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1. INTRODUCTION

The RAQVI4510W next-gereraton RablitCore modiesadi ZigBee®/

802154 funcionality to the exsting Rabbt® 4000 micropro-
cesor featresto alow you b creake a low-cost low-power
embedded wireless contol ard communicaions soltion for

your embeddedcortrol system. The Rabbit® 4000 microproces-
sor featuresinclude hadware DMA, clock speedsof up b 60
MHz, I/O lines shared with up to six serial pots and four leved
of alternate pin functions that include variabe-phase PWM
auxiliary 1/0, quadratre decoder, ard inpu capure. Coupled
with mare than500 new opcode ingructionsthat help toreduce
code size amh improve processig speed, liis equats to acore
module that is fas, efficient, and tb ideal sdution for a wide
range of wireless enbedded appications.

The Devéopment Ki hasthe esantials that you needto desgn
your own wirelessmicropraces®r-based system, andincludesa
complete Dynamic C sdtwaredevelopment system. This Dewel-
opment Kit also con&ains a Proobtyping Board thatwill allow
you to evaluate the R&14510W madulesandto protaype cir-
cuits that interfaceto the RCM4510/ madules. You will also be
able to write and tetssoftware for thee modués.

In additionto onboad ZigBe€802.15.4 funtondity, the RCMI510Wmodd has a Rabbit
4000 mcroprocessor opering & 29.49 MHz sttic RAM, flash memory, two docks
(main osdllator and timekeeping), ad thecircuitry necessay for resetand maagenent
of battey backup of thdRabbit 40005 internal real-time clock and the static RAM. One
50-pin headebrings out the Rabbit 4000 YO buslines, paallel ports, and seéa ports. A
sepaate 14-pin auxilary I/O heade bringsoutupto nine addibnd 1/O pins(upto four of
which may beconfigured asanalog inputs)made passible by the onbaard XBee RF modue.

User’'s Manual 1
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The RCMA510Wreaives its+3.3 V powerfrom the customesuppled motheboard on
which it is mounted. The RCM4510W ganterface with all kindsof CMOS-compaible
digital devices through the motherbmh

1.1 RCM4510W Features

e Small $ze 1.84"x 2.85"x 0.54"
(47 mm x 72 mm x 14 mm)

e Microprocessor. Rabbit 4000 runningt 2949 MHz
e Up to 40 gneral-purpose /O linesconfigurabde with upto four alternate furctions

e Upto 9additional general-purpase I/O lines(up to four of which may besd upas
araloginputs) available lrough the XBee R module

e 3.3 V I/O lineswith low-power modesdown to 2 kHz

e Six CMOS-compaible sera ports —four ports e amnfigurableas aclocked serid port
(SPI), and wo pats are onfigurableas HLC/HDLC seral ports

e Alternate 1/0O bus an be onfigured br 8 dda lines and 6ddress lines (shed with
pamllel 1/0 lines)

e 512K flash memory, 512K daa SRAM
¢ Reaal-time dock
e Watchdog supesisor

Currently therels oneproduction nodd with achoice ofXBee irmware. Table 1
sunmmairizes its main features.

Table 1. RCM4510W Features

Feature RCM4510W
Mi croprocesor Rabhit® 4000 at 2949 MHz
Flah Memay 51X
Data SRAM 51X

6 sharedhigh-speed CMOS-compztible ports:
6 are cafiguralle asag/nchranous serial ports;
4 are cofigurade asclocked ®rial ports (SR);

Serial Ports 2 are cofigurade asSDLC/HDLC serial ports
1 ag/nchronousserial pott is shared with theXBee RF modue
1 asynchronousserial pott is used during programring
XBee RF Module Digi International® xBec® zB (802.154 gandad, ISM 2.4 GHz)

ZNet 2.5 RCM4510W (ZNet) (20-101-1207)
XBee Frmware

ZigBee RO | RCM4510W (ZB) (20-101-1269)

2 RabbitCo re RCM4500W
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Section 1.3.2.1provides additond information éoutthetwo types d XBee irmware.

RCM4510W RCM4510W
PREVIEW VERSION STANDARD RELEASE
T O { Y O o

zey
o ogy
m% )
« e
X
B

Figure 1. RCM4510W Versions

Thereare two versions of the RCA510Wmodd—the standad release available ater
April, 2007, sidenticd in form and function tolte prevMew verson. The dff erence
betwea them & that the RF radule is madef discreteonboard omponents in the
preview version, and is included the pluggable Digi Intelationd® XBee® RF module
on the standad release. The haght of thepreview vesion s aso about0.01” (0.2 mm)
less han that of the standdreleae; Rabbit recommends that you use the dimensians
the standat releae spedied in this manual in your desigithe pevew version has not
undegonecertification testing andsiintendel for developmet purposes onlyThe
preview version Wl no longe be offeed one the standat release is avadble.

NOTE: At the penttime he Digi Intemational® XBee® RF modules sed with the
RCM4510V are not compdible with other XBee® and XBeePRC® RF modiles sich
as thoseuseal with Rabbit's ZigBe€/80215.4 Applicaion Kit

The RCM4510Wis programmed over a sandard PC USB part through aprogramming
cable spplied with the Development Kit.

NOTE: TheRalbitLink cannot be usd to pogramthe RCM4510W or other RabbtCore
modues baedon he Rabit 4000 mcroprocesor.

AppendixA provides dtail ed specifiaionsfor the RAM4510W

User’'s Manual 3
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1.2 Advant ages of the RCM4510W

Fast tmeto maket usinga fully engireeed, “ready-to-run/reay-to-progam” micro-
processor are.

Compditive pricing when compased with the dternative of purchasing and assenbling
individual components.

Easy Glanguage prgram devieopment and debugging

Rabbit Held Utility to downloa conpiled Dynamic C .bin files, and toning boad
options for rgid production dading of prograns.

Generous memory sizallows lage prograns with tens of thousandsf lines of ©de,
and sWbstaitial data storage.

Reference gplication ugs a low-wst, low-power ZigBee/802.15.4 infsdructure to
connect Rabbit-basedevices

Supports Zigee802.15.4 pait-to-point, pont-to-multipoint, and mesh bpologies
Easily scdable forcommercal deployment applications

RCM4510W can function as a rtevork coordinatorrouter, or end device

RabbitCo re RCM4500W
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1.3 Development and Evaluation Tools
1.3.1 RCM4510W Development Kit

The RCMA510WDevdopment Kit contains the hdware essentials you wilhead to use
the RQVI4510W module. Thé&ems in the Deelopnent Kit and their use ae as dll ows.

e RCM4510Wmadule
¢ Prototypng Boad.

e Universal AC adapte 12 V DC, 1 A (intudes Canda/Japan/Ls., Australia/N.Z.,
U.K., andEuropean sty plugs). Derelopmen Kits sotl in North Americamay contan
an AC adapterwith only a North American style plug.

e USB progranming cdle with 109in header

e 10-pin healerto DB9 seial cabe.
e 14pin IDC socket connestor with bare leads ribbon @ble.

e Digi® XBee USB (UsedaszigBee coordinator).

e Dynamic C® CD-ROM, with complete product documention on disk.
e Geting Sarted instructions.

¢ A bag of acesory parts for usen he Prototyping Board.

e Rabbit4000 Proessor EBsy Referencepostr.

¢ Registration cal.

1124

Programming
[oer] Cable ]
Universal
/ AC Adapter
with Plugs

, . Accessory Parts for
Digi XBee . ﬁﬁﬁﬁ
USB Prototyping Board ﬂ ﬂ ﬂ

RabbitCore RCM4510W

Getting Started
Instructions Cogggltgtor Prototyping Board

Figure 2. RCM4510W Development Kit
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1.3.2 Software

The RCM4510W preview versia is progammed usingversion 10.1L or later of Dynamc C,
and he standard version reqes versdn 10.21or later A compatble version is included on
the Developmern Kit CD-ROM.

Starting with Dynamc C version10.40, ByrnamicC includes the popubr pC/OS-I1 red-
time opeating sysém, pant-to-point protocol(PFP), FAT fil e sysem, RabbitWb, and
other selet libraries. Rabbit also tdrs for purchase the Rabbit EmbeddedSeaurity Pack
featuring the Secur&ockess Layer (S9.) and a specifc Advaned Encyption Sandad
(AES) library.

In addition b the Web-based tebinicd support ncluded at no extrahage, aone-yer
telephonedased tebnical support modelis also available forpurchae. Msit our Web
site atwww.rabbit.comor contad your Rabbit sales peesntaive or authorizel distribu-
tor for further nformation.

1.3.2.1 XBee Firmware

Thereare two types of XBeérmware avalable for the RCM410W — ZNet 2.5 and
ZigBeePRO. Thefirmware prdoaded & the factoly onyour RCM4510W is ndicated
with themodd numberand is refieded in diferent pat nunmbers (se€elable 1). A label on
the XBee RF rduleidentifiesthe fadory-installed firmware type. OldelRCM4510W
modules shipped withZNet firmware and donot havea sicker on tleir XBee RFmodule.

@cm451ow (ZNe@ [RCM4510W (ZB)]

e ZNet 25 is a netwdting soluton that waslevdopead around ana&lier draft of the Zig-
Beestandard, ad will work only with the MaxStream or Digi Internsiond® XBee® RF
modules used with the R@510W orwith the preview vesion of the R&14510W
Applications builtaround ZNet 2.5 may be upgied to he ZB soluton by loading the
ZB firmware (standard eleaseRCM4510W Rabbit@re modués only) and by reom-
piling the application usig Dynamc C v. 10.46 or later

e ZB firmware was developd usng the ZigBze PRO fature seand provides the most
advaned ZigBeendaworking cabilitiesthat will interfacewith any aherdevices
based on the ZigBe PRO sandard aoped in 2007.

Dynamic C v. 10.46 ad late versiors support theZB firmware with a 64bit extende
PAN ID insteal of a 16-bit RN ID

Rabbit reomnmends ZBfirmware for nev custoners and ne applications.

NOTE: Whileboth ZNet2.5 aml ZB firmware typesaretechnicdly ZigBee, he potocd
layer in them B differentanddevices with one ype of firmware will notfuncionin a
nework with devices usng the oherfirmware.

6 RabbitCo re RCM4500W
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1.3.3 Optional Add-Ons
Rabbit has a Mesh Nevork Add-On Kit avalable for the RCM4510V.
e Mesh Network Add-On Kit (Part No. 101-1272)

» Digi® XBee UB (usd as ZgBeecoordinator)

» Two XBeeZB RF nodules

» Two RFInterface modules

» Digi® XBee USBandserial cables

The XBee ZB RFmodule is intalled on theRF Interfacemoduk, which can be con-
nected via @ RS-232 seral connedion to a Wndows PCror setup. The Mesh Neork
Add-On Kit enables you to addiditional devices to explore ZigBeemesh network.

Contact your authorizd Rabbit distributor oryour sées repreentative formore informa-
tion, orvisit our\Web gte.

1.3.4 Online Documentation

The online documenti@n is ingalled along wih Dynamic C, and an icon fothe docu-
mentation menu is pte&don theworkstations desktop. Doubledick this icon toreach the
menu. If theicon is missng, useyour browserto find and load defaul t.htm in thedocs
folder, found n the Dynamic C nstallation folder

The latest versions ofall doawuments aralways avdable for freg unregisterd download
from our Wb sites as well.

User’'s Manual 7
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2. GETTING STARTED

This chapterde<ribes the RCM4510W hardware in more detal, and
explains how to set up and use the accompanying Prototyping Board.

NOTE: This chapter (and this manud) assme thatyou hawe the RCM451@V Develop-
mert Kit. If you purchagd an RCM4510W rodule by isdf, you will hawe to adaptthe
informaiton in this chapter and dsewhere © your test and cevelopment setup.

2.1 Install Dynamic C

To develop and debug pogramsfor the RCM4510N modules (and for dl other Rabhbit
hardware), you musinstall and use Dymaic C.

If you have not yet intalled Dynamic C verien 10.1 (oralater vesion), do so now by
inserting the Dynamic C @ from the Deeloprrent Kit in your PCs CD-ROM drive. f
autorun is eabled, he (D instdlation will begn autanaicadly.

If autorun is disabl@l or the instllation does not start, us¢éhe WindowsStart | Run menu
or Windows Disk Exploreto launch setup . exe from the root folder ofthe CD-ROM.

The installatbn program willguideyou through tlk installation procss. Most s¢ps of the
process areslf-explanatory

Dynamic CusesaCOM (serial) portto communicae with thetarget development system.
The installatio dlows you to choos¢he COM port tha will be used. Thelefault sdec-
tion is COML1. Yu may sele¢ any availableport for Dynamic Cs use. lfyou ae not er-
tain which port is available, ket COM1.This sdection can bechangd later within
Dynamic C.

NOTE: The installation uility doesnotcheckthesdeced COM pott in ary way. Sped-
fying aport in use by anotherdevice (mouse modem, etc.) may kad to amessagesuc
as"could not open serial port" whenDynamt C is Sarted.

Once your ingtallation is conplete, you will have up to three newicons on yaur PCdek-
top. One icanis for Dynarmic C, andher opers the documentation meru, ard the third is for
the Rabhit Field Utility, atool usedto download pecanpiledsdtware toa taget /stem.

If you have puchased any of the optionBDynamic C modules, instathem after instlling
Dynamic C. The modules may be installedany orde. You rust instll themodules in
the same dirgory whee Dynanic C was instdled.
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2.2 Hardware Connecti ons

Therearethree stepgo connetingthe Probtyping Board for use with Dynamic &hd the
sample prognas:

1. Preparethe Prototyping Board for Development.

2. Attach the RQVi4510W module to the Protgiing Board.

3. Connet the programming cableeween the RCM4510W and thé°C.

4. Connet thepower supply tohe Prototyping Board.

2.2.1 Step 1 — Prepare the Prototy ping B oard for Development

Snap in four of the platic standoffs suppliedn thebag ofaacessoryparts fomthe Devd-
opment Kit in the holes athe @rners on he botom side of the Prototypg Boad as
shown inFigure3.

NOTE: Pay atention tousethe hde that is pointed outtowards the lottom left of the
Prototyping Boad dnce the fole below it is usedfor astanddf when mourting the
RCM4510V onthe Potatyping Boad.

Figur e 3. Insert Standof fs

10 RabbitCo re RCM4500W
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2.2.2 Step 2 — Attach Module to Prototyping Board

Turn the RCM4510W module so thatémountng holes line up withhe corresponding
holes on lte Prototyping Board with the prognaming healer & the top nght. Insat the
metal standoffs asshown in Fgure 4, seare them fom the bottom usig the 440 <rews
and wahers, then insert the modusehealer J1 on the bottorside into socket RClon
the Rototyping Board.

Programming
Header

RCM4510W

00

Insert standoffs
between

mounting holes and
Prototyping Board.

oooooo

Line up mounting
holes with holes
on Prototyping Board.

$0 O g0 O DF0 OFO O ¢+

cEf5E

Figur e 4. Install the Module on th e Prototy ping Boa rd

NOTE: Itisimportant tha you line upthe pins o healer J1 of the moduk exacty with
socket RCM1 ontheProtatyping Board. Thehealer pinsmaybemme kent or damaged
if the pin dignment is offset, and the modue will not work. Permanent electrical
damag to the nodulemay alsoresult if amisaligned module is powered (.

Press thanodule’s pins gatly into the Protoyping Boad socké—press downn the area
above theneade pins. For additional integrity, you may seurethe RCM4510W to the
standoffs from the top wsing the emaining hree 440 screws ard washers

NOTE: If youare usng the preview version of
the RCM4510W, donotcomed the grogram-
ming aable © headerJ3 (shown kelow the : {
programmirg headeratright). Healer J3 & : - (EE)p Donotuse
usedonly by the factory. | Qi _Programming

Programming

4« Header
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2.2.3 Step 3 — Conne ct Progra mming Ca ble

The progamming able cnreds the modié to the PC running Dynamic C to download
programs and o monitor the modd during debugging.

Connect the 10-pin conrator ofthe ppgramming cable lzeledPROG to heaer J2 on
the RAVI4510W & shown in Figure5. Be surdo orient the marked (usually red) ege of
the cdle towards pinl of the @nnector (Do not use th®IAG connetor, which is used
for astandard seal connetion.)

Remove slot cover,
@ insert tab into slot
=
Assemble
Lgvgl AC Adapter AC Adapter
@ Snap plug into place

3-pin
power connector

Programmm\

Cable

s
+

elesie

000000000000 ok
IQ00000000000]

0000000000000
0000000 ot}

5
222

To
PC USB port

(0]
(0]
(0]
(0]
o]
o]
o]
o]
o]

0000000000000
0000000000000

000000000000 0O00OO0000

838338338358350

9090000000000000000000000 ©

000000000000000000000000L "

w OO
~ (OO0

0000000000

= O

@

Figure 5. Connect Programming Ca ble and Powe r Supply

NOTE: Neverdiscaned the programming able bypuling a the ribbon cble.
Carfully pull on theconnedor to remove t from the heade.

Connect the other ed of the progemmning cble to an =mailable USBport on yourPC or
workstation.

Your PCshould reognize thenew USBhardware, and the LEDs in te shrink-wrgped
area of theUSB progranming cale will flash — f you get an eor messge, you will
haveto instal USB drvers. Driversfor Windows XP aravalable in the Dynamic C
Drivers\Rabbit USB Programming Cable\WinXP 2K folder — doubleelick
DPInst.exe to instll theUSB drivers. Drivers for otheroperding systems araval able
online atwww.ftdichip.com/Drivers/VCRtm.
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2.2.4 Step 4 — Connect Pow er

Onceall the other conne&tionshave be@ made, you ca connetpower to the Pototyping
Board.

First, prgparethe AC adapte for the ountry whee itwill be usel by sdecting the app-
priate plug. TheRCM4510WDevdopment Kit presenty includes Canadalapay/U.S.,
Australia/N.Z., U.K., ad Europea style plugs.Snap in tle top of the plug assemblgtd
the slotat thetop ofthe AC adapteras shown in igure5, then press down on the spring-
loaded clip bebw the pug asemity to dlow the plug @asenbly to dick into plac.

Release the dip to sewre the plugassenbly in the AC adapter.

Connect the AC adapter to 3-pin headeJlon the PototypingBoard as shown inFigure5.
The connetor may be attabedeither way adongas t is notoffsetto one sde—thecenter
pin of J1 s dways conneted to tle postive terminal, and either ege pin isground.

Plug in the AC adapér. ThePWR LED on thePrototyping Bard next to he powercon-
nedor at J1 shouldight up. The R®14510W andthe PrototypingBoard arenowready to
be used.

NOTE: A RESET butonis provided onthePraotyping Baard nex to the batery holder
to allow a hadware resetwithou disconnecting power

To powerdown te Prototyping Board, unplug tle powerconnetor from J1. You should
disconnect power bdore making any cuit agustments in ta prototyping are, changing
any connetions b the boad, or removing the RCM4510W from the Prototyyy Boad.

User’'s Manual 13

Downloaded fronDatasheet.su



2.3 Run a Sample Program

If you dready hae Dynanic C instaléd, youarenow ready to &styour programming
connetions by running a saple program. &art Dynamic C by doubleelicking onthe
Dynamic C icon on youtlesktop or in youstart menu.

You may haveo sdect the COM port ssigned to the USBrogramming able on your
PC. In Dynamic C, sdect Options > Proj ect Options, then sdect this COM pot on he
“Communicaions” tab. Then chek “Use USBto Serial Converté in “Serial Options.”
Click OK to save the settings.

Find thefile poNnG. ¢, which is in he Dynamic CsampLES folder. To run the prognan,
open it wit the File meny then @mpile and runit by preseng F9. TheSTDIO window
will open on your PC and will diglay a srmall squaie bounéng aound in a box.

2.3.1 Troubles hoot ing

If you receve the messageould Not Open Serial Port, chek that the COM port
assigned to tnUSB programming able was identified and set up in Dynamic C as
descrbed in the preeding section.

If you recave the messageo Rabbit Processor Detected, the progranming cdle
may be onnected to the vang GOM port, aconnetion may befaulty, or the target
sysem may notbe poweaed up. Fst, chek to see thathe power LED onthe Prototypng
Boad islit. If theLED is lit, check both ends ofthe progammning able toensuetha it is
firmly plugged into the PC and the pgramming heaer on the RCM4510W withe
marked (colored) edge d the progianming able towads pin 1 ofthe progamming
healer. Ensure that the module is firmly and @atty inslled in its connetors on the
Prototyping Board.

If Dynamic Cappeasto compikthe BIOSsuaessfully butyou then reeive a communi-
caionerrormessge when youcompile and loada sampeé program, it ispossiblethat your
PC cannothandle the higher mgram-loading baudare. Try changing themaximum
download rée to a slower bad rate afollows.

e LocaetheSerial Options dialog on the “Commnications” tab in the Dynamic C
Options > Project Options menu. Seldca slower Ma downbad baud re.

If a progran compiles and loads, but thenloses taget communication beferyou can
begin debugging, is possibe that your PC cannothandle the dedult debugging bud
rate Try lowering the debugging baud ta as follows.

e LocaetheSerial Options dialog on the “Commmnications” tab in the Dynamic C
Options > Project Options menu. Choose a lowedebug bad rate.

Press<Ctrl-Y> to force Dynamic Cto recompile the BIOS. You shoutl recave aBios
compiled successfully messagence this step is congbed succssfully.
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2.3.2 Run a ZigBee Sample Program

Thissection @plainshow to un asample pogram in which the RCM4510W is eslin its
default setup as arouter and the Digi® XBeeUSB is usedasthe ZigBeecoordinabr.

1. Connet theDigi® XBeeUSB acing asa ZigBeecoodinator to anavailableUSB port
on your PC or workstation.otir PCshould recognizethe new USB hardwee.

2. Find thefile AT INTERACTIVE.C, which isin theDynamic C saMPLES\XBee folder.
To run the program, opehwith the File menu, then compile ard run it by pressng F9.
The Dynamic CSTDIO window will open to diplay a Ist of AT commands Type
MENU to redisplay the menu @bmmands.

= Stdio

s

Waiting to join network...
done
Cmd - Description

ATCH - Read the current channel. Will be zero if we
are not associated with a network.
ATID - Set or read the current PAN ID. If you set the 1ID you
must write it to non-volatile memory ("WR") and
then reset the network software ("NR").
ATOP - Read the operating PAN ID.
ATMY - Read the current network address. Will be OxFFFE
if we are not associated with a network.

ATSH - Read the upper four bytes of the radio IEEE address.
ATSL - Read the lower four bytes of the radio IEEE address.
ATNI - Set or read the Node Identifier.

ATBH - Set or read the maximum number of Broadcast Hops.

ATNT - Set or read the Node Discovery timeout value (in @.1s).
ATSC - Set or read the list of channels to scan. This

value is a bit-field 1list.
ATSD - Set or read the channel scan duration value.
ATNJ - Set or read the Node Joining Time value.
ATAI - Read the Association Indicator. A zero value
means we are associated with a network.
ATPL - Set or read the transmission power level.
ATVR - Read the radio software version number.
ATHV - Read the radio hardware version number.

MENU - Display this menu (not an AT command.)

Valid command formats (AT prefix is optional, CC is command):

[AT]CC BxXXXXXXX (where XXXXXX is an even number of hexidecimal characters)
[AT]CC YYYY (where YYYY is an integer, up to 32 bits)

[ATINI "Node ID String" (where quotes contain string data)

Enter AT Command:

AppendixD provides dditional configuration nformation f you expeience onflicts
while doing development sinttaneoudy with more than on&igBee coordinaor, or if
you wishto install new firmwae. Differentfirmware must be instled to usethe
RCM4510W & ether a oordinator or aan end deice
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2.4 Where Do | Go From Here?

If the sample program ra fine, you ae now realy to go on b thesampleprograms in
Chapter 3 and todeveop your own @plicaions. Thesampleprograns can be eaily modi-
fied for your own use. Thasers manual aso provides complete hardvare refeenceinfor-
maion and softvarefundion alls forthe RCM4510W sees of modules andthe Protdyping
Boad.

For advanced devepmaent topics, réer to theDynamic C Use’s Manual, also n the
online documatationset.An Introduction to ZigBeeprovides backgrundinformationon
the ZigBeeprotoml, and is available on the CD and on oureb site

2.4.1 Technical Support

NOTE: If you pucchase your RCM4510W througha dstributor or through a Rabi
partner, cortad the didributor o patner first for techricd support

If there ae ay problems at this point:
e Use tle Dynamic C Help menu to get furtheassisance with Dynamic C.

e Ched the Rabbit Technicd Bulletin Board and foums at www.rabbit.com/appot/bb/
and atwww.rabbitcom/forums/

e Usethe Tedhnicd Support e-mail form atwww.rabbit.com/support/
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3. RUNNING SAMPLE PROGRAMS

To devel@ anddebug prograns for the RCM4510W (andfor all
other Rabbit hardware),you nust ingtall and use Dy@amic C.
This chaper provides aour d its mgjor feaures wth regpect ©
the RCM4510W.

3.1 Introductio n

To help familiarize you withthe RCM4510W modules, Dynamic @cludes seval sam-
ple prograns. Loading, exeauting, and studyig these progams wil give you a solid
hands-on owiew of the RCM4510Ws capailities, as wé as a quick start with
Dynamic C as anpplication development tool

This chater providessanple programs thatillustrate thedigital 1/0 and ®rial capabilities
of the RAVI4510W RabbitCore module. Séion 6.2 discusses the samplegiams that
illustratethe ZigBeefeatures.

NOTE: Thesanple programsasume hatyou haw a leas an elemenary grasp of the C
language If you donot, seethe introductory pages of the Dynamic C Usets Manual
for a sugesed readnglist

In arder to run the sanple programs disaussed in this chapter andelsewhere in this mantal,

1. Your modulemust be plugged in to therétotyping Board a described in Chaptel2,
“Getting Sarted.”

2. Dynamic C must be instadld and running on your RC

3. Theprogranming cale must connet the progammng hederonthe module to your
PC.

4. Powermust be gplied to themodule through the PrototymrBoard.
Refer to Chapter 2, “Getting Sarted” if you neel further infomation on thesateps.

To run a sanple program, open it withhe File menu, thenampile and run it ly pressing
Fo.

Ead sample progran has comnents tha describe the pyose andunction of the pro-
gram. Folow theinstrudions at the bginning of the saple program.

More complete information on Dynamic Csiprovided in theDynamic C Use’s Manual.
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3.2 Sample Programs

Of the many saple programs included witBynamic C, severa are speific to the
RCM4510W modules. Thegerograms will be found in theaMPLES\RCM4 500w folder.

e CONTROLLED.C—Demonstates use athe digital outputsby hasing you turn LEBs
DS2 and DS®n the Prototping Board on or of from theSTDIO window on your E.

Pamllel Port B hit2 =LED DS2
Pamllel Port B bit 3 =LED DS3

Oneae you compile ad run CONTROLLED. ¢, the following dsplay wll appear in the
Dynamic C STDIO window

=10/

<{< Proto-board LEO= )

From PC kevboard:
Select 22052 or 3=053 to toggle LEDs

4 Press "Q" To Quit *

Press “2” or “3” on your keyboad to seletLED DS2 or DS3 on the Prototypig
Board. Then follow the prompt irhe Dynamic CSTDIO window to turn the LED ON
or OF-. A logic low will light up te LED you seleted.

e FLASHLED1.Cc—demongtates the use @fssemblydnguage to flsh LEDs D and
DS3 on the Protgping Board adifferent rdes. Once you ha compiled andun this
program, LEDs DS2 and DS3 willash onbff at different rates.

e FLASHLED2.C—demongtates the use afofundions and ostatements o flash LEDs
DS2and 83 on theProtoyping Board & different rates. One you hare compiledand
run this progran, LEDs D and DS3 will flash on/of at different raes.
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e TAMPERDETECTION.C—demongiates how to detd an attempt to enter tih@otstra

mode. Wha an attemptis detectd, the batterybackel onchip-enciyption RAM onthe
Rabbit 4000 ierasel. This batery-backed ondip-enciyption RAM can beuseful to
storedata suchsan AES engmption key from a renote location.

This sample progra shows howd load and read the batteryackead onchip-enciyption
RAM and how to eable a visual indicator

Onee this samp# is compiled and running (you pressgehe F9 key while thesanple
program is open), raove the progimmng cable and pess he rese button on the
Prototypng Baard to resé the nodule. LEDs D@ and DS will beflashingon and off.

Now press switch S® load the bitery-backed RAM with tle enayption key. The
LEDs ae nowon mntinuously Noticethat the LEDs will stay onevenwhenyou press
the eset button onhie Prototyping Board.

Remnnect theorogramming chle briefly and unplg it again to smulatean attempt to
access he onchip-encyption RAM. The LEDs will beflashing becase the battgr
backed onbip-enciyption RAM has bee erased. Notice thathe LEDs will continue
flashing even when you press the reet buton on the Prototyipg Boad.

You may press switch Sagain and rpeat thelast steps to wadch the LEDs.

¢ TOGGLESWITCH.C—demonstrdes the use of ostatements b deect switch preses

using the presand-elease method ofdebouncing. LEDs B2 and 83 on the Proto-
typing Board ae turned oniad of when you press switcB&2 and S3. Zand 3 are
controlled by FB4 and PB respedively.

Onceyou have loadtand exeuted thesdive progams and havan understanding of
how DynamicC and the RCM4510W modedinterad, you @n move on and try thether
sample prognas.
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3.2.1 Serial Communication
The following sample progms ardound n the SAMPLES\RCM4500W\SERIAL folder.

e FLOWCONTROL.C—This progam demonsates how ta@onfigure Serial Port D for
CTSRTS flow control with seial datacoming from SerigPort C (TxC) at115,200 bp.
Theserial déarecived ae displayed in th6 TDIO window

To sd up the Prototypin@oard, you wil nead to te TxD and RxD
togethe on the R&32 haderat J4, and you wililso tie TxC and ez
RxC togeher using he jumpers suppled in the Development Kit as DJ4
shown in the diagm.

A repeding triangular patten should print outm the STDIO window
The pogram will periodicdly switch flow control on or off to demonstate the efed of
flow control.

If you have two Prototypg Boads with modules, run thisanple progran on the
sending boad, then disconnéc¢he programmig cableand resethe sending board so
that the module is opdrag in the Run mode. Caad TxC, TxD, and GND on he
sending boardto RxC, RxD, aand GND on theotherboard, then, with the pogramming
cable dtached to the other modulayrr the sampé program.

e PARITY.C—Thisprogram demonstrasehe use of paity modes by
repeaedly sending byte value$-127 from SerialPort C to Serial Port D. RXCTxC
The program will switch betwe@& generating parity or not on &ial - lo 4
Port C. ®rial Port D will always be cheking parity so paity errors nome e

should ocar during evey other sequece.

To sd up the Prototypin@oard, you wil nead to te TxC and RxD togethe on the
RS-232 headeat J4 using one of the jumpeaupplied in the Deslopment Kit as
shown in the diagm.

The Dynamic CSTDIO window will disply the eror sequace.

e SERDMA.C—This programdemonstiates usirg DMA to transfer datafrom a arcular
buffer to the seial port and viceversa. The Dynamic CSTDIO window is usdto view or
clearthe huffer.

Before youcompilke and run he sanple program, you

will neal to connettheRS-232 hade a J4 to yur PC
as shown irthe digram using lie serial to DB9 cale Colored
supplied in the Devdopmert Kit. edge >

Onceyou hare ompiled and run he sanple program,
start Tera Term or anoher terminal emuldion progran
to conred to thesekded PC srial portat a baudate of
115200 bps.You can dserve the otputin the Dynamic C
STDIO window as you type inéfa Term, and you can
also use the Dynaine CSTDIO windowto clearthe
buffer.

The Tera Term utility can bedownloaled fom
hp.vector.co.jpauthorsNVA 0024 16/eratem.html.

o |RxC

N

| O

(o]
RxD|o o|TxC

O O

GND [© ©

TxD
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e SIMPLE3WIRE.C—This progam demonsates bac RS-232 sera
communicaion. Lowe case chaaders ae sent on TXC, andear RxC TxC
recaved by RD. Thereaived chaaders ae conveted to upper ase J4
and ae sent out oTxD, arereceived onRxC, and ae displayel in the oo
Dynamic C STDIO window.

To sd up the Prototyping &rd, you wil need to te TxD and RxCtogethe on the
RS-232 headeat J4, and you will alsoeiRxD and TxC ogeher using be junypers
supplied in the Devepment Kit as shown in the diagm.

e SIMPLESWIRE.C—This progam demonsates 5-vire RS 232 seial communication
with flow control on Seral PortD and data flow on SeridPort C.

To sd up the Prototyping &rd, you wil need to te TxD and RxD
togethe on the R232 haderat J4, and you willso tie TxC and RETC
RXC bgether using tle jumpers suppied in the Development Kit as DJ4
shown in the diagm.

Oncae you havecompiled and run tis progran, you @n test flow con-

trol by disconnettng the TxDjumperfrom RxD while the progran is running.Charac
terswill no longer ppea in the STDIO window and will diglay again once TxD is
connecte back to RxD.

If you havetwo Prototypirg Boards with modules, run this samgprogran on the
sending boad, then disconnéc¢he programmng cableand resethe sending board so
that the module is opdrag in the Run mode. Coad TxC, TxD, and GND on he
sending boardto RxC, RxD, aad GND on theotherboard, then, with the pogramming
cable dtached to the other modulayrr the sampé program. Once you hae compiled
and run ths program, you ca test flow control by dsconnecting TxD fom RxD as
before while the progam isrunning.SincetheJ4 hade locations on hetwo Prototyping
Boards are onrectedwith wires there ae nodip-on jumpersat 31 oneither Pototyping
Boad.

e SWITCHCHAR.C—This piogran demonstetes transnitting and hen iecaving an
ASCII stringon Seial Pors C and D. lalsodisplays theseral daareceved from both
portsin theSTDIO window

To sd up the Prototyping &urd, you wil need to te TxD and RxC
togethe on the R&32 haderat J4, and you wililso tie RxD and RXC TxC
TxC togeher usng thejumpes supplie in the DevelopmentKit as J4
shown in the diagm. XD RxD GND

Once you havecompiled and rurthis progran, press and fease
switches 2 and S3 on the Protgiing Board.The data sent lieveen the seal ports
will be displayed in theSTDIO window
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e IOCONFIG SWITCHECHO.C—Thisprogram demonsates how ted up Serial Ports E
and F, which then transmi and then reacive an ASCII string when switch S2 or S3 is
pressed. Theahodl seial dataare displayel in the Dynamic CSTDIO window.

Notethat thel/O lines thatcary the Serial Port E ad F signals & not theRabbit 4000
defaults. TheSerial Port Eand F 1/0Olinesare anfiguredby cdling thelibrary function
serEFconfig () thatwas gneratedy the Rabhit 400010CcONFIG. EXE Utility program

Note tha thercM45 29MHZ IOCONFIG.LIB library geneeted byIoCONFIG.EXE toO
support this ample progran is provided in the Dymaic C SAMPLES\RCM4500W\
SERIAL folder.

Seial Port E is configuré to use Parallel Port E bts PE6 and PE7. These signaks ar
available on the Prototypg Boad's Module Extesion Header(healer J2).

Seia Port F & configured to use Palal Port C bits P and RC3. Thesesignds are
available on the Prototypg Boad's RS-232 connéar (header J4).

Seial Port D sleft in its defalt configuration,using Rrallel Port C bits RCO and PQ.
These signals aravailable on thérototyping Board's R5-232 mnnector (header J4).
Seaial Pott D transnits and then recavesan ASCII string with Serial Port F when
switch S3 igressed.

To set up the Protatping Boad, you wil nead to tie TxC

and RxD togeher on the R&232 heade at J4 usig the . Jf .

jumpers supplied in the Delepment Kit; you will also /RST,OUTJcE o; IORD 14

tie TXE (PE6) and RXE (PE7) togther with asolderel pEs|o | 7E6 s

wire or with a wirejumpe if you havesoldered in the oo o oo 71019.8RC

IDC heade suppled with the &cessory parts in the o o roene 0o

Devdopmaent Kit. PD7ILN7 [0 O | CVT GNDlo ©
VREF |0 O| AGND

Once you have compiled andun this program, press and
release switches S2or S3 on the Prototypig Board. The data ehoed béwveen the segal
ports will be displyed in theSTDIO window
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3.2.2 Real-Time Clock

If you plan to usethe red&time clockfunctiondity in yourapplicaton, you will need to set
the raal-time clock. Usethe SETRTCKB. ¢ sample pogram fom the Dynamic C
SAMPLES\RTCLOCK folder, and follow the onscren prompts. Th&Tc TEST.c sanple
progran in the Dynanic C SAMPLES\RTCLOCK folder provides additional examples of
how to ead and sé thered-time clock.

3.2.3 ZigBee Sample Programs

Section 6.2 describethe sample prograns assodated with he XBee RF nodule.
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4. HARDWARE REFERENCE

Chaper 4 degribesthe hadware comnents andprincipal hadware
subsystems of the RCM4510Wppendix A, “RCM4510W Specifica-
tions,” provides complete physical and electrical ggations.

Figure6 shows he Rabbit-based subsysinsdesignad into the RCM4510V.

32 kHz || 29.49 MHz
osc osc Customer-specific
applications

SRAM RABBIT® CMOS-level signals
Flash 4000 Level
converter
I
ZigBee Modem with RS-232, RS-485
A/D Converter serial communication
drivers on motherboard
and I/O
RabbitCore Module
Figure 6. RCM4510W Subsystems
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4.1 RCM4510W Digital Inputs and Outpu ts
Figure7 shows he RCM4510W pinoutdor healers J1 and J4.

J1
+33V_INLC_|®m o[ ] GND
/RESET_OUT[ |o o[ J/IORD
/IOWR[ ] o o[ ]1/RESET_IN
VBAT_EXTL_|o o[ ] PAO
PA1 o o[ ]PA2
PA3[| o o[ ] PA4
PA5| o o[ ] PA6
PA7 | o o[ ] PBO/SCLK
PB1/CLKAC | o o[ ] PB2
PB3[ o o[ _]PB4
PB5( o o[ _]PB6
PB7 o o[ ]PCO
PC1[jo o[ PC2
PC3[|o o[ ] PC4/MOSI
PC5/MISO[| o o[ ] PC6/TxA
PC7/RxA[ | o o[ ] PEO
PE1[ o o[ ] PE2
PE3[ |o o[ ]PE4
PE5/SMODEQO[ | o o [ ] PE6/SMODE1
PE7/STATUS [ | o o[ ] PDO/LNO
PD1/LN1[] o o[ ] PD2/LN2
PD3/LN3[| = o[ ] PD4/LN4
PD5/LN5[ | o o [ ] PD6/LN6
PD7/LN7[ | o o[ ] CONVERT
VREFL | o o[ _JGND

Note:

The J1 pinouts are as seen on
the Bottom Side of the module.

J4
ADCO/DIOOL_|®m o [ ] ADC1/DIO1
ADC2/DIO2[ |5 © [ ] ADC3/DIO3
GND[ | o o[ ] GPIO8/VREF
nc.|o o[ ]J+33V
SYS PWR_ON[|o o[ ] GPIOO
GPIO13[jo s [Jn.c.
GPIO15[|= =[] GPIO16

n.c. = not connected

Figure 7. RCM4510W Pinout

Headers J1 isastandad 2 x 5 IDC headewith a nonnal 1.27mm pitch, ancheade J4 is
a standed 2 x 7 IDC hederwith anaminal 2 mm pich.
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Figure8 shows e use of the Rabbit 40Q@icroproessor ports inhe RCM4510W

modadules.

PCO, PC2 Port C
PC1. PC3 (Serial Ports C & D)

PB1, PC6, STATUS
PC7, IRES,
SMODEO, SMODE1

PC4, RxD+ 4u
PC5, TxD—

PAO-PA7 PRy OB7 PDO-PD7
Port D
Port A Port B (RCM4510W only)
Port E - PEO-PE7
RaBBIT® ‘
4000
Serial Ports E & F
S e RES_IN
Programming eal-Time Cloc ;
. Port Watchdog Misc. I/0
(Serial Port A) 1 Timers /RESET_OUT,
zigBe_eT"' Modem Slave Port ;:85\/%
(Serial Port B) Clock Doubler
RAM Backup Battery Flash

Support

Figure 8. Use of Rabbit 4 000 Ports

The ports on the Rabbit 4000aroprocessa used in he RCM4510W ae configurable,
and so the fetory detults can beemnfigured. Bble 2 lists the Rabbit 41D factory
defaults and the alternde configurdions.
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Table 2. RCM4510W Pinout Configurations

Pin Pin Name Default Us e Alternate Use Notes
1 +3.3V.IN
2 GND
Reset output from Reset
3 /RES OUT Rest output Restinput Gererator orexternal
reset input
4 /IORD Output External YO read $robe
5 /[IOWR Output External I/O write strobe
6 /RESET IN Input Inpu to Rest Gereratar
7 VBAT_EXT Batteryinput
Slave pot datbus
(SD0-SD7)
8-15 |PA[O: Input/Output
[0 P P Extermal I/O data kus
(ID0-ID7)
SCLK
16 PBO Inpu/Output External I/O Address SCLKB (reerved for
future use)
IA6
S SCLKA Programming port
& |17 PB1 Inpu/Output Externa 1/O Address CLP% A gp
©
3 IA7
I
/SWR
18 PB2 Inpu/Output External 1/0 Address
IAQ
/ISRD
19 PB3 Inpu/Output Externa I/0O Address
A1
SAO0
20 PB4 Inpu/Output Externa 1/0O Address
1A2
SA1l
21 PB5 Inpu/Output External 1/0 Address
IA3
/SCS
22 PB6 Inpu/Output Externa 1/0O Address
IA4
/SLAVATN
23 PB7 Inpu/Output Externa 1/0O Address
IA5
28 RabbitCo re RCM4500W
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Table 2. RCM4510W Pinout Configur ations (cont inued)

Pin Pin Name Default Us e Alternate Use Notes

TXD

1/0 Srobe 10
Timer CO
TCLKF

24 PQO Inpu/Output

RXD/TXD Seial Pat D
1/0 Strobe 11
25 PCL Inpu/Output Timer C1
RCLKF

Input Capture

TXCITXF
26 PC2 Inpu/Output 1/0 Strobe 12
Timer C2

RXC/TXC/RXF Seial Pat C
I/0 Strobe 13
27 PC3 Inpu/Output Timer C3
SCLKD

Input Capture

TXB

1/0 Srobe 14
PWMO
TCLKE

28 P4 Inpu/Output

Header 1

Serial Port B (shared by
RXB/TXB XBee RF madule)
1/0O Strobe 15

29 PGS Inpu/Output PWM1
RCLKE
Input Capture

TXAI/TXE
30 PG6 Inpu/Output 1/0 Strobe 16
PWM2

RXA/TXA/RXE
1/0 Srobe 17

31 PCr Inpu/Output PWM3

SCLKC

Input Capture

1/0 Strobe 10
A20

Timer CO
TCLKF
INTO
QRD1B

Programming port

32 PEO Inpu/Output
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Table 2. RCM4510W Pinout

Configur ations (cont inued)

Pin

Pin Name

Default Us e

Alternate Use

Notes

33

PE1

Inpu/Output

1/0 Srobe 11
A21

Timer C1
RXD/RCLKF
INT1
QRDI1A

Input Capture

34

PE2

Inpu/Output

1/0 Strobe 12
A22

Timer C2
TXF
DREQO
QRD2B

35

PE3

Inpu/Output

1/0 Strobe I3

A23

Timer C3
RXC/RXF/SALKD
DREQ1

QRD2A

Input Capture

Header 1

36

PE4

Inpu/Output

1/0O Srobe 14
/AO

INTO
PWMO
TCLKE

37

PESSMODEO

Inpu/Output

1/0 Strobe 15
INT1

PWM1
RXB/RCLKE

Input Capture

PES5is the default
configuration

38

PEGSMODE1

Inpu/Output

1/0O Srobe 16
PWM2

TXE
DREQO

PEG6is the default
configuration

39

PE7STATUS

Input/Output

1/0 Strobe 17
PWM3
RXA/RXE/SCLKC
DREQ1

Input Capture

PE7is the default
configuration

30
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Table 2. RCM4510W Pinout

Configur ations (cont inued)

Pin

Pin Name

Default Us e

Alternate Use

Notes

HeaderJ1

40

PDO

Inpu/Output

1/0 Srobe 10
Timer CO

D8

INTO
SCLKD/TCLKF
QRDI1B

41

PD1

Inpu/Output

IA6

1/0 Strobe 11
Timer C1

D9

INT1
RXD/RCLKF
QRDIA

Input Capture

42

PD2

Inpu/Output

1/0 Srobe 12
Timer C2
D10

DREQO
TXF/SALKC
QRD2B

43

PD3

Inpu/Output

IA7

1/0 Srobe 13
Timer C3
D11
DREQ1
RXC/RXF
QRD2A

Input Capture

44

PD4

Inpu/Output

1/0 Strobe 14
D12

PWMO
TXB/TCLKE

45

PD5

Inpu/Output

IAG

1/0O Srobe 15
D13

PWM1
RXB/RCLKE

Input Capture

RCM4510W only
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Table 2. RCM4510W Pinout

Configur ations (cont inued)

Pin Pin Name Default Us e Alternate Use Notes
1/0 Strobe 16
D14
46 PD6 Inpu/Output PWM2
TXAI/TXE
A7 Seial Pat E
1/O Srobe 17 (RCM4510W only)
= D15
47 PD7 Inpu/Output
% purtip PWM3
I RXA/RXE
Input Capture
48 CONVERT Analog Input
Reservedfor future ue
49 VREE Analog efererce
voltage
50 GND Grourd Grourd
1 ADCO0/DIO0 Input/Output Analog Inpu Software-slectale
2 ADC1/DIO1 Input/Output Analog Inpu Software-slectalle
3 ADC2/DIO2 Input/Output Analog Inpu Software-slectalle
4 ADC3/DIO3 Input/Output Analog Inpu Software-slectale
5 GND Grourd
Analog refeence votage Software-seledable,
6 GPIO8/VREF | Input/Output 9 9 aralog ref. woltage rot
(1.2V)
preently sipported
o | n.c.
3 8 +3.3V
5
T Used ty XBee RF
modue to placeor
9 SYS PWR_ON | Output remove remaning
RCM4510W circuitry in
“sleep” mode
10 GPIOO Inpu/Output
11 GPIO13 Input/Output
12 n.c.
13 GPIO15 Input/Output
14 GPIO16 Input/Output
32 RabbitCo re RCM4500W
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4.1.1 Memory | /O Interface

The Rabbit 4000 addse lines (A0—-A19) and H the daa lines (DO-D7) &e routed inter-
nally to theonboad flash memoy and SRAM chips. 1/0 write (IOWR) and 1/0 real
(/IORD) are available r interfacing toexternd devices, and g dsousel by the
RCM4510W

Paallel Pott A can also be used as an extid /O daa busto isolae externd 1/0 from the
main ddabus. Padllel PortB pinsPB2—FB7 can dso be usal as an auxiliary address bus.

When using thexernal 1/0 bus forany reason, you rast add theollowing line a the
beginning of your progra.

#define PORTA AUX IO // required to enable external I/O bus

Selected pins on Pall@l Ports D and Essspedfied in Table 2 may be useddr input
cgpture, quadraure deoder DMA, and pulse-wdth modubtor purposes.

4.1.2 Other Inputs and Outp uts

The STATUS and the two SRADE pins SMODEO ad SMODE1, @n be boughtout to
healer J1 inseal of thePE5—PEDins & explained in AppendiA.6.

/RESET _N is nomdly assocated with theprogramming port, bunay be used asma
extemnal input to reet the Rabbit 4000 micropocessor ad the RCM4510W memory
/RESET_OUT is an output from theset ciraitry that can beused to reset other
peripheal devices.

4.1.3 Auxiliary I/0

Up to nheadditiond digital 1/0, up to fourof which may be onfigured in softwee &
andog inputsa+3.3V DC powersupply pointandground, aadaSYS_RNVR_ONline are
brought out on auxiliar{/O healer J4.Sedion 4.4 describesthe use ofthese lines in more
detail.
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4.2 Serial Communi cation

The RCM4510Wmodule dos nothave any saal driver or reiver chips drectly on the
board. Hovever, a seral intefface may bdancorporaed on he board the RCM450M is
mounted on. For example, the Protgping Board ha an R&232 transceive chip.

4.2.1 Serial Ports

Thereare sixseial ports designatedséerial Ports A, B, C, D, E, and.FAll six seral
ports ca opeste in an aynchronous modap tothe baud rate dhe sysém clock dvided
by 8. An asyncltonousport can handle7 or 8 déa bits. A 9th i address schemeavhere
an additional bits sent to mark thBrst byte ofa messages adso supporte.

Serial Pat A isnomally used aa progammning port, but may be udeither as a asyn-
chronous or as a clocked kport once apation devéopment has been completed and
the RQMI4510W is opegting in the Run Mode.

Serial Pat B is shard with the RCM4510W modué's asynchronous XBe&F moduk.
Flow control for the XBe®F module isprovided fromthe Rabbit000 RxD+ and TxD—
Etherne pins.

Serial Ports Cand D ca aso be opertad in the clockal seial mode. In thignode, a clock
linesynchronouslylocks the déa in orout. Either of the twocommuncating device can
suppl the dock. Note that PD2 and Pdovide the SCLKGnd SCLKD outputs auto-
maticdly when Seial Potts C and D are set up aslocked sera ports

Serial Pats E and Fcan also be onfiguredas SDLC/HDLC serid potts. ThelrDA proto-
col isaso supported in[3BLC format by these two portSenial Ports Eand Fmustbecon-
figured bdore they can beused. The saple programIoCoONFIG SWITCHECHO.C in the
Dynamic CsaMPLES\RCM4500W\SERIAL folder shows how to configur8erial Forts E
and F
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Table 3 summaries the possile parall el port pns for theserial ports and theirlocks.

Table 3. Rabbit 4000 Serial Port and Clock Pins

TXA PC6, PC7, PD6 TXE PD6, PE6, PC6
Serid Port A RXA PC7, PD7, PE7 RXE PD7, PE7, PCY
Seial Pat E
SCLKA PB1 RCLKE | PD5, PE5, PC5
TXB PC4, PC5, PD4 TCLKE |PD4 PE4, PGY
Serid Port B RXB PC5, PD5, PE5S TXF PD2, PE2, PC2
SCLKB |PBO RXF PD3, PE3, PC3
Seial Pat F
TXC PC2, PC3 RCLKF | PD1, PE1, PCL
Serid Port C RXC PC3, PD3 PE3 TCLKF |PDO PEO, PO
SCLKC |PD2, PE2, PEZ, PC7
TXD PCO, PC1 RCLKE andRCLKF must be selectedto be onthe
Serial Port D RXD PC1 PD1 PE1 sane parallel port asTXE ard TXF respectively.
SQLKD PDO, PED, PE3, PC3

4.2.1.1 Using the Seri al Ports

The reedve lines onthe RCM4510W seral ports do not havepull-up resisors. If you ae
using theserial ports without areceaver chip(for examplefor RS-422, RS-232, o0RS485
serial @mmunicaion), the é&senceof a pull-up reistor on the reeiveline will li kely lead
to line beaks beng ganerded since line ks ae normally geneted wheneve the
recive lineis pulledlow. If youare opeating asera portasynchronouslyou an inhibit
chaader assenbly during bresks by settng bit 1 in he correspondig Seral Port
Extended Regist to 1. Should youneed inebreaks, you will haveto either add gul-up
resistor on your motherbmhor use aeciver that incorporates the circuits to have the
output default to he nonbred levels.

The Dynamic Crs232.LIB library requires you to define thenacrors232
NOCHARASSYINBRK t0 inhibit brek-chaader assenbly for all the serial ports.

#define RS232 NOCHARASSYINBRK

Thismecro is alredy defned so hat it is the default behavior for thesample prograns in
the Dynamic C sAMPLES\RCM4500W\SERIAL folder.
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4.2.2 Programm ing Port

The RCMA510Wis programmed via the 10-pin laelerlabeled J2. e programming pat
usesthe Rablit 4000s Seial Pat A for conmurication. Dynamic C usethe progranming
port to davnload and debug mgrams.

Serial Pat A is dso usal for the following opestions.
¢ Cold-boot he Rabbit 4000 on the RCM&LOW after a reset.

e Fast copy degnaed portions offlash menory from oneRabbit-based boad (the
maste) to anothelthe slavelusng the Rabbit Gining Board.

Alternate Uses of the Programming Port

All three Srial Port A signak are aval able as

e asynchronous setigort

e an asynchronous sl port, with theclodk line usable s.a geneal CMOSI/O pin

The progamming pot may aso beused as aerial port via theDIAG conne&tor on the
progranming cale.

In addition b Seral Port A, theRabbit 4000 startup-mod&YIODEO, SMODE1),
STATUS, and reset pins aravalable on he progranming port.

The two startup-modgins detemine whathapp@s aftera reset—tre Rabbit4000 is
either old-bookd or the progam begins exeting & address 0x0000.

The status pinsiused by namic C to ddermine whethera Rabbit ncroprocessor is
presat. The siatusoutput has theedifferent programmable funtons:

1. It can be diven low on he first op code étch oycle.
2. It can be diven low during an interruptcgknowledgecycle.

3. It can dso seve & ageneal-purposeoufput on@ a pogram has been downloatand
IS running.

The reset pin § an externdinput that is ud to reset the Rabbit 4000.

Refer to the Rabbit 4000 Microprocesor User's Manual for more information.
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4.3 Program ming Cable

The progamming cble is used to connethe progranming port of the RCM510Wto a
PC seral COM port. Theprogramming cableonvets the RS-232 vtdge levels used by
the FC sera port b theCMOS votage levels used by the Rabbit 4000.

When te PROG connector on th@rogramming cablés connected to theRCM4510NV
progranming port, programs canbe dowvnloaded ard debugged over the serial interface.

TheDIAG connectorof the progranming cable may be ustonheade J2 of the
RCM4510W with the RM4510W opeating in he Run Mode This allows the pogram-
ming pot to be usd as a rgular seral port.

4.3.1 Changing Between Progra m Mode and Run Mo de

The RCMA510Wis automaticdly in Progran Modewhen the®PROG connector on the
progranming cale is attached, ad isautomaticdly in Run Mode whe noprogramming
cableis attated. When the Rabbit 80 is resd, the opeating modeis detemined by the
status of the SMMODE pins. When the progamning able’s PROG connetor is attache,
the SMODE pinsia pulled high, placing th&®abbit4000 in the Progim Mode. Wien the
progranming ca&le’'s PROG connetor is not dtached, the SMODE pins apailled low,
causng the Rabbit 4000topeatein the Run Mode.

RESET RCM4510W when changing mode:

Press RESET button (if using Prototyping Board), OR
Cycle power off/fon

after removing or attaching programming cable.

3-pin
power connector

g
\‘J" RESET

Programming
Cable

Colored !
edge

To
PC USB port

40 O G0 O DF0 OFO O ¢

oooooooooo

Figur e 9. Switc hing Be tween Program Mode and Run M ode
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A progran “runs” in @thermode butcan only be downloadkand debuggkewhen the
RCM4510W is in he Program Mode.

Refer to the Rabbit 4000 Microprocesor User's Manual for more infomation on the po-
gramming port.

4.3.2 Standalone O peration of the RCM4510W

Once theRCM451L0W ha been programmed successfully, remove theprogamming cable
from the progamming cnnector ad resethe RCM4510W The RGM4510W may be
rese by cycling, the poweroff/on or by presing theRESET button on e Prototyping
Board. The RCM4510W modalmay now be emoved fom the Prototypig Boad for
end-usdnstallation.

CAUTION: Powerto the Protatyping Board or otherboads shauld be dsconnected
when removing orinstalling yaur RCM4510W module © protect agang inadvetrtent
shorts aciossthe pnsor damageto the RCM4510W i the gnsare nd plugged in cor-
recty. Do nd reaply powerurtil you have erifi edtha the RCM4510W nodule is
plugged n correcty.
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4.4 Auxiliary 1/O
4.4.1 Digital I/0

The RCM4518V modules’ XBeeRFmodulehas upo five geneal-purpose/O on hader
J4 — GPIOOGR 08, GPIO13, ®I015, andGPO16. Table 4 provides thamames usein

Dynamic C for thee pins and their default configurations.

Table 4. XBee RF Modul e GPIO Pin Setup

J4 Pin Schematic Na me Dynami c C Name Default Configura tion
10 GPIOO DIO 05 Digital Output (high)
6 GPIO8 DIO 12 Digital Input (pulled up)
11 GPIO13 DIO 04 Digital Output (high)
13 GPIO15 DIO 10 Digital Output (high)
14 GPIO16 DIO 11 Digital Input (pulled up)

All the pins hae the following software&onfigurable features.

e Seletable as input or output.

e Output is either sinking or sourcing, amay beset up for alefault high or low

e Can bepulled upintemally.

Thefour dgital I/0, DIO0-DIO3, ae similarto thegener-purpo® /O, but nay inseal
by configurel in software as ankog inputs.

NOTE: The XBeefirmware asociated with Dynamic C v 10.46 doesnotsyppott 1/0

read for RCM4510W RabhitCore nodues set uas API coardinators or as Al routers.

The input switching threshold tveeenlogic 0 andlogic 1is 0.66-2.64 VDC, and te out-
put svitching threshold beéween logic 0 and logic 1 is 0.59-2.71 V DC.
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4.4.2 A/D Converter

The RM4510W modules’ XBee Rmodule has fouinputs on heder J4 hat may be set
up in software as ankog inputs.

The fouranalog input pis, ADCO—ADC3, eah hare an inputmpedanceof 6—7 M,
depending on wether thg areused asingle-endedor differential inputs. The input signal
canrange fom -1.2 V to +1.2 Vdifferential mode) or fom 0 V to +1.2 V (single+eded
modae).

Use a raistor divder such ashte oneshown in kgurel0 to measurevoltages abovel.2 V
on the andog inputs.

RO

ADCO ——AAN, ADC
(RCM4510W
ADC1 ——AAN, ° ZigBee [—
RO modem)

— l R1 R1
:[: 3 VREF

AGND =

‘\}_

Figure 10. Resistor Divider Network for Analog Inputs

The R1 resistors artypicdly 20 kQ to 100 K2, with alower resigance lealing to more
accuracy, but at the ¥pense ofa higher arrent draw. The RO resistors woultdn be
180 kQ to 900 K2 for a10:1 atenuator The cgacitor flters noise pulses on the A/D
conveter input.

The A/D monvertercan only acept positive volages. Wth the R1 resistors conned to
ground, your anag circuit iswell-suited to peform positve A/D convesions. \\hen the
R1resistors are tied to groundfor differertial measiremerts, bath differentialinputs must be
referenced to anbbg grourd, andboth inputs mug be pasitive withresped to amalog
ground.
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If a devicesuch as a btery is
conneted acoss two chanrie
for adifferenia measuement
and itisnot referenced to
aralog ground, hen the current
from thedevicewill flow
through boh ses of attenuator
resistors withoutlowing back
to analog groundssshown in
Figurell. This wil generate a
negative voltagat one of the
inputs, ADC1, which will almost
certainly leadto inaccurate A/D
convesions. © m&ke such diferential measurenents, connet the R1 resisors  the A/D
conveter's intemal referencevoltage which is1.2 V. This internal rderencevoltage can
be @onfigured in softwae to be aailable on pn 6 of haderd as VREF, and alowsyouto
convertanaloginpu voltagesthatare regaive with respectto anabg gound.

ADCO ADC

ADC1

Figure 11. Current Flow fr om Ungrou nded
or Floating Sou rce

NOTE: This sottware configuraion gotion for VREF ard diff erential measirement are
not suppated 4 thistime.

NOTE: The anplifier indde the A/D corverter’s internal voltagereference drcuit hasa
very limited ouput-current capaility. The nternal buffer can saurce upto 20 mA and
sink only upto 20 pA. Use aseprate buffer ampifier if you need b supply any load
current.

4.4.3 Other Pin Features
Thereare two other fatures broughtout on the axiliary 1/0 heade J4.

e Theeisa+3.3 V pover supply poinbn pn 8,which can deliver up to 25 mAté8.3 V
DC. This powemsupply point s esentially afil tered and isolated version of the rgu-
lated +3.3 V DCpowae that issupplied tatheRCM4510W RibbitCoremodule through
pin 1 of headerJl from the materboad.

e TheSYS_PWR_ON signal on pi9 is used by the XBeeF moduk to place the
remaining circuitry on the RCH510W RabbitCoremodule into a powed-down
“deep” modeor to bring t bak up © nomal operdion.
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4.5 Other Hardware

4.5.1 Clock Double r

The dock doubkr on the RG14510W is disabled by diault.
4.5.2 Spectrum Spreader

The Rabbit 4000 f#tures aspectum spreade, which héps to mitgae EMI problems. The
spectrunsprealeris onby defult, but itmay also be turned 6br setto a stonger setig.
The meas for doing sod through aample configuration nacro a shown below

1. Select the Defines’ tab from theDynamic COptions > Pro ject Opti ons menu.

2. Normd spreading s the déault, and usually nentry is needed. Ifyouneed to specify
normal sprading, add the line

ENABLE SPREADER=1
For stong spreding, ald the line
ENABLE SPREADER=2
To disable the sptrum spreder, add the line
ENABLE SPREADER=0
NOTE: Thestrongspetrum-spreadng sdting is notrecommenéd s$nce it may limit

the maximum clock speal orthe maxmum baul rate. It is urlikely that the stong &t-
ting will beusedin a ralapplicaion.

3. Click OK to save the macio. The spectrum spreader will be set acardingto the maap
value wheneve a poogram is comped usng this project file.

NOTE: Réefer to the Rabbit 4000 Microprocessor User's Manual for more information
onthe sgecrum-sprealing sdting andthe maximum cbck sped.
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4.6 Memory

4.6.1 SRAM

All RCM4510W modués have512K of batterybaded dataSRAM installed at U4.
4.6.2 Flash EPROM

All RCM4510W modués also have 512kf flash EPROM installed at U3.

NOTE: Rabbit recanmends hatany aistomerapplcations stould notbe castrained by
the aor size of the flash EPROMSsince t may bene@ssry to changethe setor 5ze
in the future.

Writing to arbitrary flash memory addresses & run timeis discoueged. hstead, defne a
“userblock” areato storepesistent data. ThunctionswriteUserBlock and
readUserBlock are povided for this. Refer to theRabbit 4000 Microprocessor
Dedgner’'s Handbaook for additional information.
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5. SOFTWARE REFERENCE

Dynamic C is an integated development gstem for wrting
embedded oftware. It runs on an IBM-compaible PC and is
despnedfor use with single-boad conputersand oherdevices
based on the Ralibmicroprocesor. Chapter 5desribes he
libranes andfunction calk relatd to the RCM4510W.

5.1 More About Dynamic C

Dynamic C has beein useworldwide sincel9. It is spedally designed for program-
ming enbedded systems, anddtires quick ampile and interadive debuggirg. A com-
plete réerenceguide to Dynamic C$ contained in he Dynamic C Ur's Manual.

You have a choicef doing your sftware development in the flash menory or in the static
SRAM included on the RCMI510W The flash memory and SRAM options are sekcted
with the Options > Program Options > Compiler menu.

Theadvantage of working in RAM is to sve wea on theflash nemory, which s limited
to about 100,00 write cydes. The disadvantags tha the ®de and data migh not both
fit in RAM.

NOTE: Do notdepend an the flash meamory secor sizeor typein your program Iagic.
The RCM4510W am Dynamic C wae desgned b acommodée flash devces with
varioussedcor szes in respone o the vdatility of the flashmemoy market

Devdoping softwae with Dynamic C is snple Uses can write, compile, and test C and
assembly code mhout leaving the Dymaic C development environment. Debugging
ocaurs while the @plication runs on thé&arget. Alternatively, users ean compile a progam
to an image file for later loaling. Dynamic C runson PCaunde Windows NT ad later—
see Rabbigs Techni@ Note TN257 Running Dynaric C® With Wndows \ista®, for
additiond information if you ae using abynamicC underWindowsVista. Prograns can
be downloade at baud rees of up t6460,800 bp dter theprogram ompiles.
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Dynamic C has a numbef standad features.

Full-feaure soure and/or asemby-level debugge no in-cirait emulatorrequired.
Royalty-free TCP/IP stad with souce mde and most commomgiocols.

Hundreds of funtons in sourceodelibraries ad ssmple programs:

P Exceptonaly fag suppart for floaing-pdnt arithmetic and ranscedenrtal funcions.
P RS-232andRS485 wrial commurication.
P Analog ard digital 1/O drivers.

» 12C, SPI, GPS, file system.
P LCD display ard keypaddrivers
Poweful languageextensiongor coopeative orpreamptive mulitasking

Loade utility program to load bnary images into Rabbit targets in he ésenceof
Dynamic C.

Provision for customers toeatetheir own urcecode libraies and agment on-line
hdp by aeaing “function desaption” blodk comments using a speal format for
library functions.

Standad debugging fetares:
P Breakmints—Set bieakpants that can dsable interrupts.

P Singlessteppng—Stepinto or over functions ata source @ maclhine cock level, LC/OS-l aware

P Codedisasembly—The disasembly window disdays addesgs, opcodes mnemorics, and
machne cycletimes. Switch etweendehuggng atmachineeodelevel andsource€ode lew by
simply opering orclosng the dsasemby window.

P Watch expressions—Watch exresions are canpiled wten dfined, so compex expresions
including function callsmaybe placednto watchexpesions Watch expressions canbeupdated
with or withou stopping program exection.

P Registerwindow—All procesor regstersand fags ae disgayed. The corerts of geneal registers
may bemodifiedin the window by the usr.

P Stackwindow—showsthecontentsof the topof the $ack.
» Hex memoy dump—displays the conerts of memay atanyaddess

P STDIO window—printf ouputs to this window and keypoad input onthe host PCcanbe
detecedfor dehuggng purposes.print £ oufput mayalsobe ent to a seial port or file.
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5.2 Dynamic C Functi on Calls
5.2.1 Digital I/O

The RCM4518V was designed to intedcewith other systems,ral so therareno drive's
written spedically for the Rabbit 4000 1/O. Ehgenerd Dynamic C rad and write tinc-
tions allow youo customze the paallel 1/0 to meet your spedif needs. or example, use

WrPortI (PEDDR, &PEDDRShadow, 0x00) ;
to st all the Port E bits as inp&#, oruse
WrPortI (PEDDR, &PEDDRShadow, OxFF) ;
to <t all the Port E bits as outpst
When using thexernal 1/0 bus on the Rabbit 4000 chip, add the line

#define PORTA AUX IO // required to enable external I/O bus
to the beginnirg of any prograns using the gternal 1/0 bus.

The sample mgrams inte Dynamic CsaMPLES/RcM4 500w folder provide furthe
exanples.

5.2.2 Serial Communication Drivers

Library files included with Dynamic C provide full range of serial commuecéions sip-
port. Thers232.LIB library provides a set oficcularbuffer-based seal functions. The
PACKET.LIB library providespacket-basedesial functionswherepadets can bdelimited
by the9th bit, by transmision gaps, or wit userdefined special chaactes. Both libraries
provide bloking funcions, whi& do not eturn wntil they are finished transmitting or
reaiving, and nonblocking funaiins, which musbe called epededly untl they ae fin-
ished, allowing oher fundions to be péormed béween @lls. For moreinformation, see
theDynamic C Function Refegence Manual and echnical NoteTN213,Rabbit Serial
Port Sotware.

5.2.3 User Block

Certain fundion dals involve leading and sbring @libration constants émvto the simudted
EEFROM in flash memory lodad at the top 2K of theeseved user blok memory area
(3800—39F). This leaes the addiss rang®—-37FF in the useblock ava able for your
application.

These ddress rages may lsange in the futureén response to the volatili in the flash
memory marke in paticular setor size. Thesampé progran USERBLOCK _INFO.C in
theDynamtc C saMPLES\USERBLOCK folder can beused tadeterminghe version of the
ID block, the sizeof the IDand user bldcs, whether omat the ID/user blocks ae mir-
rored, thetotal amount offlashmemory usd bythe ID anduserblocks, ad thearea of the
user block gailablefor your applicéion.

TheUSERBLOCK CLEAR.C sampé progran shows you how to cée and write the con-
tents of the user bl&ahat you ae using inyour applicéion (the @ibration constants in
the reserved aeaand the D block areproteded).
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5.2.4 SRAM Use

The RCMI510Wmodule ha a batter-bakeddata SRAM and a pgram-e&ecution
SRAM. Dynamic C provides therotected keyword to identiy variables tha are to be
placal into the b#tery-badked SFAM. Thecampiler generatescodetha mantans two
copies ofeachprotectedvariable in the kettery-backed SRAM. The canpiler al generates
aflagto indicate which copy oftheproteded vaiableis valid & thecurmrent time.Thisflag
is dso storal in the batery-backed SRAM. When arotectel variableis updatel, the
“inactive” copy ismadified, andis made “active” only whenthe updateis 100% omplete.
This assues theintegrity of the da& in case a reset or a powe fail ure ocaurs during be
update proess. At powepn theapplicdion progam uses the &we copy of the vaable
pointed to by its associateflag.

The sample @ade below shows how@otectel variable is deifned and how its valuean
be restored.

main() {
protected int statel, state2, state3;

_sysIsSoftReset(); // restore any protected variables

Additional information onprotected variablesis avail able in the Dynamic C User’s
Manual.

5.2.5 RCM4510W Cloning

The RQM4510W does not have a pull-up resistothe PBL (CLKA) line of the progran-
ming pot. Becauseof this the procealureto generae clone from the RCMI510Wdiffers
from that used foother Rabbit®re modués and singt-boads computrs. You mustsd
theCL FORCE MASTER MODE maco to 1 in he Dynamic CLIB\Rabbit4000\
BIOSLIB\CLONECONFIG.LIB library to use the RCM510Was amaster for cloning. An
RCM4510W mastewill not run the pplication, and furtherdebuggings not posdile as
long asthe cL._FORCE MASTER MODE mago is set tdl. Any cloned EM4510W
modues wil be “serile,” meaning thattheycannot be useds a maser for claning. To
develop ad debug an applicgon on @ RCM4510W comment outhe CL._ FORCE
MASTER MODE maao or se¢it to O.

NOTE: Insteal of defining this maco is your goplication, youmay simply addtheline
CL_FORCE MASTER MODE=1 unde the Dynamic COptions > Project
Options “Defines' tab, then click OK. Whenyou recompile yaur program, this will
have the sameeffectas s#ing the maco to 1 within the CLONECONFIG.LIB library.

See Techni@ Note TN207,Rabbt Cloning Board, for additond informaion onRabbit’s
cloning board ad how cloning is done.
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5.2.5.1 Including Firmw are Update in Cloned Appli cation

If you include the firmware update in the mastRCM4510W progam, clone this program
to an R®14510W done and then let that pgram run on the clone, thehefirmware
update will fail unless yotemove thecloning able from the clone béore thefirmware
update bgins.

To avoid ths failure, Rabbitecommends thatou include coden the masteprogram that
is to becloned to chdcthe firmwae veasion when the R&14510W resets or boots up.
Theresé or boot-up Wil happen & a matteiof courseoncethecloningcable isremovedand
the ROVI4510W doneoperdes in he Run Mode br the first time. The irmware version
can be checked by @llingxbee init () — if an eror reurns, he firmware update wl
happen sutessfully since thelaning able is no longr attached, and if there is no eror
returnal, the firmwae is alrady up-to-dte and the RCM510Wclone will reséor boa
up normally

5.2.6 ZigBee Drivers

The ZigBeedrivers ae locaed in the LIB\Rabbit4000\XBee folder. Complée informa-
tion on thesdibraries and theZigBeefunction cdls is provided in &tion 6.4.
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5.2.7 Prototy ping Board Function Ca lls

Thefundion cdls desaibed in this setion ae for use with the Ptotyping Board fatures.
The soure codeis in the Dynanic C LIB\Rabbit4000\RCM4xxx\RCM45xxW.LIB
library if you ned to nodify it for your own board dsign.

Other gaeric functionsapplicable to alldevices based on Rabhiticroproessors are
descrbed in the Dynamic C Function Reference Manual.

5.2.7.1 Board Initialization

brdInit

void brdInit (void);

DESCRIPTION
Cdll this function atthe beginning of your program. This function initializesParall el
Pats A through E for use with the Pratotyping Board.
Summary of Initialization

I/O port pinsare cafiguredfor Prototyping Board operaton.
Unused corfigurable 1/0 ae st astied aitputs.

RS-232is not erabed.

LEDs areoff.

The dawe pat is disabled.

a ~ 0w DN PRE

RETURN VALUE
None.
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5.2.7.2 Alerts

These fundion cls @n befourd in the Dynamic C LIB\Rabbit4000\RCM4xxx\
RCM4xxx .LIB library.

timedAlert

void timedAlert(unsigned long timeout);

DESCRIPTION

Pdls thereal-time dock until a timeaout occurs. The RCM4510W will bein alow-power
mode during thistime. Oncethetimeaut occurs, thisfunction cdl will endle the rormal
power source

PARAMETER
timeout the duration of the imeoutin seconds

RETURN VALUE

None.

SEE ALSO

brdInit

digInAlert

void digInAlert(int dataport, int portbit, int wvalue,
unsigned long timeout) ;

DESCRIPTION

Poll s a digital input for a st value a until a timeout occurs. The RCM4510N will be
in a lov-power mode during this time. Once atimeout occurs or the mrred byteis
received, this function cdl will enable the normal power saurce ard exit.

PARAMETERS
dataport the input part data register to poll (e.g., PADR)
portbit the input part bit (0-7) to poll
value the value of O or 1 to receive
timeout the duration of the imeoutin seands (enter O for notimeaut)

RETURN VALUE
None.
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5.2.8 Auxiliary 1/0 Pins Func tion Calls

The functon cdls described n this sectionare for use wih the pns on he auxiliary 1/0
headesat J4. The sourcodeis in the Dynanic C LIB\Rabbit4000\XBee\XBEE
aAprI.LIB library if you need to modify ifor your own boed design.

The sample mrgrams inte Dynamic CsaMpLES\XBee folder illustrate the useof the
function cdl s.

zb io init

int zb io init(void);

DESCRIPTION

Initializes thel/O on the XBee RF module. Thedefaultbehavia for ead pinis pre-
defined, but may beoverriddenbefore the #use XBEE API.LIB Statement or by
cdling the gpropriate maco.

.| Dynamic C . . Default Pull-Up M ask

J4 Pin Name Functionality Configu ration State Bit
Anaog Inpu or .

1 DIO 00 Digital /0 Analog Input Not Applicade 4
Anaog Inpu or .

2 DIO 01 Digital I/0 Analog Input Not Applicade 3
AnaogInpu or .

3 DIO 02 Digital /0 Analog Input Not Applicade 2
AnaogInpu or .

4 DIO 03 Digital /0 Analog Input Not Applicade 1

6 DIO 12 Digital 1/0 Digital Input | Puled Up 30 kQ 10

10 DIO 05 Digital /0 Digital Output Defadt High 8

11 DIO 04 Digital I/O Digital Output Defadt High 0

13 DIO 10 Digital I/O Digital Output Defaut Low 11

14 DIO 11 Digital I/0 Digital Input | Pdled Up 30 kQ 12
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zb io init (cont’d)

The pins aeconfiguredas aralog inpus or asdigital I/0 ushgthefollowing macosas
examplesbefore #use XBEE API.LIB.

#define DIO 00 XBEE IO CONF_ANAIN // bit 4
#define DIO 01 XBEE IO CONF_ANAIN // bit 3
#define DIO 02 XBEE IO CONF_ANAIN // bit 2
#define DIO 03 XBEE IO CONF_ANAIN // bit 1
#define DIO 12 XBEE IO CONF_DIGIN // bit 10

#define DIO 05 XBEE IO CONF_DIGOUT HIGH // bit 8
#define DIO 04 XBEE IO CONF_DIGOUT HIGH // bit 0
#define DIO 10 XBEE IO CONF_DIGOUT LOW // bit 11
#define DIO 11 XBEE IO CONF_DIGIN // bit 12

NOTE: The mesk oderis different than foo DIO INPUTS. While al pins ca be config-
uredas étherinpuss a ouputs, only DIO 00 —DIO 03 can be configuredas @alog
inpus.

RETURN VALUE

0 —sweeess.

#0 — oneof the eror codesretured by zb API ATCmdResponse ()
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5.2.8.1 Digital I/0

zb dio in

int zb_dio in(int dio);

DESCRIPTION

Readsthe logic state ofa ph corfigured asadigital input pin. This vdue caregpords
to the dio number.

PARAMETERS

dio the Dynamic C digital inputpinnumber(0 —zB_MAX PIN, valid
valuesare 0-5 10-12) set upinzb_io init ().

NOTE: The pn numberis notthe sane asthe DIO xx macros cesaibedin zb_io
init (), which ae wsedto configurethe funcion ofthe pin only.

RETURN VALUE
0 or1 —logic state.

-EINVAL — error (pin nat configured asa digital input).

zb dio out

int zb_dio out(int dio, int wvalue);

DESCRIPTION
Sds the digital outputvalue.

PARAMETERS
dio the Dynamic C dgital output pin number(0 —zB_MAX PIN,
valid vauesare 0-5,10-12) set upin zb_io init ().
value the logic level (0 or 1) the pn is st to.

NOTE: The pn numberis notthe sane asthe DIO xx macros cesaibedin zb_io
init (), which ae wedto confgurethe funcion ofthe pin only.

RETURN VALUE
0 —sweceess.

-EINVAL — error (pin not configured as a digital output).
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5.2.8.2 Analog Input s

zb adc_in

int zb_adc_in(int dio);

DESCRIPTION

Readsthe andoginpu on the designaed pin andreturn its 10-bit vaue. To convert the
readng to mill ivolts perform the following cdculation.

AD (mV) = (ADIO reading/ 1023) x 12200mV
PARAMETER

dio the Dynamic C analog input pin number (0-3) set upin zb_io
init ().

NOTE: The pn numberis notthe sane aghe DIO xx macros cesaibedin zb_io

init (), which ae wedto confgurethe funcion ofthe pin ory.

RETURN VALUE
0-1038 —vdid dat.

-EINVAL — error (pin nat configured asan amalog input).
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5.3 Upgradi ng Dynamic C

Dynamic Cpatcheshat focus on bugfixes are available frontimeto time. hedk the Web
site www.rabbit.com/spport/ for the latest patctse workaounds and bug fixes.

5.3.1 Add-On Modules

Sarting with Dynamc C version10.40, BynamicC includes the popubr pC/OS-Il red-
time opeating sysém, pant-to-point protocol(PFP), FAT fil e sysem, RabbitVb, and
other selet libraries. Rabbit also tdrs for purchase the Rabbit EmbeddedSeaurity Pack
featuring the Secur&ockets Layer (SS.) and a specifc Advaned Encyption Sandad
(AES) library.

In addition b the Web-based tetinicd support ncluded at no extrahage, aone-yer
telephonebased telknical support subsctipn is dso available forpurchase

Visit our Web site atwww.rabbi.comfor furtherinformation and comiete docurentation.

56 RabbitCo re RCM4500W

Downloaded fronDatasheet.su



6. USING THE ZIGBEE FEATURES

6.1 Introductio n to the ZigBee Pro tocol

The ZigBee PRO gecificaion wasratified in April, 2007, andcovershigh-levelcanmuni-
caion protocols fosmall, low-powe digital modans based on the IEEE 802.15.4 stan-
dard br wirelesspeasonal aea néworks (WPANSs). TheXBee RF nodule usd bythe
RCM4510W opeates in the 2.4 GHindustrid, saentific, and medicla(ISM) radio band
in most jurisdctions wotdwide.

The ZigBee potocol isided for embealded-sydem applcations hat arechaactkrized by
low data rées and low poweconsumgbn. A network of devies usng the 2gBeeproto-
col works via aself-oganizing mesh networtha can be usd for industrial control,
embeddd sensors, data celttion, smokand intrude warning, and buildng automation.
The powe consumptin of the individual devie could be mefor a yar or longe ushg
theoriginally instdled batety.

A ZigBeedevicecan be set up in one of treavays.

e As acoodinator. The coodinaor servea as the oot of the netwok tree. Each néwork
can only have oneoordinator The @ordindor stores infamation éboutthe néwork
and provides the mostory for secuity keys.

e As arouter. Routers pssdaa from otherdevices.

e As anend deice End deices contain just enough futienality totalk to their parent
node(either thecoordinator ol route), and @nnot relay deafrom otherdevices.

The XBee RF noduleused by the RCM4510W (ZB) sup-
ports usng theRCM4510W RabbitCore module inraesh
network. RGVI4510W modules a&preconfiguired with
ZNet 25 or ZB rouer firmware — only ZB firmwaresup-
portsa mesmetwak. Coordinator and end-devce firm-
wareis included inthe Dynamic Cinstallation alongvith a
sample program to allow you to download the firmnga

The firmware used wh the XBeeRF moduks on he
RCM4510W modugsis based on the APl command set.

Figure 12. Mesh Network

An Introduction to ZigBeeprovides bakground informatioronthe ZigBeeprotocol, and
is available on the CD and on oureb site
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6.1.1 ZNet vs. ZB Firmware

RCM4510W modules & preconfjured wth ZNet 2.5 or ZB router firmware. Thefirm-
ware preloade at the fectory is indicated withthe model nurber andis reflected indiffer-
ent pat numbes (see &ble 1). Olda RCM4510W modules shipped with ZNet firmrea
and do not have sticker on their X8BeeRF module.

@C M4510W (ZNetD (RCM451 ow (ZB)]

e ZNet 2.5 firmwae is suppoted by Dynamic C v10.21 and ler versions. (Preiew
versionsof the RCM4510W will work with Dynamic C v10.11 and late)

e ZB firmware is supported by Dymaic Cv. 10.46and later vesions.

ZigBeenetwoks developed eund the two types dirmware are essatially different ne-
worksthat ae rot compatiblewith each other It is passbleto migrate an agcation devel-
oped with ZNet 2.5 firmw to ZB firmwae by instaling the ZB firmwae on the )Bee
RF moduk and reompiling the gplicationusing Dynanic C v 1046 orlater vasions

Some maros prior to Dynenic Cv. 10.46 lave been depreaed, butwill still function
with DynamicC v. 10.46 odater versions You can expetto see warning nessagesn this
case. The only way to avoid thigtaationis to disable varning message(not recom-
mended), oto replace the mars withthenew ones. Théable below liss some ofthe
commony use&l macros.

Original Macro New Macro

ZIGBEE COORDINATOR | XBEE ROLE NODE TYPE COORD

ZIGBEE ROUTER XBEE ROLE NODE TYPE ROUTER

ZIGBEE ENDDEV XBEE ROLE NODE TYPE ENDDEV

SeeSecton 6.2.2for addtional informaion on nmacrosthatarespecific o the twotypes of
firmware.
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6.2 ZigBee Sample Programs
In order to run the sample programs disaussed in this chapger andelsawhere in this manual,

1. Your modulemust be plugged into the &otyping Board adescribal in Chapter2,
“Getting Sarted.”

2. Dynamic C must be insta#id and running on your RC

3. The progranming cale must connet the progammng hederonthe RCM4510W to
your PC.

4. Powermust be aplied to the module through the PrototymgrBoad.

5. The Digi® XBee USB used athe ZigBeecoordindor must be onnecté to an avail-
able USB port on your PCfiyou areexecising the ZgBeeprotocol, or you neka
second R@4510W module if so insticted.

Refer to Chapter 2, “Getting Sarted” if you neel further infomation on thesateps.

To run a sanple program, open it withhe File menu (if it is not $ill open), then conpile
and run it by pressingo.

Ead sample progran has comnents tha describe the puyose andunction of the pro-
gram. Folow theinstrudions at the bginning of the saple program.

Thesample programs in theDynamic C SAMPLES\RCM4500W\XBee andSAMPLES \XBee
folders illustrate the useof the XBee fundion calls.

6.2.1 Setting Up th e Digi XBee USB Coordinator

1. Connet theDigi® XBeeUSB acing asa ZigBeecoodinator to anavailableUSB port
on your PC or workstation.otir PCshould reeognizethe new USB hardwee.

2. Compie and run th&BEE GPIO SERVER.C sample program in the Dynanic C
SAMPLES\RCM4500W\XBee folder.

3. Open the ZigBeeUtility by doubleelicking XBEE GPIO GUI.exe in theDynamc C
Utilities\XBee GPIO GUI folder — if you haveproblems launching the gBee
Utility, installa.Net Framewrk by doubé-clicking dotnetfx.exe in theDynamc C
Utilities\dotnet£x folder. Youmay add ashotcut totheZigBeeUtility on yaur
desktop.

4. Confirm the following hardware setupis displayed on thePC Settngs” tab.

e 11520 baud

e Hardware flow control
e 8 daabits

e No parity

e 1 dop bit
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Now select the COM pot the Digi® XBeeUSB s conneted to, andlick the “Open
Com Port” buton. Themessage “Radio Found” is diplayed to ndicate that you
sdected the orrect COM pott. The ZigBeepamametes (firmware veasion, opeating
channe| PAN ID) for theDigi® XBee USBwill be displayed in the'Radio Paameers
box. Go toContro | Panel > Syste m > Hardware > Device Manager > Ports on your
PC i you reed hép in identifying thre USB COM port.

5. Any ZigBeedevices discoverd will be dispayed in the'Devices Discoveed” window
to the right.

If the utiity times out and no ZigBeedevices are displaye, you will haveto reconig-
ure the Digi® XBeeUSB and reompile thesample progran oncee you make sarthe
RCM4510W is powered yp. The timeout may ocur if you ae doing deviepment
simultaneouslywith more than oneZigBee coodinator. AppendixD explains e steps
to reconfigurethe Digi® XBee USB.

6. Seled a devicewith your mousepointer andclick on the skected deiceto selet that
device This devicewill now bedisplayed in the“Selecied Device’ area.

PC Settings | Command Window | Messages

Name Value Set Output
(0y:Ds2 OFF SetON
(1:Ds3 ON SetOFF

7. You ae ow ready b interfacewith the RGM4510W via he ZigBee protocol. Ty ping-
ing the seleted devie by dicking the “Send Ping” budin.
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6.2.2 Setting up Sa mple Program s

The sample pragrams areset up © that he RQVI4510W modile youare using isa ZigBee
end devie, router or coordingor. Uncomment the line orresponding to the role the
RCM4510W will haveonceit isrunning the sanple pogram. Thelefault describedin the
sample progams & for the RCM410W moduk to be é&hera router (shown b&ow) or an
end devie.

// Set XBEE ROLE to NODE TYPE COORD, NODE TYPE ROUTER or NODE TYPE ENDDEV
// to match your XBee's firmware.
#define XBEE ROLE NODE TYPE ROUTER

NOTE: Rememberthatthefirmware loaded D the XBeeRF modlle is differert deperd-
ing cn whetherthe RCM4510W is an end device/router (default) or a @ordinator. See
Appendix D, “Additond Configurdion Instuctions,” for infaomation on haev to
download firmware to the RCM4510W modue to sd it up as acoordinator or to
resume its original configuration as a roter (ZigBee PRO) or aerd devce/
router (ZNet 25).

Thereare sevea macios hat may be chagedto fadlitate yoursetup. The maars can be
included as pa of the progam code, othey may be put inb the Progam Optons
“Defines” on he “Defines’ tab in the Options > Progr am Options menu.

ZB ZNet 2.5

Extended RN ID — the 64-bitnetwok ID. | PAN ID — the network D. Defaults to
Defaults toDEFAULT PANID if sd in the | 0x0234 viathe macro in the Dynanic C
Dynamic CLIB\Rabbit4000\XBee\ LIB\Rabbit4000\XBee\XBEE API.LIB
XBEE API.LIB library, othewise deéults| library. Changethe AN ID if you are

to 0x0123456789abcdef to mdch the | developing snultaneously with rore than
default used on the Di§iXBeeUSB. ore ZigBeecoowinator.

If s€¢to0x00, tellscoordinatorsto“selecta| #define DEFAULT PANID 0x0234
rancdbmextended FAN ID,” andtellsrouters
and end devies to “join any network.”

Changethe extende FAN ID if you are
developing smultaneously with rare than
oneZigBeecoodinaor.

##define DEFAULT EXTPANID
"0x0123456789abcdef™"

Channel mask— defaultsto Ox1H-E, i.e., all 12 pasble chanels vathe macro in the
Dynamic CLIB\Rabbit4000\XBee\XBEE API.LIB library. (Donotuse bits 14d
15 for campatibility with the XBee PRO.)

#define DEFAULT CHANNELS XBEE DEFAULT CHANNELS
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Node D — the ID of your particularnodevia the mamo in the Dynamic CLIB\
Rabbit4000\XBee\XBEE API.LIB library. Each node should haweunique
identifier of up to 20 prirdble chaaders.
» Defaltsto RabbitXBee.
» Canbe st to a dobal varialle, o to a function that retuns a winter toa sttic buffer.
#define NODEID STR "RabbitXBee"

The XBee sanple progianms inthe Dynamic C saMpLES\XBee folder illustrate theuse of
AT commands withhe XBee RF nodule.

e AT INTERACTIVE.C—This sample progran shows how to set up and us&
commandswith the XBeeRF moduk.

The program will print outalist of AT commandsin the Dynanic C STDIO window
You mg typein ether “ATxx” or justthe“xx” part of the command.
* Usejug the AT commard toread ai of the \alues

» Use [AT]xx yyyy (where the yisaninteger up to 32 hits) toset ary of the “set @ read vaues.
(Note that ths warks for NI, the node idertifier, wherethe dita will be a Nade ID.string in quaes
— [AT]NI "Node ID gring” where tre guotescontain tle gring data).

Note that you canalso usehexnotation by prefixing the paramster with Ox andusngan een
numberof hexcharacters

* Type “meru” to redisplay the menuof commaids.

* PressF4 to ext andclose the STDIO window.

e AT RUNONCE.C—This sample progim uses many of the mostportant and useful
AT commands. ®veral commands en eitherset apaameter or read it This sanple
program sinply reads the pameters and dispaysthe results.

Compile and run tis sample progran. Theprogam will display the esultsin the
Dynamic CSTDIO window
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The XBeesample programs iniie Dynamic CsAMPLES\RCM4500wW\XBee folder exercie
the XBeefundion cdls on theXBeeRF modue on theRCM4510W

e SLEEPMODE.C—This sanple progran shows how to plaetheRCM4510/ moduein
the “deep” modewheremog powe is removedrom the RCM4510N modue. Power
is restored onee amessge sreceaved orafter aspedied timeinterval. This sanple
program demonstratesaking aftera spetfied timeinterval.

Sleeping only works on endvees, so th&xBEE_ROLE mago iS Sé tO NODE TYPE
ENDDEV in this sample ppgram. Becase the XBe RFmodule turns the Rabbit praze
soroff and on, a seal terminal emulatoiis required oncethe progiam has ben ompil ed.

1. Compile ard run the sanple program onthe RCM4510W module.

2. Oncethe sample program is running, choose' CloseConnetion” from the in Dynamic C Run
meny andunplug the AC adater suppy power to the Prototyping Boad.

3. Connet the DIAG connetor instead of the PROG connedor on the progranming cable to the
RCM4510 progrenming healer.

4. Openthe rial portinyour rial terminal emuhbtor such as EraTerm orHyperemind to connetto
the seral port a 57600 bad.

5. Plug the AC adapér bad in to apply power to the Prototyping Boad onceagan.

Oneae the XBeeRF module on the RRI4510W mmpletes its initialization (itjoins the
network), you will be prompted to entar“sleg” time in milliseconds — entethe
numberfollowed by theEnter key. There will be adelayof afew seconds bedre the
RCM4510W madule powers of. When the RCM4510W module powearback up, it
will begin running thsé program agan from the beginning.

NOTE: This sanple program doesnotdemorstrate the savng state. Sate information
may be sved in batery-backed RAM before the RCM4A510W modug is placedin the
dee mode
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e SLEEPMODE2.C—This sample program shows how to pacethe RCM4510N modue
in the “deg” mode where most power is removed from the RCM4510N modue.
Poweris restored one a message is @eed or after a speified ime interval. This
sanple program demonstrasevaking dter aspeified time interval.

Sleeping only works on endvlees, so th&xBEE_ROLE mago iS Sé tO NODE TYPE
ENDDEV in this sample pogram. Becase theXBee RF module turns the Rabbit praee
soroff and on, a seal teiminal emulatoris required oncethe progiam has ben ompil ed.

1. Compile ard runthe sample program onthe RCM4510W module.

2. Oncethe sample program is running, choose' CloseConnetion” from the in Dynamic C Run
meny andunplug the AC adater suppy power to the Prototyping Boad.

3. Connet the DIAG connetor instead ofthe PROG connedor on he progranming cable to the
RCM4510 progrenming healer.

4. Openthe rial portinyour rial termina emuhbtor such as EraTerm orHyperiemind to connetto
the seral portat 57600 bad.

5. Plug the AC adapter bad in to apply power to the Prototyping Boad onceagan.

Oneae the XBe2 RFmodule on the RR4510W @mpletes its initiali zation (it joins the
network), you will beprompted tenterthree valuesthat controthe XBee RFnodulés
slegp mode— enterthe values followed by theénter key each time. Oneyou have
enered theg vdues via thesera termind emulator press any key to indte the sleep
mode. Thee will be adelay of afew seconds bedre the RCM45QW modue powers
off. When theRCM4510W module powes back up, it will begin unning this progam
again from the bginning.

NOTE: This sanple progam doesnotdemorstrate the savng state. Sate information
may be sved in batery-backed RAM before the RCMA510W modug is placedin the
seeg mode

e XBEE GPIO SERVER.C—This smple program $iows haw to setupard use erdpoints
anddusters. It is meant tdoe runwith the Windows GUI client (instdled in Dynamic C’s
Utilities diredory) and a Dgi USB XBeecoordinator or with the GPIO leent
sample program(SAMPLES/XBEE/XBEE_GPIO CLIENT.C)running onan RCM4510W
RabhitCore modué or on a single-bad conputer wth aseparde XBeeRF module

Compile ard run this sanpleprogram with the RaVI4510W RabbitCore module installed
onthe Prototyping Boal. Run theNindows GUI client (XBEE GPIO GUI.exe in the
Dynamic Cutilities\XxBee GPIO GUI folder) on yourPC. Configure the GU cli-
ent to conred to the Digi UB XBeecoordinator ad <an fordevice. Make surethe
RCM4510W and the Digi USBXBee coordinaor areconfigured with the sane PAN

ID or extended PAN ID.

If you un thexBEE GPIO CLIENT.C Sample programroanother board il an XBee
RF modue, sd the AN IDsto matt between the client and tle serve sampleorograms.

Now select tha5PI O serve and usdghe GUIinterface on thePC, or the ommand-line
client onanothe XBee-equipped boad to viewthe sewrer's inputsand changeits outputs.
For example you @an togglethe LEDs on tke Praotyping Boad on'off.
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6.3 Using the Sleep Mode

The RCMA510WRabbitCore module hatwo compaments tha are involved wha the
slegp mode is invoked — the XB&®F module and the Rabbit 400@icroprocessor.

End devics, wlike coordinators andauters, can enter dow-powersleg mode. This
slegp modeis controlled by theXBeeRFmoduk, and illy powers dowrthe Rabbit 4000
microprocessor forsignificant savings in powe use.

The sle@ modecan only be initiated while the RCNM10Wis in the Run Mode (see
Section4.3.1 for more infamation on the Progim Modeand the Run Mode).

Oncethe XBeeRF module on the RRI4510W is opering in the sleep mode, it witleri-
odically wake up and poils paret route or coordinator taleterminewheherthaeis an
incoming message. If ore is found, he message Wl be recaved and the Rabbit 4000
microproessor willberestated. Otherwse the XBee RF nodule will return to slegp.
Depending onhow the slep modeis configurel, the XBeeRF module mayalso restédrthe
Rabbit 4000 micropocessor Her atimeout has passed eve if no nessage is reeived.

The sle@ modeis controlled by the XBee RF module with a seof user-configurable
paraneters Although gparamete can beset with anAT command, theecommnended po-
cedure is to oy initiate the sleep mode using eitlile® zb Rabbit poweroff () Of
thexb_sleep () function cll.

The mostmportant parametes areST, SR and SN. Dgethe they control the duteon of
sleg andwake times.

e ST is meauredin milliseconds, ad controlsheamount otimethe XBeeRF module,
and consequaly the Rabbit naroproessorwill stay avakewaiting for RFor serial
data before going to see. If any data & recaved, the I counter will be reet. The
Rabbit 4000 nuroproessor neds approximately two secontts boot and reitialize
the XBeeRF module, so the valuagf ST must be at lesh 2000.

e SPis meaured in 0.01 second inteals andcontrols the length of sleeprfthe XBee
RF nodule. TheXxBee RF nodule wll operate in a low-powe mode or the tme spec
ified in SB and thenwakeup briefly to poll its parat for amessageDepending orthe
value of SN, the XBeeRF module maghen éther return to slee orwakeup theRabbit
4000 micropocessarThere ae seveal important considetans for SP.

- The ZigBee paent (coordinator orrouter) canbuffer a messaagefor only 30 secands,so SPmust be
set tono more than 28 secands.

- While SPis measuedin 0.01 secandintervals, it anly has a Q25 second resdution, ard ary value
ser tothe XBee RF nodue is raunded automatically.

- Theoverheadof polling for a mesage was testedinternally and was found o be appoximatly 20
ms Thusa hypatheticd sleepwith SN = 100andSP = 100 will not wake tle Rabbit microproces
sor urtil 102 secords have elaged (ratherthantheexpectedl00 secandg. The pdli ngtimemaybe
sendtive o network conditions and frmware version, soyou shoud perfform your owvn testing if
timing is critical.

e SN detemines how many mutkiples of SPthe radio will sleg befoe waking up if no
messge was otheavise reeived.
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Two additional panaeters ee described béow for completenss.

e WH detemines how long the XBe RF module willhold amessage for the
RCM4510Wtorecave. Like ST, this paraneter mus bese carefully to ensureno mes-
sgyes ardod a statup. It is aurrently set to 3 seconds.

e SOis a comlitional flag anddetermines whether tle XBeeRF malulewil | wake the
Rabhbit 4000 nicroprocesor if SN and  expre, or whethe both paraneters ae reset
to resune the slesp modeimmediately.

Thereare seveal important ramificaons and inteactionswith the operation of other
function cdl s to consider Wen using he slegp mode.

¢ When te Rabbit 400 micropocessor wiees up from seéep, boththe RGM4510W and
useragpplication will fully restat. Theuserprogiam will not resumefrom tre pointat
which it went to sle@.

e Usa datashould be initialzed prior to @lingxbee init () to ensure that cluster
functions orthe default messge handlerprocess an incoming wake messagmorrectly.

¢ When sleg isinitiated, both the XBeRF module ad the Rabbit4000microprocessor
will remain awakefor the time in § before actudly poweing dovn the Rabbit 4000
microprocessoand enteing alow-powermode Any messagescaved during ths
time perod will cause the counteto reset,and must be praessed immediately or be
lost.

¢ An end devices dways prepang to 3eg. Usexb stayawake () t0 sé ST to is
maximum value ad periodically send dat#o the XBeeRF module to kep it awake.
Blocking for long peinds oftime and failingto cal xb tick () for morethan 30 seo-
condscould result n the RCM4510W going ¢ sleg unexpetedly.

The sSLEEPMODE. ¢ and SLEEPMODE2 . ¢ Sample progims n the Dynamc C saAMPLES\
RCM4500wW\XBEE folder and the funtton documatation forzb Rabbit poweroff ()
andxb_ sleep () provide mare spedfic information regarding the immgmentationand

use of the slggmale
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6.4 Dynamic C Functi on Calls

Functioncdls for use wth the XBeeRF modues are inthe Dynamic CLIB\Rabbit4000\
XBee\XBEE API.LIB library. These ZigBespeific function calls aredescibed in An
Introduction to ZigBee which is included in the ome documentation set.

6.5 Where Do | Go From Here?

NOTE: If you purdase your RCM4510W througha dstributor or through a RabHi
patner, confactthe didributor or patner first for techncd support

If there ae any problems at this point:
e Use tle Dynamic C Help menu to get furtheassisance with Dynamic C.

e Ched the Rabbit Technicd Bulletin Board and foums at www.rabbit.com/appot/bb/
and atwww.rabbitcom/forums/

e Usethe Tedhnicd Support e-mail form & www.rabbit.com/support/
If the sample programs ra fine, you ag¢ now redy to go on.

An Introduction to ZigBeeprovides bakground informatioronthe ZigBeeprotocol, and
is available on the CD and on oureb site

Digi’s XBe€® OEM RF Modulesprovides compgte informationfor the XBee RF modue
used on the EM4510W RabbiCore modies, provides badkground informaion on the
ZigBeePRO protocol, and isavailable & ftpl.digi.com/supportfoaumentation/
90000976_a.pdf
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APPENDIX A. RCM4510W
SPECIFICATIONS

Appendix A provides the ecifications fa the RCM4510W,
and aescribes he confamal coating.
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A.1 Electrical and Mechanical Characteristics
FigureA-1 shows the mémanicd dimensions for the RC¥610W
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T Please refer to the RCM4510W
5 footprint diagram later in this
& appendix for precise header
l locations.
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Figure A-1. RCM4510W Dimensions
NOTE: All measuementsare in inchesfollowed ty millimetersendosed in paentheses.
All dimensons have a mantfiacturing oleranceof £0.01" (0.25 mm).
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It is recommendel that you albw for an “exclusion zoné of 0.04" (1 mm) aound he
RCM4510W in dl directionswhen the RCM510Wis incorporaed into an assembly that
includes other pnted drcuit boards. Arfexclusion zon&of 0.08" (2 mm) isrecom-
mended bew the RCM4510W whe the RCM4510W is pligged into another assembly
FigureA-2 shows thisexclusion zon€’

Exclusion
Zone

Figure A-2. RCM4510W “Ex clusion Zo ne”

NOTE: There isananenna asodated with the RCM4510W RabbitCore modues. The
antennais on the XBeeRFmodules br the dardard versions of the RCM451@V, ard is
onthe piinted circuit boad nearthe dielded moden bebw heade J4. Do nd use ay
RF-absorbing mateials in thes vicinities in order to reaize the maimum range.

N

\ Antenna
Locations
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Table A-1 ligs the electical, meclanical andenvironmerta specificaions for the RCM4510W.

Table A-1. RCM4510W Specifications

Parameter

RCM4510W

Mi croprocesor

Rebhit® 4000at29.49MHz

Flah Memay

51X

Data SRAM

51K

Backip Battery

Connecton for usersupgied backip batery
(to support RTC ard data SRAM)

General Rurpose 1/0

up to 49 parallel dgital 1/0 lines:

« upto 40 Ratbit 4000 pnscorfigurable with four
layers of alternate functions

* upto 9 XBee RFmodue pins four of which maybe
configuredasanabginpus’

Additional Inpus

Startup mode (2), reset in

and Dynamtc C)

Additional Outputs Status, reset out
* 4 chamels single-enced
Analog Inpus 0-12V DC
e A/D Converter Reslution 10 bits
e A/D Conwerson Time (including raw count 40 ms

Exterral I/0 Bus

Can be corfigured for 8 data linesard
6 address lines (slared with parallel I/O lines), pus /O
readwrite

6 high-speed CMOS-conpaible ports:
e all 6 canfigurade as agnchranouws (with IrDA), 4 as

Seria Ports clocked srial (SPI), anl 2asSDLC/HDLC
e 1 agnchranousclockedseral port shaed with pro-
gramming pott
Seial Rate Maximum ag/nchranows baudrate = CLK/8

Slave Interce

Slavepott allows the RCM4510W to be wsedasan
intelligent peripheral cevice davedto a maser
processa

Real Time Qock

Yes

Ten 8-bit timers(6 caxadable fom the firg),

Timers one 10-bit timer with 2 matchregsters, ard

one 16-bit timer with 4 outputs and 8 set/reset registers
Watchdod Supervisor Yes
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Table A-1. RCM4510W Specifications (cont inued)

Parameter

RCM4510W

Puse-Width Moddators

4 chamels synchionized PWM with 10-bit caunter
4 chamels variabde-pha® or synchronized RVM
with 16-bit counter

Inpu Capture

2-chamel input capure canbe usedto time input
signals from varbus pot pins

Quadratwe Decodr

2-chamel quadratuie decaeracceptsnpus
from extermal incremeial encodr modules

Power with ZigBe€® Modem
(pins wnloaded

33V.DC +5%

150mA @ 33 V whiletransnitting/receiving
80 mA @ 3.3 V while not trarsmitting/receining
<20pA @ 33 V whileasleep

Operatng Temperatire

-40°C to +85C

Humidity 5% to 95% noncandensing
One 2x 7,2 mmpitch IDC sgnal header
Conrectos One 2x 25 1.27 mm pitch IDC sgnalheader

One2 x 5 127 mm pitch IDC programming heacr

Board Size wih XBeeRF module Installed

1.84" x 285" x0.54'
(47 mmx 72mm x14mm)

XBee

RF Module

RF Modue

Digi Interrational XBe€e®

Compliance

802154 gandad (ZigBee canpliant)

* These I/O pins from the XBee RFmodue are awilable on awxiliary 1/0 header J4
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A.1.1 XBee RF Module

Table A-2 shows e XBee RF nodule speifications.

Table A-2. XBee RF Module Specifications

Parameter Specifica tion
RF Modue Digi Interrational XBee®
Compliance 802154 gandad (ZigBee canpliant)
Frequermy ISM 2.4GHz
Indoor Ran@ 100ft (30m)
Outdoar Line-of-Sight 300 ft (90 m)
Range
Peformance Trarmsmit Power Ouput 1 mw (0dBm)
RF Data Rate 250,000 bps
Receiver Sensitivity -92dBm (1% PER
Antema Chip artenna

e Pant-to-point

i e Pant-to-multipoint
Swpated Network Topdogies

® Peerto-peer
®* Mesh

Numberof RF Channes 16directsequerte chanels
e PANID

Filtration Options e Channel

® SourceMdestination addesses

Transnit 40mA @ 33 V DC +5%

Power (typical)

Idle/Receiwe 40mA @ 33V DC+5%

The XBee RAnodue that consis of disaetecomponents onthe preview versionsof the
RCM4510W module has the @ specifiations
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A.1.2 Headers

The RCM4510W ussahealer at JXfor physicalconnetion to other boards. J$a2 x 25
SMT headerwith al1.27 mm pin gadng. J2, he progranming port, isa2 x 5 healer with
a 1.27 mm m spa&ing. Healer J4 suppks auxiliary 1/0O supported by the Bee RF mod-
ule, and is a & 7 SMT healer with a 2 mm pingadng

FigureA-3 shows the layout ofather boad for the RCMI510Wto be pluggel into.
These eferene design values are relative to one othe mounting holes.

I 7 S é—
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0875 | | | |
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0.19 Pl
(5) | |
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. 0.334
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Figur e A-3. User Board Footpr int for RCM4510W
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A.2 Rabbit 4000 DC Characteristics

Table A-3. Rabbit 4000 Absol ute Maximum Ratings

Symbol Parameter Maximum Rating
Ta OperatingTemperatue -40° to +&°C
Ts | Storage Tempeature -55° to +15°C

VDD + 03V
% Maximum Input Volta 0
IH 'mu P *® (max 36 V)
VDD|p | Maximum Operatirg Voltage 3.6V

Stresses beyond those kdtin Table A-3 may causepermanat damage. Theatings are
stress raings only and functional operon ofthe Rabbit 4000 chip at theser any other
conditions bgondthose indicted in tis sedtion is not mplied. Exposure to thebaolute

maximum raing onditions for extended peilodsmay aff ect the €iability of the Rabbit

4000 chip.

Table A-4 outines the OC characteristics for theRabbit 4000 at 3.3 V ovethe r&eom-
mended opeting emperdure range fom T, =-40°C to +85°C, VD[, =3.0Vt0 3.6 V

Table A-4. 3.3 Volt DC Charact eristics

Symbol Parameter Min Typ Max
VDD I/O Ring Suppy Voltage, 33 V 3.0V 3.3V 3.6V
10
I/O Ring Suppy Voltage, 18 V 1.65V 1.8V 190V
High-Level Input Voltage
Vii | (vDD,o = 33V) 2.0V
Low-Level Input Voltage
ViL - | (vDD, = 33V) 0.8V
High-Level Outpu Voltage
Vor | (vbDo = 33V) 24V
Low-Level OutputVoltage
Vou | (vbp,p =33V) 0.4V
I/0O Ring Curert @ 294912MHz,
o 33V, 25C 122 mA
| All other I/O 8 mA
DRIVE | (except TXD+, TXDD+, TXD-, TXDD-)
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A.3 1/0O Buffer Sourci ng and Sinking Li mit

Unless othewise spedfied, theRabbit I/O buffers ae @pableof sourcing and sinking
8 mA of curent perpin & full AC switching speed. FUl\C switching assumes a
29.4MHz CPU clock with te clock doublerenabled ad capaitive loading on address
and datdines of less han 70pF per pin. Thealsdute maxmum operating vdtage an all
/0 is3.6V.

A.4 Bus Loadi ng

You mustpay careful attention to bukading when designing an interface to the
RCM4510W This section provides bus laag information for eternal devies.

Table A-5 lists the cpacitane for the various RG14510W VO ports.

Table A-5. Capacitance of Rabbit 4000 I/O Ports

Input Output
I/O Ports Capacitance Capacitance
(pF) (pF)
Paallel Ports A to E 12 14

Table A-6 lists the extenal cgacitive budoading for the vaous RCM4510W output
ports. Be sure to add the ladla for the devees you areusng in your aistom sysém and
verify tha they do not exeed the values in &ble A-6.

Table A-6. External Capacitive Bus Load ing -40° C to +85°C

Outout Port Clock Speed Maximum E xternal
P (MHz) Capacitive Loading (pF)
All 1/0 lines withclock
dowler erabled 29.49 100
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FigureA-4 shows a typidaiming diagram forthe Rabbit 4000 micropocessor &ternal
I/O read and wite cycles.

External I/O Read (no extra wait states)

1 | Tw—————— T2 |

CLK —
A[15:0] X valid ¢
7 Tadr
/CSx | | \__
1 Tcsx Tesx| <7
/I0OCSx K -
1Tiocsx Tiocsx|< ]
/IORD -
TiorD TiorRD[<]
/BUFEN -
“1TBUFEN TBUFﬁN‘_’
setup,”|
D[7:0] < D
| Thold|<—>!

External I/O Write (no extra wait states)

k——T1 | Tw—) T2 ——)

o | | |
A[15:0] — X valid : XC
7 Tadr }
ICSx | 1 \ N
D TCSx } TCSX D
/10CSx ! ) &
> T f T <>
10CSx | Tlocsx
/IOWR ‘
Tiowr TIOWR‘_{
/BUFEN a8
< TBUFEN TBUFEN
D[7:0] valid —
TbHzv ‘ TovHzZ <

Figure A-4. External I/0O Read and Write Cycles—No Extra Wait States

NOTE: /IOCSx can beprogrammed to be ative low (default) or active high.
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Table A-7 lists theddays in gross menory accesstime for several values of VDD, g.

Table A-7. Preliminary Data and Clock Delays

Clock to Address Worst-Case
VDD Output De lay Data Setup Spectrum Spreader Delay
(V)IO (ns) Time Delay we)
(ns) 0.5 ns setting| 1 ns setting | 2 ns setting
30 pF | 60 pF | 90 pF nodbl/dbl | nodbl/dbl | nodbl/dbl
33 6 8 11 1 2.3/2.3 3/45 45/9
18 18 24 33 3 7165 8/12 11/ 22

The meaurements a taken at the 50% poins unde the following conditns.

e T=-40°C 85°C, V = \DD,g #10%

¢ Internal dock to nonloadd CLK pin dday<1 ns @ 83C/3.0 V

The dock to address output delayseasmilar, and apply to the following delays.
e T4 the clo& to address dela

® Tcq the dock to memory chip seletdday

e T,0ocsx theclock to I/O tip select delay

e Torp, the clock to 1/0 e€ad strobelelay

e T,owr theclock to I/O wite strobe delay

e Teuren, the clock to 1/O bufer enable déay

Thedat seup ime delays ae smilar for both Tggp and Tgg-

When thespedrum sprederis enabled with the clock doublerevey other clock g/cle is
shortenedqonetimeslengthend) by a maimum amount gien in thetable above The
shortening takes pladoy shortening the higtart of theclock. If the doubkr is not
endled, then evel clock is shortened durg the low pé of the dock period. The ma-
mum shortening for a pairof clocks @mbined is shown irhe table.

Tedhnicd Note TN227 Interfadng External I/O with Rabbit Mcroprocessor Desigs,
contains suggestiarior interfacing I/O devices to he Rabbit 4000 micropocessors.
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A.5 Conformal Coating

The aeas around the 32 kHzed-time dock ciystal osallator have had the Bw Corning
silicone-basel 1-2620 confamal coating applied. Theanformdly coated areais shown
in FigureA-5. The onformal coéing poteds these high-impedarecircuits from the
effects of noisture and ontaninants ove time.

Conformally coated
area

0000000000

AxSr,
Series 2

s
r—
° 853ﬁm
(e}
o
s X
(e}
o
o
2 | o
o oL
A8
(1
/I wr

ninkaininl
C) )00 000 oS

XXX X%
QOO0

+
06

N

Figure A-5. RCM4510W Areas Receiving Conf ormal Coating

Any componentsi the onformally coatd areamay be replaed using ®ndard soldering
procedures br surfacedsmounted omponents A new conbrmal coding should hen be
applied to dffer continuing protection agast the dfects of moisure and ©ntaminants.

NOTE: For more informaion oncorformal coatngs,refer to Rablit’s Technicd Note
TN303, Conformal Coaings, which is includedwith the odine cdocumentation.
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A.6 Jum per Confi gurati ons

FigureA-6 shows the reerlocaions ugd to configurethe various RG14510W options
via jumpers.

RCM4510W

AL

Figur e A-6. Location of RCM4510W Configur able Positions

Table A-8 lists the confjuration gotions.

Table A-8. RCM4510W Jumper Configur ations

Header Description Pins Conne cted eteifely
Default
1-2 |PE5 X
PE5or SMCODEO Qutput
JP1 ;
on I pin 37
2-3 | SMODEO
1-2 | PE6 X
PE6or SMCODE1 Qutput
JP2 ;
on I pin 33
2-3 | SMODEL1
1-2 | PE7 X
PE7 or STATUS Output
JP3 ;
on I pin 39
2-3 | STATUS
1-2 |LNO
JP4 | LNO or PDO onJ1pin 40
2-3 |PDO X
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Table A-8. RCM4510W Jumper Conf igur ations (cont inue d)

Header Description Pins Conne cted Factory
Default

1-2 |LN2

JP5  |LN2orPD2onJlpin42
2-3 | PD2 X
1-2 |[LN4

JP6  |LN4 orPD4onJlpin44
2-3 |PD4 X
1-2 |LN6

JP7  |LN6 or PD6 onJlpin 46
2-3 | PD6 X
1-2 |LN7

JP8 |LN7orPD7onJlpin47
2-3 | PD7 X
1-2 |LN5

JP9  |LN5orPD5o0onJlpin45
2-3 | PD5 X
1-2 |LN3

JP10 |LN3 orPD30onJ1pin43
2-3 |PD3 X
1-2 |LN1

JPL1 |LN1 orPD1onJ2pin4l
2-3 |PD1 X

NOTE: The jumperconnedionsare madeusing0 Q surfaceimounedredstors.
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APPENDIX B. PROTOTYPING BOARD

Appendix B desribesthe feauresand accsories of he Proto-
typing Board, and exgains the wse of the Prototyping Board to
denondrate the KM4510W and to luild probtypes of yar
own circuits. The Protayping Board haspower-suply conrec-
tions and also provdes ®me basic 1/O peilipherals(RS-232
LEDs, and swicheg, aswell asa protoyping areafor more
advanced &rdware deelopment
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B.1 Introduction

The Prototypng Boad included in the Devdopment Kit makes it easy to coraten
RCM4510W modile to apower suppy and a E workstationfor developnent. It alsopro-
vides some basic 1/0 pdpherds (RS-232, LEDsand switches), as wi as a prototypimg
area for more advanced hadware developrrent.

For the most basidevel of evduation and development, the Protqiyng Board an be
used withoumodificeion.

As you progres to more sophisticatedgerimentation and haware devdéopment,
modficaionsand aditions can bemade to theboard wthout modifying the RCM510W
module.

The Prototypng Boad is shown below in gure B-1, with its main €aures identified.

Current-
Measurement
Headers
Power Backup +5V,3.3V, and
Input Battery GND Buses
Power Reset
LED Switch
RCM4510W
Module

Connector
RS-232
Header

RCM4510W
Standoff
Mounting

SMT Prototyping
Area

0000 L=
0000 =

User
LEDs
i RCM4510W
SMT I:X?etgtyplng Module User
Extension Header Switches
Figure B-1. Prototyping Board
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B.1.1 Prototyping Board Features

e Power Conne ction—A a 39in headeris provided for connection to the powesuppl.
Notethat the 3pin headeis symnetrical, with both outepinsconnedted to ground ad
the @nterpin connectéd to the law V+ input. Thecableof the AC adapte provided
with the North Ameiican version of the Devdopment Kit is teminaed with ahealer
plug that connets b the 3-pin heade in either ori@tation. Theheade plug leading to
bare leals provided foroversea custoners can be conneted to the 3-pin heler in
either orientation.

Use's providing heir own powersupply should ensuréhat it delivers 8-24 V DC at
8 W. Thevoltage regyulators will g& warm while in use.

e Regulated Power Supply—The raw DC voltage provide at he 3-pin headeis
routed to a5 V switching volage regulator, then to a sepaate 3.3 V linea regulator.
Thereguldors provide siable powerto the RCM4510W modut and the Prototypig
Boad.

e Power LED —The powe LED lightswheneve poweris connecte to the Prototyping
Boad.

e Reset Switch—A momentay-contad, normally open s¥ch is conneted diredly to the
RCM4510Ws/RESET_IN pin. Aressng theswitch fores ahardware reseof the system.

e |/O Switches and LEDs —Two monentary-mntact, nomally open switcheare con-
nected to the PB and AB5 pinsof the RCM4510W module and may breal as inpus
by sanple gplications

Two LEDs areconneted to he PB2 andPB3pins of the RCM4510W modejland
may bedriven & output indcaors by sample applit@ns.

e Prototyping Are a—A geneousprototyping ar@has been provided for the ialsétion
of through-hole components. +3.3+5 V, and Gound buses run annd he edge of
this are. Seved areas for surfaemount devees arealso available(Note that there
are SMT deviceads on bdt top and bottorof the Rotatyping Board.) Eeh SMT pad
is conneted to a hole dagned to accept a 30 AVG sold wire.

e Module Extension Header—The complete pin set tie RCM4510W modug is
duplicaed at headerJ2. Devéopeas can soldemwires diredly into the gpropriateholes,
or, for more fexible devdopment, a 2 25 headestrip witha 0.1" pich can besol-
dered into placeSee Fgure B-4 for theheade pinous.

NOTE: ThesameProtdyping Boardcanbe wsed fa severakeries ofRabhtCore mod-
ules, ard sothe sigrals atJ2dependonthe sgnak avadlable on thespecfific RablitCore
modue.
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e Analog Inpu ts Header—Theanalog signals from the Rabbdf@ module a& pre
sented at heaer J3 on the Protgping Board. Thee anéog signals ae mnreded via
attenuator/filter circuits onthe Prototypng Board tohe correspondng anog inputson
the RCM4510W model

NOTE: No andog signak are avdlable mn the Pototyping Boad with the RCM4510W
RalbitCore modde installed snce ro aralog signds are pesnton he RCM4510W's
heade J1. Theauxliary I/0 on the RCM45DW's heade J4 canna be usal with the
Prototyping Boad without modifying the Pototyping Boad.

e RS-232—Two 3-wire or oneb5-wire RS-232 sera parts are available on the Prototyp-
ing Board &aheade J4. A 10-pin 0.1'pitch headerstip installed at J4 allows you to
connect aibboncable that leds 0 a siandard CE-9 serid connector

e Current Measurement Option—You may cut the tige béow heade JPL on the
bottom sideof the PrototypingBoard andinstall a 1 x 2 heder strip from the Deelop-
ment Kit to allow youd usean ammeteaciossthe pins to measwr the curent dravn
from the +5V supply Simlarly, you may cit the trace béow healer JP2 on the bottom
side of the Protgping Board and instll a 1 x 2 headestip fromthe Developmentit
to allow you to use amameter aaoss the pinsatmeaure the arrent drawn from te
+3.3 V suppy.

e Backup Bat tery—A 2032 ithium-ion batery rated at 3.0 Y220 mA-h, provides
batery bakup for the R®&4510W SRAM and real-time clock.
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B.2 Mechanic al Dimensions an d Layou t

FigureB-2 shovs the nechanical dimensions and layout folhe Probtyping Boad.
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Figur e B-2. Prototy ping Boa rd Dimensions

NOTE: All measuementsare in inchesfollowed by millimetersendosed in paertheses.
All dimengsons hae a mantacturing oleranceof £0.01" (0.25 mm).
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Table B-1 lists theelectrical, mechaical, and avironmental spedfications r the Roto-

typing Boad.
Table B-1. Prototyping Boar d Specifications
Parameter Specifica tion
Board Sze 3.80"' x 3.80" x 0.48" (97 mm x 97 mmx 12mm)
Operating Bmperatue 0°Cto +70°C
Humidity 5%to 95%, norcordensng
Input Voltage 8Vto24Vv DC
Maximum CurentDraw 800 mA max for +33 V supgy,

(including user-added drcuits) | 1 A total +33 V ard +5V combined

1.3"x 2.0' (33mm x 50 mm)throughtole, Q1" gpacing,

Prototyping Area addtiond spa@ for SMT commnerts

One 2 x25headersocket, 127 mm ptch, to accgt RCM4510W
One 1 x3 IDC heacr for power-supdy comection

One 2 x5 IDC RS232header0.1" pitch

Two unstuffed heaer locaions for anabg andRCM4510W
signals

25 wnstuffed 2pin heacr locations for optional configuraions

Conrectos

B.3 Power Supply

The ROM4510W requires a regulaté 3.0 V —3.6 V DCpower sourcdo opegete. Depad-
ing on theamountof current require by he gpplication, diferent regulators ca be used
to upply thisvoltage

The Prototypig Boad has an onboat +5 V switching poweregulator fom which a
+3.3 V linear regulaor draws its supy. Thusboth +5V and +3.3 Vareavailable on the
Prototyping Board.

ThePrototyping Boardtselfis proteted againstrevasepolarity by aShotky diodeat D2
as shown in flgureB-3.

LINEAR POWER
REGULATOR +33Vv
M SWITCHING POWER REGULATOR +5V
1 1 LM1117 JP2
W, 2] b2 _ DCIN JP1 Ul L
= Ll U2
Q ﬂ DL4003 | C5 @ T cs c4 ) c2
47 pF 330 uF 10 pF T 10 uF
= l LM2575 5 l l = l
: L L %giu : : :
Figure B-3. Prototyping Board Power Supply
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B.4 Using the Prototypi ng B oard

The Protogping Board isadually bah a denonstrdion board ada prototyping board. As
adenonstation boad, it can beusal to denonstate the fundiondity of theRCM4510W
right outof the box without any modificaons to either bad.

The Prototypig Boad comes withhie basiccomponents n&ssay to demonstrde the
operdion ofthe RCM4510W Two LEDs OS2 and DS3) areconneted to PB2 and PB,
and two switches and S3) e mwnreded toPB4 and AB5 to demonsate the inteice
to the Ralbit 4000microprocessr. Re®t switch S1is the hadware reséfor the
RCM4510M\.

The Protatyping Board provides the user with RCM4510W connection pdnts braight out
conveniently b labeled pointst heade J2 on tle Prototyping Board. Although headd2
is unstufed, a 2 X5 headeis included in the bag of patis. RS-232 gynds (Serial Ports C
and D)are aailable an headerJ4. A heade strip atJ4 allows you © canned aribboncable,
and aribbon @ble to DB9 comedor is indudedwith the Development Kit. The pinouts for
thes locaions ae show in Figure B-4.

J4

TxD
RxD

RxC

™C| RS-232

GND

RCM4500W
Signals

Po7AN7 OO cvT
VREF O O] AGND

Ol VREF

(o]®
O
cvT OO LN7IN
LN6IN |O O] LN5IN
LN4IN [O O] LN3IN
LN2IN (OO LN1IN

J3

LNOIN |Oll AGND

AGND

Figure B-4. Prototyping Boa rd Pinou t

Although analog sgnds are shown for labeled pants a head location B onthe
Prototyping Board, the malog sigrals an the RCM4510W ae assoiated with the XBee
RF moduk. Theseanalog signals areotbroughtout to the Pototyping Board.
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All signals fom the RCM4510W modué areavalable on headeJ2 of the Protogying
Board. The emaining ports onhie Rabbit 4000 micropocessor g usel for RS232seial
communcaion. Table B-2 lists the signals on helar J2 ad, whereapplicable, eplains
how they &e configured by thebrdinit () fundion all for use on the Prototypin@oard.

Table B-2. Use of RCM4510W Signals on the Protot yping Board

Pin Pin Name Prototy ping Boa rd Use
1 +3.3V +3.3 V power sipply
2 GND
3 /RST_OUT | Ret output from rest gererator
4 /IORD External ead &robe
5 /IOWR | External wite strdbe
6 /RESET _IN | Input to reset generatar
7 VBAT_EXT | External lackyp batterycomection
8-15 PAO-FA7 | Output, high
16 PBO Output, high
17 PB1 Programming pot CLKA
18 PB2 LED DS2 (narmaly high/off)
19 PB3 LED DS3 (narmally high/off)
20 PB4 Switch S2(normally open/pulled up)
21 PB5 Switch S3(normally open'pulled up)
22-23 PB6—FB7 | Output, high
24-5 PCO-RC1 | Seral Port D (RS 232, headr }) (high)
26-27 PC2-RC3 | Seril Port C (RS-232, headerd4) (high)
28-29 PC4-RC5 | Seril Port B (used by XBee RF module)
30-31 PC6—-RC7 | Seril Port A (progammig pott) (high)
32-30 PEO-FE7 | Output, high
40-47 PDO-FD7 |Output, high
48 CONVERT | Not avalable
49 VREF Not availabe
50 GND

Thereisa 1.3" x 2" tirough-hole prototypig spae available on the Prototypg Boad.
The hoks n the prototyping areaare spaedat 0.1" (2.5 mm). +3.3V, +5 V, and GND traces
run along the top edg# the prototypng aeafor easy acess.Small to medum circuits
can be prototyped usng pant-to-point wiring with 20 to30 AWG wire betwea the pioto-
typing aea,the +3.3 V, +5 V, and GND traes,and the surrounthg aeawhere surbice-
mourt components ray beinstdled. Smallholes are piovided around the suatemounted
components that ay be installed aund theprotot/ping aea.
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B.4.1 Adding Other Compone nts

Thereare pads fo28-pin TSSOPdevices, 16pin SOIC devics, and 6-pin ST devices
that can be useddr surface-mountprototyping with these deices. Thee ae dsopads that
can be used forSMT resistors ad capacitors n an 0805 31T padkage Each omponent
has @ery one ofits pin pads onnectedto a holein which a30 ANVG wire can besolderel
(standad wire wrap wirecan besolderedin for point-to-point wiring on the Protgping
Board). Because he rraces arevery thin, caefully detemine which set of holes is con-
neded to which surfa@-mount pad.

B.4.2 Measuring Curren t Draw

The Prototypng Boad has a curent-mesuremat featureavalable at headelocaions
JPL and P2 for the+5 V and 8.3 V suppies respedively. To measue curent, you will
have to at the taceon he botom side of the Prototypg Boad coriespondig to the
powersupply or powe supples whose cuent drav you will be measuring. Haderloca
tions JP1 and ZPae shown in Fgure B-5. Then install a 1 x 2 heerstip from the
Devdopmaent Kit on the top side of the Protgping Board athe hederlocation(s) whose
trace(s) you at. The healer stip(s) will allow you to ug an anmete aaoss heir pinsto
measurehe curent dravn from that supplyOnceyou aredone mesuring thecurrent,
placea jumper aross the heder pins to resume nimal operation.

Bottom Side O
JP1

©,0)
JP2 '
) Cut traces

CURRENT
MEASUREMENT
JP1 (+5V)

ooy @O a

Figure B-5. Prototyping B oard Curr ent-Measurement Option

NOTE: Once yas havecut thetracebelow heacerlocaion P11 orJP2, youmust étherbe
usng the ammetr or hawe a jumpe in place in orderfor power to be ddivered to the
Prototyping Boad.
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B.4.3 Analog Fe atures

The Prototypng Boad has typed support ciraitry installed to complement the ADS7870
A/D convater chip, which is available on dber RabbitCore modules bassenthe Rabbit
4000 microprocessoybut s not irstalled on he ROM4510W nodel Theandog inputs from
the auxiliary I/0 onthe RCM4510W'’s healer J4camot be wsed with the Pototyping Boad with-
out modfying the Piototyping Boad.

B.4.4 Serial Communication
The Prototypig Boad allows you to acesstheserial ports from the RCM510Wmod-
ule. Table B-3 summaries the confguration options.

Table B-3. Prototyping Boar d Serial Port Confi gurations

Serial Port Header Default Us e Alternate Use
A J2 Programming Pat RS232
B J2 XBee RF Modle RS232
C NZEN ! RS232 —
D N7 ! RS232 —
E N7 — —
F r — —

Serial Pats E and Fmay beused as sa&l ports, or the coesponding pisat heade loca-
tion J2 may beised as paallel ports.

B.4.4.1 RS-232

RS-232serial communicaionon heaer J4 on both Prototypg Boards is supporid by an
RS-232 transeiver installed at U3. Thitranseiver povidesthe voltage outpuslewrate,
and input valageimmunity requirel to meet the RS-232 seral commungation protocol.
Basicdly, the dip translates the Rabbit 408®ignals to 5232 signalevels. Note that
the polarity isreversed in an R&32 ciraiit so that a +3.3 V output baemmes approxi-
mately -10 V and O V is outpas +10 V. The RS232 tanscéver also provides the prope
lineloading for rdiable communcation.

RS-22 can be used effectively a the RCM4510W modue’s maximum baud rate for dis-
tancesof up to 15 m
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RS-232 flow control onan RS-232 port is intiated in softwae using theserxflowcon-
trolon fundion cal fromrs232.LIB, wherex isthe seial port (C or D) The locéions
of the flow ontrol lines ae speified using a set ofite macos

SERX RTS_ PORT—Data regster for the paell el port thatthe RTS line is on (eg., PCDR).

SERA RTS SHADOW—Shadw regsterfor the RTS line'sparallel port (e.g, PCDRShadow).
SERA RTS_ BIT—The bit numberfor the RTS line.

SERA CTS_PORT—Data regsterfor the padllel port thatthe CTS line ison (eg., PCDRShadav).
SERA CTS_BIT—The bit numberfor the CTS lne.

Standard 3wire RS232 comnuinication using Serial Ports @d D isillustrated in the
following sample code.

#define CINBUFSIZE 15 // set size of circular buffers in bytes
#define COUTBUFSIZE 15

#define DINBUFSIZE 15
#define DOUTBUFSIZE 15

#define MYBAUD 115200 // set baud rate
#endif

main () {
serCopen (_ MYBAUD) ; // open Serial Ports C and D
serDopen (_ MYBAUD) ;
serCwrFlush() ; // flush their input and transmit buffers
serCrdFlush() ;
serDwrFlush () ;
serDrdFlush() ;
serCclose( MYBAUD); // close Serial Ports C and D
serDclose (. MYBAUD) ;
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B.5 Proto typing Board Jum per Confi gurati ons

FigureB-6 shows the heade locations usetb configurethe varous Prototymg Boad
options via jumpers.

JP1

[
Ve SecSecT
0T T L0 0=

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

(=
=T-~TT

FLOCD\—NOI\(")

———Q
D.ELD.D.0.0.0.0.
DODODODODOHDD

Hoo0o0On
JP24 I:I:I JP23

JP2I

JP25

Figure B-6. Location of Configur able Jumpers on Prototyping Board

Table B-4 liststhe configuraton optians using eitar jumpers or 0Q surfacemountresisors.

Table B-4. RCM4510W Prototypi ng Board Jum per Configurations

Header Description Pins Conne cted Factory
Default
JP1 | +5V Currert Measiremen 1-2 | Via trace oljumper Conrected
JP2 | +3.3V Current Measrement | 1-2 | Via trace ojumper Conrected
‘Eg TxD onheacr 4 X
JP3 PCO/TxD/LED D2 JP4
JP4 1-2 PCO toLED DS2
n.c. | PQD available on headei?
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Table B-4. RCM4510W Prot otypi ng B oard Jum per Configurations (c onti nued)

Header Description Pins Conne cted Factory
Default
JP5 RxD on header 4 X
1-2
IPS b1 RxD/Switch 2 P6
JP6 1-2 PC1to Switch S2
n.c. | PCl available on headei?
JP7 TxC onheader & X
1-2
JP7 | peoTXCILED DS3 P6
JP8 1-2 PC2 toLED DS3
n.c. | PC2 available on headei?2
JP9 PC3to Switch S3
1-2
P91 b3 /rxC/Switch S3 JPL0
JPLO 12 RxC onheadr & X
n.c. | PC3 available on headei?2
LNO bufferffilter to
JP11 RCMA510M 1-2 Conreced
1-2 | Conrected: PR to LED DS2 X
JP12 | PB2/LED D2
n.c. | PB2 available on headei?2
LN1 buffer/filter to
JP13 RCMA510V 1-2 Conreced
1-2 | Conrected: PBto LED DS3 X
JP14 | PB3/LED DS3
n.c. | PB3 available on headei?
LN2 bufferffilter to
JP15 RCMA510M 1-2 Conreced
1-2 | Connected PB4 to Switch S2 X
JP16 | PB4/Switch S2
n.c. | PB4 available on headei?2
LN3 bufferffilter to
JPL7 RCMA510M 1-2 Conreced
1-2 | Connected PB5 to Switch S3 X
JP18 | PB5/Switch S3
n.c. | PB5 available on headei?2
LN4 buffer/filter to
JP19 RCMA510V 1-2 Conreced
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Table B-4. RCM4510W Prot otypi ng B oard Jum per Configurations (c onti nued)

Header Description Pins Conne cted Factory
Default
LNS5 bufferffilter to
JPD RCMA510M 1-2 Conreced
LN6 buffer/filter to
JP2 RCMA510V 1-2 Conreced
LN7 buffer/filter to
JP2 RCMA510V 1-2 Conreced
1-2 | Tiedto amalog gound X
JP23 |LN4_IN-LN6_IN
2-3 | Tiedto VREF
1-2 | Tiedto aralog ground X
JP24 |LNO_IN-LN3_IN
2-3 | Tiedto VREF
JP25 | Thermstor Locaton 1-2 n.c.

NOTE: Jumpercomedions P3—-P10, P12, P14, JA6, JP8, JPB, andJP24 g made
usng 0Q sufacemourted resisors Jumper conrecions P11, JPB, JP5, JPL7, and

JP19-P22 ae madeusing 40 Q suface-mounedresstors.
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APPENDIX C. POWER SUPPLY

Appendix C providesinformation onthe current requements of
the RCM4510W, and ncludes sorme backgromd on the chp
select aicuit used n power management

C.1 Power Supplies

The RCMA510Wrequires a rgulated 3.3 V DC £5% powesource. TheRabbitCore
design preumesthat the voltageegulatoris onthe userboard, ad that the poer is made
avdlableto the RCM4510W board tbhugh headerJ1.

An RCM4510W with no loading at the quitsopeating at 29.48 MHz typidky dravs
80 mA, and may drawpto 150 mA while the XBeeRF module is transnitting or recaiving.

C.1.1 Battery Backup

The RCMI510Wdoes not have battery butthere is provison for a aistomersupplied
battery to bak up he dataSRAM and kep the internal Rabbit 4000ed-time dock
running.

Healer J1, shown inigureC-1, allows acessto the extenal battery Thisheade makes
it possible to conné@n extenal 3 V powersupgy. ThisalowstheSRAM and the inter-
nal Rabbit4000 eal-time ¢ock to retain data wth the RCMI510W powerel down.

J1

Ext | +33V_IN 1 o ol GND
xternal ———
Battery

\.I VBAT_EXT 7 8

— o o

Figur e C-1. External Battery Connections
at Header J1

A lithium battery with a nominal voltagé 3V and a minimmm cgadty of 165mA-his
recommended. A lihium battey is strongly reommended beause ofits nealy constant
nomnal voltageover most of & life.
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Thedrain onthe batery by the RQM4510W is typically 7.54A when no other poer is
suppled. If a 165 mA-h biéery is usel, the battery an last about 2.5 yesr

165mA-h
7.5 PA
The atual battery lifein your applicationwill dgoend on the cuent dravn by components

noton the CM4510W and onhe storage caacity of he batery. TheRCM4510W daoesnot
drain the btery while itis poweed up normby.

= 2.5 years.

Cycle the main poweoff/on dter you install dadup battery ér the first time, and whe-
evea you replae the béery. This step will ninimize the arrent drawn by the ral-time
clock oscillator arcuit from the bakup battey should the R&14510W eperience doss
of main power

NOTE: Rememberto cydethe man power off/on anytime he RCMA510W is removed
from the Probtyping Boad or moherboard sincetha is wherethe backup batery
would belocaed.

Rabbit's Technical Note TN35,External 3.768 kHz Oscillatr Circuits, provides addi-
tiond information éoutthe current draw by thead-time dock oscillator circuit.

C.1.2 Battery-Backup Cir cuit
FigureC-2 shows the battery-bakup circuit.

VRAM VOSC

External Battery D4 R15

VBAT-EXT

C45

:|:10nF

Figure C-2. RCM4510W Backup Batter y Circuit

The batery-badkup circuit seves thregurposes:

¢ |t reduaes he bdtery voltage b the SRAM and to te real-time dodk, theeby limiting
the arrent consuned by the red-time clock and lagthening thebattery life.

¢ |t ensures that cuent can flow only out of the bédtery to prevet charging the béery.

e A voltage VOSC is suppied to U11, which keges the 32.768 kHz oscillator working
when the volege be@ins to drop.

C.1.3 Reset Generator

The RCMI510Wuses a reset geneator to reset the Rabbit 4000 micropocessor \uen the
voltage drops below the voltagecesary br reliableopeaation. Thereset ocars betwen
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2.85V and 3.00 Vtypicdly 2.93 V Sincethe RCM4510W will operae at voltagessdow as
3.0V, execise @re when opeating close tahe 3.0 V minmum voltage (for exanple, keep
the powersuppy as close as possitd to the RCM4510W) sinceyour RGVI4510W ould
rese unintentionally

The RCMI510Whas a reet outputpin 3 on heder J1.
C.1.4 XBee RF Module P ower Supply

The XBeeRF moduk isisolated fom dgital noise geerated by ohe components by wa
of a lowjass filer composed oE5 andC900n theRCM4510W as shown in Gure C-3.
The filtered powersupply powes the XBeeRF module, and is available via pin 8 abal-
iary I/O heade J4 on th(RCM4510W module.flyou drav on this filered pover supplythe
maximum current drav is 25 mA.

+3.3V

L5
YN Filtered +3.3 V Supply

l to ZigBee Modem
C90

10pF:|:

Figur e C-3. XBee RF Module Supply Circuit

C.2 Powerdow n Mode

The XBeeRF moduk can paver down theremaining REM4510W arcuitry via the
zb_Rabbit poweroff () Orthexb sleep () Dynamic C fundion alls. The ral-time
clock and the data SR M will still be powered duing thepowerdown fom the +3.3 V
DC applied to the RCM510Wmodule viaheade J1 as long as that vaffe exeeds the
voltage of the bekup battey.
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APPENDIX D. ADDITIONAL
CONFIGURATION INSTRUCTIONS

Appendix D provdes nformation onhow to find the btest firm-

ware forthe XBee RF nodule andthe Digi® XBee USB usdas
the ZigBee coordnata, andhowto install the firmware.

D.1 XBee RF Module Firmware Downloads

By default, the RCM4510W is shpped fom the fadory with firmware o opeaate as ether a
router or as a enddevicein amesh netvork. You will need b run the MODEMFWLOAD. C
sample progna in the Dynamic C SAMPLES\RCM4500W\XBee folder to downloa the
firmware needed b opeate the RCM45DW as a mordinaor.

NOTE: You @an verify the firmware version by running he AT INTERACTIVE.C San-
ple program in the DynamicC sAMPLES \ XBEE folder and byengring the canmand
ATVR <Enter> to get the version number displayed in the Dynamic CSTDIO window.

CAUTION: Differentfirmware versionsare likely to interad with the Dynamic C librar
iesin diff erent ways Ralbit has tested the firmware associatedwith apaticular version
of Dynamt Cfor corred opeation, ar only this version is includedon the Dynamic C
CD-ROM — do nd use ay other firmware versionswith that version d Dynamic C.

Once youhave successfully |oaded the firmware, comye and run aniher sampe program
to make surethe MODEMFWLOAD . ¢ sample progran does not inadvetently reload ¢r
parialy reload) the firmware.

If you ae uploadingifmwarebe@useyou upgraedto amorerecent Dynamic C rdease
remember to reompile your applicationsusng the nev version of Dynanic C once you
have uploded the newirmware

D.1.1 Dynamic C v. 10.44 and Later

Enaypted libraries hae beencreaed within Dynanic C for the firmware. Thethree ZigBee
PRO libraries @e intheLIB\Rabbit4000\XBee\XBee Firmware\ZigBee folder.

e A Dynamic C ibray of the typexB24-zB 21...LIB is used ér a mordinator
RCM4510W

e A Dynamic Cibrary of the typexB24-zB 23...LIB iS used ér a route RCM4510W

e A Dynamic C ibray of the typexB24-zB 29...LIB is used ér an end-device
RCM4510W
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Thereare dso two ZNet 2.5 Ibrariesin theLIB\Rabbit4000\XBee\XBee Firmware\
ZNet folder.

e A Dynami Clibrary of the typexB24-B_ZigBee ..41.LIB isusel for a mordinator
RCM4510W

e A Dynamic C ibray of the typexB24-B ZigBee ..47.LIB is used for aend-
devicerouterRCM4510W

Make the 6llowing modifications tole MODEMFWLOAD . ¢ sample prognma.beforeyou
runit acording towhetheryou will be using tle RCM4510W asa coordinatoyarouter, or
an end deice.

e Selet the XBee ole macro acording o wheher the RCM810W s bang useal as a
coordinator a router or an end device
#define XBEE ROLE NODE TYPE COORD
#define XBEE ROLE NODE TYPE ROUTER
#define XBEE ROLE NODE TYPE ENDDEV

e TheRCM4510W usesither the ZNe 2.5 piotocol or the ZB protocol. Make surethe
#define Statement dbs for the protocol used.

#define XBEE PROTOCOL XBEE PROTOCOL ZNET
#define XBEE PROTOCOL XBEE PROTOCOL ZB

D.1.2 Dynamic C v. 10.21 (RCM4510W preview and standard versions)

Encrypted librarieshave keen ceated vithin Dynamic C forthe twotypesof firmware The
two libraries providedare inthe LIB\Rabbit4000\RCM4xxx\RCM45xxW XBee firm-
ware folder.

e A Dynami Clibrary of the typexB24-B_zZigBee 11...LIB isusel for a mordinator
RCM4510W

e A Dynamic C ibrary of the typexB24-B_zigBee 13...LIB S used foraend
devicerouterRCM4510W

Make the 6llowing modifications tole MODEMFWLOAD . ¢ sample progna.beforeyou
runit acording towhetheryou will be using tle RCM4510W asa coordinatoyarouter, or
an end deice.

e Uncomment thefollowing line if you will beusing he RCM4510W as aoordinator

#define ZIGBEE COORDINATOR

e Uncomment either ofthe fllowing two lines ifyou will beusing the RCM510Was a
router or an end deviceThe samdirmwarewill beuploaded to the R®4510W
regardliess d which line is comranted out.

#define ZIGBEE ROUTER
#define ZIGBEE ENDDEV
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D.1.3 Dynamic Cv. 10.11 (RCM4510W preview version only)

The coordinator andernd-devicefouter firmware is provided in the Dynaic C SAMPLES\
RCM4500W\MODEMFW folder.

e Firmware of the typexB24-B zigBee 11...ebl is ugd for acoordinator
RCM4510W

e Firmware of the typexB24-B zigBee 13...ebl is u®d for an end devie/router
RCM4510W

When youwuse the bodbaderfunction, you will have to proie afile read functon that
suwpplies the binary imagein record sizes sgeafied by thexmodem protocol. The red func-
tion will have the fdbwing prototype.

char *fileread(int recordNumber, int recordSize)

Thefunction will return the addess of abuffer containing thedata A NULL return
signifiesthe end of the fé.

Before you compile and runthis sample progran, modify the ximport Statement to point
to the binary image fle you will be downloading.

#ximport "MODEMFW/Coordinator/XB24-B_ZigBee 1118.ebl" zb ebl file

In thisexanple, thexB24-B zZigBee 1118.ebl file is in the Dynamic C sAMPLES\
RCM4500W\MODEMFW\ Coordinator folder If you davnloaded a frmwareupdate to
anothedocation on your had drive, you would bange thealirectorypath acordingly as in
the following exanple.

#ximport "/temp/XB24-B_ZigBee 1118.ebl" zb ebl file

To see thaletails & what is happeninghile the sanple program runs, you should
#define the Pllowing.

#define ZB VERBOSE
#define XMODEM DEBUG
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D.2 Digi® XBee USB Configurati on

You may expaencedifficulty when you u® the ZigBeesample progams and the Di§i
XBee USBwith the deéult sdtingsif you areworking simultaneously with morethan one
ZigBeecoowdinator.

Sedion 6.22 explains how to set upthe RCM4510W corfiguraion patems for thesampé
programs via m&ros in the Dynamic €IB\Rabbit4000\XBee\XBEE API.LIB
library folder.

ZB ZNet 2.5

Extended RN ID — the 64-bithetwok ID. | PAN ID — the network D. Defaults to
Defaults toDEFAULT PANID if sd in the | 0x0234 via thamacro in the Dynanic C
Dynamic CLIB\Rabbit4000\XBee\ LIB\Rabbit4000\XBee\XBEE API.LIB
XBEE API.LIB library, othewise defalts| library. Changethe AN ID if you are

to 0x0123456789abcdef to metch the | developing sinultaneously with rore than
default used on the Di§iXBeeUSB. one ZigBeecoowinator.

If s¢to0x00, tellscoordinatorsto“selecta| #define DEFAULT PANID 0x0234
rancdbmextended FAN ID,” andtellsrouters
and end devies to “join any network.”

Changethe extende FAN ID if you are
developing smultaneously with rare than
oneZigBeecoodinaor.

#define DEFAULT EXTPANID
"0x0123456789%abcdef™"

Channel mask— defaultsto Ox1H-E, i.e., all 12 pssible chanels vathe macro in the
Dynamic C LIB\Rabbit4000\ZigBee\XBEE API.LIB library.

#define DEFAULT CHANNELS ZB DEFAULT CHANNELS
Forexampk, tolimit the dannek to three channels the naao would eal asfollows.

#define DEFAULT CHANNELS 0x000E

The samesonfigurdions mustthen beapplied to the Digi XBee USB via Digi’'s X-CTU
utili ty. If you have not geviouslyused ths utility, instal it from the Dynang C
Utilities\X-CTU folder by doubk-clicking setup XCTU xxxx.exe (Wheexxxx IS
the vesion number)

Continuethefollowing sepswith theDigi® XBee USB connded to your PCs USB port.
Sincethe ZigBeeUtility XBEE GPIO GUI.exe Will conflict with X-CTU, first close the
ZigBeeUtility if it is running.

1. Start X-CTU from the desktop icon andtgbe “PC Setthgs” tab 0115200 baud,
HARDWARE flow control,8 data bits, paritfNONE, 1 stopbit.

2. On the"PC Setthgs” tab, chek the “Endle API” box undefHost Setup.”
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3. Onthe “PC Settings” tab, sete the “USBSerial Port” coresponding to taUSB seial

port the Dgi® XBee USB $ connecte to and click “Test/Quey.” You shoull see a
response showing the Moderngpe (XB 24-B) and the firmwae vesion. Click OK.

Notethat seveal USB seral ports ould belisted. If you selet aserial pot without the
Digi® XBeeUSB conneted, the X-CTU respong to “Test/Quey.” will be “communt
caion with modem ... OK,"butthe modem typewill be unknown, ad te firmware
version will be blaok.

If you a geéamessage that XGTU is unableto open the COM pott, verify that you
sdectedthe COM port with the USB Seial Port,” then tryunplugging theDigi® XBee
USB from the USBI®t and pluggingtiback in. Now click “TestQuery” again.

. Unde the “Modem Coniguration” tabclick the*Read” buton. X-CTU will now display

the néworking and I/O peametes for the Dgi® XBeeUSB being uad as the ZigBee
coordinator

Modem: XBEE XB24-ZB
Function Set: ZIGEEE COORDINATOR API (do not select aher settngs)

Version: the version of the firmware included with the version of Dynamic C yau are using (should be
of the type 21...)

. Now sd the networking paraeters inyour piojed defines orin the sanple program to

match the paametersin theDynamc C LIB\Rabbit4000\XBee\XBEE API.LIB
library.

. Now sd the networking paraeters inyour piojed defines orin the sanple program to

match the paametersin theDynamc C LIB\Rabbit4000\XBee\XBEE API.LIB
library.

Networking

(D) CH - Operatirg Chamel — this is the goeratingchanrel you coudd sse whenyouranthe

AT INTERACTIVE.C sampleprograminthe Dynamic C SAMPLES\XBEE folder byenter
ing the canmand ATCH <Enter>. This channelinformation camot be chamged fom the X-CTU
utility .

(0123456 7®ABCDEF) ID - Extended Ran ID — setthe newextended PAN 1D that foll ows Ox to
match the DEFAULT EXTPANID macro.

(1FFE) SC - ScanChannels- st the rew valuefor the chamelsto <an,E, for exanple, tomatch
the new seting in the macra

#define DEFAULT CHANNELS 0x000E

7. Finish by dicking the ‘Write” button.

We areincluding aprofile file (XBee-USB ZB defaults.pro)inthevutilities/X-CTU
folder to load a Digi® XBee USB with default settings. Once thBigi® XBee USB $ con-
neded to an availableUSB port on your PCstat the X-CTU utility. Click the “Loal”
button in theProfile section, navigate to thepro file, and it will se all of the defaults.
Then click the “Write” button to wrie the sétings to theDigi® XBee USB.
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D.2.1 Additional Reference Information

Chedk Digi’ s Web site for the latest nformation and documentation on the XBefe
module, the X-CTU utility, and tle Digi® XBee USB. Note that the XBe&® and the XBee
PRO® RF modues are presentlynot compatible with the XBeeRF modue used vith the
RCM4510W, but the geneal documenton about ZigBeerad the use of A commands
for the XBee® and the XBed’RO® RF nodulesis rdevant.

D.2.2 Update Digi® XBee USB Firmw are

Thefirmware version usedy theDigi® XBeeUSB mustormrespondo the irmware version

installed on the RCM810W If you haveupdatel theRCM4510W firmware(or you have
aneed D re-instdl thefirmware ontheDigi® XBeeUSB), the correspondag firmware for

the Digi® XBee USB is inthe Dynanic Cutilities\X-CTU\MODEMFW folder.

e Rememberto record theextended FAN 1D, NI, and oher paametes you ae using.
e Firmware of thetypexB24-zB 21...zip isused or theDigi® XBee USBcoordinator

CAUTION: Different firmware versionare likely tointeractwith the Dynanic C libraries
in differentways. Rablt has tested thefirmwareassaiated with a paticular version of
Dynamic C for carectopeaation, and mly this version isincluded on he Dynami C
CD-ROM — do nd use ay other firmware versionswith that version d Dynamic C.

1. Start X-CTU fromthedeskiop icon and set the “PSettings” tabd 9600 baud, HARD-
WARE flow control,8 data bits, paritfNONE, 1 stop bit.

2. On the"PC Settngs” tab, chek the “Endle API” box underHost Setup.”

3. On the"PC Settngs” tab, seletthe “USB Serid Port” and click “Test/Quey.” You
should se@ responseshowing the Moden Type (XB 24 B) and the firmwee veasion.
Click OK.

Notethat seveal USB seral ports ould belisted. If you selet aserial pot without the
Digi® XBeeUSB connedted, the X-CTU respong to “Test/Quey.” will be “communt
caion with modem ... OK,"butthe modem typewill be unknown, ad te firmware
version will be blank.

If you a géamessage that XGTU is unableto open the COM pott, verify that you
sdected theCOM port with the USB Seial Port,” then tryunplugging theDigi® XBee
USB from the USBIst and pluggingtiback in. Now click “TestQuery” again.

4. Unde the ‘Modan Configurdion” tab dick the “Read” button. X-CTU will now dis
play thenetworking and 1/0O pametes for the Dgi® XBee USB.
Modem: XBEE XB24-ZB
Function Set: ZIGEEE COORDINATOR API (do not select aher settngs)
Version: the version of the firmware ircludedwith the version of Dynamic C you are sing
5. Click the ‘Read” buton, séect XB24-B &the Modem type; seld ZIGBEE COORDI-
NATOR AP as the Funatin Set, ad 21...as the Version, then click Write.”

6. When the process iscompkte se the PANID, NI, and other pametes to he values
you wee using bedre the frmware was upgrded.
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use of Rabbit 4000 signals 90
R

Rabbit 4000
spectrun preacer time delays
..................................... 79
Rabbit subsystems................ 27
RCM4510W
mounting on Prototyping
Board ......c.coeeiiiiiiiiennn. 11
realtime clock
battery baclup .................. 98
Run Mode........c..cuviiiiieraeenns 37
switching modes.............. 37
S
sample gograms............. 18,59
getting to know the
RCM4510W
CONTROLLEDC ........ 18
FLASHLED1.C............ 18
FLASHLED2.C............ 18
TAMPERDETECTION.C
.................................... 19
TOGGLESWITCH.C ....19
PONGC .....covvvveeiiiiiaens 14
realtime clock
RTC_TEST.C....c.eerene 23
SETRTCKB.C ............. 23

sample programs (continued)
serial comnunication
FLOWCONTROL.C ....20

IOCONRG_
SWITCHECHO.C ..... 22

PARITY.C ..., 20

SERDMA.C .....ccovvveee. 20

SIMPLE3WIRE.C ........ 21
SIMPLESWIRE.C ........ 21
SWITCHCHAR.C ........ 21
deep male..........cccuueee. 66
USERBLOCK_CLEAR.C 47
USERBLOCK_INFO.C ...47
XBee R- module
AT_INTERACTIVE.C
.............. 15, 62,101, 106
AT_RUNONCE.C........ 62
MODEMFWLOAD.C

........................ 101, 1@
SLEEPMODE.C............ 63
SLEEPMODE2C .........! 64
XBEE_GRO_SERVER.C

............................ 59, 64

ZigBee &tup ......uveerernnnne. 59
serial communication........... 34
functioncalls ................... 47
Prototyping Board
RS-22 oo 92
software
PACKET.LIB ............... 47
RS232LIB ....ccoeeviennee 47
serial Ports .....eevvvvvniieieeee 34
programmingpart ............ 36

receie line nd puledup ..35
Serial Port B (XBee RF

module) .......ovieieennnnne. 34
Seral Pat E
configuraion informa-
toN .o, 22,34
Sefal Pat F
configuraion informa-
toN .o, 22,34
deepmade .......cocoveeeeeneennn. 65
sample pograms .............. 66
ST &NG v, 65
xb_deep().....cvvvurneen. 65, 66
Xb_tick() <o 66

zb_Ralbit_poweroff() ....... 66
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SOftWAre ..o 6

external 1/0 kus .......... 33, 47
I/O drivers ......ceveeviivieaee. 47
libraries
RCM45xxW.LIB ......... 52
serial conmunicationdrivers
..................................... 47
version canpatibility ........ 6
ZigBee divers.............c... 49
specificatiors
busloading......c.c.ccoennnee. 77
digital I/0 buffer soucingand
sinking limits ............... 77
exclusion zane...........cum. 71
header éotrint ................ 75
Praotyping Board ............ 88
Rabbit 4000 DC characteris
HCS oo, 76
Rabbit 4000timing dagram
..................................... 78
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dimengons .................. 70
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environmenral ............ 72
relativepin 1locations......75
XBee RF mdule ............ 74
spectrun greackr ................ 79
SEINGS .eeevimeiisiiieei e 42
subystems

digital inpus and outputs .. 26

switching modes............co... 37

T
techrical suppat ................. 16
U
user block
determining size ............... 47
functioncalls ................... 47
readUerBlock() .......... 43
writeUserBlock() .......... 43
resrved aea forcalibration
congans ......ccoeeevneeennee 47
X
XBeefirmware ........cccooouune. 6
upgraingto ZB ............... 58
ZB e 6,58
Znet2.5 e 6,58
Znet2.5vs. ZB ...........cou 58
XBeeRF madule
additional re®urces.......... 67
firmware davnload......... 101
function calls
xb_sleep] ..veviuiiiiiinines 99

zb_Rabbt_powerdf() ...99

Z

ZigBee
software libraries .............: 49
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coadinator ........cueeeeeeee. 57
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mes$ network .................. 57
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SCHEMATICS

090-0242 RCM4500W Schematic (preview ver sion)
www.rabbt.com/documentatior/schemnet/090-0242. pdf

090-0246 RCM4500W Schematic (standard rel ease)
www.rabbt.com/documentatiorn/schenet/090-0246. pdf

090-0230 Prototyping Boar d Schematic
www.rabbt.com/documentatiorn/schenet/090-0230. pdf

090-0128 Programming Cable Schematic
www.rabbt.com/documenttior/schenet/090-0128. pdf

090-0252 USB Progr amming Cable Schematic
www.rabbt.com/documentatior/schemnmet/090-0252. pdf

You mayuse theJRL information providedboveto acess thdatest schmatics diretly.
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