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1. Low cost, low current, low activity networks

Thereisagrowing interest in the field of developing intelligent, self-forming data networksin
the fields of industrial & domestic instrumentation and control. The primary application for
such networks s that of data-acquisition such as meter-reading, parametric display of
temperature, pressure, movement etc. Some element of control is also part of the envisioned
functiondity.

Thisisnot a new idea and indeed such applications already exist. The real barrier to the wide-
scale adoption of this type of technology has historically been current consumption and unit
cost. Nordic Semiconductor has, with the release of the ‘E’ series of intelligent transceivers,
offered afamily of products that offer an unrivalled solution to these challenges.

2. The challenge— small-scale independent intelligence

What istoday’ s primary challenge? The applications that can benefit from awireless solution
are typically low transmission activity devices. Thisistypically applications such as
temperature controllers, alarms and other units which trigger information transactions on
reasonably infrequent events, or based on a polling system. Therefore to develop a system that
can carry out these functions, independent intelligence isrequired at all nodes in the network.
However there is a balancing act to be resolved here. Bluetooth technology for example, has
latency issues and has a excessive current consumption due to its inherent design. Unit cost
has also never redlistically dropped to the ‘magical’ $5.00 point. This effectively rules out
Bluetooth for such applications.

Zigbee™ is another proposed solution, but is as of May 2005 not yet a ratified standard. The
systemis already demanding 32K to 128K * stack size for a mester node, at this early stage
this figure is much more likely to grow rather than decrease.

The‘E’ series devices currently available from Nordic Semiconductor are a perfect fit for
proprietary networks in terms of performance and cost. Thisincludes atransceiver system
incorporating MAC layer addressing and CRC error correction. In addition the single device
houses a 4K 8051 micro controller and a 9-channel, 10-bit ADC and a Pulse Width Modul ator
(PWM). Thisis adequate to develop simple star or tree networks and to implement the
application functionality.

The key to an economically viable product is to obtain the optimal tradeoff between
complexity and simplicity sufficient to achieve reliable wirelessfunctionality, but yet keep
target cost and current consumption to a minimum.

! ATMega128L used in Ember ZigBee™ module
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3. ZigBee™ & IEEE 802.15.4

Thereis currently some confusion surrounding the pending introduction of ZigBee™ devices
into the marketplace and their relation to the IEEE 802.15.4 standard. It is important to
differentiate ZigBee™ from |EEE 802.15.4. The | EEE standard 802.15.4 describes the
specification for radio PHY (RF physical) and MAC (Medium Access Control) layers at
2.4GHz, 868MHz & 915MHz. ZigBee™ has adopted this standard for the basis of its own
communications standard, however they are not one and the same and appear as separate
entitiesin terms of hardware and software.

Therefore to clarify the current situation, transceivers are being produced that operate
according to the | EEE 802.15.4 standard, and a ZigBee™ stack is usually implemented by a
separate vendor in an external microcontroller or processor.

4. Theinteroperability issue

Currently thereis a push for a unified standard that promises a singular world of seamless
interoperability between products from different vendors. Bluetooth was conceived inajoint
effort in order to achieve just this. It istoday considered to be a mature technology but inter-
operability issues are still not totally eradicated. The Bluetooth standard has a rigorous
qualification procedure to ensure that application interoperability is achieved. ZigBee™ at
present has no such requirement. The practical challenge is how to ensure that your home
climate controller will speak the same language as the 3" party thermostat purchased to work
with it? Indeed should compatibility problems arise, there isthe risk that your product
shoulders as much blame as the offending device. In short, a standard without qualification
reguirements opens the door for profiteers to introduce cheap, substandard products with
limited compatibility.

Many developers will prefer to have their own proprietary system, enabling in each vendor’s
opinion, a superior system that customers will want to buy. It is not necessarily in a product
manufacturer’sinterest to allow customers to choose another competitors product. The
adherence to groups such as ZigBee™ is aliability aswell as a possible opportunity.
Standards can be limiting and reduce the degrees of freedom available to the application
developersin the design process. A product manufacturer will have to consider all the
possible devices from competitors that may be interfaced with their own system. This alone
can reduce the overall communication efficiency of a system if i nterfacing products supplied
by other vendors are not efficient.
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5. Bandwidth efficiency

The IEEE 802.15.4 standard is based on a Direct Sequence Spread Spectrum (DSSS)
technology. DSSS has good interference resistance characteristics, but this does not come for
free. DSSS coding means that the price paid for improved interference resistance is greater RF
bandwidth consumed per transmitted data bit. For the nRF24xx devices operating at 2.4GHz,
channel occupancy for IMbsis IMHz resulting in 1 bit/Hz bandwidth efficiency. For IEEE
802.15.4, it is 250kbs over 3MHz resulting in 0.083 bit/Hz. The nRF24x1 devices can thus
support 83 independent frequency channels for collision avoidance, as opposed to the 16
independent channels available under the IEEE 802.15.4 scheme.

Similarly, in the 868MHz frequency band for European operation, |EEE 802.15.4 offers 1
channel for all communicationat a maximum datarate of 20kbs. In contrast, the nRF905 can
support 7 independent channels at 50kbs per channel. The channel allocati on for these two
bands and corresponding datarates are illustrated in Figure 1aand Figure 1b.

Channels
1 2 3 4 5 5] 7 8 9 10 1M1 12 18 14 15 16

2400 MHz 2483 MHz

2.4GHz Zigbee channel scheme

AALAAAAARAAAARARRAAAN m

Fig 1a- Nordic nRF™ and ZigBee™ channel alocation for 2.4GHz
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Channel Channels
1 1 2 3 4 5 8§ 7
868 MHz 868 MHz
868MHz Zigbee 868MHz Nordic nRF24xx
channel scheme channel scheme

Fig 1b - Nordic nRF™ and ZigBee™ channel allocation for 868MHz

The nRF24xx and nRF9xx devices have been developed to enable MAC level protocol
processing on-chip. At the same time this has been kept as lightweight as possible to ensure
minimum ontair time. This can beillustrated by comparing an IEEE 802.15.4 transmission
packet and atypical low datarate nRF data packet. In this example a payload of 32 bit is used,
the payload consisting of a 16-bit temperature reading and two addition bytes of control
information. To encapsulate this into a packet, an additional 8 bits of preamble, 32 bits of
addressing and 8 bits of CRC error checking are included, adding up to atotal of 72 bits of
datarequired in the data package. The same information transfer under |EEE 802.15.4 would
require atotal of 152 bits.

Packet assembly for Nordic Semiconductor nRF™ device:

8 bit preamble

32 bit Address ID
32 bit data payload
8 bit CRC

The same packet function in an IEEE 802.15.4 compatible device would require the following
contents:

32 bit preamble

8 bit frame de-limiter

8 bit frame length

16 bit frame control

8 bit Data sequence number
32 bit Address 1D

32 bit Data payload

16 bit Frame checksum
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The example lists the typical contents of a communication package that would be delivered on
alow datarate, low activity network (32 bits of data payload). For atypical short range
application, the nRF™ datarate is also 4 times higher than an I1EEE 802.15.4 compatible
device. Therefore in this scenario the nRF™ device will be consuming just 12.5% of the
battery power required for an IEEE 802.15.4 device.

Just as important, the nRF™ device will be on the air for only 12.5% of that of the IEEE
802.15.4 device. Thiswill in turn reduce the probability of collision incidences.

Figure 2 shows the communication efficiency as afunction of packet size for anRF24xx and
the ZigBee™ alternative.

This example has not taken into account the typically larger current consumption incurred by
a separate microcontroller that is required to operate with an |EEE 802.15.4 compatible
transceiver.
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Figure 2 — Communication efficiency; nRF™ vs. ZigBee™ device (percentage of payload in

a communication package)
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6. System compactnessin design

The high integration level of the nRF™ ‘E’ series devicesresults in unrivalled compactness
needed for area/volume critical applications. The entire system can be fitted within the
physical outline of abutton cell battery and still have battery lifetimesin terms of years for
low data duty-cycle applications typically targeted by ZigBee™. A complete functional
system as shown in Figure 3 can fit into designs with a footprint of less than 20mm x 15mm.
All ‘E’ series devices have on-chip ADC functionality as well as ample supply of digital ports
for interfacing to the outside world, be it analog or digital.

Therefore one can see that an entire system from the RF physical layer up to application
software can be implemented in asimple, single-device unit.

l] ['*\
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ACTUATORS, RS-232
ETC. INTERFACE

‘ DIRECTLY TC DEVICE

DATA LINK

PHYSICAL

'E' SERIES TRAMSCEIERS
SINGLE CHIP COMTAINS ALL
MCU & RF FUNCTIOMALITY

Fig. 3- Logical layout of a single system device (Nordic Semiconductor ‘E’ -series)

Alternatively, current ZigBee solutions are running the RF physical and MAC layersin one
device, and all further processing and application functionality is carried out in a separate,
medium-range microcontroller device. This has greater current demands and the minimum
footprint will consequently be exceeding that of the Nordic Semiconductor nRF™ ‘E’ -series
devices.
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Fig. 4 - Typical ZigBee™ system
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7. Communication reliability

A wireless network with independent nodes will inevitably experience collisions in terms of
nodes trying to communicate at the same time resulting in overlapping communication
packages. The probability of collision is dependent on the number of nodes in the network,
polling/reporting frequencies, transfer datarate and the actual size/format of the
communication packages. The activity of other wireless devices operating in the same
frequency band will aso increase the probability of communication collision causing
destructive interference.

The |EEE 802.15.4 and the nRF™ devices have dissimilar approaches to achieving reliable
communication in an environment where collisions are to be expected.

The IEEE 802.15.4 standard is based on a DSSS topology which is known for its higher
tolerance of in-band noise. This means that such a device may handle a certain amount of
interference on the same channel without data being lost. How well a DSSS transceiver
performs under the presence of noise is dependent of the power and noise characteristics of
the interferer and the processing gain of the DSSS transceiver. In addition, the quality of the
transceiver front end influences the overall performance. It should be noted that the term noise
immunity frequently used for DSSS transceivers is a misconception asit is by no means
immune to in-band noise. Frequency restrictions in the European 868MHz band limit the
processing gain of the IEEE 802.15.4 standard resulting in alower noise tolerance than
experienced in traditional DSSS systems.

The most prominent cost of DSSS in this context is lower datarate and thus a higher overall
traffic in the band due to longer duration of the data packages. Consequently, this also leads to
increased current consumption. Another issue is the reduced ability to handle peak trafficin a
network operating at the 868MHz single channel band.

The nRF™ devices are based on an entirely different approach. The concept is to transfer data
at the highest possible datarate with a bandwidth efficient modulation method. The result is
faster data transfer resulting in less occupancy of the wireless medium and also alows amuch
higher number of aternative transmission channelsin case of presence of interference or
“friendly” traffic. The cost is ahigher vulnerability to in-band interference.

However, it should be noted that the occupied bandwidth is narrow due to GFSK-modulation.
Due to the high datarate, the probability of data collisionsis reduced accordingly. Collisions
are detected earlier and data can be transferred at alternative channels, or at alater time
instant. Battery power consumption is a'so minmized due to the short transmit-times.
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8. Conclusion

This paper has attempted to help draw the distinction between |EEE 802.15.4 functionality
and the ZigBee™ protocol stack. Thisis highlighted by the fact that typically, IEEE 802.15.4
isimplemented in hardware on a transceiver device, whereas ZigBee™ isimplemented on a
mediumscale microcontroller in addition to the aforementioned transceiver.

With this distinction set aside, a comparison has been drawn between a |EEE 802.15.4
compatible transceiver device and the Nordic Semiconductor nRF24xx and nRF9x5 ‘E’ series
devices, the latter incorporating both transceiver and small microcontroller with a 10 bit ADC.
The envisioned functionality of low datarate, low activity sensor networksisto provide
reliable communication and yield battery lifetimes that are measured in years as opposed to
months. It has been shown that typically the nRF™ family of devices can offer both current
consumption and time-onair periods a mere 12% of an equivalent |EEE 802.15.4 compatible
device. An important factor is the ability of the nRF™ ‘E’ devices to operate down to 1.8V
supply voltage. This permits atolerated voltage drop as much as 1.2V from atypica 2 x AAA
battery set, whereas a standard 2.7V device will tolerate only 0.3V voltage drop. This fact will
also play acritical rolein the effort of achieving year-period battery lifetimes.

The |EEE 802.15.4 and the nRF™ devices have dissimilar approaches to achieving reliable
communication in an environment where collisions and interference is to be expected. The
|EEE 802.15.4 is based on high interference tolerance, whilst the nRF™ devices are based on
short duration data transfer and high frequency agility.

Performance figures indicate that very capable, reliable and extremely current-economical
systems can be implemented with Nordic nRF™ devices.
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LIABILITY DISCLAIMER

Nordic Semiconductor ASA reserves the right to make changes without further notice to the
product to improve reliability, function or design. Nordic VLS| does not assume any liability
arising out of the application or use of any product or circuits described herein.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where
malfunction of these products can reasonably be expected to result in personal injury. Nordic
Semiconductor ASA customers using or selling these products for use in such applications do
so at their own risk and agree to fully indemnify Nordic Semiconductor ASA for any damages
resulting from such improper use or sale.

White paper. Revision Date: 200505109.

All rights reserved ®. Reproduction in whole or in part is prohibited without the prior written
permission of the copyright holder.
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