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Low Cost Networks, ZigBeeTM & 802.15.4 
 

1. Low cost, low current, low activity networks 
 

There is a growing interest in the field of developing intelligent, self-forming data networks in 
the fields of industrial & domestic instrumentation and control. The primary application for 
such networks is 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 
functionality. 
This is not 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 a family of products that offer an unrivalled solution to these challenges. 
 

2. The challenge – small-scale independent intelligence 
 

What is today’s primary challenge? The applications that can benefit from a wireless solution 
are typically low transmission activity devices. This is typically 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 is required 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 realistically dropped to the ‘magical’ $5.00 point. This effectively rules out 
Bluetooth for such applications. 
 
ZigbeeTM is another proposed solution, but is as of May 2005 not yet a ratified standard. The 
system is already demanding 32K to 128K1 stack size for a master 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. This includes a transceiver 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 Modulator 
(PWM). This is 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 wireless functionality, but yet keep 
target cost and current consumption to a minimum. 

                                                 
1 ATMega128L used in Ember ZigBeeTM module  
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3. ZigBeeTM & IEEE 802.15.4 
 

There is currently some confusion surrounding the pending introduction of ZigBeeTM devices 
into the marketplace and their relation to the IEEE 802.15.4 standard. It is important to 
differentiate ZigBeeTM from IEEE 802.15.4. The IEEE standard 802.15.4 describes the 
specification for radio PHY (RF physical) and MAC (Medium Access Control) layers at 
2.4GHz, 868MHz & 915MHz. ZigBeeTM has adopted this standard for the basis of its own 
communications standard, however they are not one and the same and appear as separate 
entities in terms of hardware and software. 
Therefore to clarify the current situation, transceivers are being produced that operate 
according to the IEEE 802.15.4 standard, and a ZigBeeTM stack is usually implemented by a 
separate vendor in an external microcontroller or processor. 
 
 

4. The interoperability issue 
 

Currently there is a push for a unified standard that promises a singular world of seamless 
interoperability between products from different vendors. Bluetooth was conceived in a joint 
effort in order to achieve just this. It is today 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. ZigBeeTM 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 3rd party thermostat purchased to work 
with it? Indeed should compatibility problems arise, there is the risk that your product 
shoulders as much blame as the offending device. In short, a standard without qualification 
requirements 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’s interest to allow customers to choose another competitors product. The 
adherence to groups such as ZigBeeTM is a liability as well as a possible opportunity. 
Standards can be limiting and reduce the degrees of freedom available to the application 
developers in 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 interfacing 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 1Mbs is 1MHz 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, IEEE 802.15.4 offers 1 
channel for all communication at a maximum datarate of 20kbs. In contrast, the nRF905 can 
support 7 independent channels at 50kbs per channel. The channel allocation for these two 
bands and corresponding datarates are illustrated in Figure 1a and Figure 1b. 
 
 

 
 
Fig 1a - Nordic nRFTM and ZigBeeTM channel allocation for 2.4GHz 
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Fig 1b - Nordic nRFTM and ZigBeeTM 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 on-air time. This can be illustrated by comparing an IEEE 802.15.4 transmission 
packet and a typical 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 a total of 72 bits of 
data required in the data package. The same information transfer under IEEE 802.15.4 would 
require a total of 152 bits. 
 
Packet assembly for Nordic Semiconductor nRFTM 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 ID 
• 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 
a low datarate, low activity network (32 bits of data payload). For a typical short range 
application, the nRFTM datarate is also 4 times higher than an IEEE 802.15.4 compatible 
device. Therefore in this scenario the nRFTM device will be consuming just 12.5% of the 
battery power required for an IEEE 802.15.4 device.  
Just as important, the nRFTM device will be on the air for only 12.5% of that of the IEEE 
802.15.4 device. This will in turn reduce the probability of collision incidences. 
 
Figure 2 shows the communication efficiency as a function of packet size for a nRF24xx and 
the ZigBeeTM 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 IEEE 802.15.4 compatible 
transceiver. 
 
 

Figure 2 – Communication efficiency; nRFTM vs. ZigBeeTM device (percentage of payload in 
a communication package) 
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6. System compactness in design 
 

The high integration level of the nRFTM ‘E’ series devices results in unrivalled compactness 
needed for area/volume critical applications. The entire system can be fitted within the 
physical outline of a button cell battery and still have battery lifetimes in terms of years for 
low data duty-cycle applications typically targeted by ZigBeeTM. 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 a simple, single-device unit. 
 

 

 
 
Fig. 3 - Logical layout of a single system device (Nordic Semiconductor ‘E’-series) 
 
 
Alternatively, current ZigBee solutions are running the RF physical and MAC layers in 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 nRFTM ‘E’-series 
devices. 
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Fig. 4 - Typical ZigBeeTM 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 also increase the probability of communication collision causing 
destructive interference. 
 
The IEEE 802.15.4 and the nRFTM 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 as it 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 a lower 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 traffic in a 
network operating at the 868MHz single channel band. 
 
The nRFTM 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 allows a much 
higher number of alternative transmission channels in case of presence of interference or 
“friendly” traffic. The cost is a higher 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 collisions is reduced accordingly. Collisions 
are detected earlier and data can be transferred at alternative channels, or at a later time 
instant. Battery power consumption is also minimized due to the short transmit-times. 
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8. Conclusion 
 

This paper has attempted to help draw the distinction between IEEE 802.15.4 functionality 
and the ZigBeeTM protocol stack. This is highlighted by the fact that typically, IEEE 802.15.4 
is implemented in hardware on a transceiver device, whereas ZigBeeTM is implemented on a 
medium-scale microcontroller in addition to the aforementioned transceiver. 
 
With this distinction set aside, a comparison has been drawn between a IEEE 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 networks is to provide 
reliable communication and yield battery lifetimes that are measured in years as opposed to 
months. It has been shown that typically the nRFTM family of devices can offer both current 
consumption and time-on-air periods a mere 12% of an equivalent IEEE 802.15.4 compatible 
device. An important factor is the ability of the nRFTM ‘E’ devices to operate down to 1.8V 
supply voltage. This permits a tolerated voltage drop as much as 1.2V from a typical 2 x AAA 
battery set, whereas a standard 2.7V device will tolerate only 0.3V voltage drop. This fact will 
also play a critical role in the effort of achieving year-period battery lifetimes.  
 
The IEEE 802.15.4 and the nRFTM devices have dissimilar approaches to achieving reliable 
communication in an environment where collisions and interference is to be expected. The 
IEEE 802.15.4 is based on high interference tolerance, whilst the nRFTM 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 nRFTM 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 VLSI 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: 20050519. 
 
 
All rights reserved ®. Reproduction in whole or in part is prohibited without the prior written 
permission of the copyright holder. 
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YOUR NOTES 
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SUNSTAR 商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为 

一体的高科技企业，是专业高科技电子产品生产厂家，是具有10 多年历史的专业电子元器件供 

应商，是中国最早和最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专 

业代理和分銷世界各大品牌IC 芯片和電子元器件的连锁经营綜合性国际公司，专业经营进口、 

国产名厂名牌电子元件，型号、种类齐全。在香港、北京、深圳、上海、西安、成都等全国主要 

电子市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成 

强大统一的供货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感 

器、微波光电元器件、工控机/DOC/DOM 电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA 软 

件硬件、二极管、三极管、模块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能 

模块开发配套商。商斯达实业公司拥有庞大的资料库，有数位毕业于著名高校——有中国电子工 

业摇篮之称的西安电子科技大学（西军电）并长期从事国防尖端科技研究的高级工程师为您精挑 

细选、量身订做各种高科技电子元器件，并解决各种技术问题。 

微波光电部专业研制、代理经销高频、微波、光纤、光电元器件、组件、部件、模块、整机；电 

磁兼容元器件、材料、设备；微波CAD、EDA 软件、开发测试仿真工具；微波、光纤仪器仪表。 

欢迎国外高科技微波、光纤厂商将优秀产品介绍到中国、共同开拓市场。长期大量现货专业批发 

高频、微波、卫星、光纤、电视、CATV 器件: 晶振、VCO、连接器、PIN 开关、变容二极管、开 

关二极管、低噪晶体管、功率电阻及电容、放大器、功率管、MMIC、混频器、耦合器、功分器、 

振荡器、合成器、衰减器、滤波器、隔离器、环行器、移相器、调制解调器；光电子元器件和组 

件：红外发射管、红外接收管、光电开关、光敏管、发光二极管和发光二极管组件、半导体激光 

二极管和激光器组件、光电探测器和光接收组件、光发射接收模块、光纤激光器和光放大器、光 

调制器、光开关、DWDM 用光发射和接收器件、用户接入系统光光收发器件与模块、光纤连接器、 

光纤跳线/尾纤、光衰减器、光纤适 配器、光隔离器、光耦合器、光环行器、光复用器/转换器； 

无线收发芯片和模组、蓝牙芯片和模组。 

更多产品请看本公司产品专用销售网站: 欢迎索取免费详细资料、设计指南和光盘；产品凡多，

未能尽录，欢迎来电查询 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/ 

商斯达工控安防网：http://www.pc-ps.net/ 

商斯达电子元器件网：http://www.sunstare.com/ 

商斯达微波光电产品网:HTTP://www.rfoe.net/ 

商斯达消费电子产品网://www.icasic.com/ 

商斯达实业科技产品网://www.sunstars.cn/ 微波元器件销售热线： 

地址：深圳市福田区福华路福庆街鸿图大厦1602 室 

电话：0755-82884100 83397033 83396822 83398585 

传真：0755-83376182 （0）13823648918 MSN: SUNS8888@hotmail.com 

邮编：518033 E-mail:szss20@163.com QQ: 195847376  

技术支持: 0755-83394033 13501568376  
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