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About This Book

This guide provides a detailed description of the MC1322x Simple Media Access Controller (MC1322x
SMAC) demonstration applications. The demonstration applications are delivered as ANSI C source code
and are included in the MC1322x SMAC Codebase. The Codebase is incorporated into the Freescale
BeeKit Wireless Connectivity Toolkit. See the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG) and the BeeKit on-line help for more information.

This guide explains how to run various MC1322x SMAC demonstration applications and provides
information that allows users to more easily take advantage of these demonstration applications or modify
the applications to fit their specific needs.

The demonstration applications shown in this guide are compatible with previous SMAC demonstrations
at the protocol level. However, the applications that employ security will be different because the
MC1322x SMAC takes advantage of the Advanced Security Module (ASM, AES based) security module
included in the MC122x Platform in a Package (PiP). The MC1322x device provides a more robust
security approach. For more information about security and the MC1322x, see the appropriate MC1322x
documentation available at www.freescale.com/zigbee.

The MC1322x SMAC API is similar to previous SMAC APIs. For more detail about the APIs, see the
MC1322x Simple Media Access Controller (SMAC) Reference Manual (22xXSMACRM).

Audience

This document is intended for application developers generating MC1322x SMAC demonstration
applications from the Freescale BeeKit Wireless Connectivity Toolkit or modifying these applications as
a starting point for proprietary applications.

Organization

This document is organized into ten chapters.

Chapter 1 Introduction — This chapter shows how to generate an SMAC demonstration
application using BeeKit.

Chapter 2 Wireless UART — Provides a detailed description of MC1322x SMAC Wireless
UART demonstration application.

Chapter 3 Connectivity Test — Provides an easy way to test the RF performance of the

transceiver for basic transmitter and receiver tests. It includes test mode
(continuous tx, modulated, unmodulated, etc.); Packet Error Rate and Range (LQI
measurements).

Chapter 4 Accelerometer Test — Provides an overview of the Accelerometer
Demonstration application, which shows various uses for the Freescale X, Y, and
Z axes accelerometers.

Chapter 5 Low Power Bell — Shows how to implement different low power options.

Chapter 6 Generic Application — Provides a start template for users what want to add their
own application.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Chapter 7 Simple ZTC — Allows users to test the SMAC primitives by sending special data
frames through the Serial/USB port.

Chapter 8 Repeater— Implements a simple repeater which extends the range between two
boards running an SMAC application demonstration.

Chapter 9 Weather Station— Simulates a Weather Station and shows the use of Freescale
sensors for acceleration and pressure.

Chapter 10 Over The Air Programmer (OTAP) — Allows users to update a board’s

FLASH remotely without a physical connection. Given an OTAP enabled
application and an OTAP programmer, users can replace an existing application
with a new application.

Revision History

The following table summarizes revisions to this document since the previous release (Rev. 1.0).

Revision History

Location Revision

Entire Doc SW updates and maintenance

Definitions, Acronyms, and Abbreviations

The following list defines the acronyms and abbreviations used in this document.

AES Advanced Encryption Standard

API Application Program Interface

ASM Advanced Security Module

BDM Background Debug Module

BDM debugger A debugger using the BDM interface for communication with the MCU. An
example is the P&E BDM Multilink debugger for HCSO08.

CBC Cipher Block Chaining.

CBC-MAC Cipher Block Chaining Message Authentication Code.

CCM Counter with CBC-MAC

CTR Counter.

dBm Decibels referred to one milliwatt.

ED Energy Detect.

EN End Node - Evaluation Board.

EVB Evaluation Boards.

EVK Evaluation Kit

EWW Embedded Workbench IDE work space file

GUI Graphical User Interface

IDE Integrated Development Environment

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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LP
MAC
MAC
MCU
NCB
NVM
OTAP
PC
PCB
PiP
RX
S19

Safe Mode Boot
SMAC

SN

TX

References

Low Power

Media Access Control
Message Authentication Code
MicroController Unit
Network Coordinator Board
None-Volatile Memory
Over The Air Programming
Personal Computer

Printed Circuit Board
Platform in Package
Reception

S - Record. 'S19' is the file extension used for the Freescale binary image format.
The S19 file encapsulates the binary image as a list of ASCII records. Each record
contains a length -, address -, data - and checksum field. The 16 bit address field
allows a memory space for up to 64 KB. The S19 can be generated with
CodeWarrior IDE and is the product from the linking process. S19 does not
contain additional information to a debugger (where to look for source files).

The Embedded Bootloader boots up using safe default system values.
Simple Media Access Control.

Sensor Node Evaluation Board.

Transmission.

The following sources were referenced to produce this book:
[1] Freescale 802.15.4 MAC/PHY Software Reference Manual (802154MPSRM)
[2] Freescale MC1322x Simple Media Access Controller (SMAC) Reference Manual (22xXSMACRM)
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Chapter 1
Generating an SMAC Application and Port Configuration

This chapter provides an overview of how to generate an SMAC demonstration application using BeeKit.
This chapter only provides an overview of how to generate an SMAC demonstration application. For more
details on installing BeeKit and BeeKit operation, see the BeeKit Wireless Connectivity Toolkit User’s
Guide (BKWCTKUG).

This chapter also shows how to set up a virtual UART/USB COM port. Once the ports are configured,
refer to the appropriate application chapter in this guide.

1. Install and then launch BeeKit and the BeeKit main window appears as shown in Figure 1-1.

=lsl

Fle Solution Project Help
i 5 | 25 38 | 3 3 | 7 [ Q||
St [yt semie|

Freescale

BeeKit"

Using ARM7 BeeStack Codebase 3.0.4. Select Other Codebase...

My Solution.bksin - =
My Solution.bksin 1.

My Solution.bksin First select the codebase(Beestack(ZigBes). MAC or SMAC) you want to use: Select "File -> Select Codebase”.

My Solution.bksin

MySynkroSolution.bksin 2.

My Solution.bksin
MyForReleaseNotesSoluti...
MyTestingSolution.bksin
MyTestingSolution.bksin 3
MyOtapTestingSolution bl g
MyTestSolution.bksin

To start developing a Solution using BeeKit: Select "File = Mew project” or press "Create: New Project..” in the
"Recent Solutions” window.

Select the type of project, enter the name, and pick the directory location

MyTestingSolution.bksin i
MyTestingSolution02.bksin . )
MyTestingSolution.bksin Select "HA OnOffLight” to make a project for a Home Automation{HA) OnOffLight device
MyWirelessUartSelution bk
MyEchlet106Zolution.bksin =l 4.
TR Pal e Rt To add multiple projects to the same Solution, select "Solution-»Add project” or right click on the Solution name in the
Open: Solution... Solution Explorer and select "Add project”.
Create: New Project.. (Add multiple projects to the same Solution if you are creating several related applications )
For Example:

Add a Home Automation (HA) OnOffSwitch to the Solution because you need a switch to control the

Freescale leads the industry in [E... tamp.

New version of BeeKit(TH) avaia...

Freescale opens Synkro protocal 5.

Freescale’s BeeStack(TM) for bet... All components have properties that can be modifed, so you can customize your applications.
Freescale unveils nexi-generatio... Your can also add extra components. You can increase the number of end points, for instance.

[poumentabon ]
Select whether the application will use security, what kind of security (commercial or residential), define the PaniD X |« de to £ cLmEnts F\nd\'—%

and which channels will be allowed for network formation . ARM BecStatk Codebase 3.0.4 Rekease Nots

-4 BeeStack 2007/Pro Documentation
6. =l - MC 1322 Transceiver and MCU Documentation

@ MC1322x Evaluation Boards and Kits Documentation
+1- @ BeeKit Documentation

Documentation View: Codebase Documentation i

Ready

Figure 1-1. BeeKit Graphical User Interface
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Generating an SMAC Application and Port Configuration

2. Select the SMAC Codebase as shown in Figure 1-2.

Set Active Codebase |
Select a codebase and dick "Set Active” to change the active codebase:

Active Codebase Platform Protocol Minimum IDE Version Install Date =
"h_—wca—SMAC—a"m ARM7/MC1322xv2.1  Freescale SMAC AR EWARM 5.20 2009-01-28
e e HCS08 Freescale SMAC CodeWarrior 6.1 2009-04-21
Beek.it.HCSl]s SMAC mdeh&:“_a_ L1:0.7 Candidate HCs08 Freescale SMAC CodeWarrior 6.1 2008-04-28
HecutARMZSMAG Codehase 1'1'2_ ARM7MC1322%v2.1  Freescale SMAC IAR EWARM 5.20 2009-05-12
ARMZ Pelesul’Ck Cmehas? 3".]'4 _ ARM7MC1322%v2.1  ZigBee 2007/Pro IAR EWARM 5.20 2003-05-13
(LT mqehase 1'1'2_ : ARM7MC1322xv2.1  IEEE 802.15.4MAC IAR EWARM 5.20 2009-05-13

ARM7 SMAC Codebase 1.1.2 ARM7/MC13 SMAC TAR EVIARM 5.20
e . \Besl

HCS08 BeeStack Codebase 3.0.4

HCS08 ZigBee 2007/Pro CodeWarrior 6.1 2009-05-13
s meesark Oonstmee Cpdebiant 14 HCs08 ZigBee RFACE CodelWarrior 6,1 2009-05-13
LS IGE C?dehase 1'“'_6 : HCs08 IEEE 502,154 MAC CodeWarrior 6.1 2009-05-13
P |Hesnd 5”"_“: @ehaﬁe _1"]'7_ HCS08 Freescale SMAC CodeWarrior 6.1 2009-05-13
HCS08 Synkro mdeh&_e 1.2.8 HCS08 SynkroRF CodeWarrior 6.1 2009-05-13 (Ul
5
Add Codebase Folder.., | Edit Codebase Info... | Remove Codebase Set Active

Figure 1-2. selecting SMAC Codebase

In BeeKit, a Codebase is a set of files and rules that permit users to generate the final applications. This
step is important, because the SMAC Codebase is different than the Codebase of MAC and BeeStack.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Generating an SMAC Application and Port Configuration

3. Create a new project as shown in Figure 1-3.

Hew Project

= Other Froject Types Cormectrvity Test X
Eokibiors Corrctivity Test TX

Weather Statior Sensor Node
Wirsless LART

Fregect Nome
Solution Mame: |y Soluton
Locaton D \Profies'My Documents D

Figure 1-3. Creating a new project

If users create a new project and there is not a an existing solution, then users are also creating a solution.
The solution must have a name. Specify a name for the solution.

4. Add other required projects for the evaluation as shown in Figure 1-4.

Solution Explarer
SR My SmacTessol gk

N T o W W o e P (]

Export Solution. ..
Export and Open Solution in IAR EWE. ..

Export Properties. ..
Import Properties. ..

Validate Solution. ..

@ ¥ ¥ ¥z

Upgrade solution...

Add Project. .. L
Import Project...
Add Project
Properties...
Expand all
Collapse All

Figure 1-4. Adding a New Project to a Existing Solution
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Generating an SMAC Application and Port Configuration

5. Modify the project properties as shown in Table 1-1.

Table 1-1. Software Component Properties

Component Property Description
Security Enabled Enables the security Module to automatically encrypt the
information sent and received.
Promiscuous Mode If set to true, the SMAC Code Bytes are not sent prior to the
message.
Security Type This is the security engine used if the security enabled property
is true.
Security Default KEYO Less Significative 32 bit Word of the 128 bits to be used as key
on the ciphering engine.
Security Default KEY1 Second Significative 32 bit Word of the 128 bits to be used as
key on the ciphering engine.
SMAC Security Default KEY2 Third Significative 32 bit Word of the 128 bits to be used as key
on the ciphering engine.
Security Default KEY3 More Significative 32 bit Word of the 128 bits to be used as key
on the ciphering engine.
Security Default COUNTERQO | Less Significative 32 bit Word of the 128 bits to be used as initial
counter on the ciphering engine.
Security Default COUNTERL1 | Second Significative 32 bit Word of the 128 hits to be used as
initial counter on the ciphering engine.
Security Default COUNTER2 | Third Significative 32 bit Word of the 128 bits to be used as
initial counter on the ciphering engine.
Security Default COUNTERS | More Significative 32 bit Word of the 128 bits to be used as
initial counter on the ciphering engine.
Target hardware Allows board selection.
LCD Enabled Includes support for LCDs.
PLM
Default SCI Port Selects the SCI port. Freescale ZigBee boards usually have
SCI Port 1 connected to a DB9 connector and SCI port 2
connected to a USB connector.
Default Channel Default starting channel in the application.
Output Power Initial power output configuration.
Baud Rate Baud rate to be set at the default SCI port for this application
OTAP Enabled Enables the OTAP Module to allow over the air programming of
App the application.
OTAP Request Code If the OTAP Module is enabled the application will switch to
OTAP mode when this OTAP Request Code is received.
OTAP Device Id This ID distinguishes between different devices identified by an
OTAP Programmer.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Generating an SMAC Application and Port Configuration

6. Users must now validate the solution as shown in Figure 1-5. The validation process helps users
find possible inconsistencies between the selected hardware and properties.

Enluﬁun E'q:nlcurF-r
Expnrt Snluhun
ﬁ Export and Open Solution in IAR EWE. ..

| Zg  Export Properties...
=2 ImportProperties..,

lv Validate Solution.. |

S Upgrade solution... Validate Solution]

Add Project. ..

Import Project...
Properties..,

Expand All

Collapse Al

Figure 1-5. Validating a Solution

7. Users must now export the solution as shown in Figure 1-6.

Solution E‘q:lh'lrF-r
= L_J' MySmacTesSo I|L*""' Lanhas
Generic Apg A} Export Sulutlon
-+ Platforn8 Elq:ortaﬂd{benSuh.mmnlAREWH
= | smac :

Expart and Open Solution in TAR EWE

Source files are copied from Codebase to solution folder,
solution settings are configured, the IAR Embedded Workbench XML project files are created and
the projects are opened automatically in IAR. Embedded Workbench.

%@ Upgrade solution...

Add Project...

Import Project. ..
Properties...

Expand All
Collapse All

Figure 1-6. Exporting a Solution
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Generating an SMAC Application and Port Configuration

1.1

Loading Applications Into a Board Using the JTAG J-Link ARM

Debugger

After exporting from BeeKit, the projects are generated as a .eww file. Perform the following tasks to load
the application to a board, using the IAR Embedded Workbench IDE. This example uses the repeater
application.

1. Asshown in Figure 1-7, open the My Solution.eww file.

Open Workspace

My
bO7585 on BO.

My Netwode  File pame My Solubion eww _:J Oy I
Fles of e [T p— | Cancel

Figure 1-7. Opening a project

2. Make the project by clicking the Make button (Figure 1-8) which is located at the top of the IAR
Embedded Workbench main Window as shown in Figure 1-9.

noa
[

Figure 1-8. Make Button

A it Embedded Workbench IE

B Bdt Mew Eropect ool [fifndew el S=

DS ED & B | o (Ao ELA RS- XN IES e

Release ﬂ - Liddddaddtbddddddddbi b e b i e b i bbb bbb s =
Files (O ' 2 ;¢ Authara i Lamme Langwadt Christecsen, Grig Barbulescu

B EAepeater - Felease - f' :ff:“d :f:f:f :‘

Figure 1-9. IAR Embedded Workbench Main Window

3. Connect the J-Link to the target board.

4. Click the Debug button Figure 1-10 which is located at the top of the IAR Embedded Workbench
main window as shown in Figure 1-9.

5]

Figure 1-10. Debug

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Generating an SMAC Application and Port Configuration

5. The application will start to download, to run the application press F5 key or click the Go button
Figure 1-11

)
Ly

Figure 1-11. Go

1.2  JTAG Debugging

1. To debug an application select “Debug” at the Work space window as shown in Figure 1-12.

47 1AR Embedded Workbench IDE

File Edit View Project Tools Window Help

B ElWirelessUART - Debug  «
[ aitcdriver.c *
Figure 1-12. IAR Embedded Workbench Work Space Debug and Release Window

2. Right click on the project name and select “Options* as shown in Figure 1-13.

A |AR Embedded Workbench IDE

File Edit View Project Tools Window Help

W

Workspace x

lDebug =
Files 52
- e ——
SR iirniassiab T

[&] aitcdriver.c

& Crminterrupt.c Make

B HLDrv.c Compile

@ maca.c Rebuild All

[ Macalnterruptc | Clean

— [ MC1322%.79

[ Radiotanagem

B Securitdngmnt)  Add ,

B SignalDrv.c
@ TransceiverCaont
@ TransceiverPow  Source Code Contral  #
& UanDriver.c

@ wireless_uartc
Bl WirelessLinkbng  cerzc acoe
3 Dutput i

Figure 1-13. IAR Embedded Workbench Options Menu

Remove

File Properties. ..

3. At the debugger category on the Setup tab, select the “J-Link/J-Trace* option as shown in
Figure 1-14.
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Generating an SMAC Application and Port Configuration

Options for node "Wireless UART" x|

Lategory: Factomy Settings |
General Options
CfC++ Compiler
Assembler
Output Converter Setup | Download | Bxtra Options | Plugins |
Custom Build
Build Actions Driver [~ Runto
i JLink/J-Trace | |
|AR ROM-monitor -
Simulator
Angel LMI FTDI
Macraigor
ffF? :;:f;nnitor RO ) Loader\FashMC1322x mac J
I-Link/1-Trace Third_Pamr e J
LMI FTDI
I:;Iu'aignr — Device description file
Third-Party Driver IV Ovenide defaut
ISF‘ ROJ_DIRSWPLMM P MC 1322 ddf J

o]

Figure 1-14. Debugger Setup

Cancel |

4. Ensure that the JTAG Debugger is connected to the PC and to the board.

5. On the Project window press the [CTRL]+[D] keys or just click the debug button shown in
Figure 1-15 to begin the debugging session.

@

Figure 1-15. Debug Button
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1.3

Generating an SMAC Application and Port Configuration

UART/USB Virtual COM Port Setup

This section describes how to set up a virtual COM port for the following demonstration applications:

Chapter 2, “Wireless UART Demonstration”

Chapter 3, “Connectivity Test”

Chapter 6, “Generic Application Demonstration”

Chapter 7, “Simple ZigBee Test Client (SZTC) Demonstration”
Chapter 8, “Repeater Demonstration”

Chapter 9, “Weather Station Demonstration”

Chapter 10, “Over The Air Programmer Demonstration”

Attach two boards to two PCs. This allows communication using a PC terminal communications program.
The two boards can be attached to two different serial ports of the same PC if needed, but Freescale
recommends using two PCs when possible.

1. Connect each of the boards to a separate PC either with an RS-232 cable or a USB cable. If using

a USB cable, a corresponding USB driver is required. Freescale recommends a direct USB
connection. Do not use a USB hub. This driver is located in the following directory:
<INSTALL DIR>\Freescale\Drivers

The BeeKit CD image is available from the Freescale ZigBee web site at
www.freescale.com/zigbee.

To check which COM port is being used by the USB, do the following:
a) Open the Windows System Properties window using Start->Settings->Control Panel->System.

b) Select the Hardware tab, and click the Device Manager button. The Device Manager window
appears as shown in Figure 1-16.

L Device Manager

File Action View Help

m S 2 &

Batteries
3 Elustooth Radios
¥ Computer
s Disk drives
] Eé Display adapters
b DVD/CD-ROM drives
-5 Human Interface Devices
|- =y IDE ATASATAPI controllers
‘2 Kevboards
) Mice and other pointing devices
1 2’_ Modems
|- ® Monitors
|- EHE Metwork adapters
|- [ PCMCIA adapters
% Ports (COM &LPT)
n__'>y" Communications Port {COM 1)
5 ECP Printer Port (LPT1)
5 UsB serial Port (COM7)
+ ﬂ Processors
+1 & Smart card readers

0665208008 B-0-E-B-E

+- ., Sound, video and game controllers
+| System devices
+! Universal Serial Bus controllers

Figure 1-16. COM Port Determination in Device Manager
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Generating an SMAC Application and Port Configuration

c) Scroll to the Ports label and expand the tree by clicking the “+” sign. This shows the COM ports
in the system.

d) Asshown in Figure 1-16, the COM Port chosen by the system is titled
USB Serial Port (COMY7).

3. If the COM port chosen is not a port numbered between Ports 1-10, then perform the following
tasks:

a) Double click on USB Serial Port in the Device Manager window. The Properties window
appears.

b) Select the Port Settings tab, and then click on the Advanced button.

c) Go to the COM Port Number drop down menu and select a COM port between 1-10 that is not
already in use.

d) Open the Windows System Properties window using Start->Settings->Control Panel->System.
Select the Hardware tab, and click the Device Manager button. The Device Manager window
appears as shown in Figure 1-16.

e) Check to ensure the required port appears.
f) Close the Device Manager window.
4. Proceed to generating the project in BeeKit as described in the appropriate application chapter.
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Chapter 2
Wireless UART Demonstration

The Wireless UART application allows the Freescale ZigBee family of boards to communicate at
typematic rates from one board to another over RS-232 cables or USB virtual COM ports. In order to
execute this demonstration application the user will need a tool to send and receive characters over two
serial ports in addition to what Freescale supply.

This chapter provides a simplified example. Currently, the code cannot be used as a cable replacement. If
cable replacement is the ultimate goal, then queues, buffers, and other constructs must be added to increase
the reliability and efficiency of this demonstration.

Prior to loading the Wireless UART application, the application must be generated using BeeKit, as
described in the BeeKit Wireless Connectivity Toolkit User’s Guide.

The MC1322x SMAC Wireless UART demonstration application is protocol compatible with previous
SMAC Wireless UART applications (those that run on the MC1319x, MC1320x, and MC1321x boards).
However, if security is enabled, the MC1322x SMAC Wireless UART demonstration application is
incompatible with previous SMAC versions.

See Section 1.3, “UART/USB Virtual COM Port Setup” for information about how to set up a virtual COM
port for this application.

2.1  Generating a Project From BeeKit
Once the UART/USB virtual ports have been configured, continue with generating the project from
BeeKit as follows.
1. Open BeeK:it (Start->Programs->Freescale BeeKit->Freescale BeeKit).
In BeeKit, select the MC1322x SMAC codebase (File menu -> Select Codebase...)
Click on File -> New Project and choose the Wireless UART template.
Follow the steps as displayed in the New Project wizard.
Configure the properties as needed.
Validate the solution.
Export the solution.
BeeK:it creates the project folder with the structure as shown in Figure 2-1.

O N O~ LD
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Wireless UART Demonstration

Folders

® () Desktop
E ¢ Favorites

=N ] vircless UART

x Mame =~
=l [0) BeeKitProjects ~ b
= = MC1322x Solution Easrc

MC1322.ddf

3 lib Wireless UART.xml

= ) src [ wirelessUART. ddf

I My Salution = WirelessUART.dep
[C3) Cookies | WirelessUART. ewd

WirelessUART.ewp
lﬁ WirelessUART . eww

& |C3) Local Settings WirelessUART_Ink.xd
& 3 My Documents
@ My Recent Documents  «»

< = = [ |
Figure 2-1. BeeKit Created, Wireless UART Directory Structure

For further details about how to use BeeKit, see the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG).

2.2 Open, Compile and Execute the Wireless UART

1. Using the IAR Embedded Workbench, open the Wireless UART work space (Wireless UART.eww)
as shown in Figure 2-2.

Open Workspace

Lookin: |5 Wirsless UART
[

- = = cF E-

My Metwork File name: IWireIessLlAFIT.eww vI COpen I
Places
Files of type: !Workspace Files (".eww) v! Cancel I

Figure 2-2. Opening Wireless UART Work Space

2. Select “Release” in the Workspace window.
3. Click on Project -> Rebuild All.

The folders Release, Debug, and the settings are now created in the project structure as shown in
Figure 2-3.
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Folders

= IC5) BeeKitProjects
B () MC1322x Solution
=N ] viircless UART
E |3 Debug
=D ib
) Release
lfj settings
H 3 src
F (5 My Sclution
IC) Cookies
[ I.J) Desktop
53] ”::f Fawvorites
® I53) Local Settings

| >

b

Wireless UART Demonstration

MName -~
Clib
Ssrc
MC1322x.ddf
Wireless UART,xml
WirelessUART. ddf
WirelessUART.dep
WirelessUART. ewd
WirelessUART . ewp
@ WirelessUART.eww
WirelessUART _Ink. xd
[T settings
|ChDebug
[C)Release

Figure 2-3. Release, Debug, and Settings

The wirelessUART.bin file is placed at the following directory location:

[Project Directory]\Release\Exe\

Load the wirelessUART application to the boards. Connect the JTAG interface to the board, then

click the Debug button on the IAR Embedded Workbench IDE.

Use a PC terminal communications program, such as Hyper Terminal, and set the correct baud rate,

data bits, parity, COM port, and flow control. Figure 2-4 shows the default MC1322x SMAC

RS-232 settings.

COMY Properties

“Port Settings
Bits per second: |EEEG ~
Data bits: |8 ~|
Parity: | None ~ |
Stop bits: | 1 v |
How control: | None v |

[ Bestare Defaults ]

[ ok

J L

Cancel ] Apphy

Figure 2-4. Default SMAC RS-232 Settings
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Wireless UART Demonstration

6. Inthe PC terminal program, set the properties in the optional settings as shown in Figure 2-5.

ASCII Setup

ASCI Sending
Send line ends with line feeds
[~]: Echo typed characters localhy

Line delay: |1} milliseconds.

Character delay: |0 milliseconds.

ASCI Receiving

Append line feeds to incoming line ends
[1 Force incoming data to 7-bit ASCIH
Wrap lines that exceed terminal width

| ok || cancel |

Figure 2-5. Additional Terminal Program Settings

7. Start the serial communication software and send any characters using the keyboard. The other
board answers with the “Wireless Typematic Demo.“ message as shown in Figure 2-6.

= Karbab | est - Hyper | ermmnal

Wireless Typematic Demno,

Lznnested UL 2 2= EN

Figure 2-6. Wireless UART Welcome Message
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Wireless UART Demonstration

8. Type some characters in the Hyper Terminal Session (Board 1, shown in Figure 2-7) and the typed
message appears on the other PC Hyper Terminal Session (Board 2, also shown in Figure 2-7).

& KaibabTest_02 - HyperTerminal

[E(=1/E

Eile Edit View Call Transfer Help

D&E =5 OB

Wireless Typematic Demo.

. said the kitty when the milk went dry

Aot yTeet [Ty 15 [ (=53]

Eile Edit View Call Transfer Help

D& @ & DH

£

Wireless Typematic Demo.

. said the kitty when the milk went dry_

Connected 0:25:20 vl

Connected 0:02:41 VT1003 38400 8-N-1

Figure 2-7. Wireless UART Board 1 (Sending) and Board 2 (Receiving)

This is a two-way communication protocol where the boards will retry their packets up to three times if an
acknowledgement is not received. This application highlights a very basic MC1322x SMAC Wireless

UART implementation and as already stated, because it is a basic demonstration application, it is not
intended for large file transfers.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1

Freescale Semiconductor 2-5



Wireless UART Demonstration

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1

2-6 Freescale Semiconductor



Chapter 3
Connectivity Test

The connectivity test evaluates the basic connectivity between two transceivers. A transmitter and a
receiver application are required. The connectivity test supports the following functionality:

Configure the transceiver in a specific test mode in order to test the transceiver RF performance.
These test mode are:

— Modulated Transmission
— Unmodulated Transmission
— Pulse PRBS Transmission
— IDLE

Measure the percentage of packet losses over a certain channel as well as the Link Quality Indicator
of each packet received.

Indicate the range of a signal using the Link Quality Indicator.

In both applications, other parameters, such as the channel and power can be modified. This allows
executing all tests in every channel with different power values.

The application includes a reference oscillator frequency output at a pin useful for frequency measurement
and adjustment when required.

Two possible interfaces are implemented to use this application: a manual interface through push buttons
or menus for a serial interface. Only one interface can be selected, both interfaces can not been working at
the same time. The interface type is selected when creating the project with the Freescale BeeKit.

For manual interface, the function of each button is as follows:

SW1: Selects the application mode. (Channel Change, Power Adjust, Test to perform, etc.) see
Figure 3-1.

SW2: Increases a value.

— For TX the possible options are: IDLE (0), PSRB (1), PER (2), Range Test TX (3), Continuous
Modulated (4) and Continuous Unmodulated (5).

— For RX mode the possible options are: IDLE (0), Continuous reception (1), PER(2) and Range
Test RX (3).

— The values are momentarily shown at the LEDs then LEDs show current application mode.
SWa3: To decrease the value.
SW4: To start the test (used only at PER test)

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Connectivity Test

Initial State
Reset

.7—5 Channel

Press SW1

Press SW1

Press SW1

—

Fine Tune

—
A

Press SW1
Press SV1 Coarse Tune Bulk Capacitorf——

Figure 3-1. Selecting the Application Mode

The functionality of the application could vary according with the selected board. Boards with the serial
port and push buttons support both interfaces, however for boards without serial port or without push
buttons only one interface is possible.

The following sections describe using the serial interface.

3.1 Loading the Connectivity Application
Prior to loading the Connectivity application, the following applications must be generated using BeeKit
using the steps shown in Chapter 1, “Generating an SMAC Application and Port Configuration”.

» Connectivity Test TX

* Connectivity Test RX

1. Open the [Solution Name].eww file as shown in Figure 3-2.

2. Select Connectivity Test TX and load this application into one board as shown in Section 1.1,
“Loading Applications Into a Board Using the JTAG J-Link ARM Debugger”. Then select
Connectivity Test RX and load this application into the other board.

B D:\MC1322x\MySolution FEX
File Edit \iew Favorites Tools Help .I';t
@Eadﬁ W > | IT " r ‘p Search ||| Folders oy |5 X n -

Address | Di\MC1322dMySolution v s

Search Companion x Mame = Size | Type Date Modified

(£ Accelerometer File Folder 5/6/2008 1:19 PM

What do you want to \-,j Connecn:v?ty' Test RX F?|E Folder 5/6/2008 1:18 PM
search for? |Z) Connectivity Test TX File Folder 5/6/2008 1:15 FPM
- X () Simple ZTC File Folder 5/6/2008 1:19 PM
Bictires, music, or idea [ Weather Staton Controller File Folder 5/5/2008 1119 PM
Documents (word (5 Weather Station Sensor Node File Folder 5/6/2008 1:19 PM
E';SESS'"Q’ Peadecy D Wreless UART File Folder 5/6/2008 1:13 PM

= M‘,'Soluhon.bksllj ! 172KB BeeKit Solution File 5/6/2008 6:10 PM

All files and folders
Printers, computers, or
people

@) Information in Help and
Support Center

1KB IAR IDE Workspace 5/6/2008 1:19PM

‘You may also want to...
g Search the Internet
Change preferences

172 KB ' My Computer

Figure 3-2. My Solution EWW File Location
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3.2 UART/USB Virtual Com Port Setup
This section describes how to set up the UART/USB virtual Com port for the Connectivity application.
Figure 3-3 shows the default SMAC RS-232 settings.

Fart Settings |
Bitz per second: |384DD j
[rata bits: IB ;I
Parity: INnne j
Stop bitz: |1 ;I
Fiow conrol: [T ~ |
Restore Defaults |

(5] I Cancel | Apply |

Figure 3-3. Default SMAC RS-232 Setting

Connectivity Test

1. Use a PC terminal program and set the correct baud rate, data bits, parity, COM port, and flow
control as shown in .

2. Inthe PC terminal program, set the properties in the optional settings as shown in Figure 3-4.

— ASCH Sending

¥ Send line ends with line feads

¥ Echo typed characters locally

Line delay: IEI millizeconds.
Character delay: IEI millizeconds.

— ASCI Receiving

Iv | fppend line feeds to incoming line ends
[~ Force incoming data to 7-bit ASCI
IV wirap lines that exceed terminal width

(] I Cancel

Figure 3-4. Additional Terminal Program Settings
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Connectivity Test

3. Connect the Connectivity Test RX/TX radio to a USB cable. The USB driver is required. Do not

use a USB hub. This driver can be found in the following directory:
<INSTALL DIR>\Freescale\Drivers

The BeeKit CD image is available from the Freescale ZigBee web site at
www.freescale.com/zigbee.

4. See Section 1.3, “UART/USB Virtual COM Port Setup” for information about how to set up a

virtual COM port for this application.

3.3  Starting the Connectivity Test

To start the connectivity test, perform the following tasks:

1. Configure the Com Port as shown in Section 3.2, “UART/USB Virtual Com Port Setup”.
2. Connect each board to a USB cable and a USB port (one PC for each board) and ensure it is enabled

as shown in Section 3.2, “UART/USB Virtual Com Port Setup”.
3. Reset both boards.

For the Connectivity Test RX, the terminal appears as shown in Figure 3-5.

HH#
il >
H o s
% H
= HEH
i
= H

B

H o= i
HH HiH
HEH = # FREESCALE
B o
e SEMICONDUCTOR
B o=
HHH 2008
i
# Press any key to continue. ..

Connected 0:00: 15 [Autodetect  [384008N-1  [SCROLL  [CAPS |NUM [Capture  [Printecho

el

Figure 3-5. Starting the Connectivity Test

1. Press any key and the following text appears.

11
| Connectivity Test RX Interface |
|

CHANGE CHANNEL
ADJUST OUTPUT POWER
SELECT TEST MODE

- ADJUST CLOCK SETTINGS

A WNPF
|

Note: Case sensitive.

Please select an option:
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Connectivity Test

2. Press the appropriate key to perform the associated task.

For the Connectivity Test TX, the terminal displays the following text:

| Connectivity Test TX Interface |

CHANGE CHANNEL
ADJUST OUTPUT POWER
SELECT TEST MODE
ADJUST CLOCK SETTINGS

A wWN PR
1

Note: Case sensitive.

Please select an option:

3. Press the appropriate key to perform the associated task.

Users can set the desired channel or power through this menu. RX and TX applications must be operating
on the same channel.

When the “SELECT TEST MODE” (Option 3) is selected, users are routed through the Connectivity Test
Transmit and Receive menu options as shown in Figure 3-6.

| |
| Conmeciraty Test R inferface |
| |
1« CHAMNGE CHANMNEL
2 - ADJUST OUTPUT POWER
A- BELECT TEST MOLE i |
4 - ADJUST CLOCK SETTIMNGS | Rcegnen Tests Mem I
| |
Cusmert Tast Moads' IDLE MODE
|- ICLE
R - RECEPTION
P PACKET ERROR RATE RECENVER
r - RANGE TEST RECENVER
L p- Provious Meny
TX
| |
| Connactnaty Tl TX inlerfice |
L |
| |
1« CHANGE CHANNEL Trarem Tt Kesrn
2. ADJUST OUTPUT POWER | Tresamsson |
3-SELECT TEST MODE -
4 - ADPUST CLOCKE SETTINGS | Carrant Test Mode IDLE MODE
1-10LE

= T+ CONTIRUOUS TRANGAMIS 50N
P - PACKET ERRDR RATE TRANSMTTER
1- RANGE TEST TRANSMITTER
P - Presaces Mo

Figure 3-6. Transmit and Receive Test Menus
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Connectivity Test

After setting up these options, the menu appears as shown in Figure 3-7. The Connectivity test options are
described in detail in Section 3.4, “Connectivity Test Applications”. To use the Connectivity Test features,
one board must be set to “TRANSMISSION” and the other set to “RECEPTION”.

o W_IIART _SRE 07 - Hypev Terminal

Fie Bt vew Cal Tiarshe elp

O =3 05 & O =3 09 &
1 - CHANGE CHANMEL 1 - CHANGE CHANMEL
2 = ADJUST DUTPUT PORER 2 - ADJUST DUTPUT POWER
3 - BELECT TEST HODE 3 - SELECT TEST MME
& = ADJUST CLOCK SETTINGS & = ADJUST CLOCK SETTINGS
Mote: Case sensitive. Note: Case senzitive.
Please select an eplion: 3 Please selecl an oplion: 3

i ] H L 1
i Reception Tests Menu | i Transmission Tests Menu i
i | I

Current Test Mode: IDLE WODE Current Test Mode: IDLE HODE

I - IDLE I - IDLE
R - RECEPTION T = CONTIHUOUS TRAKSHISSION
P - PACKET ERROR RATE RECEIVER P - PACKET ERROR RATE TRAMSHITTER
r - RANGE TEST RECEIVER r — RANGE TEST TRANSMITTER
p - Previows Hen p - Previous Henu
Please select an option: Please select an option:
Connected S501L 1 et 00 841 Cornected G50 108 T 00 B

Figure 3-7. Test Mode Adjustment Menu (Transmit on Left, Receive on Right)

3.4  Connectivity Test Applications

The Connectivity Test application combines the Test Mode application, Packet Error Rate (PER) tests, and
Range Test applications. The following sections describe each of these tests.

3.5 Test Mode Application

The Test Mode application allows users to test the RF performance of the transceiver for basic transmitter
and receiver tests. The test mode application is a collection of test modes consisting of the following tests:

e ldle

* Transmission 9th Order Binary Polynomial (PRBS9)
* Reception

* Link Quality Indication

* Transmission with modulation

e Transmission without modulation
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Connectivity Test

351 Selecting the Transmission Mode

Figure 3-8 shows the Transmission Test Mode option that allows users to display the current transmission |
test mode and all the possible tests. To select a test mode, press the appropriate key S, M, U or P.

‘2 W_UART_SRB_01 - HyperTerminal
Eile Edit View Call Transfer Help

0= & Dy

Current Test Mode: IDLE MODE

—
I

IDLE

TRANSMISSION

PACKET ERROR RATE TRANSMITTER
RANGE TEST TRANSMITTER
Previous Menu

TS ™

Please select an option: T

1 1
1 1
| Transmission Test Menu i
1 1
1

Current Transmission Test: IDLE MODE

- PULSE PSEUDO RANDOM BINARY SEQUENCE TRANSMISSION
HODULATED TRANSMISSION

UNMODULATED TRANSMISSION

Previous Menu

T e

Please select an option:

Connected 3:48:20 ANSTW 38400 8-N-1

Figure 3-8. Transmission Test Mode Menu

To test reception, it is required that the TX board continuously transmit a packet on the same channel that
the RX application is running. The message received while in receive mode is displayed in the Hyper
Terminal window as shown in Figure 3-9, in this case TX was transmitting the pulse pseudo random binary |
sequence.

“& W_UART_SRB_02 - HyperTerminal
File Edit View Call Transfer Help

0 & E 4B &

Current Test Mode: CONTINUOUS RECEPTION

I - IDLE
R - RECEPTION
P - PACKET ERROR RATE RECEIVER

RANGE TEST RECEIVER
Previous Menu

=2
[ R

Please select an option: R

Press Q to exit from Continuous Reception Mode

Press any key to start.....

Received Packet :0xFF BxC1 OxFB 0xE8 0x4C Bx90 0x72 0x8B OxE7 BxB3 Bx51 0«89 Ox63
0xAB 0x23 0x23 0x02 OxB84 0x18 0x72 OxAN Ox61 Ox2F 0x3B 0x01 0xA8 OxEL 0xI7 0x49
OxFB OxC9 BxCA OxOC Bx18 Bx53 0u2C OxFD Bx45> OxE3 Bx9A BxE6 OxF1 OxSD BxBO OxB6
0x1B OxB4 0xBE 0x2A 0x00 BxEA 0xE9 OxOE 0xIC Ox4B Ox5E 0x57 0x24 OxCC OxAl 0xB7
=59 0xB8 0x87 0x00 0x00 0x00 0x00 0xDO

Received Packet:BxFF OxC1l OxFB OxE8 Ox4C Bx90 Bx72 0x8B OxE7 BxB3 Bx51 Bx89 Bx63
0xAB 0223 0x23 0x02 0x84 0x18 0x72 0xAR 0x61 0x2F Ox3B 0x51 0xA8 OxES 0x37 Ox49
0xFB 0xC9 0xCA 0x0C 0x18 0x53 0x2C 0xFD 0x45 0xE3 0x9A 0xE6 0xF1 0x5D 0xBO 0xB6
0x<1B 0xB4 0xBE 0x2A 0x50 OxEA 0xE9 Ox0E 0x9C 0x4B OxOHE 0x57 0x24 OxCC 0xA1 0xB7
0x59 OxB8 Ox87 0x00 Ox00 Dx00 0xPD Ox00

Connected 3:52:40 ANSIW 38400 8N-1

Figure 3-9. Reception Test Mode
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Connectivity Test

3.5.2 Spectrum Analyzer Captures

The measurements shown in this section are example illustrations of the Test Modes and were captured
from a MC1322x-SRB using the F-antenna. These measurements are radiated measurement and not
conducted measurements.

3.5.21 Idle Mode

The Idle Mode captures the noise floor as shown in Figure 3-10.

-104 : :
Center 2.405 GHz Span 10 MHz

Figure 3-10. Idle Mode Capture

3.5.2.2 PRBS9Transmit Mode
The PRBS9 Transmit Mode captures the 9th Order Binary Polynomial as shown in Figure 3-11.

Center 2,405 GHz Span 10 MHz
Figure 3-11. PRBS9 TX Mode Capture
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Connectivity Test

3.5.2.3 Reception Mode

Figure 3-12 shows the Reception Test Mode. Because the radio is in receive mode, there is little or no |
energy captured in the selected channel band.

< ®Q/ >

Center 2.405 GHz Span 10 MHz
Figure 3-12. Reception Mode Capture

-86

3524 Transmit with Modulation

Figure 3-13 shows transmitting with modulation. |

Center 2.405 GHz Span 10 MHz
Figure 3-13. TX with modulation Mode Capture
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Connectivity Test

3.5.25 Transmit without Modulation (CW Mode)
Figure 3-14 shows Continuous Wave (CW) Mode.

5
dBm
16
-26
-36
46
-56
66

-76
-86

1999 >

Center 2.405 GHz Span 10 MHz
Figure 3-14. TX without modulation Mode Capture

3.6  Packet Error Rate (PER) Test

The Packet Error Rate (PER) test is a unidirectional test that sends a number of packets from a transmitter
to a receiver all on a single channel. The packet length is 18 bytes of data with 2 bytes of SMAC header
for a total of 20 bytes of payload. The results of the packets received by the receiver can be monitored in
two ways:

» Using a PC and a USB connection

» In astandalone mode by reading the count on the LEDs on the board

This test allows for PER testing using a PC.

3.6.1 Starting the PER Test

Ensure that both the Connectivity Test TX board and the Connectivity Test RX board are on the desired
channel. The PER-TX board and the PER-RX board are asynchronous to each other which means that the
PER-TX board does not know when the PER-RX board is on. Users must place the PER-RX board into
Listen Mode prior to setting the PER-TX board into Transmit Packet Mode. If this is done out of order,
the reported packet error rate may be incorrect.

Select Packet Error Rate option on both boards, the Connectivity Test TX and Connectivity Test RX
boards, and follow the instructions at the menus see Figure 3-15 for TX and for RX

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1

3-10 Freescale Semiconductor



Connectivity Test

“#SRB_Testing_01 - HyperTerminal B IEIll'
File Edit View Cal Transfer Help

Please select an option: 3

F|

Transmission Tests Menu

Current Test Hode: IDLE MODE

IDLE

CONTINUOUS TRANSMISSION
PACKET ERROR RATE TRANSHMITTER
RANGE TEST TRANSMITTER

Previous Menu

T 7O —
P

Please select an option: P

=x Packet Error Rate Test x=

Press (0 to exit from Packet Error Rate Test
Type the number of packets and press Enter.

Number of packets in decimal: _

K

Connected 0:17: 16 [ansTw [Basosn-1  [SCROLL  [caPs oM [Capture  [Printecho

Figure 3-15. Selection Packet Error Rate Test

#3 SRB_Testing_03 - HyperTerminal _|of x|

File Edit View Call Transfer Help

D|=| (3]

r - RANGE TEST RECEIVER
p - Previous Menu

Please select an option:

3

=% Packet Error Rate Test ==
Press ( to exit from Packet Error Rate Test
Press any key to start.....

The RK radio is now listening...

N:000000 L:16 LQI=-31 CRC=1 Data=000102030405060708090A0BOCADBEOF
N:000001 L:16 LQI=-31 CRC=1 Data=000102030405060708090ABBOCADBEDF
N:000002 L:16 LQI=-31 CRC=1 Data=000102030405060708090A0BOCBDOEOF
N:000003 L:16 LQI=-31 CRC=1 Data=000182030405060708090ABBOCADOEAF
N:000004 L:16 LQI=-31 CRC=1 Data=000102030405060708090A0BOCADOEOF

Good: 00BOB5/000005
Halt

The RK radio is now listening...

a e

Cannected 0:07: 16 [Autodetect [384008M-1  [SCROLL  [CAPS  |NuM  [Capture  [Printecho

Figure 3-16. Reception Mode
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Connectivity Test

The PER-TX board setup follows a procedure similar to the PER-RX board setup. Place the PER-TX board
on the same channel as the PER-RX going through the Connectivity Test Menus. This ensures that the
PER-TX board is on the same channel as the PER-RX board. Set PER-TX board to place the application
into TX mode. The PER-TX application turns on LEDs 1 through 4 in order to show that the PER-TX
board is in Packet Transmit Mode and then it begins to transmit packets.

3.6.2 PER operation

Since the PER-TX board and the PER-RX board are on the same channel and the PER-RX board started
to listen before the PER-TX board sent any packets, the PER-RX board will toggle LED1 when a packet
is being received. Then the PER-TX board blinks LED1 on every packet that is transmitted. If both boards
are blinking, then both boards are on the same channel. If only the PER-TX board is toggling LED1, then
either the PER-RX board is not in Listen Mode or it is listening to the wrong channel. If this occurs, reset
both boards and try the procedure again without switching channels. If a packet is received, the radio
echoes data to the PC through the UART connection as shown in Figure 3-17.

* N represents the number of packets received

» L is the length of the packet

* LQI is the Link Quality Indicator (measured in dBm)

* CRC indicates if the Cyclical Redundancy Check (CRC) is good
» Data is the hex formatted payload

# SRB_Testing_03 - HyperTerminal i ] 5
File Edit Miew Call Transfer Help

2l
1000983 L:16 LQI=-31 CRC=1 Data=000102630405066708090A0BACEDAEAE
1000984 |L:16 LQI=-31 CRC=1 Data=000102630405060705090NGBACADAEAF
1000985 L:16 LQI=-31 CRC=1 Data=000102630405060708090ACBACBDOEBE
1000986 L:16 LQI=-31 CRC=1 Data=000102630405066708090N0BACADAEAF
1000987 L:16 LQI=-31 CRC=1 Data=000102630405060705090AGBACEDOEBFE
1000988 L:16 LQI=-31 CRC=1 Data=000102630405060705090ACBACADAEAF

1000989
1000990
1000991
1000992
1000993
1000994
1000995
1000996
1000997

:16 LQI=-31 CRC=1 Data=000102030405060708096NBBOCODAEGBF
:16 LQI=-31 CRC=1 Data=000102030405060708090NBBOCODOEBF
LO0I=-31 CRC=1 Data=000102030405060703090AVBOCADBEDE
:16 LQI=-31 CRC=1 Data=000102030405060708096NBBOCODOEBF
:16 LQI=-31 CRC=1 Data=-000102030405060708090NBBOCODOEBF
:16 LQI=-31 CRC=1 Data=000102030405060708090NBBACODAEBF
:16 LQI=-31 CRC=1 Data=000102030405060708096NBBOCODAEBF
:16 LQI=-31 CRC=1 Data=-000102030405060708090NBBOCODOEBF
:16 LQI=-31 CRC=1 Data=000102030405060708090N0BOCODOEBF
1000998 L:16 LQI=-31 CRC=1 Data=000102630405066705090NGBACADAEBF
1000999 L:16 LQI=-31 CRC=1 Data=-000102030405060708090ABACBDOEBF

Good: 001000/001000
Halt

s L L L L T I L I I I =
e i Ol Al 0 P U e O U A 3 ! ol je
'—L
L=

The R¥ radio is now listening..._

0 B

|connected 0:09:00 [Autodetect  [334008-N-1  [SCROLL  [CAPS  |NUM  [Capture  [Printecho

Figure 3-17. The UART output during PER test
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Connectivity Test

When the PER-T X board is done sending 1000 packets, the PER-TX board sends packets with the payload
“DONEDONE?". If the PER-RX board receives the “DONEDONE” packet, the application echoes the
total number of good packets received. The measured PER is echoed to the terminal in a 999/1000 format.
When using manual interface the PER value is echoed to the LEDs on the PER-RX board. For example,
if the measured packet received was 983/1000 then at the completion of the test, the value 1001b (9d),
1000b (8d), 0011b (3d) will blink. This example allows PER to be measured without the need for a PC.

3.7 Range Test

The range test uses the LQI in order to monitor the variation of distance between the transmitter and the
receiver in a normal transmission. This test uses two devices one configured as transmitter and the other
as receiver.

In the range test, the transmitter sends a message and waits for an acknowledge packet, then the receptor
calculates the LQI of the received packet and sent it to the transmitter into the acknowledge packet. In both
devices (transmitter and receiver) the LQI value is indicated through LEDs in the manual interface, when
serial interface is used the LQI value is sent to the serial terminal. This process is repeated until the user

finishes the test. See Figure 3-18 |
s W_UART_SRB_01 - HyperTerminal “& W_UART_SRB_02 - HyperTerminal

t ) | Ele Edit wiew Call Transfer Help
LQI=-32 LQI=-39
LQI=-66 LQI=-41
LOI=-39 LQI=-41
LQI=-12 LQI=-41
LQI=-30 LQI=-36
LOQI=-26 LQI=-55
LOI=-39Q LQI=-21
LQI=-35 LQI=-12
LOI=-39 LQI=-36
LQI=-40
1 ] LQI=-40
| Test Mode Adjustment Menu | LOQI=-40
i ) LQI=-17
LQI=-40
Current Test Mode: IDLE MODE LOQI=-38
LQI=-32
I - IDLE LQI=-66
T — TRANSMISSION LQI=-39
P - PACKET ERROR RATE TRANSMITTER LOI=-12
r — RANGE TEST TRANSMITTER LOQI=-30
p — Previous Menu LOI=-26
LQI=-39
LQI=-35

Please select an option: LOQI=-39_
Connected 17:22:19 AMSIW 33400 8-M-1 Connected 17:22:19 AMSIW 35400 8-M-1

Figure 3-18. Range Test Stop and Start
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Connectivity Test

3.8 Crystal Adjustment

The Connectivity Test application includes a utility to help adjust the onboard trim capacitance for the
MC1322x 24 MHz crystal reference oscillator. The trim capacitance can be changed to center the oscillator
frequency on the target 24 MHz, thus minimizing the error frequency (in ppm).

NOTE
For more information on tuning the oscillator, see the MC1322x Reference
Manual.

The reference frequency cannot be monitored directly via a GPIO pin, so as a substitute, the application
provides 2 MHz frequency derived from the reference oscillator and makes it available on the TMR1
signal pin.

To use this utility the “ADJUST CLOCK SETTINGS” option must be selected from the terminal main
menu.

When the “ADJUST CLOCK SETTINGS* option is selected, the terminal displays the following menu.

| |
] Clock Settings Menu |

Set Bulk 4 pF CAP.
Adjust COARSE TUNE
Adjust FINE TUNE
Previous Menu

T WN PP

Please select an option:

There are only two options for the “Set Bulk 4 pF CAP” (bulk capacitor) option:
» Enable the 4 pF capacitor
» Disable the 4 pF capacitor

For the “Adjust COARSE TUNE” and the “Adjust FINE TUNE” options:
» Either the coarse tune or the fine tune is adjusted respectively.
» The user must enter a value for either parameter.
— The possible values are 0x00 to 0xOF for the coarse tune parameter
— The possible values are0x00 to 0x1F for the fine tune parameter.
— The application verifies that the value entered is between these ranges; if not the value is
rejected and the parameter value is not updated.

The crystal frequency adjustment is performed using the provided 2 MHz TMR1 reference signal. Use a
frequency counter to measure ppm. The trim should be adjusted typically to less than +/-5 to +/-10 ppm.
NOTE

The TMR1 pin on the Freescale Network Node Evaluation Board is also
used by the LCD control. The LCD cannot be used while the crystal
adjustment test is being utilized.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Chapter 4
Accelerometer Demonstration

The Accelerometer Demonstration application shows various uses of the Freescale X, Y, and Z axes
accelerometers.

4.1 Loading the Accelerometer Application

1. Flash the Accelerometer Demonstration into two boards. One board must be either a MC1322X
Sensor Node (also compatible with 13192-SARD or MC13213-SRB) to provide the X, Y, and Z
axes accelerometer data and the other board must have an available UART and be able to connect
to a PC. This example uses two MC1322x Sensor Node boards.

2. If users need to run the Accelerometer on different targets, those projects must be generated by
BeeKit as described in Chapter 1, “Generating an SMAC Application and Port Configuration”.

3. Download the appropriate target image by following the procedure in Section 1.1, “Loading
Applications Into a Board Using the JTAG J-Link ARM Debugger”.

4.2 Board Setup

To setup both boards for operation (transmit and receive), perform the steps shown in this section.

4.3 Board One Setup (PC_Radio Board)

1. Connecta Sensor Node Board to the PC using the USB cable included in the kit. (Do not use a hub.)
2. Power on the board by setting the Power Switch to the ON position.

3. Press the Reset Button once. The LEDs are off, but the PC_Radio application is running and in
receive mode.

4.4  Board Two Setup (Accelerometer Board)

1. Connect 9 VDC power to DC power connector with the 9 VDC wall transformer included in the
kit. Power on the board by setting the Power Switch (S100) to the ON position. Another board
power option is to use the batteries which provides the advantage of true wireless operation (no
cables) and allows users to easily move and manipulate the SRB.

2. Press the Reset Button once.

3. Press button SW1 once and LED3 will momentarily flash to indicate Application Two is running
(Accelerometer Mode).

4. The Accelerometer application sends a ping packet to the PC_Radio every two seconds. This is
indicated on the Accelerometer Board by a blinking LED2.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Accelerometer Demonstration

5. The Accelerometer application detects when the Accelerometer Board is moved and quickly
toggles LED1, then sends a packet to the PC_Radio Board with an updated reading.

4.5 PC Setup

1. Ifthe Evaluation Kit tools are already installed, then users can run the Triax software by navigating
to the link using the Start menu.

2. From Windows, select Start->Programs->Freescale BeeKit->Triax.
a) If the Triax application does not exist, go to Step 3 to install it.
b) If the application is in the Start Menu, go to Step 4.

3. To run only the Triax application, insert the CD supplied with the kit into the PC CD-ROM drive.

4. Run the Triax.exe file from the selected install location on the PC hard drive.

5. The Triax application is set up to run on COM ports 1-10. To check which COM port is being used
by the USB, perform the following tasks:

a) Open the System Properties window by clicking on Start->Settings->Control Panel->System.

b) Select the Hardware tab, and click the Device Manager button. The Device Manager window
appears as shown in Figure 4-1.

c) Scroll to the “Ports” label and expand the tree by clicking the “+” sign to show the COM ports
in the system.

d) The COM Port selected by the system is titled usB serial Port(com24) as shown in Figure 4-1.

L, Device Manager
Ble  Arton  Wew (Hep
= = B & al

# b CVD/CD-ROM drves
# (i) Human Interface Devices
+ S DB ATAJATAP] controlers
+ @ g
+ o Keyhoards
) Waee and ather pointing devioes
* Wiy
. Horitors
+ M@ Network adapiers
+ @ POMCIA adapters
- 5 Ports [COM BLPT)
5 Commuricatiors Port {COM1)
- ECP Prnter Port (LPT )
~F 58 Serial Port [COM24)
+ @ Processors
+ W Smart card readers
+ -8, Sound, video and game controlers
* Syslem devioe
* Lreversal Serial Bus controlers w

Figure 4-1. COM Port Determination in Device Manager
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6.

4.6

Accelerometer Demonstration

If the COM port chosen for Freescale Zigbee/802.15.4 MAC COM Device iS nNot a port within Ports
1-10, then perform the following tasks:

a) Double click on Freescale zigbee/802.15.4 MAC COM Device in the Device Manager window
and the Properties window will appear.

b) Select the Port Settings tab and then click the Advanced button.

¢) Go to the Com Port Number drop down menu and select a COM port between 1-10 that is not
in use.

Verifying Operation
Check for the ping packet. The Accelerometer application sends a ping packet to the PC_Radio
every two (2) seconds as indicated by LED2. The Accelerometer Board quickly blinks LED2
indicating that the ping packet is sent. The PC_Radio receives the ping and toggles LED2 upon
reception. Once connectivity between the PC_Radio and the Accelerometer Board is verified, go
to Step 2.

To check if the Accelerometer Board is working, move the Accelerometer Board. LED1 blinks,
which indicates that the Accelerometer Board has detected movement.

With the default application, data that represents movement of the Accelerometer Board is sent to
the PC_Radio. When the PC_Radio receives this data, LED2 toggles.

Select the Raw Data applet from the Triax application. The Raw Data applet shows the X, Y, and
Z axes A/D values as reported by the Accelerometer Board. When the board is laying flat, the raw
values should read approximately Og for both the X and Y axes. However, the Z axis should read
approximately 1g. As shown in Figure 4-2, when the Accelerometer Board is moved, the values of
the X, Y, and Z axes are updated on the Raw Data applet.

Raw Data Demo

Accelerometer Qutput in Volts Exit Raw Data

Accelerometer Reading in 8-bit A/D Counts [0-255]

Qutput rted into g's
Y-fixis Z-fixis

1.629 Vv 2. 420 ¥

134 AfD 187 AID

0.098 g 0.967 g

1.5g mode was selected.

Figure 4-2. Raw Data Demonstration

NOTE

To improve accuracy of the accelerometer readings, refer to Section 4.7,
“Setting Up the Calibration Application”.

The Triax main window appears as shown in Figure 4-3.
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Accelerometer Demonstration

.

2*freescale”

semiconductor

Figure 4-3. Triax Main Window

When the accelerometer is moved, the Accelerometer Board sends data to the PC_Radio to update its data.
Data is only sent when it changes within a small tolerance.

The receiver receives these packets and updates its cached value of the accelerometer data. The PC
periodically sends a command string through the USB to the PC_Radio that requests the accelerometer
data. This data is interpreted by the Triax software to enable several applications and demonstrations.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1

4-4 Freescale Semiconductor



4.7

Accelerometer Demonstration

Setting Up the Calibration Application

In order to verify and visualize the calibration procedure, the Triax.exe PC GUI must be running, but it is
not required.

1.

2.
3.
4

Press the Reset button on the PC_Radio Board once. (Out of reset, the PC application is running.)
Press the Reset button on the Accelerometer Board once.

Place the Accelerometer Board on a flat surface. (component side up)

Press SW1 on the Accelerometer Board to advance the application to the Accelerometer Mode
(Application Two). LED3 momentarily lights to indicate that Application Two is running. The

Accelerometer Board sends out a ping packet every two (2) seconds and updates the data on the
XYZ Demo PC application each time the board is moved.

If the data points for the X, Y, and Z axes shown on the PC GUI are not near the origin of the graph,
then continue to Step 6.

Press SW4 on the Accelerometer Board once until all LEDs are lit. This shows that the calibration
is being performed.

Verify that the Accelerometer Board is calibrated by viewing the X, Y, and Z axes on the PC GUI.
The squares on the display should be approximately at axis point 0,0. If the calibration is still
incorrect, repeat the calibration process until the data points are nominally at axis point 0,0.

To quit, exit the application in the GUI and press reset on both boards. Press SW1 on the
Accelerometer Board once to return to main application functionality.
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Chapter 5
Low Power Bell Demonstration

The Low Power Bell Demonstration consists of a transmitter (TX) and receiver (RX). The Low Power Bell
TX application serves as the bell switch and demonstrates low power modes and how to implement them.
The Low Power Bell RX application serves as the bell and makes a sound when it receives a new packet
from the Low Power Bell TX application.

Freescale recommends using the 1322x-LPN Low Power Node to best demonstrate low power
capabilities.

5.1

Generating the Project From BeeKit

To generate the project from BeeKit.

1.

No g~ WD

Open BeeKit (Start->Programs->Freescale BeeKit->Freescale BeeKit).

In BeeKit, select the MC1322x SMAC codebase (File menu -> Select Codebase...)
Click on File -> New Project and choose the Low Power Bell TX template.
Follow the steps as displayed in the New Project wizard.

Add the Low Power Bell RX project to the current solution.

Configure the properties as needed.

Be sure to configure the Low Power Bell TX and Low Power Bell RX applications both on the
same channel.

8. Validate the solution.

9. Export the solution.
For further details about how to use BeeKit, see the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG).
5.2 Open, Compile and Execute the Low Power Bell Application

1.

Using the IAR Embedded Workbench, open the Generic Application work space (my
Solution.eww) as shown in Figure 5-1.
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Low Power Bell Demonstration

Open Workspace

My Hetwork  Fils pama: lH'p Sash i, swee j | Openi I
Fias cf yme: [ Worcsoace Fies [ eww) - 4':;-“

Figure 5-1. Opening Generic Application Space

2. Chose the “Low Power Bell TX” tab.
3. Select “Release” in the Workspace window.
4. Click on Project -> Rebuild All.

The folders Release, Debug, and the settings are now created in the project structure as shown in
Figure 5-2.

B [:UAC1 32 2x\My Solution\Generic Application

Be Edt Wew Favortes Tock Heb &
0 - E ™y "
Qs - Q FFF Pt Proves| & 3 X ) [E-
Agkress | ) D:WC1322x My Sokstion\Generic Applcaton v B co
Fokders X | Name = Sze  Type Diate Modifed
= ) My Sokition A | ) Appication FicFolder  §/14/2008 9:58 AM
i= I3 Generic Applcation iDebug File Folder S(14/2008 10: 14 AM
& ) Apphcation e Fie Folder 5/14/2008 9:58 AM
& L) Debug Release Fie Folder S/ 147008 1214 AM
& P setbngs Fie Folder SI14/2008 10:14 AM
¥ [ Release CsMAC Fie Folder 5/14/2008 9:58 AM
L) sattrgs | Generic Appication.ewd 13K8  EWD Fie 310/2008 1:24 PM
& 3 SMAC ‘& Generic Apphcation. ol 36KB XML Document  5/14/2008 9:58 AM
) sethings w
< B
|2 objects (Disk free space: 2.79 GB) 68.5KB if My Compuiter

Figure 5-2. Release, Debug, and Settings
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Low Power Bell Demonstration
The Low Power Bell Tx.bin file is located at the following directory location:

[Project Directory]\Release\Exe\

5. Use the JTAG interface to load the Low Power Bell Tx application on the board being used as the
Low Power Bell TX. Connect the JTAG interface to the board, then click the Debug button at the
IAR Embedded Workbench IDE.

6. Choose the “Low Power Bell RX” tab.
7. Repeat Steps 3 and 4.
The Low Power Bell Rx.bin file is located at the following directory location:

[Project Directory]\Release\Exe\

8. Use the JTAG interface to load the Low Power Bell Rx application on the board being used as the
Low Power Bell RX. Click the IAR Debug button to download the application to the board.

9. Reset both boards.
Pressing SW1 on the Low Power TX board sounds the buzzer on the Low Power Bell RX board.
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Chapter 6
Generic Application Demonstration

The SMAC codebase includes a Generic Application Demonstration that can be used as template to
develop proprietary applications. This application shows all the initialization required to start the radio
and the commonly used peripherals such as UART and KBlISs.

See Section 1.3, “UART/USB Virtual COM Port Setup” for information about how to set up a virtual COM
port for this application.

6.1  Generating a Project From BeeKit

Once the UART/USB virtual ports have been configured, generate the project from BeeKit.
1. Open BeeK:it (Start->Programs->Freescale BeeKit->Freescale BeeKit).

In BeeKit, select the MC1322x SMAC codebase (File menu -> Select Codebase...)

Click on File -> New Project and choose the Generic Application template.

Follow the steps as displayed in the New Project wizard.

Configure the properties as needed. Choose the manual interface for the KBI.

Validate the solution

7. Export the solution.

2B L I

For further details about how to use BeeKit, see the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG).

6.2 Open, Compile and Execute the Generic Application

1. Using the IAR Embedded Workbench, open the Generic Application work space (My
Solution.eww) as shown in Figure 6-1.

X

Open Workspace rii-' I
Look: in: [ =5 My Sokution =~ <« & ck @3-
2 CGenenc Applicaton
o LMy Sobation. eww
Recent
Documents
r ,}

Desktop

=

My Documents:

4,8
My Compter
BOTEES on BO
-
My Metwods File pames My Sobution e =]
~] Canced |

Flaces

Fias of poe | Workspace Fles Cavww)

Figure 6-1. Opening Generic Application Space
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Generic Application Demonstration

2. Select “Release” in the Workspace window.
3. Click on Project -> Rebuild All.

The folders Release, Debug, and the settings are now created in the project structure as shown in
Figure 6-2.

B 0:WAC1 32 My Solution\Generic Application

Fle Edt Yew Fpeodtes Took pHep wr
Qos- @ FIFF Pt |[Pres| [ 3 X W) [
Agidress | () D:WMC1322x My Sokston (Generic Appication v | md G
Fokders X | Hame ~ Sze Type Date Modifed
= () My Selution A | LD Appication Fie Folder S/14/2008 9:58 AN
= [ Generic Applcaton CiDebug Fie Folder S/14/2005 10: 14 AM
& I3 Apphcation 5P File Foldar S/14/2008 9:58 AM
® 3 Debug Release Fie Folder SM1472008 10: 14 AM
B =P )settngs Fie Folder 51472008 10: 14 AM
& |3 Aelease sMaC File Folder §/14/2008 9:58 A
) settings QE:n:ﬁ: Applcation.ewd 13K8 EWDFle 31/2008 1:24PM
& I3 sMAC 2| Genenic Apphcabon.xml  36KB XML Document  S5/14/2008 9:58 AM
I settings w
< t]
8 objects (Disk free space: 2,79 GH) 68.5KB i My Computer

Figure 6-2. Release, Debug, and Settings

The wirelessUART .bin file is placed at the following directory location:

[Project Directory]\Release\Exe\

4. Load the Generic Application file to a board using the JTAG interface. Connect the JTAG
interface to the board, then click the Debug button at the IAR Embedded Workbench IDE.

5. Use a PC terminal communications program, such as Hyper Terminal, and set the correct baud rate,
data bits, parity, COM port, and flow control. Figure 6-3 shows the default MC1322x SMAC

RS232 settings.
COMY Properties
“Port Settings
Bits per second: w
Data bits: |8 ~|
Parity: | None ~|
Stop bits: |1 vl
Flow cortrol: | None v
[ ok ][ canca | By

Figure 6-3. Default SMAC RS-232 Settings
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Generic Application Demonstration

6. Inthe PC terminal program, set the properties in the optional settings as shown in Figure 6-4.

ASCII Setup

ASCIl Sending
Send line ends with line feeds
[+]; Echo typed characters localh

Line delay: [0 | miliseconds.

Character delay: |0 |mi||ise-::.|::-r1d5.

ASCI Receiving

Append line feeds to incoming line ends
[C] Force incoming data to 7-bit ASCH
Wrap lines that exceed terminal width

[ ok || cancel |

Figure 6-4. Additional Terminal Program Settings

7. Start the serial communication software ant reset the board. The following text appears:

Press any key to continue...

At this point users have an empty project to start their own application.
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Chapter 7
Simple ZigBee Test Client (SZTC) Demonstration

The Simple ZigBee Test Client (SZTC) application allows users to test the SMAC primitives by sending
special data frames through the Serial/USB port. The SZTC application requires two boards and the
appropriate Python scripts to communicate with the boards or a serial port packet generator.

Prior to loading the SZTC application, the application must be generated using BeeKit as described in the
BeeKit Wireless Connectivity Toolkit User’s Guide.

See Section 1.3, “UART/USB Virtual COM Port Setup” for information about how to set up a virtual COM
port for this application.

7.1  Generating a Project From BeeKit

Once the UART/USB virtual ports have been configured proceed to generate the project from BeeKit.
1. Open BeeK:it (Start->Programs->Freescale BeeKit->Freescale BeeKit).

In BeeKit, select the MC1322x SMAC codebase (File menu -> Select Codebase...)

Click on File -> New Project and choose the Simple ZTC template.

Follow the steps as displayed in the New Project wizard.

Configure the properties as needed.

Validate the solution

7. Export the solution.

o U~ wDN

For further details about how to use BeeKit, see the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG).

7.2  Testing the SZTC with the WirelessUART

1. Download the SZTC application to the board that will be used as the tester.
2. Download the WirelessUART application to a board that will be used as the subject of the test.

3. Open a HyperTerminal session (or another compatible communications program) and configure it
for serial communications using the following parameters:

— 8 Bits

— No Parity

— 1 Stop

— 38400 Baud

— No Flow control
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Simple ZigBee Test Client (SZTC) Demonstration

4. Connect the board that is running the WirelessUART application to the serial port of the PC and
press that board’s reset button. A message appears on the PC display as shown in Figure 7-1.

Oe [ o= (6 e o
O =oF O &

Wireless Iypematic Deno.

Jcermcied 3 K ST k|

Figure 7-1. Wireless UART Application

5. Open the Freescale Test Tool located in the following directory:

Programs/Freescale BeeKit/Test Tool

6. Asshown in Figure 7-2, from the Test Tool window, select Tools -> Communication Settings.

—

Test Tool

Toals

Communication Setlings

Device Manager

v Save Test Tool Layout

IEhangE communication settings

Figure 7-2. Test Tool Communication Settings
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Simple ZigBee Test Client (SZTC) Demonstration

7. Create a new serial connection for the board running the SZTC application by clicking the “Add
Internal* button in the “List Of Devices” window as shown in Figure 7-3.

List of Devices

| Mame | Lacation | Type | Addlntemal..
Zighee COM1 [33400] 10025 Zighee Device
ZigBes BDM [USE] 10026 USE BDM Device Add External...
ZigBes COM3 [13200] 10027 ZigBes Device

Remove
Settings...
Rename

Dizable

e

Wove Up

Move Down

Cloze

[t

8. Select the appropriate COM port and set the baud rate at 19200 as shown in Figure 7-4.

Figure 7-3. List of Devices Window

9. Click the OK button.

Device Settings

15200 w

) MIC 1322 softwans uplasd pon
[ Hardwane flow control

TrUSE-BOM

[ ok J[ conce |

Figure 7-4. Device Settings
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Simple ZigBee Test Client (SZTC) Demonstration

10. The List of Devices window appears again as shown in Figure 7-5. Disable all connections except
the SZTC connection that was just created by highlighting the connection to be disabled and
clicking on the Disable button. The disabled connections are should now be grayed out.

List of Devices

Figure 7-5. Disable Unused Devices

11. As shown in Figure 7-6, use the Test Tool main menu to open the Script Server application by
clicking on View -> Script Server. See the Freescale Test Tool User’s Guide for more details about
Test Tool.

Test Tool
Tools  Window Help

Command Console
Script Server
Firmware Loader
Bootoader MC1322x
Tighee RadioTest

W Slaius Bar

Ishnw or hide Script Server

Figure 7-6. Test Tool Launch Script Server
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Simple ZigBee Test Client (SZTC) Demonstration

The Script Server window appears as shown in Figure 7-7. See the Freescale Test Tool User’s
Guide for more details about Script Server.

[ ]

B b — . Doy g i [ gy Nty Lo e CRTLOR
[
e T - IR
o B Fmien
= e b J -\.F-\l-“
L L L
R s
T o -
= @
i |l o e
it Vil =
=T
o T
2 A
o7 e — S e - [
. ot Lo e e P i ® [ ce
oy e

Figure 7-7. Test Tool Adding a Python (py) script

12. Load the sending Letters To The Wireless Uart.py Python script, which is located in the
following directory:

~\Program Files\Freescale\BeeKit\Test Tool\Scripts\SMAC\Demo Scripts\

13. Click on the Execute button to run the script.

14. On the PC running the Serial Terminal application and is connected to the board running the
WirelessUART application, the expected end results are shown in Figure 7-8. If this is not the end
result, try running the WirelessUART application on the SZTC again.

O Bt few O Towhw [wo
D =5 ©F &

ll.l'l"lll".‘r'zMDEFEHIKLHWSTUWMMFMIMHW TUNRRYZAE
EEEI'EHIJKLINW LINHRY ZABCTEF GHI JKL HROPORS TUVW Y ZABLCOEFGHI L HHO TUVHHY ZRECD
EFGHLJKL IMK‘:‘ZH‘BIZﬂEF[‘»HI.I(LIIIJ 5 TUVHHY ARECDEF GHLJKLMNOPORS TUVHRYZABCOER
EHI.KLIHWBTIJWZ‘MC[E GHI KL MNOPQRSTUVMRYZABCOEF GHI. L MBOP RS TUNWKYZ ABCOEF GH
LIKL HROP QRS TUVRY ZABCOEF GH KL MHI) STWWZMDEFGHIJH.IHMRSTUHMHMUIFHI[J
NLIIIJPWSTIHHH\'?IB:BEFEHIJ HHOP) IIHS K\'HBI:DEF I.I(L

LIV Y ZABCDE F GE MSIMWEHIDEFEHI.KLHW

[IP‘IHSll.l'.'HH\".Eml:D'EFEHIJ‘KLINWSTHWMIJIFI;I-I[MHWM‘SIMNH‘PZHMEFGH].D!LIII'.'IP
QRS TUVHRY SABCIEF GHILJKL HROP QRS TUVHEYZABCOEF GHIJEL MNOPORS TUVKHY ZRECDEF GHIKLMNOPOR
SllI'UHHZPHIIEF[iHI.lCLIHUP'[FISTWMMEFMIJHHMHIM?@MFMIILWI
UNWHY ZRECDEF GHI KL HROPORS TLVMRY ZABCDE FGHI KL MHO PWSIWHWZWEEIEHIJKLINWRSTU'I'
HH‘!‘ZﬂBﬂ]EFBH].I:LHP{HSTWWEWEFGHIJMMWR‘JTUWHM HHOP QRS TUVY
Y RECDEF GHIJKLHNOPORSTUVHAY SABCDEF GHE KL 0P MIMWEFBI:UHEH[ILWSTHW!
ABCIEFGHT KL MROP RS TUVWEYZ ABCDEFGHLJKLHNOPORS TUYWRY ZRBCIEF GHI KL HROPORSTUNMRYZAE

I:DHEHLJKLIN TUNHAY SRBCIEF GHI KL HBOP OIS TUVHSY S ABCOEF GHI . RL HHO) TUNKHYZRHCD
EFGHIIKL HHOP TWHWZRHHEFEHI.KLW S TUYHHY AMBCDEF GHIJKLM RS TUVHRY /BCOEF

GHI.JKL IHDPIR WJ{\'MEII:E MHOPTRS TUVRSYABCDE FGH L MRO WHWZFBI!DFI-GH

LJKL MHOF .l III:I STWWEMEBEFGHIJKLM RS TUNHH

KL MM I.I'JHH\'IMCBGFGHIJHIINW VR Y ZRBCIE F GHI KL MHOP! IWHWJRHDFFEHI.H[
m BCIEFGHI KL MHOP! IWHKYZFIEDEFEHI.KLIII S TUYHHY IRBCIEF GHIJKLMN

0| IWHHPHII]DEFEHIJ{LINW LIVHHY AMEICHEF GHI KL TUMMYZABCOEF GHI L MHOP

RS TUVHRY SRECIEF GHIJKL HROP QRS TUVWEYZAECOEF GHJEL MO STWWMDEFIHIIJH.WGR
ﬁm?ZMDEfGHI.KLIIﬂm TUYWHY ZRECDEF GHIJKLHNOPQRS TUVHRY ZABCOEF GHI KL MROPORST

| skttt 14 ks B -

Figure 7-8. Result at the Wireless UART Application
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Chapter 8
Repeater Demonstration

The Repeater application increases the range between two boards or monitors the activity on an SMAC
based communication system. To execute this demonstration application, user need a tool to send and
receive characters over two serial ports in addition to what Freescale supplies.

This chapter provides a simplified example. Currently, the code cannot be used as a generic repeater, this
application implements two modes of repeater and an SMAC sniffer.

Prior to loading the Repeater demonstration application, the application must be generated using BeeKit,
as described in the BeeKit Wireless Connectivity Toolkit User’s Guide.

The MC1322x SMAC Repeater demonstration application is consistent with previous SMAC Repeater
applications (those that run on the MC1319x, MC1320x, and MC1321x boards) but implements a new
SMAC sniffer which is a demonstration on how to monitor SMAC communication.

See Section 1.3, “UART/USB Virtual COM Port Setup” for information about how to set up a virtual COM
port for this application.

8.1  Generating a Project From BeeKit

Once the UART/USB virtual ports have been configured proceed to generate the project from BeeKit.
1. Open BeeK:it (Start->Programs->Freescale BeeKit->Freescale BeeKit).

In BeeKit, select the MC1322x SMAC codebase (File menu -> Select Codebase...)

Click on File -> New Project and choose the Repeater template.

Follow the steps as displayed in the New Project wizard.

Configure the properties as needed.

Validate the solution

7. Export the solution.

o U~ wN

Create the project folder with the structure as shown in Figure 8-1.
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® D:\MC1322x\My Solution

File Edit View Favorites Tools Help ':"'
5 = = ’ g : »
Qs - © 3 F F Psows o] 13
Address |[E| D:YMC1322% My Solution v | B4 Go
Folders x Mame = Size | Type
=R My Solution | | [ChRepeater File Folder
= I Repeater ;f My Solution.bksln  25KB  BeekKit Solution File
# I3 Application @ My Solution.eww  1KB IAR IDE Waorkspace
i3 PLM =
[ smac v
£ | I ! '
3 objects (Disk free space: 2.77 GB) 24.8 KB j My Computer

Figure 8-1. BeeKit Created, Wireless UART Directory Structure
For further details about how to use BeeKit, see the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG).

8.2 Open, Compile and Execute the Repeater
1. Using the IAR Embedded Workbench, open the Repeater work space (My Solution.eww) as shown

in Figure 8-2.
8 D:\MC1322x\My Solution =13
Ble Edt Vew Favortes Iooks Help ar
. : - »
Q- Q FTFF J) sexch | [ Foders | |
Address _1 D:VMC 1322 My Sohution v Go
Foldars X | Mame « Size  Type
# ) FraiCodasase A | CiRepeater | Fiie Foider
H 3 Mgrating to FLM <% My Sohution.bksin  2SKE  Beetit Solution File
S 123 My Solution |#]My Schstion.eww  1KE  IAR IDE Workspace
= ) Repeater
@ I Application
B P
& £ sMac v
£ ¥ \ >
3 objects (Disk free space: 2,77 GB) 24.83KB jl-tjlf_'urﬂ.ltnr

Figure 8-2. Opening Repeater Work Space

2. Select “Release” in the Workspace window.
3. Click on Project -> Rebuild All.
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The folders Release, Debug, and the settings are now created in the project structure as shown in

Figure 8-3.

0% D:MC 132 2y Solution

Fle E£dt Vew Favortes Tooks Heb -
3
) 2 3 2 r
Qus - ©  F T T JOseth [ rodes | |5
Agloress '{_} Dz'WIC 1322 My Solution o] £l Go
Folders x Hame = Sire Type
Sl vy Sokstion | A | IDRepeater File Folder
= I Repeater settngs File Falder
# ) Apphcation %My Solution.bksin 2588 BesiGt Solution Fle
E 03 Debug | &My solution.eww  1KB  [AR IDE Workspace
® MM
# ) Releass
D) settings
# ) sMAC
) settngs e
< > £ »
4 pbjects (Disk free space: 2,77 GE) 24,8 KB if My Computer

Figure 8-3. Release, Debug, and Settings

The rRepeater.bin file is placed at the following directory location:

[Project Directory]\Release\Exe\

Repeater Demonstration

4. Load the repeater file to the board. Click the AR Debug button to download the application to the

board.

5. Use a PC terminal communications program, such as Hyper Terminal, and set the correct baud rate,

data bits, parity, COM port, and flow control. Figure 8-4 shows the default MC1322x SMAC

RS232 settings.

COMYF Properties

Port Settings
Bits per second: [EETEIN ~ |
Data bits: | 2 o |
Parity: | Mone - |
Stop bits: | 1 - |
How control: | Mone LT |
[ Bestore Defaults ]
[ oK ] [ Caneel | Zoph

Figure 8-4. Default SMAC RS-232 Settings
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6. Inthe PC terminal program, set the properties in the optional settings as shown in Figure 8-5.

ASCII Setup

ASCI Sending
Send line ends with line feeds
[¥]i Echo typed characters locally:

Line delay: |1} | miliseconds.
Character delay: |{|. | miliseconds.

ASCI Receiving

Append line feeds to incoming line ends
[] Force incoming data te 7-hit ASCII
Wrap lines that exceed terminal width

Cancel J

Lok ]I

Figure 8-5. Additional Terminal Program Settings

7. Start the serial communication software and reset the board. The start window appears as shown

in Figure 8-6.

.
CELI |
=  WEA
HEE
= B
g
H = HWER
LLL] LLL]
I:I-l FREESCALE
I--- SEMICONDUCTOR
L1 thoe
(L1
L] Press any key lo contirue. ..
Corrmc B0 e o L

Figure 8-6. Repeater Start Window
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8. Type any key at the serial terminal software and the repeater menu appears as shown in Figure 8-7.

- SEMICORDUCTOR
.-
(TT] 2b@aE
1]
[ Pross amy key to contimme

Hepealer Application
ixd Ghow Statistics
fr Rezat Statistics
ir: Bopeal maru
<m* Swiich Repeater mode
ipr Change Power
tdr Change Delay lenohi
icr Swilch Channel
<z» EXECUTE

Current Device's configuration is
fipe Made Channi | Pemer Lavel Do Ly

WORWL 11 16 DU ws  0OUDD 1

By

Correcied 804 1 T W - |

Figure 8-7. Repeater menu and configuration

8.3  Repeater Menu, Configuration and Settings

The Repeater menu displays eight options:

<s> Show Statistics

<0> Reset Statistics

<r> Repeat menu

<m> Switch Repeater mode
<p> Change Power

<d> Change Delay length
<c> Switch Channel

<z> EXECUTE

To select an option, type the character corresponding the desired option on the serial terminal. The options
are case sensitive.

1. Type “s” to show repeater statistics as shown in Figure 8-8.

Readv> s
—————————————————— Statistics —————m————
Number of packets
Received Retrasmitted Bad Dropped
(515151515] (5]515]1615] (5]515]16]5] (515151615]
Ready> _
Connected 0:25:24 ANSTW 33400 84-1 SCROL

Figure 8-8. Repeater Statistics

Received The number of frames that have been received.
Retransmitted The number of frames retransmitted.
Bad The number of packets received corrupted.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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Dropped The number of frames that has been received but not retransmitted. This is used
on the NORMAL mode. Detail about Normal, Dummy, and Sniff modes are
covered later in this section.

2. Type “0” (zero) to reset statistics.
3. Type “r” to show repeater’s menu.
4. Type “m” to switch between repeater’s operational modes: NORMAL, DUMMY and SNIFF.

Normal The application receives a message and wait “Delay Length* to receive other
messages before retransmitting. If a second message is received, the original
received packet is dropped and not retransmitted.

Dummy Anything that is received is retransmitted as soon as possible.
Sniff The application shows the messages received and does not retransmit anything.

5. Type “p* to change radio’s output power. The power increases each time “p” is typed until the
maximum value is reached. When the maximum value is reached, it resets to the minimum value
and begins increasing again. See Figure 8-9.

r WLART SRR _ 08 - Flygeey Fermns

D G o= Lo Tewlr b
O o 3 05 &
Current Device's coenfiguration is:
App HWode Channe ] Power Level Do lay
HURHIL 1n 17 QO] ms OO0 =
Boady> p
Current Device's configuration is:
App Hode Channel ‘owmer Level Dol ay
HORHIL 1 18 ool ms  POODD s
Ready> p
Current Device s configuration is:
oo Made Channe | Pull:r Lruel Dir |y
HORHAL 11 19 00001 ms  0DB0D s
Readur b
Cuirrent Device's cenliguration is
oo Hode Channe ] P'a-cr Iwrl Dalay
HOEMAL 11 Dﬂ B00A] wx  0DODA =
Ry
Corrmcid 1300 apena WO - L 5

Figure 8-9. Power output adjustment

6. Type “d* to change the “Delay Length* value. See Figure 8-10.
S -7

D [t o= {d Jewle oo

O =«F 05 &
- s

< Change Delow lenghi
4c Swifch Chanmel
<z» EHECUTE

Current Device's configuration is;
Hode Channel Power Level Dol ey

HURHIL 1n 16 o00al ms  OODM

Boady>
Enter delew, First enter the miliseconds and then the microseconds.

h?l many msecs usecs {where BODBL<valwe<tSh3S) please wrate all dogifis: 00500
hank you

How mare uzecs [whers Efbi‘:unlueﬂ?ﬂ nlmn write all thren digits (if you do
n "t want to use 10 jusi weite D8}
Thank wou

Current Device's configuration is
|'h Kﬂdr Chanea | P'o-

or Iwrl Dol
WORWRL 11 16 DUSO0 ms  DOUAD us
By
orrwcied B0 T O - L =

Figure 8-10. Change Delay Length
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8.4.1

Repeater Demonstration

Type “c* to switch channel.
Press “z” to execute the repeater, to quit press any key.

Running the Repeater Demonstration

Configure the repeater settings as needed, as shown in Section 8.3, “Repeater Menu, Configuration
and Settings”.

To start running the application press “z” at the main menu.
To stop the application press any key.

Creating a Sniffer

To create a sniffer on Channel 13 set to check for max power, perform the following tasks:

1.

No g~ WD

8.4.2

Start a serial terminal as shown in Section 8.2, “Open, Compile and Execute the Repeater”.
Reset a board with the repeater application flashed.

Press “c* key as many times as needed until Channel is set to 13.

Press “p” key as many times as needed until Power Level is set to 18.

Press “m” key as many times as needed until App Mode is set to SNIFF.

Press “z” key to start sniffing Channel 13.

Configure any SMAC demonstration application to transmit on Channel 13 and start that
application.

The over the air packets on Channel 13 will be displayed on the terminal attached to the repeater
application.

To stop the sniffer, press any key at the terminal interface used by the sniffer application.

Running a Dummy Repeater

To run a dummy repeater on channel 11, perform the following tasks.

1.

O N o O~ LD

Start a serial terminal as shown in Section 8.2, “Open, Compile and Execute the Repeater”.
Reset a board that has the repeater application FLASHED on it.

Press “c* key as many times as needed until Channel is set to 11.

Press “m” key as many times as needed until App Mode is set to DUMMY.

Press “z” key to start the repeater.

Use another board configured with the Wireless UART Demo set to Channel 11.

Start the Wireless UART application.

Each character transmitted shows its echo because the message is being retransmitted by the
repeater.

To stop the repeater, press any key at the terminal interface used by the repeater application.
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Chapter 9
Weather Station Demonstration

The Weather Station demonstration application ships as part of the MC1322x Developer Starter Kit and is
also included as a demonstration in the BeeKit ARM7 SMAC Codebase. The Weather Station
demonstration application simulates some weather station data and shows the use of Freescale sensors for
acceleration and pressure. This Weather Station demonstration consists of three components:

»  Weather Station Controller using the Network Node
» Weather Station Sensor using the Sensor Node
* Weather Station PC GUI application

This chapter provides a simplified example. Currently, the code does display actual weather station data,
but provides simulated data for demonstration purposes only.

Prior to loading the Weather Station demonstration application, the applications must be generated using
BeeKit, as described in the BeeKit Wireless Connectivity Toolkit User’s Guide.

The Weather Station demonstration application was developed for the MC1322x. There are no previous
versions for the MC13213-SRB, MC13213-NCB or other Freescale ZigBee legacy boards.

See Section 1.3, “UART/USB Virtual COM Port Setup” for information about how to set up a virtual COM
port for this application.

9.1 Generating a Project From BeeKit

Once the UART/USB virtual ports have been configured proceed to generating the project from BeeKit.
1. Open BeeKit (Start->Programs->Freescale BeeKit->Freescale BeeKit).

In BeeKit, select the MC1322x SMAC codebase (File menu -> Select Codebase...)

Click on File -> New Project and choose the Weather Station Controller template.

Follow the steps as displayed in the New Project wizard.

Click on File -> New Project and choose the Weather Station Sensor Node template.

Follow the steps as displayed in the New Project wizard.

Configure the properties as needed.

Validate the solution

Export the solution.

© oo N g~ WDN
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BeeKit creates the project folder with the structure as shown in Figure 9-1.

B D:\MC1322x\My3rdSolution =3
File Edit View Favorites Tools Help .-f",""
@ Back ~ \HJ lﬁ |f j‘ /'J Search ‘[i:" Folders || |y |3* x q '

Address |@ D:\MC 1322 MySolution v| &

Folders X MName Size | Type Date Modified

El) ~ ISy Weather Station Controller File Folder 5/6/2008 1:19 PM
B I3 Weather Station Controller ) Weather Station Sensor Node File Folder 5/6/2008 1:19PM
I Application [ wireless UART File Folder 5/6/2008 1:13 PM
= Pm % MySolution.bksin 172KB BeeKitSoluonFle  5/6/2008 6:10PM
I3 sMac |§\] MySolution. eww 1KB IAR IDE Workspace 5/5/2008 1:19 PM
|5 Weather Station Sensor Node
¥
< | ¥
1 objects selected :J My Computer

Figure 9-1. BeeKit Created, Wireless UART Directory Structure

For further details about how to use BeeKit, see the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG).

9.2 Open, Compile, and Load the Weather Station

1. Using the IAR Embedded Workbench, open the [My Solution] work space (MySolution.eww) as
shown in Figure 9-2.

8% D:\MC1322x\My Solution
File Edit Wiew Favorites Tools Help '?F
1 - - = - e oy
Qo - © - ¥ F F O sercr hp ricers | [ (37 X 0 | @
Address |9 D:MC1322x\My Solution v | Go
Folders X Mame = Size  Type
= 23 My Solution | | [CwWeather Station Controller File Folder
= (5 Weather Station Controller | Weather Station Sensor Node File Folder
H [T Application ;"' My Solution. bksin S50 KB BeeKit Solution File
3 PLM @ My Solution.eww 1KBE IAR IDE Waorkspace
I sMAC
= [5) Weather Station Sensor Mode
[ Application
2 PLM &
[ sMac ¥
< | 5 @ - | >
Type: IAR IDE Workspace Date Modified: 5/12/2008 10:33 AM Size: 317 bytes 317 bytes :i My Computer

Figure 9-2. Opening Weather Station Work Space

2. Select “Release” in the Workspace window.
3. With the “Weather Station Controller* highlighted, click on Project -> Rebuild All.

The folders Release, Debug, and the settings are now created in the project structure as shown in
Figure 9-3.
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4. With the “Weather Station Sensor Node* highlighted, click on Project -> Rebuild All.

The folders Release, Debug, and the settings are now created in the project structure similar to what is
shown in Figure 9-3.

B D:\MC1 322x\My Solution\Weather Station Controller |:“EJD_(|
File Edit Wew Favorites Tools Help "."'r
@ Back - (J |‘B‘ L r r P ) Search [L_" Folders | |'&% m n v
Address |Iﬁ D:\MC1322% My Solution\Weather Station Controller ~ | Go
Folders X MName = Size  Type

- = 15 My Solution ~ | | EApplication File Folder

|3 settings | [C)Debug File Falder
= | Weather Station Controller il::_:IPLM File Folder
H 5 Application |[C)Release File Falder
E ) Debug [Chsettings File Folder
& ) PLM [C)sMac File Folder
H [C7) Releasze Weaﬁﬂer Station Controller.dep  29KB DEP File
[ settings Weather Station Controller.ewd 33KB EWD File
® [ sMAC |£| Weather Station Controller.xml 36 KB XML Document
= | Weather Station Sensor Mode
H 3 Application
H (3 Debug
E ) PLM
H () Release =
[C3) settings
E 3 smac v
< | 5 & | >
3 objects (Disk free space: 2.92 GB) 36,7 KB -} My Computer

Figure 9-3. Release, Debug, and Settings

The weather Station Controller.bin file is placed at the following directory location:

[My Solution Directory]\Weather Station Controller\Release\Exe\

The weather Station Sensor Node.bin file is placed at the following directory location:

[My Solution Directory]\Weather Station Sensor Node\Release\Exe\

5. Load the weather Station Controller.bin and Weather Station Sensor Node.bin files to the
boards using the JTAG connection. To download the image, connect the J-Link ARM debugger
and press [Ctrl]+D or just click the Debug button at the IAR Embedded Workbench IDE.

6. At this point the weather station is running without the PC Application. After showing the
Freescale logo, the “Wind Speed* screen appears on the Network Node LCD display as shown in
Figure 9-4.
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Figure 9-4. Network Node Board LCD Display

7. Use the Network Node joystick or switches to change the parameters as follows:

9.3

Figure 9-5. Joystick or Switch Parameters

Joystick Switch NCB SRB
Position
Joystick Right SW1 Metric/Standard System Selection | Set calibration
Joystick Down SW2 Switch Screen. Change which Not Used
sensor to watch.
Joystick Left SW3 Backlight On/Off Not Used
Joystick Up Sw4 Change Channel Change
Channel

Weather Station PC Application

The Freescale Weather Station PC application allows users to monitor simulated weather behavior using
a PC GUI application through the MC1322x SMAC network. This system setup uses two boards:

9.3.1

One board is connected to the PC through the serial interface to communicate with the GUI. This
board is a MC1322x Network Node running the embedded SMAC application and is used only as
a receiver.

The other board must be a MC1322x Sensor Node that transmits the information that it senses to
the Network Node receiver. The Sensor Node can monitor temperature, wind direction, wind
speed, air pressure, and battery voltage.

Features

The Freescale Weather Station PC application has the following features:

An easy-to-use graphical user interface

Real time visualization of the data frames of the devices in the network

Save log files with the weather information

Run in real time or from a previously saved file

Switch between different units of measure (metric or American/British)

Shows the maximum and minimum values obtained from each sensor during the demonstration
Shows the history of the weather behavior using bar graphics
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Figure 9-6 shows the Network Node (SMAC Coordinator) connected to the PC and the Sensor Node

(SMAC Sensor) communicating with the Coordinator. As shown in this figure, the icons on the PC screen
represent the values as sensed by the Sensor Node.

Sensor Node

Network Node

Figure 9-6. Weather Station System Setup

9.3.2 Connecting to a Network Node

To run the Weather Station PC application, perform the following tasks:

1. Launch the weather Station.exe. Click on Start -> Programs->Freescale BeeKit ->
Weather Station -> Weather Station.

The Weather Station main window appears as shown in Figure 9-7.

Fie  Setmgs el

s Weather Station
e MC1322x SMAC

Figure 9-7. Weather Station Main Window
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2. Click on Settings -> Communication Settings as shown in Figure 9-8.

s MC1322x Weather Station

=
>~ freescale’

semiconductor
Figure 9-8. Communication Settings Menu

3. Press the autodetect button to find MC1322x boards connected or choose the appropriate COM
port where the Network Node is connected as shown in Figure 9-9.

Z Weather Station COM Pro... [Z| E|

COM Port: || ,v|

Figure 9-9. Communication Options Selection

4. Click on the RUN button as shown in Figure 9-10.

O

Figure 9-10. RUN/STOP Button
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Weather Station Demonstration

9.3.3 Data Packet Structure

The Weather Station PC application displays various weather related levels and values and also displays
the received frames at the bottom of the main window. As shown in Figure 9-7, the bottom of the main
window shows the data packet sent by the Sensor Node to the Network Node. The data packet is divided
into fifteen bytes of information with a header and a tail. However, the tail (the last byte) is not displayed.
Figure 9-11 shows the data structure details.

Network Node Data Sensor Node Data
(2 bytes) (11 bytes)
Bytes 1-2 Bytes 3-4 Bytes 5-6 Bytes 7-8 Bytes 9-10 Bytes 11-12 Bytes 13-14 Byte 15
. Network| Sequence Number | Wind Wind Air Battery
Date/Time | pevice Opqerating Channel Direction | Speed Pressure | Temperature | Voltage \B(:S%X
Info (0-360°) | (n.n) (n.n) (n.n)

Figure 9-11. Weather Station Data Frame Structure

9.34 Loading a Pre-existing Log File
This section describes how to load and run a pre-existing log file. To load and run a pre-existing log file,
perform the following tasks:

1. Launch the Weather Station PC application. The Weather Station main window appears as shown
in Figure 9-7.

2. Click on File -> Load. The Load file window appears as shown in Figure 9-12.
3. Navigate to the Weather Station folder and highlight the Log. txt file.
4. Click the Open button.

loadfle 21

Lookin: | I3 Weather Station GUI and Kabab app e s Bt

) Weather Station
) Weather _Station_Solution
£ Log.bxt

My Network L [Log e =]
Files of type: [t files (" ba) =

e |
Lo |

Figure 9-12. Load File Window
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5. From the Weather Station main window, click the RUN button.
6. The application starts as shown in Figure 9-13.

ML 37 3x Weather Station

L e Weather Station
e e MC1322x SMAC

Figure 9-13. Weather Station Running from a Log File

7. Click the Stop button to halt the application.
8. Click the Run button to start the application again.
While the Weather Station PC application is running, users can change the measurement units and
clear the buffer.
NOTE
It is not possible to change the Log, Load, or Communication Settings
configuration of the Weather Station PC application while it is running.
9. To change measurement units, click on Settings -> Measurement Units.
10. To clear the buffer, click on Settings -> Clear Buffer.

MC1322x Weather Station

Fie | Settings | Help
_ Communication Settings . —
| Measurement Units » |. Metric
Clear Buffer American [ British
“fre escale“
camiirand ietar

Figure 9-14. Changing Measurement Units or Clearing Buffer
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Chapter 10
Over The Air Programmer Demonstration

The Over the Air Programmer (OTAP) application allows users to update a board’s FLASH remotely
without a physical connection. Given an OTAP enabled application and an OTAP programmer, users can
replace an existing application on a board with a new application. Two boards are required for the OTAP
application:

* One board used as the OTAP Programmer

* One board used as the OTAP-enabled target

Freescale recommends that both of the images to be flashed are OTAP-enabled applications.

The following summarizes what users will accomplish with the OTAP application:
* Onthe OTAP Programmer Board:
— Download and run the OTAP Programmer software

— Download an OTAP-enabled application via the UART. This example uses the Wireless
UART.

— The Wireless UART application must have its OTAP module property enabled when the
project is generated in BeeKit

— Any of the MC1322x development boards can be used as the OTAP Programmer
» OTAP-enabled target Board (The board having its firmware updated.)

— Download and run an OTAP-enabled application on the board. This example uses the
Accelerometer Demonstration application. The Accelerometer Demonstration application will
be replaced by the Wireless UART application using the OTAP Programmer.

— The Accelerometer Demonstration application must have its OTAP module property
enabled when the project is generated in BeeKit.

— Any of the MC1322x development boards can be used as an OTAP enabled target board.
If the following conditions are not met, the OTAP programmer will not function properly:
* The OTAP enabled target board application must be in the receive mode most of the time
* The devices on the network must have different IDs

See Section 1.3, “UART/USB Virtual COM Port Setup” for information about how to set up a virtual COM
port for this application.
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10.1 Generating a Project From BeeKit

Once the UART/USB virtual ports have been configured, generate the project from BeeKit as follows:
1. Open BeeK:it (Start->Programs->Freescale BeeKit->Freescale BeeKit).

On BeeKit select the MC1322x SMAC codebase (File menu -> Select Codebase...)

Click on File -> New Project and choose the OTAP Programmer template.

Follow the steps as displayed in the New Project wizard.

Configure the properties as needed.

Validate the solution.

7. Export the solution.

>0 swN

For further details on how to use BeeKit, see the BeeKit Wireless Connectivity Toolkit User’s Guide
(BKWCTKUG).

10.2 Open, Compile, and Load the OTAP Programmer
1. Using the IAR Embedded Workbench, open the OTAP work space (My Solution._eww) .
2. Select “Release” in the Workspace window.
3. Click on Project -> Rebuild All.

The folders Release, Debug, and the settings are now created in the project structure as shown in
Figure 10-1.

08 [:\MC1322x\My Solution\Dtap Programmer Il E
Fle Edt View Favortes Tools Help &
@M' "+ b ] ¥ § ) semch ([ Foldess | | ¢ X ¥ -

dress | D:MAC 1322x'My SolutienDtap Programmer | 4 e

Folders X Hame = Spe  Type

5 2 MC1322x A | CApplcation Filg Folder
= I3 My Sohstion CIPLM Fie Falder
= L Otap Pregrammer ) SMAC File Folder
# | Application || Otap Programener. swd 33KB EWDFie
# ) Debug = |Otap Programmer.amml | cipe: 217 48
H ) PLM Csettings Felders: Configre, Drivers, Interface, 5
# ) Release ) Debug Fia Fader
L) saitings JRelease File Folder
@ ) SMAC = Otap Programmer. dep I5KE DEFFie
W
< » < ¥
9 phjects (Desk free space: 2,39 GB) 92.7KB i My Computsr

Figure 10-1. Release, Debug, and Settings
4. The oTAProgrammer.bin file is placed at the following directory location:

[Project Directory]\Release\Exe\

5. Load the oTAProgrammer.bin file to the desired board. Connect the JTAG interface and click on the
IAR Embedded Workbench IDE Debug button.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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6. Use aPC terminal communications program, such as Hyper Terminal, and set the correct baud rate,
data bits, parity, COM port, and flow control. Figure 10-2 shows the default MC1322x SMAC

RS232 settings.

COM22 Properties

Bts per second: |[EENTNN ~ |

Databis: |8 v:

Barty: | None v

Stop bas: |1 v:

How control: | None v:
[ ok || Cancst || soo

Figure 10-2. Default OTAP RS-232 Settings

7. Inthe PC terminal program, set the properties in the optional settings as shown in Figure 10-3.

ASCII Setup

ASCI Sending
Send line ends with line feeds
[~]: Echo typed characters locally:

Line delay: |1} milliseconds.
Character delay: |0 milliseconds.

ASCI Receiving

Append line feeds to incoming line ends
[1 Force incoming data to 7-bit ASCIH
Wrap lines that exceed terminal width

| ok Cancel

J |

]

Figure 10-3. Additional Terminal Program Settings
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Over The Air Programmer Demonstration

10.3 Downloading an OTAP-enabled Image to the OTAP Programmer
Board

The OTAP Programmer Board does not have a .srec file (image) flashed on it by default. Users must first
download a valid image to the OTAP Programmer Board using the serial terminal. To download the image,
complete the following steps:

1. Turn on the OTAP Programmer Board (1322x-Network Node).
2. Press SW2 on the 1322x-Network Node to enter the COM mode.

3. Once the board is in COM mode, the serial terminal displays the information as shown in
Figure 10-4.

& OTAP Programmer - HyperTerminal

Fle Edt View Cal Transfer Help
Dﬁ ] 8 |DE IIf]’

swsnns Freescale's Over The Air Programmer (OTAP) s==s=

Press [D] to Download a .srec file
Press [P] to Program devices

Press [C] to increase the RF channel
Press [H] to increase the output power
Press [r] to repeat the menu

[Channel 14, Power 151

Figure 10-4. OTAP Start Message

4. Press D to download a .srec file, then click on Transfer -> Send Text File as shown in Figure 10-5.

& OTAP Programmer - HyperTerminal

Fie Edit View Cal RIFYSEE Help
D@ & 3 o SedFe.

Receive Fie...
Capture Text...

Send Text Fie...

Capture to Printer

- Please send a .srec file
Figure 10-5. Send a Text (.srec) File to the OTAP Programmer
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Over The Air Programmer Demonstration

5. Toselectand send a .srec file as a text file using the serial terminal, click on Transfer -> Send File
and the Send Text File window appears as shown in Figure 10-6. Select the appropriate .srec file,
then click on the Open button.

Send Text File

Lock in: | 3 Exe v O %@
T Wireless UART.bin
L EI | Wirsless LIART  out
My Recent
Diocummns
Daskicg
My Documerts
My Computer
" Fila pame: Wirsless AR T e »
My Metwore  Fles of pype: Milea ") M

Figure 10-6. Downloading the Image to the OTAP Programmer

Ensure that the application being loaded is an OTAP Enabled application. This example uses the
Wireless UART.

When the file transfer is complete, the serial terminal displays the main menu again as shown in
Figure 10-7.

& OTAP Programines - Hyper Terminal
Fie Edt View Cal Transfer Help

D& &5 DB &

- Please send a .srec file
SOZE0BDLEINSCADE1GIGEL6EFACALEST25CEAT26965T36361606050C5 T4 ILFSCE
S604400000BB04OCFCI4354000FAPGFFOF4AFF1ESSB

wunwnw Fregscale's Over The Air Programmer (OTAP) swsss

Press [D] to Download a .srec file
Press [P1 to Program devices

Press [C] to increase the RF channel
Pressz [H] to increase the output power

Press Irl to repeat the menu
[Channel 14, Power 15] _

Figure 10-7. Transferring the Image to the OTAP Programmer
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Over The Air Programmer Demonstration

At this point the OTA Programmer has stored a new application that can be used to reprogram any
application with the OTAP option enabled. To program the new application to a board with OTAP
enabled, see Section 10.5, “Transmitting the New Image to the OTAP-enabled Board”.

10.4 Downloading an OTAP-enabled Application

The example in this section uses the Accelerometer demonstration to show how to enable the OTAP option
in a device.
To make a new Beekit application with the OTAP option enabled, perform the following tasks:

1. Launch Beekit and click on File -> Select Codebase and choose the "Beekit ARM7 SMAC
Codebase 1.0.0" codebase as shown in Figure 10-8.

ARMT MAC Codebase 1006
ARNT SMAC Codebase 1.0.0b
JC_Beekt HCS0E SMAL Codebase 106  C\Program Fles'Fresscals'Codebeses’JC_Be
HIC508 SMAL Codobase 106 Progrs A

Elpicl Afull T SALA T F

Figure 10-8. Select SMAC Codebase

2. Click on File -> New Project.

3. Select the Accelerometer application and choose a name for the solution. In this case the solution
name chosen was Accel as shown in Figure 10-9.
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x

SMAC -

i Onher Prgect Ty Connecirty Test
T ] i Connectny Tesd TX
Gerene Fppkoaon

The Acoeleromener Demirtraton sppbeion shimd vt wtes of the Freescale acceiermmeters n 0¥ wd Faes

-1 em——
Sohuior Name: [Acasl
locaton: [0 Profben w0324 T Destang =

[ox ] _cmea |

Figure 10-9. Select Accelerometer Application

4. Select a hardware target board for the project and click on the finish button. Users can select any
available target board.

5. From the BeeKit main window (solution explorer area) select the Accelerometer and change the
OTAP Enabled attribute from False to True as shown in Figure 10-10.

T =llxl

Fle  Souion  Progect  Heb
P S DT e B
St Page  Property List |

IF_.“l 9| = 3 Acosl (Beskt ARMT SNAC Codebuse 1.0.0)
=syss....-— °~° =] Acoalsoriete

Figure 10-10. Set OTAP Enabled to TRUE

6. Validate the solution as shown in Figure 10-11.
7. Export the solution as shown in Figure 10-11.
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= Freescale BeeKit -+ Freescale Beelkit
File | Soluton | Project Help File | Soluton | Project Help
{4 |3 Export Solution,., | LI-E Export Solution. .. ||
Stat P| =% | Export Properties... Start P Export Properties... Export Soluti
lg_f ‘E =@ | Import Properties... 12 Import Properties... Source files is

Validate Selution...

Upgrade solution... Validate Solution

‘5 (\ II}III I‘!]:"l

Upgrade solution. .. —
Add Project. ., -

Import Project...

Add Project...

Import Project. ..

Properiies... Properfies...

Figure 10-11. Validate and Export Solution

The application is ready to open in IAR Embedded Workbench and ready for download to the chosen
board. Download the Accelerometer image by following the procedure in Section 1.1, “Loading
Applications Into a Board Using the JTAG J-Link ARM Debugger”.

Once the application is running on the board, users can re-program the board over the air using the OTAP
Programmer Board.

MC1322x SMAC Demonstration Application User’s Guide, Rev. 1.1
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10.5 Transmitting the New Image to the OTAP-enabled Board

Users must have an OTAP Programmer board running with a valid .srec file image and a device with an
OTAP-enabled application running. This example uses the Accelerometer Demonstration application.

There are two options for users to FLASH the device over the air:
» Serial Interface (Section 10.5.1, “Using the Serial Interface”)
* LCD Interface (Section 10.5.2, “Using The LCD Interface”)

10.5.1 Using the Serial Interface

1. Press the Reset button on the OTAP Programmer Board.

2. Press SW2 on the OTAP Programmer Board. The serial terminal displays text as shown in
Figure 10-12.

& OTAP Programmer - HyperTerminal

Fle Edt View Cal Transfer Help
Dﬂ " 3 |DE ﬁ!

wunwuw Frepscale's Over The Air Programmer (OTAP) swwsw

Press [D] to Download a .srec file
Press [P] to Program devices

Press [C] to increase the RF channel
Press [H] to increase the output power
Press [r] to repeat the menu

[Channel 14, Power 151

Figure 10-12. OTAP Programmer Start Message

3. Press "P" on the keyboard to search for devices to program. The serial terminal appears as shown
in Figure 10-13.

# OTAP Programmer - HyperTerminal
Fie Edt Yiew Cal Transfer Help
De &8 D5 &

wenuwx Freescale’s Over The Air Programmer (OTAP) =w=s=«

Press [D] to Download a .srec file
Press [P] to Program devices
Press [C] to increase the RF channel
Press [H] to increase the output power
Press [r] to repeat the menu
[Channel 14, Power 151 P
-Searching devices. ..
Devices found: @1
Press [r] to search again
Press SPACE to select a device to program

Figure 10-13. OTAP Programmer Found a Device
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4. Once the OTAP Programmer Board found a device, press the SPACE Bar on the keyboard. The
OTAP Programmer shows the device address (ID) in the serial terminal as shown in Figure 10-14.
In this case the device address is 0x02. If more OTAP-Enabled devices were found, press the
SPACE Bar on the keyboard to see the device IDs.

& OTAP Programmer - Hyper Terminal
Fie Edt View Cal Transfer Help

D &3 0B &

wuunnn Freescale’s Over The Air Programmer (0TAP) swwes

Press [D] to Download a .srec file
Press [P] to Program devices

Press [C] to increase the RF channel
Press [W] to increase the output power
Press [r] to repeat the menu

[Channel 14, Power 151 P
-Searching devices. ..
Devices found: 01
Press [r] to search again
Press SPACE to select a device to program ]
02 Press [L] to program this device or [r] to see the COM menu again

Figure 10-14. OTAP Programmer Shows Device’s ID

5. Press "L" on the keyboard and the OTAP Programmer flashes the device over the air. Users must
wait for the Program Success message to appear in the serial terminal window and not press any
buttons on the OTAP Programmer Board or on the device being flashed. The Program Success
message is shown in Figure 10-15.

& OTAP Programmer - Hyper Terminal
Fie Edt Vew Cal Trersfer Hep

D& &3 05 F

swwssss Froescale’'s Over The Air Programmer (0TAP) =ssss

Press [0] to Download a .srec file
Press [P] to Program devices
Press IC] to increase the RF channel
Press [H] to increase the output power
Press [r] to repeat the menu
[Channel 14, Power 151 P
-Searching devices. ..
Devices found: 01
Press [r]l to search again
Press SPACE to select a device to program ]
02 Press (L] to program this device or [rl to see the COM menu again

wennus Freescale’'s Over The Air Proorammer (OTAP)==ses
= PROGRAMMING . . .

-Please wait.

- Program success !

= Press [r] to search again

Figure 10-15. Device Programming Success
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10.5.2 Using The LCD Interface

1. Press the Reset button on the OTAP Programmer Board. The main screen appears as shown in
Figure 10-16.

Figure 10-16. OTAP Programmer Main LCD Screen

2. Press SW1 on the OTAP Programmer Board. The OTAP menu appears as shown in Figure 10-17.

Figure 10-17. LCD OTAP Menu

3. Press SW2 to search for devices to program. The searching devices screen appears as shown in
Figure 10-18.

Figure 10-18. LCD OTAP Search for Devices
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4. Once the OTAP Programmer Board finds a device, press SW3. The OTAP Programmer shows the
device address (ID) on the screen. In this case, the device address is 0x01 as shown in Figure 10-19.
If more OTAP-Enabled devices were found, press SWa3 to see the device IDs.

Figure 10-19. LCD OTAP Devices Screen

5. Press SW4 and the OTAP Programmer flashes the device over the air. Users must wait for the
Program Success message to appear in the serial terminal window and must not press any buttons
on the OTAP Programmer Board or on the device being flashed. The Program Success message is
shown in Figure 10-20.

Figure 10-20. LCD OTAP Program Success Screen

10.6 Verifying the Transmitted Image

To verify that the image transmitted by the OTAP Programmer is correct, search for the device using the
OTAP programmer board. If the OTAP Programmer finds the board again, then the application was
correctly flashed.

In this example, the original application loaded on the target board was the Accelerometer Demonstration.
The new application flashed to the target board by the OTAP Programmer was the Wireless UART
Demonstration. After reprogramming, Wireless UART operation can be verified as described in Chapter 2,
“Wireless UART Demonstration”.
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