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Wireless Design —
An Introduction to ZigBee

This article describes wireless design approach by considering
802.15.4 ZigBee Wireless Personal Area Network (WPAN)
technology. Article is targeted to system designers who want to
implement wireless system based on rapidly growing ZigBee
technology. Article discusses the basic design approach for
ZigBee-wireless application: component selection, design and
PCB layout care to be taken to achieve optimal performance

over wireless link.

ireless technology is rapidly
evolving, rather already evolved
beyord one’s tiinking and s
playing an ircreasing role in day
to day life of people across the
world, In -ecanical terminology, wireless is «
communication method to transfer data between
devices using rudio weoves (electromagnetic waves)
without using any shysica conductors. Since. this
technology does nct require any kind of wired
connections, it is relatively easy to implement cnd
integrale in existing wired technology with little
higher implemeniation cost initally but with low
maintenance cost subsequently.

Flavors of Wireless Technologies
Wireless network is classified broadly into three
categories:

* Wireless Wide Area Nefwork (WWAN) —
Coverirg range of few mles. 2G/3G cellular,
Ce lular Digital Packet Data (CDPD), GSM (Global
System for Mobile), GPRS (General Packet Radio
Service) and WiMAX (Wor'dwide In-eroperability for
Microwave Access) falls underthis category,

* Wireless Local Area Network (WLAN) — Range
coverage from 30 meters -0 1000 meters, includes
802.1Ta/b/g/n.

* Wirsless Personal Area Network (WPAN) - Ronge
coverage between 10 meters to 300-400 1elers,
includas Blueraoth, Wirelass USB, 802.15.4
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ZigBee, WHART (Wireless Highway Addressable
Remote Transducer), and IR (InfraRed).

Bluetooth ond wireless USB provide short-range
connectivity in WPAN, Bluetooth serves a snort-
range, mocerate-speed, wire replacer, ard
wireless USBE provides short-rarge, high-speed
device connectivity. ZigBee & WHART provides low
dara rate, snort range and low power connectivity
in WPAN. Wi-Fi is for local-area networks [LANS)
and WiMAX is designed to provide wide-area
networking (WAN) or metropolitan-area
networking IMAN,

What is ZigBee?

ZigBes is nigh level communication protocol with
small, low power and low cost digital radio based
on IEEE BD2.15.4 standard for WPAN. ZigBee is
tergeted for applications requiring low data rate,
longer batlery life and secure networking as
compared 1o existing WPAN technclogy such as
Bluetcoth. ZigBee is wicely targeted tor wireless
contral and moritoring applications such as horre
and commercicl building automaticn, Medical
monitoring, HYAC (Heating, Ventilating and Air
Conditioning;, toys, Active RFID (Radio Frequency
Iden-ification) efc.

ZigBee compliant radic operates in unlicensed 15M
Band (Industrial, Sc entific anc Medical) at different
requencies band in different parts of the world.
Table 1. shows cifferent ZigBee bands:
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2 4GHz - 2.485GHz | ISM Worldwide | 250kbps 16
BEEMHZ Europe | 20kbps 1
902-928 MHz ISM USA 40kbps 10
Tatie |

A typical ZigBee node can support range up to few
meters (20-30 meters) to hundreds of meter (300-
500 meters) using external power amplifier. ZigBee
co-exists with other wireless technology operating
in 2.4GHz band such as WiFi, Bluetooth and other
2.4GHz wireless solution. ZigBee operates with self
healing Mesh networking which allows the nodes fo
find new routes in case existing route for that node
fails, making ZigBee more robust solution.

The advantages of ZigBee Technology are,

* Reliable and self healing network

* Supportfor large number of nodes upto 64K

* Easy fo deploy, longer battery life due to node
sleep mode

* Secure and can be used globally due to
standardization

Design of ZigBee Enable System

Figure 1 shows different network topology for
ZigBee system.

Each of the ZigBee nodes can function as either Full
Function Device (FFD) or Reduced Function Device
(FFD).

RFD can only start or receive signal, but does not
have any routing capacity. Moreover, RFD will be
mostly in sleep condition unless during data
fransfer, this helps to reduce the power
consumption and longer the battery life. RFD

@ PAN coordinator
O O Full Function Device
© Reduced Function Device

Fig. 1. courtesy: ComsDesinn Aricle

sometimes referred as End Device. RFD will be
mostly battery powered devices.

FFD functions as router device for delivery of
message o its destination originate by another
End device OR router. FFD somefimes refers as
Router also. FFD can also be configured to work as
Coordinator of Mesh Network, which manages
complete Mesh network and interface it with
external network. Each mesh network can have only
one Co-ordinator, multiple Routers and End
Devices.

System Design for ZigBee Enable
Node -

Wireless " system is designed using different
components such as RF front end, 802.15.4
compliant MAC + Baseband processor, Host
Processor. System designer needs to interface these
individual components / sections for required
wireless functionality. As the technology evolves,
nowadays many semiconductor companies such as
Texas Instruments, Freescale, Microchip, ST, Atmel
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etc provide integrated low power RF solution for
2.4GHz IEEE 802.15 4 compliant RF application,
which integrates RF front end, 802.15.4 compliant
MAC and microcontroller with on chip memory to
support ZigBee stack. This advent of single chip
solution has made RF design relatively easier for
electronics design engineer.
|
Typical ZigBee Enable Node design

RF Tran
Integrated 882 15.4 MAC + i
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As shown in above figure, the basic building blocks
of ZigBee Node are 802.15.4 compliant MAC with
RF transceiver & Microcontroller, matching
network, Antenna and Host CPU. The selection of
ZigBee Chipset should be done based on
application — ZigBee, ZigBee Pro, RFACE etc
depending on on-chip memory available, output
power (generally O dBm), receiver sensitivity efc.
The integrated solutions are available with on-chip
memory ranging from 32KB to 256KB to support
different applications.

As shown in above figure, typically the host
processor interface can be either through SPI
(Serial Peripheral Interface) or UART (Universal
Asynchronous transmitter and Receiver),
configurable using register programming. The
baud rate in case of UART and clock speed for SPlis
configurable through register sefting. Few ZigBee

chipsefs provide the host interface through 12C
also.

At a board layout design stage, to achieve optimal
performance; the design of Balun network and the
RF trace parameters should be carefully taken info
consideration along with component selection
These design aspects are discussed in following
secfions.

Component Selection and Placement
In any RF design, the component selection and
placement plays an important role in a successful
RF design. It is strongly recommended to follow the
component placement as per reference design and
also use components as in suggested reference
design. Components has parasitic characteristic
that cause non-ideal way of behavior, which will be
worse as radio frequency increases. For most of the
components, this is represented by self resonant
frequency. The components used in reference
design are tuned for optimum performance, so
replacing these components with alternate vendor
components can create performance issues. In this
case, initially start with reference design
componénts and then replace with alternate
vendor components by closely reviewing system
performance.

Balun Network

Many RF transceivers have differential autputs, so a
matching network circuit — Balun - is required to
transform balanced differential signal to
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unbalanced single ended signal. The Balun
component values are selected such that the output
unbalanced signal results into 500hm
characteristicimpedance. The 500hm RF trace will
be connected to Antenna feed point having 50
Ohm impedance. During initial phase of design
and PCB layout, Balun components values can be
kept same as reference design and later on can be
tuned for optimum performance while testing as
per PCB layer stack up.

Table 2 shows the different Balun solutions to be
used as per requirement.

component values

* Avoid bend on RF trace as this will increase the
parasitic capacitance and affect the performance.
Following figure shows some method for trace
bend in case il is unavoidable

—

L —

| 45" bend

Balun Technigue | Transmission Line

Discrete components

Integrated Module

Component count | - Less Discrete component count
- Need to create 180 degree transmission line

- More as compared Transmission line

- Least among three technique
- Balun + £ Discrete

PCB Area More as compared to other 2 solution

Less as compared to transmission line

Least space required

Performance variation | - Sensitive to transmission line parameters

- sensitive to component value tolerance | - Consistent and tolerant to PCB

MFG process variation

and PCB parameters

Table 2

RF Routing

The most important part of RF design is
implementing PCR RF trace with 50 Ohm
characteristic impedance as this trace will be
carrying 2.4Gl Iz data signal to the Antenna. At
2 .4GHz the trace also act as an antenna. Variation
in trace impedance will create mismatch with
antenna feed point impedance and can result into
degraded signal, which in turn will affect the range
coverage. There are few freeware programs
available for RF trace width calculation based on
PCB layer stack up, however accuracy of these
calculators need to be checked. The trace
characteristic impedance depends on:

= Thickness of coppertrace (0.50z or 10z)

= Width of trace

* Height above the solid ground plane

» Di-electric constant of the material at 2.4GHz
frequency

= For co-planner configuration, separation from
ground plane on same layer

Few things to consider while designing RF trace,

= RF trace should be as short as possible. Increase
in frace length will results change in ‘trace
inductance impacting the matching circuit
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* Avoid vias on RF trace ie it is strongly
recommended to place all RF components on same
side of PCB where antenna feed point

* Provide solid ground reference to RF trace
(Ground filling beneath antenna need to be
decided based on antenna dULUI‘I‘]b’rIIU“UH}

* Stitch outer ground planes (Top and Bottom) with
multiple vias in RF section. In case of multilayer
PCB, stitch outer layers with internal ground planes
also.

* Care should be taken while placing components
such as filter network tor antenna, on RF trace as
this would create impedance discontinuity. If
possible, design the RF trace wider enough te cover
component pads maintaining 50 Ohm
characteristic impedance. Using small footprint
component such as 0402 size SMD is preferable.

* Avoid routing digital high speed signals on all
layers where RF trace is routed to reduce the
interference

* Keep the digital power plane void beneath the
RF section

Antenna Selection
For any wireless design, antenna will be used to
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spead digital circuitry to achieve hetter
performance. Sometfimes filter network between
Balun anc Antenna, mounted necr antenna, is
recammended to allow flexibility of tuning antenna
perfarmc: nce as F:-er Sysiem enC|OSUl’e.

Following table shows different types of antenna
generally Lsed in wireless design.

Co-existence with other wireless
technologies

Since ZigBee operates in unlicensed ISM
band-2.4GHz wnich is also used by other wireless
technologies such as WiFi, Bluetooth, WHART &
many more, it needs to co-exist with these
technologies. This will require ZigBee device to be
imriune to interference and also should not be
generating intererence above specified limit of
regulatory standard. So the ZigBee design should
be compliant to wireless regularory sandard
applied af operating frequency band. Thus, Zigbee
will require good interference avcidance
mechanism to be implemented of protocol level cs
well PCB design level also
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solely thoughts and idecs of the author. It is strongly
recommended that reader corry out careful
evaluation before implementing any of the thoughts
presented in this arficle. While implementing the
design ideas from this orticle, the reader
understands that neither author nor elnfochips
responsible for any cause or demage.
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