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When seifng wp 2n Agmclwonous Tranemisson, 5
fofiow these steps:
€ Inftislizn the SPARG register for the approprizte 8.
baud rate, If & high spead bauwd vale i desired,
sel bil BRGH (Section Hh1), 7.
2 Fnahia he asynchronous seral port by clearing
it SYNC and setling bit SPEN. 8

3. If interrupts are desired, then sel enable bit
THE

4. if'9-bit lRnsmission is desired, then set transmil
bl TX9,

Enabie the tansmission by seiing bt THEN,
which wik afsir et bl TXF.

if OBl Iransmission is selectsd. the ninih bit
shoultt be fyadad fn b2 TXR0,

Load data tn the TXREG register (slarts frans-
migsion).

H tsing intermupts, sz that GIE and PEIE
{bits 7 and B} of the INTCON reglsiar ane sat

FIGURE 10-2: ASYNCHRONOUS MASTER TRANSMISSION
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FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION [BACK 1O BACK)
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TABLE 10-5: REGISTERS ASSOCIATED WiTH ASYNCHRONOUS TRANSMISSION
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122 Oscillator Configurations

1224 CECILLATOR TYPES

The PICIEFE7X can ba operated in four diferént oscil-
iator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to salect one of thesa four
modes: .

. P Lo Power Crystal

¢ XT CrystaliResonator

« HE High Spead CrystalResonator

* RC ResislorCapatilor

1222 CRYSTAL OSCILLATOR/CERAMIC
RESONATGRS

In XT, LP or H5 medes, a enystal or ceramic resonator
is connected to lhe OSC1/CLKIN and OSC2/GLKOUT
ping to establish oscilzion (Figwe 12-1). The
PIC18FETX oscialor design requires the usa of a par-
aflel cut erystal. Use of a serfes cul crystal may give a
lrequency out of the cryslat manufacturers specifica-
tions. When in XY, LP or HS modes, the devite can
hava an exlernal clock source lo drive the OSC1/
CLKIN pin {Figurs 12-2).

FIGURE 12-1: CRYSTAL/CERAMIC
RESONATUR OPFERATION

FIGURE 12.2: EXTERNAL CLOCK INPUY

OPERATION (S, XT OR
LPOSC
CONFIGURATION)

Clock from 0501

Exl. System PIC16FETK

Open -a—— OSC2

TABLE 12-1: CERAMIC RESONATORS

Rangas Tested:
Mada Freq. v Gs5C2
AT 485kHz | 68-100pF |88~ {GOpF
2.0 MHz 15-68pF | 15-68pF
4.4 4Hz 15-68pF | 15-8BpF
HS 8.0 MHz 10-88pF | 10-8BpF
160 MHx | 10-22pF | 10-22pF

‘Thasa vajuna are for dasign guldance oaly.

Sa tgs following Table 12-2,
{HS, XT ORLP ® Aoles S
£S8C CONFIGLURATION) Resonators Usad:
455 kHz | Panasonic EFO-A4E5K04B | = 0.3%
et osct

CIXTAL

cath PICEFETX

Sos Tabla 12.4 ang Table 122 for recom-

mended values of G1 and G2,

2: A sarins tsisior (Ry) may be requited for AT
inip cul crystais.

3: BF varias with the crystat chosen.

2.0MHz | Muals Eie SSAZ.00MG = 5%

44 MHz | Mumata Ere C5A4.00MG =0.6%

80MHz | Murata Eriae CSAS.00MT =0.5%

6.0 MH2 | Murats Eria CSABIOMX | =0.8%

Al uzad did not have built-in

=
5 2001 Meroship Teshnetogy ths,
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PIC16F87X

TABLE 12-2: CAPACITOR SELECTION FOR 1223  RCOSCHLATCR
CRYSTAL OSCILLATOR For {ening insensifive appiications, the “RC” device
Caystal | Cap. Ran Cap.Ra option offers addtional cost savings. The RC oscllatar
Osc Type ;,y:q pm 9 apm“ge frequency is a function of the SUPpYy voiage, the resis-
\or {REXT) and capacitor (CEXT} values, and the operat-
LpP 32 kHz 33pF W peF ing lamparature, n addiion to this, the oscilalor
200 kHz i5pF 15 pF frequency will vary from unit Lo unil due to nomal pro-
¥ €ess paramelsr veralion. Fuhemore, the difference
XT | 200Kz | 47-8BpF | ATGBPF inlead fame capactance between parkags i
1 MHz 15 pF 15pF also affect the asellaton frequancy, especially for low
4 MHz 15pr 15 pF CxT values. The user alse needs o iake into account
HE 4 Wz 15 pF 15 pF vaniakon dua to tolerance of extenal R and C compa-
nents bsad. Figure 12-3 shows how the RiC coumbina-
BMHz | 1533pF | 1533pF ton is 1o he PICTEFA7X.
WHHz | 1533 pF 15-33 pF
Thase values ara fer design guldancs only, FIBURE 12-3: R$ OSCILLATOR MODE

See notes following this wable.
Crysials Used
32%Hz | Epson G-DOTRI2VEBK-A | J0PPM |
200KHz | STOXTL200000KHz | £20PPM
1 MRz ECS ECS-1013 +50 PPM
TNy ECS ECS40-20-1 | +50BPM |
8MHz | EPSON GA-301 BODOMC] +30 PPN
20MHz | EPSON CA-307 20.000M- | =30 FPM
c

<orlted,
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i = BECHCLKOUT
| Foscn

Recommendod vales: 3 k(2 s REXT £ 100 kO
Gy > 20pF

& 2001 Microchip Teshnology b

15,2 DL Characteristics: PIC16F873iBT4IBTEBT7-04 (Commercial, Industrial)
PICGF87XB74M076{BTT-20 (Commerclal, Industrial)
PIC1ELF87/874/87€/877-04 (Commersial, Industrial)
: Standard Operating Coaditions {unisss otherwiza stated)
I Operating lemparulure  40°C £ TA<+85°C  for indusirial
PC GHARACTERISTICS. 0°C sTa+70°C far cammercial
Operaling voliage YU range as desaribed in DG specification 2
{Section 15.1) 2
Faeml spm Chasacteristic Hin tm* Max umsi Conditioas
Vi |input Low Vollage =
fUC poris
D026 with TTL balfer Vss | — [045¥on ¥ [Forentire Voo range
[DoanA Vss |~ 08V [ ¥V [45V¥<VODs5SY
03t with Schmiltt Trigger truffer Va5 | —{0.2vop) ¥
D032 FCLR, 0SC1 {in RG made) Ves | — |0avee| ¥
0033 GSC {in XT, HS and LF) vss | — [03voh] V |Netet)
Ports RC3 and R4 -
24 with Schraltt Trigger bufler Vss | - |0.3¥DD{ ¥V (Forentire VoD range
D4R with SMBus 0.5 — N8 v [for VDD =4 520 5.5
¥ir  (Input High Yollzge
V3 ports —
D040 with TTL buffer 2 — | Vop | V 45VsVDDs55v
D408 0.25¥bo| — | Van { V |Forentire VoD range
+3RY
0941 with Schmift Trigger buffer | 0.8Ves | - | Yoo ¢V {Forenties Vop range
0042 MCLR 08VoD | — | Voo | V
D042A (OSCT (XT, HS and LP} Givop { — 1 Voo | ¥ i{Noted}
{D043 QS {in RC mode) 08Voo | — | Vop | ¥V
I Ports RC3 and RC4
|poaa wilh ettt Trigger bufies | Gvon | — | Vou | v |For enie Voo range
DD44A, with SMBus 14 —] 85 Y |for VoD = 4.5 to 5.5
D070 |PurE |PGRTE Weak Full-ep Current 50 [250) 400 | pA [Voo= BV, Vem = Vs,
48*C T +85°C
: U |inpart Leakags Current- 3
[ fio ok T T A Vs S Ve 2 Vo,
| L Pin sl hHimpettance
1061 MCLR. RAHTOCKE — -1 5 wA [Vs5 S VPN < VDD
Iooss 1050t — - E=l A (V38 < VPIM € Voo, X, HS
: and LP i
*  Theseparamelers are characlenzed but not fested

+  Dala tn“Typ" cotumn is-at 5Y, 25°C untess otarwise staled. These paramaters are for desion goidance
ety and are nt lested,
Note 1: in RG oscillator configuralion, the OSCAGLKIN pinis 2 Schmitt Trigger inpul_ [t is not recemmended that the
PICTSFE7X be driven with external clock in RC mdde.
% Theieakage camenl ontha MCLR pin is strangly dependent on the applied voltage levet, The specified levels
represent normal pperting conditions, Higher leakaga oumen! may ba measuled at different inpul voltages.
3t Negative cument is defined as curent sourced by the pin.

5 2003 Miezpchip Technology tnc.
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PIC16F87X

15.2 DC Characteristics: PIC16F873/874/876/877-04 (Commercial, Industrial)
PICt6FBT3/874/876/877-20 (Commercial, industrial)
PIC16LF873/874876/877-04 (Commercial, Industrial)

(Continued)
Standard Operating Conditlons {unless otherwise stated)
Operating temperature  40°C < Ta<+85°C  for industrial
DC CHARACTERISTICS 0°C < TA<+70°C for commercial
Qperating voltage V0D range as described in GG spacification
(Section 15.1)
P':Er:m Sym Characteristic Min [Typf Max [Units Conditions
VoL {Output Low Voltage
Dosd 1 poris - — 1 {8 V [loL=8.5 mA, VDD = 4.5,
-40°C {o +85°C
D083 OSC2/CLKCUT (RC osc config) — — 1 08 YV {loL= 1.6 mA, VDD = 4.5V,
-40°C fo +85°C
You |Output High Voltage
D090 110 partst® Voo-07 — [ — | ¥V llon=-3.0mA, VoD =45V,
-40°C fo +85°C
D092 OSC2CLKOUT {RC osc canfig) 1 VoD -Q.7| — — ¥V Jlok = -1.3 mA, Vob = 4.5V,
-40°C to +85°C
D050* | vob |Open-Drain High Voltage - — | 85 ¥V |RA4 gin
Capacitive Loading Spacs on
Qutput Plns
D100 | Cosc? {O8C2 pin — — 15 pF [ir XT, HS and LP modes when
external cleck is used to drive
Q501
D16t €lo {AILHG pins and OSC2Z {RC mode) — — 50 pF
D102 CB  |SCL, SDA (°C mode) — — | 40 | pF
Data EEPROM Memory
D12¢ Ep [Erdurance 00K | — -— | EMV[28°Cai bV
D121 Viorw VDO for readiwrite Ve | - | 55 ¥V |Using EECON to readfwrite
VN = min. operafing vollage
0122 Toew |Erasefwrile cycle time — 4 8 ms
Program FLASH Memory
D130 Er  |Eadurance 000 | — 1 — [EMWI[Z5CathV
D131 VPR VoD for read YuIN | — | 55 V' VMIN = min aperating veltage
01324 VDD for erasefwrite VMIN | - 55 ¥V jUsing EECON fo readfwrite,
VMIN = mtin, operating vollage
D133 TrEw (Emse/Mirite cysle fime - 4 8 | ms

*  These paramefers are characterized but not tested.

1 Catain "Typ” coluron is at 5V, 256°C unless otherwise stated. These parameters are for design guidance

only and are nat testad.

Nata t: In RC oscillator configuration, the OSCHCLKIN pin is a Schmitt Trigger input, It is not recormmended that the

PIC18F87X be driven with extemal clack in RC mode.

2 The leakage current on the MCLR pin is sirongly dependent on the applied votiage fevel. The specified lavais
represent normat operating conditions. Higher leakags cument may be measured at different input voltages.

3: ~Negative cuirant is defined as current sourced by the pin.

L
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6. Documentation XBEE

1. XBee®/XBee-PRO® RF Modules

Specifications

Tableld.  Specifications of the XBeelyXBra-PAGR RF Modu?

The XBee ang XBze-PRO RF Modutes were englheered o
meet |EEE §02. 15.4 stardands and support, the ynlaue
needs of low-Cost, Tow-porrer wirtless sensor netviorks,
The modules require minimat power snd provide reliabla
dediwery of datd betwaen devices.

The modutes operate within the 15M 2.4 GHz frequency
band and are pin-1or-pin comgiatitle with each other

Tl 1 303 (50, 110 200 {60 ) tnasoned
variant

drviooiirteen Range Up ko 160 1430 )

bt R 3 1 1 i G0 ) o o 2500 0 T Y
Ouitker RF Te<FaghiRangs  Up 3001190 mi  jemgingl
Trasmi Power Outgil . © B 18y
fscbram selectibiz) Tif 0 dBiy R (10 &3 e Mteretonal vasand
RF Ry 50000 . 250005
el btertice Dola sl 1200bs - 250 Hs 1200 bps.- 250 kces

Hey Features

Lurln Rangas Dah Intggrity
XBeg
» Indoor/Urbad: up ta 100° {30 m}
+ Dutdoor line-of-sight: up ta 300° (50 m)
» Transmit Power: 1 mW (0 6Bm}
» Recelver Sensitivity: 52 dBm
XBee-FRO

» Tndoor/Urban: ug to 300° (90 My, 200' {60
m) for Internatlonal vartant

+ Quidsor fine-of-sight: up to 1 mite {1600
m), 2500" (750 m) for Internatienal variant

+ Transmit Power; §3m (18dEm}, 10mw
{10d8m) for Intermational yariant

* Receiver Sensitivity: -100 dBm
R¥ Data Rate: 250,008 bps
Advanceg Networking & Security

Law Power Zaea gy
¥eee .  250mA 1833 V}{150mA ke inietonal varent)
«EX Peak Current: 45 mA (@3.3 V} Feansmil Cyrrend el - AR (5] : ffﬁ'u"&ﬁ";;‘g 340mA 533 V] [iEGmA T

+ RX Curvent: 50 mA (613 V) 'Iﬁ;ﬁ‘ecemmmu},ﬁm; 50‘4\1\{@33") SoAS 1IN o —

« Powar-davn Carrent: < 10 pA
XBee-PRO

=T Peok Cument; 250mA {150ma for
internatfcnal varant)

+ TX Paak Current {RPSMA madule only):
340mA (180mA for international vadan

+ R Current: 55 mA {@3.3 V)
+ Power-dawn Current: < 10 pA
ADC YO line support
Analog-to-digital conversian, Digltal /O
/0 Una Pasging

Retries and Acknowledgements
D355 (Diract Sequence Spread Spectru}

Each dirert sequence channels has over
65,000 unlqua nebwork addresses availakle

Source/Destination Addressing
Unicast & Broadeast Communicatens
Paint-tu=pint, point-to-awtipoint

and peer-to-peer topologies supportad

Warldwide Acceptance

Ho configuration necessary for gut-of box
RF communications

Free X-CTL! Spftware
{Testing and configuration software)

AT and API Command Mades for
contiguring module parameters

Extensive commiand saT
Smadl form factar

92 B 41% gl e )

3 -0t 1% peckel emox rale]

e

Prawerdown Cusmonl i

General

Cperatny Foierey LS Geiz IS Ghz

Dmansons U g 8 108 2 43emx 275 G360"2 1357 (2.438m 1 3:2540m)

Oparatng Temparire G oo w3 i i
et W, Ctu o (LA, Gonmeios, RFSKA* ifegrele] Wi, Ciép o U4, Gotnetior, SRR

Alehina Gnlins Comregr Connewtor

Betwdeig & Sectrity

‘Suppeoced Nethork Torckerszs | P, Povdo At & Pessoges

p— L kit ot e

mﬂe;mm" j 16 Dirott Secants Channals | 12 Dirwct Sequonod Cranssk,

dmssing Sy PAN 0, Srarel  Adkresns PANID, Chenel tod Adressis

Agency Mppivals - - - -

Uit Stats (FOC Porl 16 247 GURABEE T GURKBEEFRO

Intusiry Carade i) SaridaeEe B3R JEEEPRO

Eumpa {CE} TETSL + BV (M 30 dBim brunsiist peveer Ouspuly”

Lo P VRS T4 o

7
Al T JET

* See Apperadiy A B regivnspodife cerification reguiresnnts.

Antenna Qptions: The ranges specil

d are typical whan using the intearated Whip (1,5 0Bi and Dipale {2.1 GBI anten
a5, The Chip antenna optlon provides advantages in its form factor: howewar, it typteally yields shorrer range than th

FCC Approvat {USA) Refer to Appendix A fp6d] for FCC Requissments,
Systems that contain XBeeE/XBee-PROM RF Modutes inkerit Digi Certifications.

151 (Indusizial, Sclentibic & Medical) 2.4 GHz frequency band
Manufactured under 150 2004:2000 registered standards

F@ Whip and Dipole antennz aplions when transmitting aurdaots. For more Information, refer 1o the “XBze Antenrias® Kng

+dgebase Article located un Bigi's Support Web site

C€

HBze@/XBee-PROG RF Madules are optimized for se In the United States, Canada, Australia,
Japan, and Europe. Contact Digi for complete list of government agency appravals.
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Mechanical Drawings

Figure 300, Mechanieat drawings of the -FROG HF

Page DT-20 sur 31

aptians




LEgT e

Pin Signals

Figunai 0} XPecti3Bee FROD RF Module Ta
Nambers

g it sttt - s am bty

Toble 102, Pz Asiguments forthe Xlley and Xbee-PEO Madulés
¢-nsscvree sigmals e ednguished ity Ports

o b o g G

* Functioe 5 4ot Iyt 4 the kit o ths ciesne
Daslgn Notas:

+ Minlmum canseerions: YT, GNO, GOUT & DIN

* KinImUm: cannectians Tar uboztiag Madweres: YOG, GHD, BIN, BOUT, ATS & OTA

= SlgHet Cireclion ks spealwed with rospect to the madule

+ Magufe incluces & 50K S puli-up resbeor avtached to RESET

* Severa oF the INDA DUILPS CaM Be COMGURed Using the PR command

= Unwsed aie should B I discennccted

Agrégation de Session 2012
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Electrical Characteristics

Table1-03. DC Characterishics (VOO =28 - 34 VDO

&
; ¢
Cuptiowolnge o FIA T = ERY - s [ ¥
GmHithdrage ot = ERAGOETTETV VeE o3 o ER W
. SR . i
H'ghlmpeﬂanaemkage&mm vﬂ VS GO, ALV R Z e - A
™ Transma Crnent NED =33 - A
Receive Cutrent VCC=33Y - - mA

PRI " Poweiitg e Sl i . W

Table 1-84. ADC Characieristics (Operaling)

VREF - Referenca Supply Currenl. | : -
Vage ‘Analoy Tnped Vafiaga! Vg 03 : Vonap~ 03

1. Maxtmum electrical uperating range, not valid conversinn cange.
“Vigpup 18 onnocted 1o VOC.

<%

‘Table 1405, ADC Timing/ferformance Charadteristics'

‘Sowre Impadance 2t Input? : - H - [ k0

fnelog logat Venage® ¢ o Ve P Ve v

Idsel Resolution (1155 : 208V < i, STEV 25 . TURER i

Cifierenia) Nor-fneasty” . B - E] :

Zorw-sraks Exror : :

Full-scal Fiper® H H N

lupuLsahageEmP : -

T T s e

. a3 ACCURACY numbers are based an processar and spskan bcmgm WAIT states (very fittle aclivity and no A3 switching)

aidk that adoquats low-pass filtoring i greanl on analog nput pists (GHer with .01 uF to 0.1 uF eapactor b tween analay

input and YREFL), Failure to ebsceve these guidsfines may result in system o microeontreller notse causing aecuracy eorors
vebich vlllvary Fazed an bossd layaut and (e 1y po ond magitude of the actvity.

Data ranstritsion and 2eceplion during data jun may caute sane thase specificati ing on
e number and Lievng of packets. 1 is advisable ko test the ATICS in yoor installzon llb\.sl sccuracy is required.
2. Rpginthe real portion of the i ke driving the analog input pin. Values 5 than th

nat fally charge the inpu crusifey af the ATD. zesulting inaccuracy ortor.

3 Aralerg Inplat st be beteceen Vggn, and Vyge fut valid conversion, Vahuos greater than Vigne will coavert to 53FF.

4. The nusulutian is the ideal step size or 1LSB = (VgarVaer /1024

8. Differentia] non-linearity is Ihe difference betwveen the qurment code width and the ideat code widih (1158, The current
cade widih is the diffeneee in the transition veltages to and From the current codo.

6. Tategral nouslineasity 35 (he difference betwoen the fransition voltage 1o the el esde and e adjusted ideal ransitivn
voltagu for tu: corment coda, The adiusted ideal transition veliage is (Cuszent Code-172%(1A(Vagne Ergi-{Vier t Ezgthh

7. Zere-seale avcor 5 Lhe dilference between the trnsition to Be first valid code and the ldeal tramsition to fat cods, The
ldeal transition volfage Lu a given code is (Cmiﬂ-l;”]'{lf(\'wyr\"ﬁw]

&, Full-sealesrmoc is the diff b he last valid code and the: ideal ransitian b that code, The fdeal
trapsition voltage ty a given code is (Code~2 2V (1 VaeerVaen)):

9. Input lrakapr erroris amor dus (o input leak age scrvis the teal portion of the impedance of the network driving the analog.
pin. Reducing the impedance af the netwotk reduecs this ecror.
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Flow Control

Figure 205 Internal Lala Flgwr Dizgmm

2. RF Module Operation

Serial Communications

The XBee®/XBee-PRO® RF Madubes interface to 2 host device through a logie-levef asynchronzy
scrial port, Through Bs serial part, the moduls ¢an commurticate with any togic and voltage come DI {Data In) Buffer
patible UART; or through a level translatar ta any serlal device (For exampile: Through & Digi pro
When seriel data enters the &F module through the DI pin (pin 3}, the data s stored in the DI But-
Fer until it can be processed.

prietary RS-232 or USS interface hoard).
UART Data Flow Hardwara Flow Cantrat (TTS). When the Di bulteris 17 bytes away fram being fuk; by default,
the module de-asserts TS (high} to signal to the hest device 10 =top sending data [refer t DY
Devices that have a BART interface can connect directly to the pins of the RF module as shown it (0107 Configaratan) parameter). TTS & re-asserted afar te: DI BuBer has 34 biyles of memory
the figur balow, avalladia. :
Figure 201, Syelcns Data Flow Diagram in o UART-interfaced environment How ty eflminate the need for Pow cantral:
o signals distinguidhe with hotiacnal fine over =i N
b ke 1. Send messages that are smaller than tha B buffer size (202 bytes).
Interface pta lower baut rate [BD (Interfact Data Rate] parameter] than the throughpue

2.
dala rate.

Ceass In which tha DI Buffer may bacamp full and possibly cvarfpw:
It the medule Is receiving a continucus stream of RE data, any serial data that arrives on the OF
pin is placed in the DI Bulfer. The data in the BF buffer will be transimitted sver-the-air when the'%:
module s ne longer recelving RF data In tha network,

om-C,

Refer 1o the RO (Packetization Timeout, ED nterface Data Hate) and Y (DIO? Conflguration) ¢
mand descriptions for more informagion.

Serfal Data
Bata enters the module UART through the BI pin {pin 3} as a0 asynchrenous serial signal. The sic i
nal should idle high when o data i being ransmitted. DO {Dute Out) Beffer

RF data is recelved, the data enters the DO buffer ani is sent out the serial port to a

i

Each data byte consists of a start bit {iow), 8 data bits [least sighificant bit first) and a skop bit When
{high). The followlng figure Mustrates the senal bit pattem of deta passing through the module. deviea. Gnce tha DO Buffer reaches capagity, eny additianal incoming RF date is tst.
Hardware Flow Control (RYS). If i is enabled for flow contral (D6 [RID6 Configuration)

Parameter = 1), data will not be sant out the DO Buffer a5 long a8 TS [pin 16) [ de-as552;

Two <ases In which tha DO Buffer may becoma fall 2nd possibly overflow:
: UART Signsl 1. Ifthe RF data date is st higher than the Interface data rate of the module, the module'y

receive data from the transmitting medule faster than It can send the dats to the host:
IF the hast does ngt sllow the modufe 10 transmit datd out from the DO buffer becausd,

TFignre 202 VART &ata packet WiF (decimil rumber *517) aa transmitted through the R madule
Exomple Data Format is 3-N-1 {bits - parity - £ of stop bits}

iy
L &

A R It
Pl Lok : 2
Fgadl  mmC Pl et B beitg held off by herdware o saftware flow Contror,
Valiaze AL T RIS :
Stzit BR Jiow) 0D R {wghl
Time Refer to the DE (DIDE C command 6 ion for more |
Serial communications depend o the twd UARTS (the micrecontroller's and the RF moduie’s) ta b
canfigured with compatidle settings (baud rate, parity, start bis, stop bits, data bis).
The UART baud rate and parity cn the XBee moduke be¢ the BD and ST
commands, respedively. See the command table in Chapter 3 for details.
¢
" . ) La v
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Modeas of Operation

KBer@fXBec-PROE RF Modules aparate in five modes.
Figare 207, Modes of Operatian

Idle M;D

other modas of aperation under the fellowing randitions:

= Transmit Mode (Sevial data is eecived in the DT Bufter)

« Receive Moge (valld RF data is received through the antenna)
Mode concition is met)
» Cornmand Mode (Conmnmledt Mode Seqtence is lssued)

Transmit/ Recel:

ihen nat receiving or transmitting data, the RF madula s in Tele Made, The module shifis into the

RF Data Packets

Each transmitted data packat contaings o Source Addvess and Destination Address field. The Source
Address matehies Lhe address of the transmitiing madule as specified by the MY {Saurce Address)

perameter {If MY >= OxFFFE}, the SH {Sorfal Number High) parameter or the 51, (Seriat umber

ahle the RF modiie to entir states of kve-power consumption when not in use. In
‘Bnter Sleep Mode, ane of tha following tonditions rast be met (In additon ta tie roduta
aving 3 pon-2eno SM parameter value):
« Sleep_RQ {pin 9) is asserted and the madule i in & pin Siesp moda (SM = 1, 2, or 5)
« The module fs idle (no data trensmission or reception) for the amount of Hme defined by the
ST {Titn before Sleep) parameter, {NCTE: 5T & only active when SM = 4-5.1
Table 204, Sleep Muode Configurtions

Sleep M

Elotias
PnHbemale | Asserl high} Siceq RO WpALELY
M= 1) g i ;mmmsmp,mgnmmm ;m}"'“

Pz Azged i 1R H i
G |y SDomtfor S 2 B s

T e i
R it | oot
B | | S

it P,

R ———
i S (leep Wode) 2

Cyekc Seey

ey | ST (Tens beks Seag) %m bytz 3P

B2 SLEEP Rpi. H
The 5M cormmend |s centra| to setting Sleep Moda configurations, By default, Sleap Modes are dis-
abled {SM = 0) and the module remalns in Idle/feczive Mode. When in (ls state, the medute i
eonstantly ready to respong Lo serfal or RF activity.

PinfHost-controlled Sleen Modes.

Low} prrameter. The <Destination Address® Geld is created from the DH (Dastination Address
High) and DL {Destlnation Address Law) parameter valuss. The Source Address andfor Destination

Address fietds wili either contaln & 16-bit shiort or long 64-hit iong adgress,

The AF data packet structure follaws the 802.15.4 specification.
{Bafer ta the XBee/XBee-PRO Addressing section for more Information]

Direct and Indirect Transmission

“There are two metheds to transmit data:

The transient current when waking from pln steep {SM = 1 ar 2} does not exceed the idle cuirant
of the module. The cument mmps up exponentially to its idle cyurmnt,
Pin Ribarmate (SM = 1)

= PinfHost-cantrolled

4 Typical power-fown cuprent: < 10 pa {B3.0 vC)

» Wake-up time: 13,2 mgec
£in Hibernate Mode minimizes quiescent paver {pover consumed when in a state of rest ar fnac-
tivily), This mode 15 voltege level-activated; when Steep RQ (pin $) Is asserted, the module will

flnish any transeit, recelve or asseciation aegvities, enter [dle Mode, and then enter a state of
sleen. The module will not respond $o either serfal o+ #F activity while in pln sleep.
To wake a sleeping module operating in Pin Hibernate Mode, de-sssert Sleep_RQ (pin 9}, The
module will wake when Sleep_AQ Is de-asserted and is ready to transmit or receive when the CT5
ling is low. When waking the medule, the pin must be de-asserted at laast two 'byte imes' aftor
TS goes [ew, This assues that there is time far the data to enter the DI bufer,
Pin Doze {SM = 2)

+ FingHost-contmiizd

+ Typicat power-down curront: < 50 A

» Wake-up tima; 2 mse
Pin Doze Made functions as does Pin Hibermate Mode; haweuer, Fin Doze features faster wake-up

= Direct - gatais tw the Destination Address
= Ingirect Transmission « A packet is retained for a period of time and is anly transmitted after
the dastinatlon modsie {Source Address - Destination Address) sequests the data,
Indirect Transmissions can only eccur on a Coandinator. Thus, i alf nodes in a retwork 2re End
Devices, only Direct Transmisslans will pecur. Tndirect Transmissions are useful o ensur packet
delivery to a sleaping node. The Coordinator cunrently & able to retain up (o 2 indirect messages.

time and higher pawer cansumption.
Towake 2 sleeping module operating in Pin Doz Mode, de-assen Sieep RQ (pin §), The module
will wake wien Sleep_REQ Is de-asserted and [5 ready to bransmit or receive when the CTS Tnals
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Command Mods/

iodify or read RF Madule parameters, the madute must first enter inko Command Mode - 3
state In which incoming characters ate interpreted as tommands. Twe Command Mode opbions are
suppormit: AT Command Mode [refer to section belew] and AFI Command Made [p57].

AT Commant Bode

To Enter AT Command Mode:
Send the 3-charscter command sequence *++ +7 a0y phserve Guard Gmes before and after the
cormmand characters. {Refer to the *Gefault AT Command Mode Sequence™ belovr. ]
Defanlt AT Command Mode Sequence (for transition to Cominand Mede):
+ Mo charactess sent for ane second {GT (Guard Tines) parameter = 0x3E8]

» Input thrae plus characters T+ ++) within one second (L€ {Command Sequence Character)
paramater = (x28.]

» Ho characters sent for one second {GT {Guard Times) parameter = §x388]
All of the parameter values in the ssquence can be modified to refiect yser preferences.,

NOTE: Fatlure to enter AT Command Mode s moast commonly due ta baud rate mismatch. Ensure the
“Baud" setzing on the *PC Saitings™ tab matches the inmerface data rare of the RF modute. By defaul,
he BD parameler = 3 {3800 bps).

To Send AT Commands:
Send AT cammands and paramaters using the syniax shown beiow,

Figare 2-08. Synlax for sending AT Commands

"AT" + ASCIE + Space. - Paramater + Carriage
Prefix Command {Optienal) {Optianal, HEX) Returm
: i : H H

Example: ATDL 1F<CR>

Toread a parameter value stared i the RE madufe’s register, amlt the parameter hield.

The preceding example would change the RF module Destination Address (Low) to *0xEF". Ta store
the new value to non-volatlle {long term} memery, subseguently send the WR (Write) command.

For ragdilied parameter values 1o persist in the module’s registry alter a reset, changes must be saved
0 Aun~vaiatite memory using the WR {t¥rite} Commaad. Otherwise, parameters are restared to pravi-
ously saved values zfter the modele is reset.

System Response. When a cammand is sent to the medule, e module will parse ang execute
the command. Upon successful execulion of @ command, the mogule retrrns an “0K” message. 1F

exerution of 3 command results in 2a error, the medule retums ah “ERROR message. REL S L] btz e TS fo eantral and 1O lie:
Tuo Exit AT Command Mode:
1. Send the ATCN (Exit Cammand Mede) command (follovied by a cerriage rétum).
[OR]
2. W valid AT Commends ane received witkin the tme specified by €7 (Commiand Mode SeherTiand e fo B 59 al e AF e, :
Timeout) Command, the RF modle aubomatically returns o Fdle Mode. TEMSY) | I0Sctig | Qe R e skt and safitns. P 0

For an example of programming the AF modate using AT Commands and deseriptions of each config-
urablz paramater, rafer 1o the RF Module Configuration chapier [n26).

* Firmwarne version in which the command was fiest intrad ced (firpo: s

Serial Interfa;
Tabl

cing

Rate. SetRead
- Sk vebepon e 7 ekt el porl and sk
By &
 Fial B BD regisor o S0 U bowd ol i
| ki TOVROL SIAESS Rl ofcisfdtt i o o i U
i o bgath ; prbiucet
tatsny elferieg e g e - packet,
AP [v1ED) fi’:,;w AP Enchle. CsetierEratls A91 ¥ode.
& E&Lm Parity, SelReat prit selizgs. ‘0
Wurliiip Radiatar Eneble. SolREod hiffield E i Sl
for D e ,
Bl
1 G- ADETICH (i)
A5/ os
Seril 12 2-AGLDIOR ity
FROBY | Corting 18 5 ADTIO] (in 8- 0iFf L
4 ADY FDIDD i
)
1 §-DTR1 SLEEP RO 108 (5}
&t 7 - [RWEONFIG Tpind}
Sitset o1 sapti ol e W s5acBes no s
* Fimanvrane: version in shici B comund vwas rsL infradaved s aro eumbued i i potation

1;0 Sattings

Kets

6 ConFiguration. SeleciRea eptions for wie 06 Hoe [pin 3) o thn RF mokes.

KT Comguration. SelectRead serings ot DIOT e o 17) oF ha RF mockle . o)
el H
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Command Descriptions !

Cemmand descriptions in this sectien ara listed alphabeticaily. Command categories are desig- i
nrated within "< " symébols that follow each command titie. XBee®/X8ce-PRO® RE Moduies !
axpect parameter values in hexadecimal {desigrated by the "Dy~ prefix). I

All modules operating within the same retwork should contain the same firmiware version,

Al (End Device Assaciation) Command
—

<Networking {Association}> The Al command is '
used to set and read assoriation options far an
End Device,

Use the table below to determine Eng Device e
behavier in refation to the A1 parameter. elated Commands: ID (PAN ID), ¥ {Nade
ldentifies), CH {Channel), CE (Coordinator

Enable), A2 {Caordinator Assaciation)

Minimuem Firmware Ve

0 - Wit only assacizta wil

lor aperating on PAN 1D that matches Node Idetifier
1 -May associzla with Coordingtor

?‘lpeimﬁng on any PAN D

0~ ReagsignPaniD

1 - ReassignChagnel

7 o il e [
i Nate: This bitis used oniy for Nor-Beagan systams. Bnd Davicesin a Baaconing systom must /

2 - Autohssacials

lhrays associale lo a Coodinaior

PelCeordOnPinWake

Pin Wake wii not gl the Coatgina

3. — o
Cerdinator to axtract any pending data

7

roserved]

A2 (Coordinator Assoclation} Command

<Networking {Assotiation}» The A2 cemmand is
used to set and read association cptions of the

Caordinator. e
Use the table below to determine Coerdinator __J_J_‘_e_‘falil“tig_r__a‘_rurister Velu
behavios in relation ta the A2 parameter. Related Commands: iD {PAN ID), Ni (o |

Idervifier}, CH (Channei), CE (Coordinater
Erabie), A1 (End Device Association), AS i
Activa Scan}, FI} (Energy Scam}

- Caordinatorvill nol perform Acive Scan locats avail
PAN D).

(1~ Reassignani

1 - ReassignChanngl

2 - Allswhssociate

‘The binary equivalent of the defaut yaioe {0x06) 5 GOGOUTI0. "BEL D i the Jast digit of the sequence,
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7. Documentation AT86RF231

a ATBERF231
Features
« High Performance BE-CHIOS 2.4 GHz Radia Teansceiver Targeted for IEEE 80215 . .
ZigBe®, SLOWFAN, RFACE, EP104. WitsleasHART ™ pad 183 Applicotions 1. Pin-out Disgram
indursiry Leading Link Budget {104
: f;g::;mr Srg,sm‘,w ::g'g éﬁm = Flgute3-1.  ATEIAR2E Anot [agram
= Programenable Cutput Power trem -47 dBm up to 43 dBs mmwasn s
* Uhra-Low Current Genaumption: ago@eoanss
~ SLEEP = (G2 pA T T LR X
- TRE_OFF = S4mA CRTET
o OBRXON = 123 mh oE [ D. ED)
~ BUSY_¥X = b mA {at mag. Fensmil Posor of o3 ditsy o ) /58
o LiEa-Lew Supply Yotsa (1,67 & LEVEWIH el Reguiatar VR [ Ry
= Gtismizad B Low ol Gowt and Eoee of Production: RFR l| ovEs
~ Fewr Extarnal Dompanents 1 y {Crystel, Capheitoss and A ; aF% 450
~ Exeiiont BE0 Robustonts A48 [ie [ scex
« Easyio Use intertace: avss Oy 3 [ avas
— Fegisters, Frame Bulier and AES heceselble through Fast &M ®REF |t [} oL

— Only Fwo Mierocontrolior 3P0 Lines Nacessary

8
« Ome fnterrupt Pin from Radic Transosiver - =
- Clogk Dutput with Presoater from Radis Transtebvor GEt oo g
» Radie Transcoket Poatures: PUabBEEES
o

= {E-lnite FIFD (SRAM for Deta Bulfering
” :;E::gfam Gauek Duput, to Clack o Hest Blisrsvonirellér of #s Times Hot: The swpezsed padlleissiicizally sonpoateadtosihe e Rk s pachaps. Risfol boseblaracdhs
e besatd o eneung hactrical arwl fharinat sontcl and gaod mochisnicd sihily:
-~ Jrtearaed R Switeh
— Futly integraiad, Fusl Sething PLL o sunpart Fragueansy Hopping
- diaftery Manitor
— Fapt Wake-lip Time « Hd mesc
» Speclsl IEEE 802162006 Hardwere Suppork:
- P8 Computation and Qlear Channe] Assesement

~ RESH Y Ensrgy b on and Link Guality indication
= JAL Mardwars Anpeleraton
« Ak be Ak ledg , BEIAACA snd Retronsmission

« hutomatic Address Filtering
« Automater FOS Cheok
= Eutenced Festuve Sef Herdware Support:
- AES 12851t Hmdhaare Asceleraior
- FIFX indication {externat RF Pront-Exxt Control)
~ BN Antenns Dversity
~ Supported PSS data rates: 250 ks, 500 kbis, T Mi's pnd 2 Mbds
~ Trere Rasdom Number Generatian for Secosity Applicatinn
& Induatrial and Sxtended Temperaturs Range:
-~ A0t 4850 and 3000 1o +9125°C
» 4§y and Pagkages:
w 3epin Low-Profite GFN Package 6 x § x 0.5 sunt
- RoHSiFuily Green
» Compliant fo (EEE BUE.TH.4.2008 and HEEE 121542005
« {ompbiant io EM 360 3288440, FOOOFR-AT Part 15, ARIB STIUEE, RER21G

FHIRSEL Wi AT
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m AT86RF23

Tatta 11, Pa Gestaplon A1E@RRA ] i
1  Pia Descripticns Frou flrw |t [ocipéen -
B RS Fegptaled 1.0 wolte g 7 I @ 52t 24
Talds 11, Pin Deecipiion ATESREZ31 2 |8 Gend fabgrnd
p e M A | omnd Atadggemd
Pz | Farmo Type: Dozeription = |55 | o rrw—
) 1. Y inchicetor, s Suchon 135
T |DiEe | Digial oupus s 2 A udsablad, Pulk e ot (AVESS; Pulll | 945 J Comnd ey ot g ot U —1
7 |ems | cigtalovtp Geome, | ?mﬁ:ﬁxyﬁfmm s
3 RES Bround Greunefor EF sigmaby
' LEE fF 30 Eifhaentisl F signal
s |FrH HE 1S EilLssnial BF signal
B A7ES Tround Dreendfor ¥ signals
T D753 Sroumd Digial gord ‘
& FST Uigital gt Chip ressl; nativa boww l
B [OR | Bl o eund | A Bty e P B 1.4 f
*. Anecna Diversitg B sweihih bl (it imeiied), son Saclian 11,9
fo | DEae Digita) sutput WSwandy [ 5 Signal IRQ 2 0 STAR) for X Frama Fim Sping. sea Soclion 1.8 '
3 If unclionss dissblael pdl.chusn enablid VRS !
11 P | Dyt it Gaovitobsakcp, Iansmi start, AR site: acive High, see Bocn s s [
7| DvES Grownl iyl g ;
13 fowon | agpy Faguniart 1.0% vllogs muplator, dgind drmain, soa Sty 5
19 [%'D0 Swpaly Figpialud 1 8 vobtoena b diyizd demain. wee Setis 6.4 J
15 LEAT | Suppty Estarnal suppfy vabags: digitn domain i
1 Oisg Syround Cligial ground
17 CLKR Bigted oulpe Hastir clock rignal sipat; foy § dimiblor] oz Sodion as
ie 505 Cranpd iyt geaxed
15§ SO Digial inpu 5Pl dode
A RIST) Tiighal svput SPizkwwsani (Haste lapur kv Capan
il RS Greund Lt gpreaed
= FMOSI | Dighol vgar TPl duta it {Rlerster Dutped Sl apuatt [
= [Ehl T | Digd ivpin 5P sl st fo |
2 e e e ot |
2 | ¥z | Ansioginpm Lrystal pin, sne Racdion 9.5 |
26 XT3l Ak inpuk D'gmlalphwsulnr&a!dm&nlm =0 Bl W i
o b Gromd Anakog g aund
N T T Eatarmnl zupply volago. sevdog doman |
i 4 . |‘1
VSRR Wit 20 f
|
‘:
|
I
|
[
|
[
|
I
|
4
|
h
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|
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s ATBERF231

4, General Circuit Description

This sigie-chip tadis wanscdvar provides & compiats ruco trangeeiver inlerface halseeen an
antenna snda misrecontroler. 1| compriess he analeg radi, dighai modulation and demmdula-
o including lima and Eaquency syachronizalion and dals buffering. Tha number of extemal
components is minimized sugh that onfy the anlanna. te crysizl and deceupling capacion ae
reauired. The bidrectional difsranlfal antenna pins (RFF, AFM) ass usad for lransmission and
ecepion s no extamal antana seitch is needed.

The ATasRFZ31 block disgram is shawn in Figure 4-1 on page 10,

ATsaRF231 Block Diagram

Agrégation de Session 2012
Génie Electrigue

The receivad RF signal & pins AFN and RFP is difarerlialy fed treugh tha low-noise amplifier
iLEEAY 1 the RF [ifer (PPFS 1o penerata a complex signal driving tho inlegiated Channe fiar
{BPFy. The lim#ing amplifior providss selficint gain to diive lha suceseding analog:[o-dlgital
convortar (ADG) and generates a digilal RESI signal. Tha ADG ouiput signal 1 samplad by the
<figital haws bard receivar (RX BB,

Tre transmil meculafion schema is ohsat- OPEK (0-QPSK3 with halksima pulss shaptng and 82-
lenegh biock codng (spreating) according to i1 and {21, The moduwalion signal is generalad in
the digital ransmitter { TX BAP; and applied o the Tactonak-N frequency syntiasis (FLL. 10
ensum §18 coheranl phase iGn requirsd for dwation 51 O-LPSK sigrals. The Ire-
quaney-maorlated signal s fed to [he poswar amplifier (PAL

A tifferantial pin pair DIBZDIG4 wan by anablid {o tenlrol an exdemal RE font-end.

Tivo an-chip fowdrwopout voliage regulators (ADYAEG) provids the anakug and digilal 1.8Y
stpply.

Epreuve d’Electronique

AT86RF23

Anintamel 178-byle RAM fer BX and T (Frame Bufen bufkees the data s ba transmied or the
rongived di,

Tha confiquralicn of the ATBEAF231, readig and wiing of Frame Bufer is conbofied by tha
S interfera and additinal conirol lses.

This ATseRF231 fuher conins complefensive handxare HAC supporl (Exiswded Oporating
Joide) and & security angina (AES) o improwa the overall systam pover aficianoy and fiing.
The stenc-dona 128-bll AES enging ¢en ba accessed in paraliel o af PHY eperationsd ramsac-
ioss el states using the SP mtarface, excant duing SLEEP stats.

Far applicaions ot necassarily tigeing R 802154 compliant nekeotks, hi radis irans-
caiver 2k sLpporis eernalive dita ks up 102 hlkes.

forleag-rznga appfications of i imprave ihe raliabiit of an F cornaction the RF perormance
oo fuithe b improwadl by using an semal BF Tonkend or Antsnna Diversiy, Bath opardiion
medes are supraad by Iha ATEAARER Wik dedicatd conirol pins without b nteraciion of
the microconiroliar.

Adeitionel featuras of he Exiondad Feansz Sel, sea Seetion 1. *AT8SRF2 Extanded Fea:
{ima Sar” on page 198, 12 povided B simphly tha interacion betyten rats trnscabrar and
miocaniolai.
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98  Crystal Oscitlater X0s0)
Ther main ceysml oscllator fasiues apa;
» 16 Mz amphtuds contofed eryst pecliatnr
* 50y ypical sakting ma atler feswving SLEEP ofzin
= Confimabis Wiimming capacitance array
* Confiqurebla etk autput (CLIGY

4.1 Dvervig

m ATB6RF231

The cryslal oscilater panarsins the efaranca Trequenzy for the ATSERFZ3. A8 ofwr inlemally
faneraled raquancios of B raio transcafvor a1 aitvad From: i wniqus faquensy. Thers.
o, the overall systam performance & may datamined by e aceutacy of aveld refermnca
Trequency. The xlernal componants of ha aysia| oseflator shauid bz selosted ceralully and {he
Teaad boand byt shou'd b2 dene wih caudion {saz Saetion 5. “Appfcation Gitsults” m Page

2L

Tha ragisler Ox1 2 (XOSC_CTRL) provides acoess fo thes conim sitnals of i sstillor, T
operaling medes ara supported. It is Tacominendad te use the integrated asoiliator safp ag

destiibed in Figurs 9-7 on page 145, nevertholass 3 Tefermnts frequency can b fud b tha intar. 663

Tl circulry by Using an sxtamal clock rafarence as ghown in Figute 9-8 o page 117

962  integrated Ouciffntor Satup

Using the intamal oscflaiar, the osmiltation fracquency depends on the ked tapaciianca betvasn

tha crystol pins XTALY and XTALZ. Fhe infol knact

tapacitinge G musl basqualla he spiotifisd

load eapagitanza of the crystat ilsal, It cansisls af the extomal capacitors G and parasiic

capatilances connzctad to e XTAL nodes.

Figlre 6.7 an pagp 113 shows al parasilic capacilances, such as PGB stray capacilances and

s pin inpul capachante, summarized o Copz.
Figura 0.7, Simplified XO5C Sehemalic with Examal Components:

IL.I.

V\X‘.
Rt
ety XTat1 WALy
ey SEETEE My
Geewr =
XTAL_TRI3S| YTAL TRIMR:G]
Evip

IBX Iﬁm

a ATBGRF231

o calcelain 3 ol barl capasifnes, i Poliowing o can bausad:

Cy.= 0 “{CK + Crpy + Congl

Tha liFmming capaeions provids he Possibity of fedicing frequancy devialions caused by gro-
duclion procass variatisns or by extermal porients fol . Nets that the oseliation
‘radquency can only ba raducadbyinmashgiheﬂ‘hningmpadhm.?‘hn fraquancy daviation
casad by ona slep of ry dotfeasas Wil ereasing erysmal b capacitor saies.
Anampihde conlrol ot /s ncided to Bhsure stabla Cheraton under ddfarenl operafng con-
ditions and ko difterant cryslal typas. Enabiing the ysta aseilaior in P_OH state and aker
leaving SLEEP sl vauses g sHghlly highor curmant during tha ampkRido build-yp phasa g
uarantss A shut Slai-up tims. A¢ siable peraton, the cumant is raduces to e amoual hecas-
sary for a robust operation. This alsa kaeps the driva laval of ta orystal ley,

Generally, cryslaly with a highar oad capacianca arm lass sensitha to pansfic pulling offacts
cabsed by axtamal csmponat varialions or by variations of board and eircud Parasilies, On (he
olfar hand, alanger ciystsl ked capacitsnte resnlis inafonger slart bp fne and a higher sieady
state edment cansampton.

Extamal Baferonca Frequency Satup

Vihan using an sxsmal rakerence Tramuancy, the signal mus: be connectar in 28 (XTALYj as
ndfcated in Figeea 9.8 on pags 117 and the ragistar bils XTAL_MODE (segister oxtz,
XOSC.CTHL) need tn be 56t e oxlemal oseBator moda, The oscdlation peak-to-piask anipd.
Rido shall bs batwoen 100 MY and 506 A, the opimumrenga is batwean oo my andso0 mYy,
Pin 25 ({TALZ) should nat ha wired.

Fegueo 96, Setup lor |)sing an Bxnmal Frequancy Relarenca

HMEz

mu_l KTRE e
—— -_-...—...ﬂ.-—r'-_—

9454 HMaster Clock Signal Gufput ICLKH)

Addftienal intama! vimming CEPAGIDS Gy are available, Any valus in the ranga trom PF e
45 pFwith aC:3 pF resolution is seloctabln using XTAL_TRIM of ragiitar i (ROST_SYRL),
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The generalsd rebaance tack signal can ke flad o & microcontalier wsing pin 17 [GLKK). The
Rtzmnal 16 k2 raw deck can be divided by an inlemru prasealar, This, ciock fraquancios of
16.1Hz, 8 [4Hz. $KIHz, 2 MHz, 1 MHz. 250 KMz, or 625 kHz can bo supplied by pin GLEK.

Tha CLKH frequency, update sthems, and pis tiiver siengihis configurable using ragistar
(clf? (THX, CTRL 0. Thate ase tw possibilifes haw a CLKM aquency changa gats effortive,
ITGLERE SHA_SEL = Dandior GLKM_CTHL = 0. changing the ragister bils CLKM_CTRL imine.
diately aifacts the CLKES vleck rata, Dlharsise (OLKM, SHA_SEL = 1 and CLKM_CTRL » o
belors changing tha register bit CLEM, CTALS 2 fiow clack rate s spplied shen laaving Ihe
SLEEP stata the next fima.

T reduce pewtr corsumpion & Bpirious amissions, 4 is rsoommanded o tsm off tha CLIGE

olocksefien nalin uss of o reduza il “hiver shength to & minimm. e lo Secton 1.3 “Hgtal
Ping”en pege 7.
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97  Freguency Synthasizer (PLL}
The main PLL fealyes ara.

= Gueraby BXTX fequancias for all IEEE 802,154 - 2.4 GHz channols
» Asanainous calibration loops kv stabie opsrafon witEn the oparaling ranps

+ Toeo PLLAntzmupis for stabss ndicalion
= Fast PLL sattting o suppart raquancy hopping

8711 Qg

z ATEERF231

IFthe PLL operales kot a gy time on the same chiannel, 2.4, mare thea 3 min, o 1he aperatng
famporature changas signicanty, itis recommended tainibals tho clbration loops mamualy.
Bolh calibration loops can be intialed manualy by seiing PLL GF START = 1 indgister 1A,
PLL_CF) and registet bR PLE_DOU_START = ¢ (register 218, PLL_DCU). To start Iha coffbra-
tian the device muslbe in PLL_OM or RY_ON stale, The eonplation of s cenler frequency
fuming ks indizated by & PLL LOCK internupt

Both cafbraton lonps may he nnsinuAansously.

278 ImerceptHamding

The PLL generaks the RF Fequencies lor the AT8SRF231. During mceke operdion e fo-
cuianiy symhssizersoks as a local osoflater on he mdio transcevel recaie Faguency, duing
TansmEtoperaton the voftane-centmizd osciflator (VOO s direslly mofuinlad 1o generate e
RF transmit signal The frequancy symhesizar s implemesniadas o raclionakl PLL

T cafibralion loops ensurs cermect PLL kmetenafity within tha specified opemting Bmits.

&1z  RFChannai Seisction

The PLU ks deskgiied to sapporl 15 channels in the 24 GHz Bk band #ilh 2 channg! spading of
§MHz actonding 10 IEEE 202.13 4. The eenler kequeacy of these channdls is defined as

Frloas:

Fo=2405+3 (k- 11) i Pz, Tork =11, 42, . 26
whare kis s channal number.
The ehanngl ki selentsd by regislar bits CHARNEL lrogisior 5208, PHY. GG .GA),

473 Freguency Agility

Tovs Cifforont iatem s indicatz hie PLL 3batus (refer o register 6x0F. 1RO 0 (PLL LOCK) Indi-
zates thatthe PLL has locked. IRG_1 {PLL. URLOCK: internupt indicates an unexpactid unksck
gondition, A PLL_LOCK inlarup! clsars any preceding PLL_LALOCK interrupt automatically
and vice vorsa

& FEL LOGHK intermupt is supposed o ozour in the foloning sikrabons;

= Sizt change fra TRY_OFF o PLL_OK? BX,OM/ TX ARET OH ¢ X _AACK ON

+ Channel chang in slales PLL ON/ RX_OH ¢ TRARETON 7 RE_AACK O
Aty affer ooourranas of PLL infermpts indicale 2ronsous baliavier snd require chacking of he
arfyal dvice siatus,

The stata transiéon from BUSY TX Io PLL ON afier successhil iansmission doss aol gengrate
an (RS B {FLL 1O within e seling perod.

%76  Reglotsr Deseription

%flan the PLL i enabled duting state ansition lrem TRX_OFF to PLL, OKL, lhe salling fivs i
wpicaly b = 110 ps. Including selling of the analogvellage reguietnr (AVREG) anc PLL salf

calibralion, rfer t5 Tabla 7-2 on page 43 and Figurs 13-13 on pate 168. A lock of he PLL is o

mecated#ith an inlamupl R0 (PLL_1OCK.

Srilehing belweon 2.4 GHz BK band chamnels in PLL_OH o BX_ON stales i ypicaky dong

Regligter 1x08 (FEY. G0 LCAL
This ragister sets e IEEE 502.15.4 - 2.4 GHz channal number

el i CCA FEWET |
i

o
€A HGE i CEAMEL PhY e otk

P

il bge = 11 5. This makes the radio ransceier highly suitahle for Trequensy hopping

applications.

Frelan Bl

Whan stading the iransmil Erocedure 1ha PLL fréquanty is changad b thi traremit frequensy
wilhin & pariod el sy = 16 ps balora starling e fansmission. Aber the ransmsiseion e PLL
sattles back o e receive Iequency within a perod of .. = 32 ps. This freguancy slzp doss
aof generate n intermupt 19G_G IPLL_LOCK) or IRQL1 (FLL_UHLOGK) within these parieds.

er4 Calitwation Loops

Bug lo varidtion of temperaiure, supgly Foliags and parl-io-pan variations of Ihs radio Irans-
veivat the YOO eharaclatistics may vary.

To ansure & skable oparation. o subsmabed conkol luops are implamantad, canlar fraquancy
(O funing and delay colt (DU calibrafion. Bath calibration loops are hifalad automatically
~whan {he PLL is enabiled during siale ransition frem TAX_OFF o PLL_ON stale. Addifionally,
canler frequency calitration is iniEatad whan the PLL changes to a different channal cenler
Teguancy,
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+ Bit7-CCA REQUEST
Refar o Sacticn 8.5 “Clsac Channe! Assasement (GOA" on pane 04,

« Bt [6:5]- COA JIODE
Foler o Saction 8.5 Clar Chianne! Assessment iCCAY on paga 94,

+ Bit]4:0}- CHANNEL
The register it CHARHEL define the RXTX channgl The channe! assignmenl is sceardng lo
IEEE 802,154,
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T2hia$47. Clranat Assigament for 2 802 15.4 - 24 G2 Bard

Faglster 8 Valum Thatinel Hirnbor & Censor Fraquency [1z]
CHANNEL V0] 1t 2405
Beli; iz 248
0D 1§ A5
[t i 2420
&0F 15 25
[l i§ Ml
Gl 17 . 2%
2 1§ 240
013 18 2445
bl Ed 250
ik 21 2455
xif By 25D
Wi7 23 2485
g 5 247)
a1 & 7%
Dl 2% 245
Registerax1A PLL_CH:
“This ragistar contols ths openston of the center fraguancy calizration lasp,
113 b i ¥ “ 3 H 1 i
Ak Eﬁm—l Rt _: o, gp
Razeny T L a5 L] L1 L7 Ty hid
P i © H B :

+ Bit7-PLL_CF START
PLLCF_START = 1 infiates the centar lrequancy eallbration. The calibration cytloias finishad
A iy =35 i it5p.). The registar bil s elaarad immedialaty afler finkfing ke cafbration.

v Bit[8:d] - Rasarved

Ruglcter 0x58 (PLL DOV
This ragistar conbols i aperation of tie dalty sl calibration o,

5 3 H i 4 H H L H

e | i | Famad AL ey
T ;

il A% & R ) L Bt £ B

Had s H H 1 Ed ? H © b

12

EHETY Wisdas ke
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« Bity-PLL DL START

PLLDCU_START = 1 initialass he detay cell calbration. Tre cafibistion cyche has frishad afte
at M = 8 s, tha register bl s sl &0 0, The reghiar bis vlearedinmsEataly allar finish-
ng the cafbrafion,

* Bit{6:E - Rosarved
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