with 
traditional IR capabilities and a color (LCD or 
OLED) display.

The M-Remote targets CE manufacturers of the 
latest networked A/V devices such as streaming music 
servers, Internet radios and wireless multimedia 
centers. These appliances demand high-bandwidth, 
bi-directional RF connectivity in order to provide more 
advanced user interface mechanisms (such as scroll 
wheels, touch-screens, and track-balls) that traditional 
push-button, one-way IR remotes can’t support.

Such advanced interfaces are designed to make it 
easier and more intuitive for end users to access and 
enjoy their digital content and services. Advanced 
interfaces ease the browsing of large libraries of 
stored music or long lists of Internet radio stations 
and enable continuous (‘live’) playing status info and 
graphics (e.g. album artwork) to be displayed directly 
on a remote’s display.

RF also eliminates the need for IR’s line-of-sight 
access, allowing devices to be controlled through 
objects and even interior walls (usually up to a range 

of about 15m assuming wall 
building materials do not 
excessively attenuate RF 
signals).

By offering IR technology 
to complement RF, the 
universal M-Remote is also 
able to control traditional 
IR-only equipped consumer 
electronics (CE) appliances 
such as TVs, set-top boxes 
(STBs), and A/V amps, 
eliminating the need for 
multiple dedicated remote 
controls from different 
manufacturers.

The RF link in the M-Remote 
employs a Nordic nRF24LE1 
2.4GHz System-on-Chip 
(SoC) and Nordic’s Gazell RF 
software protocol.

pc peRipheRals

Miniature wireless mouse turns laptop 
palmrest into large area trackpad

nRF24AP2 single chip 
for ANT USB dongles
Nordic has released an addition 
to its ANt chip family. the 
nRF24AP2-usB is a single chip 
8-channel ANt solution with 
Full-speed usB 2.0 compliant 
interface and is the third product 
in the nRF24AP2 ANt family. 
It integrates a Nordic 2.4GHz 
nRF24L01+ transceiver core 
and 8-channel ANt protocol 
stack in a compact 5x5mm 
QFN package. the chip can 
be powered directly from a 
usB bus port, thus supporting 
compact usB dongle designs. 
A comprehensive set of 
development tools including 
ANt libraries and drivers for 
Windows and Mac os X, plus 
a production-ready ANt usB 
dongle reference design, are also 
available. (More info on page 5.)

Nordic sponsors ANT 
symposium
Nordic semiconductor was the 
proud Premier sponsor of the 
2010 ANt+ Alliance symposium. 
It was the third year in a row 
that Nordic had been the major 
sponsor at the event. the 
symposium was held in late 
september at the picturesque 
Delta Kananaskis Village in 
the Alberta Rocky Mountains, 
Canada, and was open to all 
ANt+ members. Currently, 
there are over 300 member 
companies in the ANt+ Alliance.

Record Q2 2010 
financials for Nordic
Nordic says group revenue in Q2 
2010 was us$41.9m, an increase 
of 209 percent on the prior 
year. the PC/Media controller 
business segment grew by 218 
percent during the quarter to 
us$31.2m, and represented 74 
percent of company revenues. 
Nordic notes that much of this 
revenue increase was driven 
by the ongoing conversion of 
wireless PC peripherals from 
older 27MHz radio frequency 
technology to the company’s 
2.4GHz components.

According to the manufacturer, 
the Swiftpoint wireless mouse 

transforms a portable computer’s 
palmrest into a large mousepad, 
providing users with the 
functionality of a mouse plus the 
convenience of a trackpad.

Developed by New Zealand 
designer and manufacturer 
Swiftpoint Limited, the Swiftpoint 
wireless mouse is designed for 
on-the-go portable computer users 
who lack a suitable surface for a 
desktop mouse (e.g. while travelling 
on public transportation) and find 
their computer’s built-in trackpad 
uncomfortable and frustrating to use.

Employing Nordic hardware and 
software to provide precise, highly 
responsive wireless connectivity, the 
compact Swiftpoint wireless mouse 

offers a pen-like grip that’s said to be 
both comfortable and intuitive to use.

“Using a portable computer’s 
built-in trackpad for extended 
periods is tiring, slow, and can 
potentially lead to serious ailments 
such as repetitive strain injury (RSI),” 
says Grant Odgers, Swiftpoint’s CEO. 

“While wireless travel mice help 
when there’s a suitable flat surface, 
there are many occasions when such 
a surface is unavailable.

“Our Swiftpoint mouse solves 
the problem,” says Odgers. “The key 
technological breakthrough was 
being able to produce a wireless 
mouse that was small and light 
enough to operate on the palmrest 
beside the computer trackpad, yet 
still run for many weeks from a 
single charge.”

Each Swiftpoint mouse employs 
a Nordic nRF24LE1 transceiver 
communicating with an nRF24LU1+ 
transceiver embedded within a 
miniature dongle that plugs into 
the USB port of a portable computer. 
And Nordic’s Gazell RF protocol 
software manages the wireless link.

The Swiftpoint mouse operates on 
a portable computer’s palmrest 
providing freedom of use even 
when space is restricted

The universal M-remote can 
control both modern RF and 
traditional IR devices using a 
single controller

www.nordicsemi.com
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news &tRends

health & wellness

Hands and fingers could replace 
touchscreens in portables
Researchers in the U.S. have 

developed a technology that 
could allow a user’s hands or 
forearms to control mobile devices 
in place of touchscreens.

Dubbed ‘Skinput’ – and 
developed by third-year Ph.D 
student Chris Harrison at Carnegie 
Mellon University in conjunction 
with Desney Tan and Dan Morris 
of  Microsoft Research – the 
technology uses acoustic vibration 
sensors attached to the upper arm. 
The sensors capture inaudible 
sound waves generated by 
potential control gestures such as 
tapping a hand or forearm or even 
flicking fingers together.

The researchers found that each 
action produces a unique acoustic 
signature that machine learning 
programs can remember and 
identify. As such, any part of the 
body could potentially be used as a 
control interface.

human inteRFace deVices

Plastic piezoelectric shoe power generator 
could outperform batteries

mobile poweR technology

Researchers at Louisiana Tech University in the 

U.S. say they have developed a piezoelectric 

shoe power generator that could provide a 

continuous 2mW of power per shoe while walking 

– enough to potentially power GPS receivers.

The shoe power generator is said to be based on 

a low-cost polymer transducer that has metallized 

surfaces for electrical contact. Unlike conventional 

ceramic transducers, this plastic generator is said 

to be soft and robust, matching the properties of 

regular shoe fillings. As such the transducer could 

replace regular heel shock absorbers without 

affecting performance.

Traditionally, the use of piezoelectric 

materials in such applications is said to have been 

hampered by the fact that they tend to produce 

high voltages and low currents that are unsuitable 

for low power electronics. 

Public and private healthcare 
providers in developed 

countries could save up to 
us$5.8 billion in healthcare 
costs by 2014 through the use 
of remote patient monitoring 
technology linked to cellphone 
networks.

According to a recent report 
by analysts Juniper Research 
(see tinyurl.com/36pqvle) the 
u.s. and Canadian healthcare 
markets stand to generate the 
largest cost savings because 
of their higher than average 
healthcare expenses.

“the price of a hospital 
bed, used as a proxy for cost, 
is much higher in the North 
American region, partly due to 
the role of health insurance in 
the u.s. healthcare sector,” says 
Anthony Cox, senior Analyst at 
Juniper Research. “this has a 
direct impact on how much cost 
remote monitoring can save.”

Because of this, the report 
concludes that the viability of 
mobile health monitoring in 
developing countries is more 
questionable when just based 
on cost savings.

Juniper also predicts that 
revenues from remote patient 
monitoring using cellphones 
will rise to almost us$1.9 billion 
globally by 2014 (see tinyurl.
com/3xxf25x), with heart-
based monitoring in the u.s. 
accounting for the bulk of 
early roll-outs. other revenue- 
contributing areas will include 
fitness and health smartphone 
applications and eventually 
applications that link to body-
worn wireless sensors that form 
Body Area Networks (BANs).

Health monitoring 
could save billions

www.nordicsemi.com

The prototype design houses an 
array of highly sensitive vibration 
sensors within an armband worn 
on the upper arm. 

The armband includes a small 
projector that can superimpose 
colored menu box options or 
keypad numbers onto the wearer’s 

forearm that can be selected with 
single finger taps. (See tinyurl.com/
ycplxj9.)

The system has the potential to 
link a ULP wireless transceiver in 
the armband to a mobile handset’s 
wireless chip  allowing the user to 
remotely control the device.

Will future portables be 
controlled from the hand?

The researchers claim to have got around this 

restriction by developing a new type of regulation 

circuit that can bring the voltage output per step 

of their shoe generator down from over 50V to 

a regulated 3V capable of powering electronics 

directly or even charging batteries. (See tinyurl.
com/2ud2gq5.)

Walking could 
provide enough 
energy to power a 
GPS receiver
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editoRial
“As a leading 
wireless connectivity 
company, it’s 
important Nordic 
offers customers 
reference designs, 
development kits, 
and engineering 
expertise”
ståle ytterdal

Dear Reader
While China has built its formidable reputation on manufacturing 

prowess, the country is increasingly enhancing its electronics 

design capabilities. We should not be surprised, for manufacturing 

other countries’ products – no matter how good you are at it – can 

only expand an economy so far. the big money is in designing 

innovative homegrown goods and exporting them to the world. It’s 

a trail that’s been blazed by Japan, taiwan, and south Korea with 

enviable success.

At Nordic’s Asian HQ in Hong Kong we spend an increasing 

number of hours working with Chinese engineers to help them 

integrate our ultra low power (uLP) wireless solutions into their 

latest products. to maintain our leading position in this sector, it’s 

now just as important to offer reference designs, development 

kits, and engineering expertise (via Nordic’s Field Application 

engineers), as it is to supply class-leading 2.4GHz transceivers.

Products such as the nRFready R/C Racing (see front cover) 

and MicroBlue prototype kit (based on the established nRFgo 

development platform) allow design engineers to explore the 

capabilities of Nordic’s nRF24Le1 system-on-Chip transceiver or our 

upcoming range of Bluetooth low energy single mode chips. the 

nRFready R/C Racing reference design, for example, includes a pair 

of cars and controllers, four waypoints, a usB dongle, the nRFready 

Racing studio PC application, as well as all required source code and 

hardware design files. this is everything an engineer may possibly 

need to simplify and accelerate their wireless design schedule. 

As hard as they work though, our Field Applications engineers 

can only service a finite number of customers. For others, our 

trusted Asian distributors step in with their own inimitable brand 

of engineering support – to the extent that some of the more 

progressive firms have produced their own Nordic hardware – and 

software-based reference designs.

Nordic’s four-cornered emphasis on being a leading supplier of 

highly integrated RF silicon, sophisticated and flexible development 

tools, application specific communication software, and complete 

reference designs, ideally matches China’s desire to increase the 

number of its indigenous products. With this approach we’re 

confident of building on our reputation in the PC wireless desktop 

peripherals sector by inclusion in many new designs for products 

such as RF remote controls (see page 10), medical and human 

performance monitors, toys, and wireless audio.

yours sincerely,

Ståle Ytterdal
Director of Marketing & sales - Asia

Pervasive electronics
In a recent item for Fortune magazine, columnist Geoff 

Colvin illustrated how inexpensive and pervasive electronics 

has become*. Colvin drew a parallel between the number of 

transistors (the electronic switch that forms the basic building block 

of digital devices) in his house, and the number of neurons in his 

brain. It turns out that the volume of both is similar, numbering in the 

hundreds of billions.

Further, Colvin noted that electronics manufacturers fabricated 10 

quintillion (10 x 1018) transistors in 2009, which he says is 250 million 

times more than all the grains of rice consumed by humanity that 

year. Remarkably, each grain of that rice cost more than 100,000 

transistors.

These interesting statistics are the result of advances in wafer 

fabrication techniques that have seen the cost per transistor 

plummet. At the same time transistor dimensions have diminished 

to just a few tens of nanometers (following the trend predicted by 

Gordon Moore’s well known ‘Law’), allowing Intel, for example, to 

include 2.3 billion of them in its latest Xeon ‘Nehalem’ processor.

Cheap, tiny transistors have allowed electronics 

to become ubiquitous. Chips are embedded 

into virtually everything, from weighing 

scales to cars, toys to washing machines, 

and lighting to greeting cards. 

And, like the neurons in Colvin’s 

brain, the transistors in these 

appliances are each typically 

connected to many other transistors 

in other devices via wired connections, 

and, increasingly, wireless ones.

Chips that enable this 

wireless connectivity, from 

companies such as Nordic 

Semiconductor, have themselves 

benefited from the advances in the 

reduced cost and diminishing size 

of electronics’ basic building block. 

Nordic’s nRF24LE1 System-on-Chip, 

for example, integrates an RF 

transceiver, microprocessor, 

and flash memory into a 

tiny package of just 4 by 4 

millimeters – and it’s available for 

just a few dollars. The nRF24LE1 is an 

impressive advance on the wireless chips of 

just two or three years ago.

The progress of semiconductor 

technology shows no sign of slowing down. 

While it might be science fiction today, 

it’s not that big a leap of imagination to 

envisage a day when the hundreds of 

billions of transistors around the home are connected directly to the 

neurons in the brain – probably via a wireless link.    

* ‘Ten thousand transistors now cost less than a grain of rice’, 

Fortune, page 64, 6 September 2010. 

Wireless chips have 
benefi ted from the 
reduced cost and 
diminishing size of 
transistors 

www.nordicsemi.com
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what’s new FRom noRdic

Single chip solution for compact 
USB 2.0-compliant ANT dongles
the third member of Nordic’s ANt chip family boasts a usB interface enabling compact, 
low cost dongles for use in sport-, fitness-, and health-monitoring products

nRF24ap2-usb

L
aunched in June, a new single chip 
solution extends Nordic’s nRF24AP2 
family to three devices. Joining 
the existing single- and 8-channel 

chips, the nRF24AP2-USB provides the same 
advanced feature set but exchanges the former 
devices’ UART interfaces for a Full-Speed USB 
2.0-compliant host interface. The company says 
that this makes the new addition to the family 
suitable for compact ANT USB dongles and 
embedded systems where a USB host interface 
is required.

The nRF24AP2-USB comes in a compact 5 
by 5mm QFN package and integrates a 2.4GHz 
transceiver core, 8-channel ANT protocol stack, 
USB 2.0 device controller, and 4-to-5.25V linear 
voltage regulator that allows the chip to be 
powered directly from a USB bus port.

“Connectivity to both PC- and Mac-based 
products, and consequently the Internet, is fast 
becoming a key feature in many of the latest 
ANT-enabled wireless products,” says Thomas 
Embla Bonnerud, Product Manager for Ultra Low 
Power Wireless at Nordic Semiconductor. “The 
nRF24AP2-USB’s compact single-chip form factor 
and low cost presents an ideal and convenient 
solution for developers of applications that 
employ such products.”

Saving power
The nRF24AP2 family uses Nordic’s proven 
2.4GHz nRF24L01+ transceiver core, which 
the company says provides a range of benefits 
including substantial enhancements in 
wideband blocking and intermodulation as 
well as 5dB of extra sensitivity compared to the 
previous nRF24AP1 range. This makes the family 
highly immune to interference from other 
2.4GHz radios operating in the vicinity. The net 
result will be fewer retransmits and lost packets 
(and hence even more power savings) in noisy RF 
operating environments.

At the core of the chips is an improved ANT 
protocol stack implementation that includes 
several enhancements designed to increase 
performance and further reduce power 
consumption compared to previous products.

In fact, Nordic says the three members of 
the nRF24AP2 family reduce peak current by 

more than 20 percent compared to the previous 
generation, yielding a valuable extra power 
margin when working with small coin cell 
batteries. Nordic says average operating currents 
are expected to be reduced by up to 75 percent 
enabling a similar extension in typical battery 
operating lifetimes.

Support for the nRF24AP2-USB is available 
in the form of the ANT USB Dongle Reference 
Design and development platform, plus ANT 
libraries and drivers for both Windows and Mac 
OS X operating systems. These are designed to 
enable engineers to start developing computer 
side applications to support new and existing 
ANT-enabled products.   ■

Further Information: For detailed technical 
information on the nRF24AP2-USB please go to this link: 
http://tinyurl.com/34mfu7o. For FAQs about the devices 
please refer to the Technical FAQ web pages at: http://faq.
nordicsemi.no/faq/index.html.

www.nordicsemi.com

The nRF24AP2-
USB is suitable 
for compact ANT 
USB dongles

“The nRF24AP2-USB incorporates an improved ANT 
protocol stack that includes several enhancements to 
increase performance and reduce power consumption”

Nordic chips and 
ANT+ RF protocol 

software are popular 
with wireless sensor 
manufacturers in the 

cycling sector 
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HANs and conservation
rev up home automation
As uLP wireless enables automatic personalization of home 
environments and smart meters spread, synergistic networks 
may be the order of the day. By Jack shandle

Jack Shandle
is a freelance

writer specializing 
in semiconductors, 
wireless, and other

high-tech
topics 

 Cost and scalability problems have 
impeded the growth of the home 
automation market

 Standard gateways into the home and the 
proven robustness of ULP wireless PANs 
are game-changing technologies

 The growing home automation market 
will probably segment according to user 
preferences for functionality and gateway 
technologies

AT A GLANCE

ulp wiReless applications

H
ome automation has been the 
‘next big thing’ in electronics for a 
couple of decades. Problems such 
as cost, scalability, and standards 

have, however, always managed to make the 
market reality fall short of the marketing 
dream. 

That seems to be about to change. Critical 
technology innovations, including ultra 
low power (ULP) wireless, have drastically 
reduced the costs of installation, ‘moves and 
changes’, and scalability. The environmental 
movement is also fast becoming a synergistic 
market driver. As the smart grid/smart 
meter/smart home concept takes hold and 
potential energy savings become impressive, 
consumer interest in home automation has 
moved from ‘nice to have’ into the ‘highly 
desirable’ category.

From a technology perspective, however, 
home automation is unlikely to emerge as 
a single market. Depending on consumer 
preferences, at least two use cases have 
already taken shape and several gateways 
into the home are competing for market 
niches.

One use case is based on the Personal 
Area Network (PAN) that’s already being 
used with great success to transport health 
and fitness information from the gym into 
the home (see ULP Wireless Quarter, Spring 
2010, page 6). The other is based on the Home 
Automation Network (HAN) and uses smart 
meters as a gateway. A simple example 
illustrates the difference. In the first, a 
PAN node such as a ULP wireless-enabled 
wristwatch automatically adjusts the home 
thermostat to a personal preference when 
the homeowner or other family member 
enters the house. In the second, the smart-
meter controls the thermostat while the 
family is away. 

Thermostats are not the only devices 
that can be controlled. Appliances, lights, 
and entertainment gear can be turned on 

and off depending on preferences set by 
the PAN node; and, the smart meter can 
monitor environmental variables and adjust 
numerous devices accordingly. 

Nor is the smart meter necessarily the 
only home automation gateway. Set-top 
boxes (STBs), alarm panels, and even door 
locks are being outfitted with gateway-grade 
intelligence. In fact, these gateways have 
been deployed most frequently in existing 
HANs. 

Poised for growth
The broad home automation market will 
start growing rapidly in 2011, according to 
Lisa Arrowsmith, Market Analyst for low-
bandwidth RF at IMS Research in London. 
Home automation started as a high end 
application, she says, either in new homes 
or retrofitting activities. “But we are now 
seeing systems on sale at major retailers 
that in many cases work out of the box and 
that the consumer can install.” In place of 
hardwired systems, home automation nodes 
use wireless or powerline communications 
technologies organized into low-power, 
low-bandwidth networks. Smart metering 
is also driving automation into the home, 
says Arrowsmith, with utilities deploying 
meters that can monitor electric usage 
and major white goods makers fielding 
major appliances with a communications 
capability. Figure 1 shows IMS Research’s 
forecast of worldwide unit shipments of 
networked major home appliances. (Note 

Home area networks 
can control domestic 
lighting and heating



Nordic ULP WirELESS qUartEr  autumn  2010     7 

Fe
at

u
R

e

www.nordicsemi.com

that unit shipments are not quantified 
because IMS Research declined to provide 
this information.)

The HAN scenario
A smart meter is an advanced meter that 
records consumption in intervals of an hour 
or less and communicates that information at 
least daily over a communications network to 
the utility for monitoring and billing purposes.

The next critical step for smart metering is 
for the meter to act as an interface with the 
home. By communicating with major and 
minor appliances, HVAC equipment, and 
lighting inside the home, the smart meter can 
adjust the states of the devices as programmed 
by the homeowner.

To interface effectively, a smart meter 
must be part of a HAN with a standard 
network protocol to assure interoperability, 
according to Skip Ashton, vice president of 
engineering at Ember Corp., a leading ZigBee 
chip supplier. More than 50 million ZigBee-
based smart meters are under contract in the 
U.S., he says, mostly in Texas and California. 

ZigBee’s quick start can be credited to the 
ZigBee Alliance’s decision to align its Smart 
Energy Profile precisely with the OpenHAN 
specification as defined by UtilityAMI, an 
advanced metering infrastructure developed 
by a working group of the Utility Contractors 
Association (UCA), says Ashton. 

Another player to be reckoned with in 
the HAN scenario is Z-Wave, a proprietary 
home automation protocol that already has 

a foothold in the market. Its ecosystem of 
designers and manufacturers have fielded more 
than 400 Z-Wave-enabled products that are 
available through mass market U.S. retailing 
channels such as Best Buy, Radio Shack, and 
Amazon.com, according to Mary Miller, 
marketing director for the Z-Wave Alliance.  
Z-Wave is opportunistic about its gateways, 
using STBs, alarm panels, and even keyless 
entry locks to tie the HAN to the outside world. 
The Z-Wave Radio uses the 900 MHz ISM band, 
mesh networking, and operates on AA batteries.

Low power operation is important, says 
Ember’s Ashton, and low-duty-cycle appliances 
and other devices can operate for years on a 
CR1231 lithium cell, which is typically used to 
power digital cameras. 

The PAN scenario
A camera-sized battery or AAs are not going to 
cut it for a device one might wear on his or her 
wrist or other part of the body as envisioned in 
PAN networking. Rod Morris, Director – ANT 
Wireless at Dynastream, points out that just as 
in health and fitness applications, the CR2032 
coin cell lithium batteries that last for years are 
a viable option for home automation as well.

In fact, the same node that is today used 
for health and fitness would accommodate 
home automation – with an appropriate 
profile. ANT Wireless has already integrated 
wireless nodes into devices and appliances 
such as motion detectors, lighting, alarm 
systems, and thermostats, he says. Using the 
highly efficient ANT protocol and Nordic 

Semiconductor’s ultra-low power 2.4GHz 
transceivers, these wireless systems are only 
waiting for the market to ramp up.  

Two potential challenges – interoperability 
with other devices and interference between 
competing nodes – have already been addressed 
in the health and fitness use case. ANT+, an 
interoperability function that can be added to 
the base ANT protocol, assures interoperability 
among the products of different vendors. 
Interference issues are resolved by employing a 
sophisticated time-slot allocation scheme that 
has already proved itself in fitness gyms lined 
with PAN-enabled equipment.

There are three common techniques for 
minimizing the impact of interference for 
devices operating in the 2.4GHz band. These 
are the time slot allocation used in the Nordic/
ANT proprietary product; the Direct Sequence 
Spread Spectrum (DSSS) used by ZigBee; and, a 
Frequency Hopping Spread Spectrum (FHSS), 
used by Bluetooth wireless technology.

DSSS and FHSS work well, but both 
require the transmitter and receiver to be 
synchronized. In contrast, Nordic’s 8-channel 
nRF24AP2 ANT transceiver uses an adaptive 
isochronous timing scheme that doesn’t rely 
on synchronization to ensure co-existence 
with a large number of 2.4GHz radios. 

The ANT+ protocol has proven itself in gyms 
and fitness facilities to be capable of handling 
dozens of nodes (the fitness equipment) 
operating concurrently. ANT claims its protocol 
has an inherent ability to support ad hoc 
interconnection of tens or hundreds of nodes. 
This means nodes can easily join the network 
as the system grows and brings the added 
advantage that the required system resource 
overhead is reduced.

Darren O’Donnell, Director of Sales for 
Nordic Semiconductor in the Americas, notes 
that in addition to existing technologies, 
soon-to-be-released Bluetooth low energy 
wireless technology could be a competitor 
in the home automation space. Its potential 
applications could be limited, however, by 
its star-like topology, which does not support 
the large number of nodes that can be 
serviced by ZigBee and ANT.

The home automation market seems 
to be finally ready to fulfill its promises of 
convenience and energy savings. As usual, 
more than one technology is vying for market 
dominance and, as usual, the likelihood of a 
segmented market is high. According to IMS 
Research’s Lisa Arrowsmith, home automation 
is still in its infancy and “there is no ‘one-size 
fits all’ solution at this time”.  ■

“ANT Wireless has already integrated wireless 
nodes into devices and appliances such as motion 
detectors, lighting, alarm systems, and thermostats”
Rod Morris, Director - ANt Wireless at Dynastream

Figure 1. Smart-
grid enabled major 
home appliances 
may dominate the 
home automation 
market by 2014
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ant+ in cycling

The MyTracks homepage for the Tour de 
France showed individual HTC Columbia 
riders, their performance, and progress

By Rod Morris, Director – ANt Wireless

ANT rides the Tour de France 

A
t the recent Tour de France, the 
world’s most prestigious cycling 
event, ANT+ formed a critical link 
in a system that enabled Internet 

users to track the performance of individual 
HTC Columbia riders in real time.

HTC Columbia, one of the leading Tour 
teams and led by ‘Manx Missile’ Mark 
Cavendish (a winner of five stages at this 
year’s event), collaborated with ANT+, 
software giant Google, and cycling specialist 
SRM to broadcast bike speed, cadence, power, 
and heart rate information.

The success of the collaboration relied 
heavily on ANT+’s interoperability between 
the SRM ANT+ sensors and HTC’s Android-
based smartphones. ANT+’s dominance 
in the cycling sector is built on the 
interoperability assured by ANT+ between 
devices manufactured by the Alliance’s 285-
strong membership.

The HTC Columbia team cyclists used 
ANT+ (running on Nordic ANT chips), 
coin cell-powered monitoring devices 
communicating with an HTC Legend 
phone carried beneath the bike’s seat. The 
HTC phone was equipped with a Texas 
Instruments WiLink chip that communicates 
with other ANT+ devices (see ULP Wireless 
Quarter, Spring 2010, page 14) and is available 
to any consumer. This Android-powered 
smartphone runs a Google MyTracks 
application combining sensor data with 
GPS information and transmitting via the 
cellular network to the Internet.  

The project, initiated by former 
professional cyclist and Google employee, 
Dylan Casey, was designed to link 
broadcasters and fans with the riders to 
get even closer to the action with real-time 
physiological data. 

“During the Tour fans could track their 
favorite HTC-Columbia rider and his stats in 
real time,” says Casey. “And this application 
goes far beyond cycling. A phone with ANT+ 
can capture all kinds of wireless sensor data.” 

Pedaling hard
The data captured by the ANT+ wireless 
sensors told the interested viewer how 
much effort the rider was putting in as they 

“Cycling is an industry 
where the top players 
come together to find 
the very best end-to-end 
solutions”
Rod Morris, Director – ANt Wireless

pack of riders) or while climbing a mountain, 
rider power outputs will rise significantly.

Cadence can also indicate whether a cyclist 
is coasting in the peloton. When cruising the 
cadence is typically between 85 to 105 rpm, 
but when ‘hitching a ride’ in the group (where 
the wind resistance is lowered because of the 
shielding afforded by other riders) the cadence 
can drop to 20 to 50 rpm, or even zero. Finally, 
a heart rate belt transmits beats per minute 
information: During a typical stage the 
competitors will burn 5,000 to 8,000 kcals and 
their heart rates will regularly reach 180-plus 
bpm. On a flat stage, the average bike speed 
over the typical 160 to 210 km distance can be 
as high as 45 km/hr. 

The Tour de France riders’ smartphones 
used new firmware to enable the ANT+ 
functionality that has not yet been released 
to consumers, but the handsets were 
otherwise identical to HTC Legend phones on 
the market today. 

Renowned for exceptional pairing and the 
elimination of interference issues, ANT+ is 
a proven wireless connectivity solution and 
demonstrated its practicality during the 
rigors of the Tour de France setting.

ANT’s intention from day one has been to 
deliver a product that just works. Cycling is a 
phenomenal example of an industry where 
the top players come together to find the very 
best end-to-end solutions. This year’s Tour de 
France took this to a whole new level.  ■

watched them compete on TV. For example, 
SRM’s ANT+ power meter simultaneously 
measures power and cadence (pedal 
rotation), which are indicators of how much 
work the rider is doing. During an attempt 
to break away from the peloton (the main 
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Extracting more energy
from coin cell batteries
A coin cell’s internal resistance will significantly affect 
performance in a uLP wireless application. Kjartan Furset explains

batteRy technology

U
ltra low power (ULP) RF transceivers 
can run from lithium/manganese 
dioxide batteries (usually referred to 
as coin cells) for periods of months 

or even years (depending on application duty 
cycle). These batteries are compact and suitable 
for small sensors, but have limited energy 
capacity, typically in the range of 90 to 240mAh 
– so it’s important the design engineer extracts 
every last drop of energy.

This is a tough challenge, because in addition 
to having to design systems with low duty 
cycles, the effective battery capacity detailed in 
the data sheet is compromised by the relatively 
high peak currents typical of active ULP RF 
transceivers. This effect is referred to as battery 
(capacity) degradation and becomes worse as 
peak currents rise.

Battery degradation is a result of the lithium 
coin cell’s internal resistance increasing as its 
energy is drained. For example, one leading 
battery manufacturer’s CR2032 cell (with a 
nominal capacity of 220mAh) has a internal 
resistance of 20Ohm when 125mAh of capacity 
has been used, but this triples to 60Ohm when 
a further 100mAh has been drained. (Note 
that the internal resistance at a given capacity 
varies significantly between different battery 
suppliers and also depends on the duration of 
the peak current draw.) Following Ohm’s Law, 
the supplied battery voltage at peak current 
is the product of the current and the battery’s 
internal resistance. So, the older the battery, the 
lower the supply voltage.

What does this mean for an engineer’s 
wireless application? It means that for a given 
battery, a ULP RF transceiver with lower active 
peak currents can extend battery life even at the 
low duty cycles of common applications.

Avoiding the peaks
Let’s illustrate by an example: Assume 
the minimum supply voltage that can be 
tolerated by an application is 2.2V; then the 
maximum voltage drop acceptable from 
the nominally 3V coin cell is 0.8V. When 
the peak current of the ULP RF transceiver 
is 30mA, to provide the necessary 2.2V, the 
internal resistance of the battery must be less 
than 27Ohm (from Ohm’s Law, 0.8V/30mA 
= 27Ohm). But with a more efficient ULP RF 

ABOUT
THE AUTHOR:

Kjartan Furset 
is Nordic 

Semiconductor’s 
Hong Kong-based 

Strategic
Application

Manager 

The CR2032 coin cell battery is the popular 
choice for ULP wireless connectivity applications

transceiver with a peak current of 10mA, 
the battery’s internal resistance can rise to 
80Ohms before the application fails. 

The battery’s internal resistance depends 
on how much of its capacity is used (see 
figure 1*). For the ULP RF transceiver with a 
peak current of 30mA, the voltage will drop 
below the minimum tolerance of 2.2V when 
the battery has discharged 175mAh (and the 
internal resistance is 27Ohm). In contrast, an 
identical battery powering the more efficient 
(10mA) ULP RF transceiver can maintain 2.2V 
until it has discharged 230mAh – that’s 30 
percent more energy and gain in battery life.

Nordic’s nRF24LE1 transceiver, for example, 
features peak currents of around 13mA and a 
minimum supply voltage of 1.9V. Substituting 
this chip into the circuit described above would 
allow the application to operate even when 
the battery’s internal resistance has climbed 
to 78.5Ohm (1.1V/13mA = 78.5Ohm) allowing 
virtually all of the cell’s energy to be extracted.

Good ULP wireless design relies on 
minimizing the average current over the duty 
cycle (because battery life = battery capacity/
average current). However, this formula also 
indicates that it’s little use spending time 
minimizing the average current if peak 
currents are degrading the battery. If that’s 
happening, any gains made will be cancelled 
out by decreased battery capacity. It’s also 
advisable to verify that the internal resistance 
of batteries shipped with the product are the 
same as the cells used for development. 

In the ULP wireless sector – where battery 
life is critical – that little extra could make 
the difference between a successful wireless 
product and a consumer disappointment.  

(*Note that the graph assumes peak current draw 
lasts for two seconds. In ULP wireless transceiver 
operation, peak current draw is typically of much 
shorter duration so actual internal resistance may 
vary, although the principle remains the same. Check 
the battery manufacturer’s data sheets.)  ■

For more information on the nRF24LE1, go to: 
tinyurl.com/5lmcvg

Figure 1:  Capacity 
vs. Internal 
Resistance for a 
CR2032 coin cell 

C
o

u
R

t
e

s
y

: e
N

e
R

G
IZ

e
R



u

10     Nordic ULP WirELESS qUartEr  autumn  2010 www.nordicsemi.com

ap
p

li
c

at
io

n RF Remote contRol

RF powers advanced navigation for 
consumer remote control

S
ingapore-based Philips Home 
Control is a leader in remote 
control technology. The company 
manufactures remotes for OEMs 

who then apply their own branding to the 
product and ‘bundle’ it with the host unit (the 
appliance or device being controlled). Philips 
has developed many of the industry’s standard 
protocols (infrared (IR) and RF) and offers an 
extensive portfolio of patents that improve the 
performance, ease-of-use, and functionality of 
remote controls. In short, the company knows 
a thing or two about remote control.

Philips Home Control is investing in RF 
technology for remote controls because it 
overcomes some of the shortcomings of IR and 
is able to support the advanced navigation 
interfaces that will be needed for convenient 
access of digital media.

RF technology’s advantages include faster 
response, bi-directional connection, non-line 
of sight control, and extended range. These are 
major benefits when accessing the huge array 
of digital content typically owned by modern 
consumers – including dozens of cable 
channels, video stored on the hard disks of set 
top boxes (STBs), music/photo libraries stored 
on PCs, and movies cached on remote servers.

Accessing this content with a traditional IR 
remote’s basic one-button-one-operation and 
step-by-step navigation does not satisfy the 
challenges of fast browsing and convenient 
access. Such access requires a remote control 
equipped with advanced navigation interfaces 
such as scroll wheels, touch screens, touch 
pads, movement sensors, track balls or 
joysticks. Only RF has sufficient bandwidth to 
support these user interfaces while consuming 
modest amounts of battery power and meeting 
mass-market cost constraints. (See ULP Wireless 
Quarter, Spring 2010, page 9.)

Fast and intuitive navigation
“IR will satisfy the requirement for low-end 
remote control for a long time to come 
– because it’s inexpensive and it works,” 
explains Jan van Ee, Senior Manager of System 

Architecture, Philips Home Control. 
“But once you start adding specific 

features where you need high volumes of 
data transmitted across the link, RF is the 
best solution. We tried to use IR for these 
applications, but although it works, it’s 
not very successful. The main problem is 
with light interference (for example, from 
TVs with LED backlighting) and lack of 
bandwidth,” van Ee adds.

Philips Home Control’s latest RF remote 
control platform, which has just been released 
for commercialization by OEMs, is named 
Bellagio. The device is designed for use by 
consumer electronics (CE) manufacturers 
of media devices such as music players, TVs, 
and PCs. Bellagio features an interactive 33 by 
33mm color LCD screen and a variable scroll 
wheel user interface that enables fast and 
intuitive navigation. 

The Bellagio platform comprises everything 
required for CE manufacturers to develop 

a customized RF remote control with 
minimum design overhead, and includes 
controller handset, compact USB dongle, and 
demonstration software that runs on a PC.

“The typical application for Bellagio would 
be browsing a large collection of media,” says 
van Ee. 

“By using the display on the remote 
control, you don’t have to walk across a room 
to look at the monitor on the music player or 
TV; in fact, you don’t even have to be in the 
same room. You then use the scroll wheel to 
locate the music or program you want on the 
screen and press the ‘Play’ button.

“RF technology also allows us to plan 
for the future,” adds van Ee. “Consider, for 
example, wireless game controllers. These 
require lots of information to be sent in a 
short time, are moved around, and aren’t 
pointed directly at the game console so must 
use a high bandwidth, non-line-of-sight 
technology such as RF.”

“We considered many RF technologies, only Nordic’s 
technology met all of our design criteria”

Philips Home Control is using Nordic RF technology in its advanced yet affordable 
Bellagio RF remote control platform. ULP Wireless Quarter reports

The rapid growth in 
digital media means 

consumers need
more from their 

remotes
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The search for bandwidth
Philips Home Control considered a range of 
RF technologies for its Bellagio unit, including 
Nordic’s proprietary technology, Bluetooth 
wireless technology, and Wi-Fi. In addition, 
the firm’s parent company, Royal Philips 
Electronics, is a member of an alliance of 
companies that has developed RF protocol 
software specifically for remote control called 
RF4CE. This technology has recently been 
adopted by the ZigBee Alliance and is available 
to run on IEEE802.15.4 silicon radios.

“The challenge is to select the optimum 
RF technology to provide the bandwidth, low 
power consumption, and immunity from 
other 2.4GHz sources at the low price point 
demanded by purchasers of remote controls,” 
explains van Ee. “We considered many RF 
technologies, but the inexpensive ones didn’t 
provide the bandwidth needed, and those 
with sufficient bandwidth cost too much or 
used excessive battery power. Only Nordic’s 
technology met all of our design criteria.

“When we started this project, RF4CE had 
not been released. IEEE802.15.4 radios were 
available at the time, but not with a bespoke 
RF protocol, and the cost and bandwidth were 
problematical. Bluetooth was available, but 
it was too expensive. The only other option 
that we seriously considered was Wi-Fi. It has 
sufficient bandwidth, but cost was still an 
issue. However, if we wanted to use a larger 
display where we needed more bandwidth 
Wi-Fi would be a serious contender.”

Powered by Nordic
Bellagio uses a Nordic nRF24L01+ Single-Chip-
Connectivity 2.4GHz ultra low power (ULP) 
transceiver interfaced to a microcontroller 
running Gazell RF protocol software and Philips’ 
own remote control application software. 

An nRF24LU1+ System-on-Chip (SoC) 2.4GHz 
ULP transceiver and USB 2.0-compliant device 
controller, incorporated into a compact USB 
dongle, plugs into the host device to form the 
other node of the wireless link.

The nRF24L01+ builds on the legacy of 
Nordic’s proven nRF24L01 wireless solution 
and features up to 2Mbps of on-air data 
rate combined with ultra low power (ULP) 
operation and advanced power management. 
(In comparison, RF4CE running on an 
IEEE802.15.4 radio has a nominal bandwidth 
of 250kbps.) The nRF24LU1+ integrates the 
USB 2.0 compliant device controller, 8-bit 
application microcontroller, and nRF24L01+ 
compatible 2.4GHz RF transceiver. 

Nordic’s Gazell RF protocol software 

provides features for advanced navigation, 
remote data transfers, and advanced pairing 
schemes while handling up to five remote 
devices simultaneously. In addition, Gazell 
is a frequency agile protocol that’s highly 
interference-immune to other 2.4GHz sources. 

Immunity to interference is likely to 
become a critical performance criterion in 
the remote controls of the future as powerful 
2.4GHz sources increasingly invade the 
living room. Nordic’s Gazell protocol has 
proven its immunity in millions of wireless 
desktop peripherals that operate in a hostile 
radio environment saturated by signals from 
Wi-Fi modems and routers, Bluetooth wireless 
technology-equipped cellphones, PDAs, PCs, 
and cordless phones. 

While, in comparison, today’s living room 
is a relatively benign radio environment, 
tomorrow will be different. 2.4GHz Wi-Fi will 
pervade that space, as it becomes a standard 
fitment in set top boxes (STBs) and DVD players 
to provide wireless connectivity to the TV. 

“One of the OEMs we’ve teamed up with 
for Bellagio includes a Wi-Fi link for Internet 
access in their host unit so it’s important the 
remote control’s signal isn’t affected by Wi-Fi 
communication,” says Philips Home control’s 
van Ee. “This is something we predict will 
happen with many potential customers.”   ■

For more information on Philips Home Control 
go to www.remotecontrol.philips.com. For more 
information on Nordic’s nRF24L01+ go to tinyurl.com/
ahd8fj, or for nRF24LU1+ go to tinyurl.com/astvnp.

Philips Home Control’s Bellagio remote 
control platform is designed for rapid 
browsing of large media collections

As media devices with Wi-Fi enter the 
living room,  RF remote control interference 
immunity becomes ever more important
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Wireless PC peripherals point 
the way for RF remote control
By svenn-tore Larsen
(This item is an extract of a comment item that appeared in Wireless Design & Development (U.S.), June 2010)

Consumers are starting to 
complain about infrared (IR) 

remote control’s inability to cope 
with the demands of modern 
media devices. 

A study by Strategy Analytics (see 
tinyurl.com/y4tgxk9), for instance, 
found that while early adopters 
of advanced Internet TV services 
(such as AppleTV, Hulu, and 
AT&T U-Verse) value the ability 
to personalize and share their 
content, the adoption rate could 
be slowed because consumers 
“want better control devices and a 
superior user experience”.

Advanced navigation demands 
the fast response, bi-directional 
communication, non-line of 
sight control, and extended 
range promised by RF technology. 
However, engineers tasked with 
specifying an RF technology 
(operating in the unlicensed 
2.4GHz ISM band) for remote 
control are presented with several 
viable alternatives. 

They can chose from proprietary 
options (such as the nRF24LE1 
and Gazell protocol from my 
company, Nordic Semiconductor), 
IEEE802.15.4 radios running the 
RF4CE consortium’s (now part 

Wireless Design & Development

immune 2.4GHz transceivers 
and customized protocols. A 
wireless mouse provides an 
advanced navigation interface 
(seamless movement of a cursor 
on the PC’s monitor), latency 
of just a few milliseconds, and 
power consumption of just a 
few milliamps during extended 
operation (yielding battery life 
from two AAA cells of many 
months). 

While it’s actually feasible 
to use a wireless keyboard and 
mouse to navigate an Electronic 
Program Guide (EPG) displayed 
on a widescreen TV, it’s hardly 
the most aesthetic or ergonomic 
solution. Peripherals from the 
office desktop don’t migrate 
unobtrusively to the domestic 
living room. What consumers are 
demanding is advanced navigation 
functionality merged into a sleek 
remote control unit with an easy-
to-use, intuitive user interface and 
familiar form factor.

 There is one other key 
characteristic that makes PC 
peripheral wireless technology 
a good choice for powering RF 
remote controls: it is highly 
immune to interference due to 
transmissions from other 2.4GHz 
sources. RF protocols used for 
wireless desktop peripherals have 
adapted to survive in a hostile 
radio environment saturated by 
signals constantly emitted by Wi-Fi 
modems and routers, Bluetooth-
equipped cell phones, PDAs, PCs, 
and cordless phones.  ■

of the ZigBee Alliance) protocol, 
IEEE802.15.4 radios running 
proprietary protocols, and, (later 
this year) Bluetooth low energy chips 
with a customized RF protocol. 

Desktop to living room
RF technology utilized for remote 
control with advanced navigation 
requires low latency (for rapid 
response to user input), good data 
integrity (to minimize the need 
to resend corrupted packets), and 
low power consumption (because 
next-generation remotes are 
likely to be used more intensively 
than traditional IR remotes but 
will require a similar battery life 
to meet mass-market consumer 
expectations).

This is quite a challenge. The 
good news, however, is that 
engineers designing RF remote 
controls can turn to the wireless 
PC peripherals sector (mice, 
keyboards, and joysticks) for 
inspiration because their peers 
have solved the same problems. 

The RF technology powering 
a wireless mouse, for example, 
is ideally suited to the challenge 
of RF remote control and 
will easily transfer to a new 
form factor. This is a proven 
technology used on millions of 
‘wireless desktops’, employing 
inexpensive, robust, interference- 

This article was originally 
published in Wireless Design 
& Development (U.S.). The 
journal is published by 
Advantage Media

About the author

Svenn-Tore Larsen is CEO of 
Nordic Semiconductor and is 
based in Oslo, Norway

The ULP technology used in
wireless keyboards and mice is almost
identical to that required for RF remotes
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signal

Getting started with Bluetooth 
low energy wireless technology
By sébastien Mackaie-Blanchi and Alf Helge omre
(This item is an extract of an article that appeared in the Bluetooth SIG’s SIGnal newsletter, July 2010)

Despite its undoubted 
potential, implementing 

Bluetooth low energy technology 
will not be trivial. But with 
a little help from the chip 
suppliers, adding a Bluetooth 
low energy-powered wireless 
connection to a new product 
can be made a considerably less 
challenging.

For example, Nordic 
Semiconductor – a company 
that has played a significant role 
in drawing up the specification 
for Bluetooth low energy wireless 
technology – has released some 
design aids to help engineers get 
started with the technology. 

The design aids – a 
prototyping kit and software 
development kit (SDK) – work 
with the company’s µBlue 
(“MicroBlue”) family of Bluetooth 
low energy single mode chips. 
The first chip in the family, the 
nRF8001, is available in sample 
quantities to developers, ahead 
of full qualification, once 
the complete specification is 
released.

The prototype kit comprises a 
single mode (‘peripheral’) device 
(based on the nRF8001) and a 
‘Master’ emulator that allows 
the engineer to develop and test 
their own Bluetooth low energy 
‘Slave’ device applications. The 
Master and Slave devices form 
the two ends of the wireless link, 
with the Master controlling the 
communications. 

Processor included
The SDK is built around an 
existing product that has been 
available for several years. It 
features hardware and software 
tools to provide easy control 

of the application’s processor 
hardware and software through 
a graphical user interface (GUI). 

To allow development to start 
immediately, the prototyping kit 
includes a daughterboard with 
a processor that the engineer 
can use to run his application. 
(Nordic’s nRF8001 chip doesn’t 
include on onboard processor 
in order to reduce size, cost and 
power consumption, and allow 
the engineer to choose their own 
processor). 

The device included with the 
development kit is based on a cost-
effective 8051 microprocessor, 
although manufacturers 
can use their own choice of 
microprocessor if preferred.

The single mode chip is 
connected to the application 
processor through an SPI 
interface (widely available on 
most microprocessors on the 

market and offering fast data 
transfer capabilities). 

If the engineer’s preferred 
application processor doesn’t 
offer an SPI interface it’s possible 
to use a ‘bit-banging’ technique 
to connect to the single mode 
device.

Nordic’s prototype kit and SDK 
provides hardware and software 
tools that enable immediate 
development and testing of 
Bluetooth low energy wireless 
technology. 

Engineers can quickly become 
familiar with the tools and 
how to add Bluetooth low energy 
wireless technology to their 
products. 

Although RF design will 
never be trivial, with these kits, 
access to the exciting world 
of interoperable ULP wireless 
connectivity is made much less 
of a challenge.  ■

SIGnal

The full article was originally 
published in the SIGnal 
newsletter. The newsletter is 
published by the Bluetooth 
SIG and is circulated 
to its 13,000-company 
membership

About the authors

Sébastien Mackaie-Blanchi 
(top) is a Field Application 
Engineer and Alf Helge 
Omre (bottom) is Business 
Development Manager, 
Bluetooth low energy 
wireless technology, with 
Nordic Semiconductor

The Nordic µBlue prototype development kit comprises a 
motherboard, daughterboard, and µBlue module

TO SEE THE ARTICLE ONLINE GO TO: http://tinyurl.com/26vahu2
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Designed for energy saving 
wireless connectivity
Bluetooth low energy shares much with Classic Bluetooth, but there is one critical 
difference – power consumption

B
luetooth Version 2.1 + EDR and Version 
3.0 + HS (commonly referred to as 
“Classic Bluetooth technology”) and 
Bluetooth low energy technology 

have much in common: they are all low cost, 
short range, interoperable, robust wireless 
technologies operating in the license-free 
2.4GHz Industrial, Scientific and Medical (ISM) 
RF band. 

But there is one critical difference: Bluetooth 
low energy technology was designed from 
the outset to operate at ultra-low power (ULP) 
levels whereas Classic Bluetooth technology is a 
“low power” wireless technology. 

This is an important distinction, because it 

dictates that the operational characteristics 
of Classic Bluetooth technology and Bluetooth 
low energy tech nology are opposites. Classic 
Bluetooth technology is a “connection oriented” 
radio with a fixed connection interval ideal 
for high activity connections like cellphones 
linking with wireless headsets. 

Among several measures to reduce the 
power consumption (see later), Bluetooth 
low energy technology employs a variable 
connection interval that can be set from a few 
milliseconds to several seconds depending on 
the duty cycle needs of the application. 

In addition, because it features a very rapid 
connection, Bluetooth low energy technology 

can normally be in a ‘not connected’ state 
(saving power) where the two ends of a link 
are aware of each other, but only link up 
when absolutely necessary and then only for 
as-short-a-time as possible.

The operational mode of Bluetooth low 
energy technology ideally suits transmission 
of data from compact wireless sensors 
(exchanging data every half second) or other 
peripherals like remote controls where fully 
asynchronous communication can be used. 
These devices send low volumes of data (i.e. 
a few Bytes) infrequently (for example, a few 
times per second to once every minute or even 
less frequently).

Bluetooth low energy technology 
is suitable for wireless 
applications such as a sportswatch 
communicating with a foot pod
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ULP wireless technology
There are three characteristics of Bluetooth 
low energy technology that underlie its ULP 
performance: maximized standby time, fast 
connection, and low peak transmit/receive 
power.

Switching the radio ‘on’ for anything 
other than very brief periods dramatically 
reduces battery life, so any transmitting or 
receiving that has to be done needs to be 
done quickly. The first trick Bluetooth low 
energy technology uses to minimize time 
on air is to employ only three ‘advertising’ 
channels to search for other devices or 
promote its own presence to devices that 
might be looking to make a connection. 
In comparison, Classic Bluetooth wireless 
technology uses 32 channels. 

This means Bluetooth low energy 
technology has to switch ‘on’ for just 0.6 to 
1.2ms to scan for other devices, while Classic 
Bluetooth technology requires 22.5ms to scan 
its 32 channels. Consequently, Bluetooth low 
energy technology uses 10 to 20 times less 
power than Classic Bluetooth technology to 
locate other radios.

Note that the use of three advertising 
channels is a slight compromise: it’s a trade 
between ‘on’ time (and hence power) and 
robustness in what is a very crowded part 
of the spectrum (with fewer advertising 
channels there is a greater chance of another 
radio broadcasting on one of the chosen 
frequencies and corrupting the signal). The 
specification’s designers are confident they 
have balanced this compromise – they have, 
for example, chosen the advertising channels 
such that they don’t clash with Wi-Fi’s 
default channels (see Table 1 to the right).

Once connected, Bluetooth low energy 
technology switches to one of its 37 
data channels. During the short data 
transmission period the radio switches 
between channels in a pseudo-random 
pattern using the Adaptive Frequency 
Hopping (AFH) technology pioneered by 
Classic Bluetooth technology (although Classic 
Bluetooth technology uses 79 data channels). 

Another reason why Bluetooth low energy 
technology spends minimal time on air is 
because it features a raw data bandwidth 
of 1Mbps – greater bandwidth allows 
more information to be sent in less time. 
In contrast, a competing technology that 
features a bandwidth of 250kbps, for 
example, has to be ‘on’ for eight times as long 
(using more battery energy) to send the same 
amount of information. 

Bluetooth low energy technology can ‘complete’ 
a connection (i.e. scan for other devices, link, 
send data, authenticate, and ‘gracefully’ 
terminate) in just 3ms. With Classic Bluetooth 
technology, a similar connection cycle is 
measured in hundreds of milliseconds. 
Remember, more time on air requires more 
energy from the battery.

Bluetooth low energy technology also keeps 
a lid on peak power in two other ways: by 
employing more ‘relaxed’ RF parameters than 
its big brother, and by sending very short 
packets. Both technologies use a Gaussian 
Frequency Shift Keying (GFSK) modulation. 
However, Bluetooth low energy technology uses 
a modulation index of 0.5 compared to Classic 
Bluetooth technology’s 0.35. An index of 0.5 is 
close to a Gaussian Minimum Shift Keying 
(GMSK) scheme and lowers the radio’s power 
requirements (the reasons for this are complex 
and beyond the scope of this article).  Two 
beneficial side effects of the lower modulation 
index are increased range and enhanced 
robustness. 

Classic Bluetooth technology also uses a long 
packet length. When these longer packets 
are transmitted the radio has to remain in 
a relatively high power state for a longer 
duration, heating the silicon. This changes the 
material’s physical characteristics and would 
alter the transmission frequency (breaking 
the link) unless the radio was constantly 
recalibrated. Recalibration costs power (and 
requires a closed-loop architecture, making 
the radio more complex and pushing up the 
device’s price).

In contrast, Bluetooth low energy technology 
uses very short packets – which keeps the 
silicon cool. Consequently, a Bluetooth low 
energy transceiver doesn’t require power 
consuming recalibration and a more costly 
closed-loop architecture.  ■

Frequency 
(MHz)

Bluetooth
low energy
Advertising

Channel

Bluetooth
low energy

Data
Channel

Wi-Fi
Default
Channel

2480 39

2478 36

2476 35

2474 34

2472 33 11

2470 32 11

2468 31 11

2466 30 11

2464 29 11

2462 28 11

2460 27 11

2458 26 11

2456 25 11

2454 24 11

2452 23 11

2450 22

2448 21 6

2446 20 6

2444 19 6

2442 18 6

2440 17 6

2438 16 6

2436 15 6

2434 14 6

2432 13 6

2430 12 6

2428 11 6

2426 38

2424 10

2422 9 1

2420 8 1

2418 7 1

2416 6 1

2414 5 1

2412 4 1

2410 3 1

2408 2 1

2406 1 1

2404 0 1

2402 37 1

Table 1: Bluetooth low energy technology’s 
advertising channels have been carefully 
chosen to avoid clashes with Wi-Fi

Coin cells meet 
Bluetooth low 

energy’s power 
demands
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Sébastien Mackaie-Blanchi
JoB tItLe:

FiELd aPPLicatioN ENGiNEEr
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NoVEMBEr 2008
BAseD:

HoNG KoNG, cHiNa
INteRests INCLuDe:

traVEL, SWiMMiNG, WaLKiNG, Food

Hi, my name is sébastien Mackaie-Blanchi and since June I’ve been 
a Field Application engineer based in Hong Kong, having previously 
worked as a senior software test engineer at Nordic’s global R&D 
headquarters in trondheim, Norway.

today my main responsibilities are to provide technical support 
to customers throughout the Asia Pacific (APAC) region, with a 
particular focus on Nordic’s MicroBlue Bluetooth low energy product 
line given that I was closely involved with its development in Norway.

this means I spend a lot of my time training Nordic’s APAC 
customers and sales & distribution partners about the MicroBlue line, 
along with its established proprietary products when required. to 
say Nordic has many customers in APAC is an understatement, so I’m 
well occupied. 

one of the things I enjoy most about my job is its mix between 
technology and business. I not only get learn about all the latest 
developments in uLP wireless technology, I also get to work with 
customers alongside Nordic’s sales teams. this gives me a great 
perspective on where Nordic’s 
products fit, although I have to 
admit it can be very challenging 
at times fulfilling these “dual” 
roles.

I have to maintain a broad 
knowledge of Nordic’s business 
and technology so that I’m 
able to answer most customer 
questions on the spot without 
introducing ‘I’ll have to get back 
to you’ delays. In addition, I am 
also having to learn about the 
cultural differences that exist between europe and Asia, and indeed 
within Asia itself. All of this makes my job that much more enriching.

outside of work I enjoy travelling. In fact, although I have only 
recently moved to Hong Kong, I have travelled to Asia many times 
before, and also once lived in south Korea. 

that said, being based in China will allow my wife and I to visit 
many new places we have never been before. this is great as we both 
enjoy the excitement of discovering new things such as meeting new 
people, visiting new places, and trying new kinds of food.

on a more daily basis, I enjoy swimming, which I find not only 
helps keep me fit but is also very relaxing as I really enjoy being in the 
water. I also enjoy taking long walks and eating good food – although 
given that I originate from France the latter is hardly surprising!

Sébastien Mackaie-Blanchi

Jan Honne Meyer
JoB tItLe:

SENior LaYoUt ENGiNEEr
JoINeD NoRDIC:

JULY 1983
BAseD:

troNdHEiM, NorWaY
INteRests INCLuDe:

PHotoGraPHY, FLYiNG aircraFt, 
WritiNG articLES

Hi, my name is Jan Honne Meyer and I’m a senior Layout engineer 
based in trondheim whose claim to fame is being the only person 
within Nordic today to have worked continuously for the company 
since it began on July 23, 1983 as a spin-out from the sINteF 
research institute of the technical university of trondheim.

In fact, together with our first MD (who left at the end of the 80s), I  
represented the company during its incorporation meeting.

since then I’ve performed quite a few roles within a company that 
has grown and evolved beyond all recognition. For the first five years 
this included tasks ranging from establishing the company’s first QA 
system to serving as chairman 
on the board of directors – while 
ensuring as a small company 
we kept customers (including 
some of the world’s largest 
consumer electronics brand 
names) happy. this meant that 
going the proverbial extra mile 
was literally a weekly occurrence 
– although I didn’t mind as I was 
young(er) back then and it was 
a very exciting environment to 
work within. this culture has 
(thankfully) remained ever since.

But no matter what else I’ve 
been asked to get involved with, I’ve always been left to focus on 
being the design engineer I am at heart and so to continually do 
something I love doing: designing and laying out class-leading chips 
and solving the technical challenges of producing monolithically 
integrated circuits (such as developing good layout solutions within a 
project deadline).

I will shortly be completing my third year at Nordic since official 
retirement age, and see no reason to retire for as long as I’m healthy.

Being a member of Nordic’s commercial design team, pulling 
together to complete complex projects without arrogance, produces 
a sense of comradeship I’d find hard to replace. 

outside work my passions are photography and sports flying. 
(Before going into engineering I was a military and civil aviation 
pilot.) these passions are combined as contributed illustrated articles 
that are regularly published in the Norwegian Air sports Magazine 
(Flynytt) and other scandinavian and english aviation periodicals.

this means I’m generally always quite busy – which keeps me out 
of trouble.

Jan Honne Meyer

“What I’ve enjoyed most 
about my time at Nordic 
is that no matter what 
else I’ve been asked to 
get involved with, I’ve 
always been left to focus 
on being the design 
engineer I am at heart 
and so to continually do 
something I love doing.”

“I have to maintain a 
broad knowledge of 
Nordic’s business and 
technology so that I am 
able to answer most 
customer questions 
on the spot without 
introducing ‘I’ll have to 
get back to you’ delays.”

All tradenames are the property of their respective owners

To subscribe (or un-subscribe) please e-mail: news@nordicsemi.no 
Please forward this newsletter to any colleagues or customers who may find it useful. 


