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About SmartMesh IP

Dust Networks’ new staards-lsed SmartMeshIP product line adkves unsurpassed lel of networking resilienceand rliability , with
advanced etwork management and compensive seciy. Based on Dust's breakthugh Etera™ SoC technolgy, SmartMeshP
enables upo 8times lower powr consumptiothan competingalutions even in harsladynamically changingRF environments. Cas
effedive, Interret Protocol (IP) conpatible, andwidely applicalde, SmartMesh IP servesan extenise rangeof applcations, such asenery
management, liding automatia, rerewable enegy, andother implementationsin smart infrastucturetha call for ultralow power.

Product Descriptions — LTP5901/LTP5902-IPM

SmartMesh IP networksebuilt from wireless network nodesalled motes. Témotes inclué advancedhardwae andadvartedsoftvare
algorithns that provide esili ent, reliable andlow-power trie-mesh networks Dug motesdeiver unpreceénid low power consmption
with areceive current oflessthan5 mA andatrarsmit currentof less han 10 mA & +8dBm (<6 mA a 0 dBm).With Dusts time-
synchronizedSmartMesh IP networking, all rres inthe netwok mayroute andnay be battery-powered,powerel by an errgy-harveste,
or line poweed.SmartMesh IP’sime-g/nchronized mesh networking combinggh Dust Netvork’s innovativelEEE 802.154-compliant
radio designto enable battgrlif e of upto a decade for all motes,includingroutingmotes, ontwo AA batteiies.
TheLTP5901/LTP5902-IPM Mote modulesmbineDust Networks’ robust sensor networkisgjution withDust's breakthrouly
Eterra™ SoC Technologin an eag-to-integrde surface-mountrpnted circuit board (PCB). TheLTP5901-IPM module includesn on-
board clip antema, while the LTP5902-IPM maik includes anMMCX antennaconnector. BotlPCB modulesvill come with modular
certificationsfor FCC, CEand IC. Dust Networks provides alfy engireeed RFsolution comprehensive APIs, and complete
development dcumentation tareby accderating customer deslopment andeducing customedevelopment costs.

Key Produ ct Features

Highly Scalabl e Ultra-l ow Power Operation

e  Automatic network formation—new notes join e Industy-leadng radiotechnolog camable ofline-powered,
autonaticaly from arnywher in the retwork battey-powered or erergy-scaenging opeation
e All motes are wireless routergguiding a full-mesh e Automatic powe optimization of evely devicein network,

network ttat ealy salesto tensof thousandsf motes per
square kilometer bateries

e Time-g/nchronizedcommunication across 15afmnels Easy to Integrate and Deploy
virtually eliminates in-retworkcollisions, alowing for e Fully engheeed RFtrangeiver, with poweranplifier (PA),

enabling a decadof retwork operationon twoLithium AA

dense ddpyments in oerlappirg radiospace
Superior Reliabi lity
e Intelligert Networking Plaform enabés greter than
99.99% networkeliability evenin the most challenging
monitoring anctontrol enviroments
e Time-synchronzedchanre hopping aniessly
compensates fan bandblocking and multipath fading in
dynamic RF enironments
IP Stand ards C ompliance
e Compliantto IETF 6LoOWPAN and IEEE 8025.4e
stendards
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integratedbalun, andantenna matchingircuitry

e  Optionsfor chipantena orMMCX antenmm comector

e A comprehend/e apgication programming interace (API)
provides a rictand flexble functionalityto ease sftware
development ahdevice integration

Secure Glob al Market Sol ution

e Operates 02.4GHz globallicense-free band, priding
customers witha single productdr world-wide se

e RF modular certificationfpending)-FCC, IC, ath CE

o AES-128 bitenciyption
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1.0 General

1.1 Related Documentation
¢ 040-01(2 Eterma Integration Guide
¢ 040-0109 Design Specific Corfiguration Guidce
¢ 040-0110 Eterra Seral Progammer Guide

1.2 Conventions

1.2.1 Signal Naming

The naming corvention for Etemna sigrals isUPPER CASE_SEPARATED_BY_UNDERSCQRE. Activedow sigrals,swch
as RESETn, add adiling lower casen. An exception ¢ the naning convention i¥JART transnit andreceive sjnals which
arenamed corsistent with industry practce & RX and TX, omitting the lower casen, despte being active lowsigrals. The
terns assertio andactive refers to a ghal in a logcally truestate: logic1’ for active high signak and logic ‘0’ for adive
low signals. The terns regated and inactive refer b a sgnal being in its logically false state: lgic ‘0’ for active high signak
ard logc ‘1’ for active low sgnals.

1.2.2 Number Form at
The Ox prefix indicaes ahexadecimal nunmber foll ows.
TheOb prefix indicates dinary nunber follows

Thelack of a prefixindicatesa decinal number follows.
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2.0 Introduction

Eterna igheworld’s most energy-#i cient IEEE 802.15.4 copliant platformenablingbattery and engy havested
endpaint, routing ard netvork managenent solutions. With apowerful 32-bit ARM® Cortex™-M3, best in classadio, flash
RAM andpurpase-built peripherals, Eteraprovides a flexille, scalake ard rokust networking sdution for apgications
demanding bath minimal energy corsumption ard datareliablity in eventhe nost challenging RF envronmerts.

Shawn in Figure 1, Eterraintegratespurpase-built peripherak that excel in both low operatirg-erergy consumption andthe
ahility to rapdly ard precisely cycle Btweenoperating andlow-power states. Iteminthe skaded regon correspod to the
analog/RF omponats.

32 kHz
3
Timers |_ 32 kHz, 20 MHz
> Sched. | T T
SRAM Primary Voltage ReferencelO
—]
72 KB DC/DC
Converter | Core Regulator |—O%
| Clock Regulator |_O_'"¢
Flash PMU / Relaxati
512 KB L Clock elaxation | Analog Regulator |—o%
Control Oscillator o
A - PA — o
! fe BOES
N
Flash PoR Converter
Controller
A L AES 802.15.4 DAC LPE
v Mod
A
Code ¢
802.15.4
ARM Auto [ E .
> MAC raming
Cortex-M3 DMA
System A ﬁ §
802.15.4 — X
> — ADC Limiter
T > Demod > Limiter [|BPF PPF
AGC
IP?JS v * *
CLI API
SPI UART UART éﬁ? LBat(.:I
Slave (2 pin) (6-pin) : oa

Figure 1 Eterna Block Diagram

2.1 Power Supply

Eterna & poweredfrom a shgle pin, VSUPRLY, which powersthe I/O cells anl is alsousedto generate interral supplies.
Eternds two on-chip DC/DC corverters mnimize Eerna’senegy consumption whil e the device s avake. To preventpower
from beihgwasted the DC/DC converter is disabkd when the device i in low-power stte. Eerra's rejecion of sypply noise
is sutstartial owingto the wo integratedDC/DC corverters aml three itegratedlow-drgpou reguators. Etera's operating
supply range is hgh enaughto syppart direct cannectionto Li- SCIO, soucesandwide enough to suppaet battery operation
over abroad temperaure range.
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2.1.1 Supply Monitoring and Reset

Eterna ntegrates an Powen Reset (PoR) circuind as he RESETninput pin isnominally configuredwith aninterral pull-
up resstor, thus no connecton isrequired. Foragracdul shutlown, the sofwareard networking layers be ckeani halted
prior to assetion of the RESETn pin. Etema includes a sft brown-out monitor thatfully protect the Flashfrom coruption
in the ewert that power isremoved while writing to flash Integrated flashsupervisory functionality in corjunction with ***
(dowedo a JFSYyields a rolust nonvolatile file systen.

2.2 Precision Timing

Eterna,differs from competing 802.15.4 productofferings by providing low-power dedicaed iming hardwareard timing
algorithms that provde timing precisiontwo to threeorders of magnitude better than any ¢her available lov-powersdution.
Improved timing accuracy allowsnotes tominimize the enount ofradio listening tine requiral to ensire padket recgtion
thereby lowering even further the power consumed byan Eternanework. Eternas paented iming hardwareard timing
algorithms provide superior perfamance over rafdl tenperatue charges, further differentiding Eterrd’s reliaklity when
comparedwith other wireless poducts. In addition, preciseiming eraldes retworks toredwce sgctraldeadtime, increasing
total netvork througtput

2.2.1 Time Synchronization

In addtion to coordinating timeslds acras the retwork, which is transprert to the user, Eterre’'s unparalleledtiming
managenent is usel to suppat two mechansms to sharenework time. Having an acarae, $aread, network-widetime base
enablesventsto beaccurately tire stanped or tasks to bgerformed in asynchronized fasbn agoss anetwork. Etena
will send a time pdet trough its seriainterfacewhen one of théollowing ocairs:

e Eternareceives anHDLC request to rehtime
e The TIMEn sgnalis asse®rd

Theuseof TIMEnN has he alvantageof beng nore acerate. The value of the timestanp is cajpuredin hardwarerelative to
the rising edge of TIMERn. If the HDLC request is usel, due to packetprocessig the value d the timestanp may be catured
seweral milliseconds after receipof the packet. See Sectio@.10 for the ime functionsdefinition andspecificatiors.

2.3 Time References

Eternaincludes three clak saurces: adw power oscillator designed for a 32768 kHz crystal, tle rado referewce oscillator
desigredfor a20 MHz crystal, andaninternal relastion oscillator.

2.3.1 Relaxation Oscillator

The relaxation oscillator is the primary clock saurce fa Eterra, providing the clack for the CPU, nemory subsysters, and all
peripherals. The interral relaxation oscillata typically starts upn afew us, providing an expedeent, low-enegy method for
duty cyclingbetween actie and lowpowe states.Quick start-upfrom thedozestate defined in sectin 4.0, allowsEternato
wakeup ad receive dataover theUART and SPI interfacdsy simply by detecting activity the approptésignals.

2.3.2 32.768 kHz Crystal

OnceEternais powered upandthe 32768 kHz crystal sotce hes begun oscillatirg, the 32.768 kHz crystal rerains
operatioral while in the Active state, ands usedas tle timing basis when in Doze stte. SeeSecton 40 for a desdption d
Eternds opeaational siates.

2.3.3 20 MHz Crystal

The20 MHz crystal souceprovides afrequency referencefor the radio, and is automatically enabéd ard disabled by Eterna
as needed

2.4 Radio

Eterna ishe bwest-powe commercially available 2.6Hz IEEE802.15.4eradio by a sibsential margin. (Please rier to
secton 8.2 for power consumption numbers). Eternds integrated power amplifier is caibrated and temperaure-compensagd
to corsistertly provide power at a Imit suitable for worldwide ralio cerificaions.Additionaly, Efemauniquely includes a
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hardwarebase& autonomousMAC that hardles precse sguencing of peripherak, including the transmitter, the recever, ard
AES peipherds. Thehadware-basel autonamous MAC minimizes (U acivity, therebyfurtherdeaeashg power
corsumption.

2.5 UARTSs

Theprincipal network interfae is tlrough he applicatiorprogramning inteface (API) UART A command-linenterface
(CLI) is also providedfor suppat of test and debug funcions. Both UARTS sese adwity coninuausly, consuming virtualy
no power util data is trasferred oer the port andthen agomatically retuning to their lowestpower state afterte
concblsion of atrander.

2.5.2 APl UART Protocol

Eternds API UART operates n Mode4, incomporaing optionalflow contol, at 115200bawd. PadketsareHDLC en®ded
with onestop bitand no paritypits. Theflow control signaldor Eternas API receivepah are fiown in Figure5. If the flow
control signals areused (recommetted) transfers are itiatedfrom a canpanon processo by assertingJART_RX_RTSn.
Etemaresponds ly asseting UART_RX_CTSn. Ifflow cortrol is used, d@ér detecting the assdron of UART_RX_CTSn the
comparion processor ay serd the eriire packet. Fdlowing the transmission of the final bytein thepadet the corpanion
processo negates UART_RX _RTSnard waits until the negation of UART_RX_CTSnbefae asserting ART_RX_RTSn
again. Flow ontrol aubmatically ensure conmpliance withinter-packet alay requremerts, so exficit delay-ctecking is nd
recuired.

UART_RX_RTSn \
UART_RX_CTSn 9‘ (

UART RX S\_/eviee/ \__Zevie/ "\ L/ V4

If flow control is not desred or needd it may bedisabkd by tying UART_RX_RTSn high. When flow control is not used
the conpanion procesor nmay send lhe entire packet; inthis case tle canparnion processo must canply with the mnimum
inter-pacletdday as definedin secton 8.9.

Figure 5 UART Mode 4 Receive Flow Control

UART Mode 4 alsoincorporates lesl-sersitive flow cortrol for Eterra UART trarsmissons onthe UART TX pin. Paclets
areHDLC enmded with one stop bit and no paity bits. The flow control signak for TX are siown in Figure 6. A trarsfer
requestis signaled byEtemadevice asering UART_TX_RTSn.The UART_TX_CTSnsignal may be adively driven by the
comparion processor Wenit is reaq to receive apacket orit may be tied low if the canparion processor will alwayde
ready b recive a paket. After detecting dogic ‘0’ onUART_TX_CTSnEternasendsthe ertire packet. Fdlowing the
transmisson d the final byte in the padet Eternanegaies UART_TX_RTSn and waits for a minimum period (whatis the
period called?) defined in secipn 8.9 before assertingJART_TX_RTSn agin (if a packet reeds to b trarsmitted)
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Figure 6 UART Mode 4 Transmit Flow Control
For details o the timing of the UART protocd, seesection 8.{UART AC Characterists).

UART_TX_RTSn

2.5.3 CLI UART

The @mmand Linelnterface(CLI) UART port is atwo wire protocol (TX ard RX) thatopeaates atafixed 9600 baud rate
with one-stopbit andno parity. The CLIUART interface is itenced to suport canmand-line instructions ard respose
activity.

2.6 Autonomous MAC

Eternawasdesgnel asa system solution with the objective o providing a reiable, ultra-low power, and secrre netvork. A
reliable nework cgpabk of dynanically opimizing gperaton over charging ervironment requiressolutions hat arefar too
complex to mmpletely support throughardwareacceleration aloneAs describe in Sedion 2.2, propetime managenentis
essetial for optimizing a sdution that is bah low power ard reliade. To addess tlis solutionEterna ncludes he
Autonamous MAC, which includes tardwaresyppart for controlling all of the time-critical rado operaticns. The
Autonamous MA C provides two benefits: first, preverting variable sdtware lateny from affecting network timing and
secand, greaty reducing system powerconsumption by allowing the CPULto rerrain inactive duringthe majority of the rado
acfvity. TheAutononousMAC, unigque o Eterna,provides sdtware-independat timing ontrol of the radio and radio-
relatedfunctions resuting in sugrior reliability and exceptianally low power.

2.7 Security

Netwak security is ammften owerlooked componert of a conplete retwork sdution. Proger implementation of security
protocols is significantin terms of loth engineerng &f ort andmarket value in anOEM product Etema system soltions
provide a FIPSt97 validatedencryption schene, ard goesfurther, providing a canplete set ® mecharnisms to protect
network searity. Eternaincludes hardwae support foelectronicdly locking devices thereby prevening accss to Eerna’s
flash ad RAM memory. This lock-out feature provides ameans ¢ searely unlodk adevice $ioud swppart of aproduct
requre accessFordetails see 08-0109 Design Specific ConfigurationGuide.

2.8 Temperature Sensor

Eterna ncludes a calibratd temperature sesor on Qip. Thetemperature readingg@ available locally through Eterra's
serial API, inaddition to beingavailabe viathe retwork mareger. The perfamance characteristics tfie tenperatue seisor
can be fondin Secton 86.

2.8.1 Radio I nhibit

The RADIO_INHIBIT digital interrupt enables arexterral controll er to temporarly disable the radio sdtwaredrivers (for
exanple, to take a sesorreading hat is sisceptible to rdio interfaence) When RADIO_INHIBIT is sssertedhe sftware
radio drivers will disallow radiooperations ncluding cleachannéassasment, pdceet transrits, or paketrecepts. If aradio
evert is inprogress radb inhibit will take effect after tie presehoperation conpletes. Fodetails an the timing assaiated
with RADIO_INHIBIT, seeSecion8.12.
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2.8.2 Sleep

The SLEER digitalinterrupt enableanexternal mntrollerto tenporarily disableEternds duty cyclingbetwea activeand
Dozestates (seSection 4.0 for state fimitions). Forcng Eterna o the Doze statet®uld only be donewhen absaitely
necessary, sih as wkentaking avery sersitive sesor readng, as forcingadevice irnto a Daze statewill on the average
increasehe energy onsunption of other deices in thenetwork. When SLEEPN is asged the software will go into aDoze
state until theSLEEPN gjnalis neyated. For details ornthetiming associted withSLEEPN, see Section 8.11.

2.10 Flash Programming

Eternas software inages aréoaded via the IPCS, in-circit programming cortrol system, SPI iterface Sequencing of
RESETn and~LASH_P_ENNn, aslesaibed in Sectiord.0, placesEterna n astate ernalating aserial flash b support in-
circuit programming. Hadwareand software for suppating developmentand production progranming of devices

descrbedin 040-0110 EternaSeral Programmer Quide. The seril protocol, SPI, and timing paameters ae descrbed in
Secton 813.

4.0 Operation

In order to provide cagbilitie s andflexibility in addtion to utra low power, Eteraopeaates invariousstates, ash®wn in
Figure 8 end described in this secton.

.....................................

Power-On
Reset

VSUPPLY > PoR

. RESETn low and
« FLASH_P_ENn low.

/ Load Fuse
7 Settings

/ _
/ RESETnlowand
/" FLASH_P_ENn high
f

Serial Flash
Emulation

Set RESETn highand -~
[y : FLASH_P_EN high ~
\ for 125 ps, then
set RESETn low

/
/
/

\ \
| \De-assert RESETn

AN
\
Start Up | \
‘\ Assert RESETn .
Assert RESETn Assert RESETn \ .
“CPU éﬁdiperii;)rﬁéférlrs y,
L cPU
inactive it
Deep Sleep
HW or PMU Evernt
o . . lowPowerSleep
Command
. Operation . - Inactive
: N

................................................................

Figure 8 State Diag ram — Operatin g Modes

4.1 Start Up

Start Upocaurs as aeault of either tipping of the power-onreset cirait or the asertionof RESETn. After the canpletion
of power-on-reset (seeSecton 2.11) or the falling edgeof an nternaly synchronizedRESETh, Eternaloads its FuseTable
(seesecton 4.11), including seting I/O direction. In this state, Etemachecks te stateof the FLASH_P_BEn and RESETn
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and entes theserial flash emulation ade if both signals ee asseed. If he FLASH_P_ENn pin is not assedbut RESETh
is na assertedEterra auomaticaly reduces itsenery consunption toa minimum until RESETn isreleasedOnceRESET is de
asserted, Eterrgoes hrough a oot seqience, ard then engrs theActive state.

4.1.1 Fuse Table

Eternds FuseTable isa2 KB page n flas that containstwo dat structures,one for hardware mnfiguration immediately
following Power on Resetor the asseion of RESETnard one for configuration of desgn speciic paranmeters. Hardware
support for configuraton includes mnfiguraion of 1/O, prevening I/O leakagdrom negtively affecing aurrent
consumption during power on, which can I a signficart isste for curert limited sugplies. Exanples ofdesign-specific
parameters irclude settig of UART modes, clock souces ad trim values. Fge Talbes are createda the Fise Talbe
appicaion softwaredescibed in 040-0109 Desgn Specific Configuration Guile. Fuse Tablesre loadedinto flash uing the
sane sdtware ard in-circuit programmer used to load Etemna’s networking sofware image —see tle 0400110 Eterra Seral
ProgrammefGuide for details.

4.2 Serial Flash Emulation

Whenboth REETn and FLASH_P_ENn are ssserted, Etemadisales normal operatioand entes a nodeto enulate the
opeation of aseril flash In this mode, ts flash ca be programmed withsoftwareupdates Far details, see Sectio.10.

4.3 Operation

Once Eterimahas conpletedstartip, Eterra transitions to theOperatioral group of stategactive / CPU actie, active /CPU
inactive, ad Doze). Therg Eternacycles bateen thevariousstates, awmatically seleting the lowestpowe state possible
while fulfilling the demands of network operatio.

4.3.1 Active State

In Active state, th Eterra's relaxation oscillator is running ard peripheralsare embed asneeded The ARM Cortex-M3
cycles as eededbetweenCPU-actie andCPU-inactive (referred toin the ARM Catex-M3 literatue as “Sleep Now” or
“Sleepon Exit” modes). Eterre's extersive use of DMA and intelligent peripherals hat canindependertly move Eterra
betwea theActive andDoze states minmizes the time the CPU is actig, significantly reducing Eterra’s erergy
corsumption.

4.3.2 Doze State

TheDoze state consumes orars of magnitude kss wrrent thanthe Active state (see dle 6) and is enteed when all of the
peripheals, save the low power portion of the imer module, ard the CPU are nacive. In the Dozestate Eernds full state is
retained andEternais configured taletect,wake, ard rapidly respondto activity on I/Os uch asUART sigrals and te
TIMEn pin). TheDoze statalsousesthe 32.768-kHz osltator and 32kHz basel timers are active.
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4.4 Duty Cycling and Autonomous Peripherals

Eterrd's alility to quickly and efficierly transition between Doze andActive states, in agunction with the allity of
peripheaals to opaate autonamously for most operatons (shown in Figure 9), eales the systen sdution to sigrificantly
reduce power consumption. For exanple te systen canauomatically go from Doze toActive anddetermire if RF erergy is
preset. The CPU is then only woken if a packetis detectedpthewise Eernareturns tdDozemode.

Packet Duty Cycle
Detected transitions
to Active
Autonomous MAC
routes packet through
AES Engine, then
uses DMA to store in
RAM
CPU wakes to
Low power peripherals periodically process packet
wakes to perform tasks contents
Dcihe: Acivey %IE\L/Je Doze
Eterna CPU-Active] CPU-Sleep| .
Typical Solutions CPU-Active CPU-Active Doze
L d. N
egena: ) ) CPU periodically wakes control Packet
=1 Active, CPU-Active peripherals to perform tasks Detected
[ Active, CPU-Sleep
Em— Doze CPU routes packet
through AES Engine
to memory, then
processes packet.
Figure 9 Low Energy Duty Cycling
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5.0 Pinout

5.2 Eterna Mote Modules

The Eernamote modulesareshownn in Figure 11 and Figure 12. Pinsaredescribed in Table 2 where they aregrouped by
function. In some cases,@n may have multiple possilde functions

Note: All unusedinput pins nat configuredwith apull resistar (seePul column in pin out take) must ke driven toan
inactive state tovaid excesdeakageandundesiredoperation. Leakage due to floating inputs canbe sulstartially greater
than Eerre's averagge power consumption.

NSAN NN/

O Antenna
Connector

GND |) 1 66(| GND
RESERVED |) 2 65(] NC
NC |) 3 64(| RADIO_INHIBIT
63(| TIMEn
62(] UART_TX
61(] UART_TX_CTSn
A2 D)7 60(| UART_TX_RTSn
A1 D) 8 59(| UART_RX
A3 )9 58(| UART_RX_CTSn
ALO )10 57(| UART_RX_RTSn
GND )11 56(| GND
RESERVED | )12 55(| VSUPPLY
NC D13 54(| RESERVED
NC )14 53(] NC
RESETn |)15 52(] NC
oI |)16 51(| FLASH_P_ENn
TDO )17
™S )18
TCK )19 48(| GPIO26
GND |)20

RESERVED | )22
RESERVED | )23
RESERVED | )24

42(] GND
GPIO21 | )26
SLEEPn |)27
39(| IPCS_SSn/GPIO3
NC |)29
GND |)30 @988 ¥ Qg 37(] GND
$:3 233
T ¢ O & ®
a3 |g |g '
C° @ o Q
320 2 2
° o 9
3 335
(o] O K
[} (&)
Figure 11 LTP5902-IPM — Mote Module with MMCX Antenna Connector
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GND
RESERVED
NC

A2
AlL1

A3

ALO

GND
RESERVED
NC

NC
RESETn
DI

TDO

™S

TCK

GND

RESERVED
RESERVED
RESERVED

GPIO21
SLEEPNn

NC
GND

Chip Antenna Keep Out

1 66(
65(
64(
63(
62(
61(
60(
59
58(
10 57(
11 56(
12 55(
13 54(
14 53(
15 52(
16 51(
17 C
18 C
19 48(
20 C
C
22 C
23 C
24 C
42(
26 C
27 C
39(
29 C
30 2 g 8 £ 88 7C

c cC 3 ® T T

EE s

x %9 <35

% 33

8 & =

Figure 12 LTP5901-IPM — Mote Module with Chip Antenna

GND
NC
RADIO_INHIBIT
TIMEn

UART_TX
UART_TX_CTSn
UART_TX_RTSn
UART_RX
UART_RX_CTSn
UART_RX_RTSn
GND

VSUPPLY
RESERVED

NC

NC
FLASH_P_ENn

GPIO26

GND

IPCS_SSn/GPIO3

GND
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Table 2  Eterna Mote Module Pinout Assignme nts
Mechanical
NA MECH Contacts for mechanical support of MMCX connector
No Power Supply Type 1/ O Pull Description
1 GND Power - - Ground
11 GND Power - - Ground
20 GND Power - - Ground
30 GND Power - - Ground
34 GND Power - - Ground
37 GND Power - - Ground
42 GND Power - - Ground
56 GND Power - - Ground
66 GND Power - - Ground
55 VSUPPLY Power - - Module power supply input
No Radio Type 1/ O Pull Description
4 LNA_EN 1 @) - External LNA enable
GPIO17 1 I/0 - General purpose digital /0
5 RADIO_TX 1 0] - Radio TX active (external PA enable/switch control)
GPIO18 1 I/O - General purpose digital I/O
6 RADIO_TXn 1 @) - Radio TX active (external PA enable/switch control), active low
GPIO19 1 I/O - General purpose digital I/O
64 RADIO_INHIBIT 1* I - Radio Inhibit
GPIO15 I/0 - General purpose digital 1/0
No Analog Type I/ O Pull Description
10 ALO Analog I - Analog input 0
8 Al_1 Analog I - Analog input 1
9 Al_3 Analog I - Analog input 3
7 Al_2 Analog I - Analog input 2
No General Type I/ O Pull Description
15 RESETn 1 | UpP Reset, Input, active low
No JTAG Type I/ O Pull Description
16  TDI 1 I UP JTAG test data in
17 TDO 1 (0] - JTAG test data out
18 TMS 1 | (§]=] JTAG test mode select
19 TCK 1 I DOWN JTAG test clock
No CLI Type I/ O Pull Description
31 UARTCO_TX 2 (0] - CLI UART 0 transmit
32 UARTCO_RX 1 I UP CLI UART O receive
No UART Type I/ O Pull Description
57 UART_RX_RTSn 1* | - UART receive (RTS) request to send, active low
58 UART_RX_CTSn 1 (0] - UART receive (CTS) clear to send, active low
59 UART_RX 1* | - UART receive
60 UART_TX_RTSn 1 (0] - UART transmit (RTS) request to send, active low
61 UART_TX_CTSn 1* | - UART transmit (CTS) clear to send, active low
62 UART_TX 2 (0] - UART transmit
14 Linear Technology / Dust Networks Eterna Datasheet
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No IPCS SPI / Type 1/ O Pull Description
FLASH
Programm ing
33 IPCS_MISO 2 o - SPI flash emulation (MISO) master in slave out port
GPIO6 I/0 - General purpose digital 1/0
35 IPCS_MOSI 1 I - SPI flash emulation (MOSI) master out slave in port
GPIO5 I/O - General purpose digital I/O
36 IPCS_SCK 1 | - SPI flash emulation (SCK) serial clock port
GPIO4 I/0 - General purpose digital 1/0
39 IPCS_SSn 1 | - SPI flash emulation slave select, active low
GPIO3 I/0 - General purpose digital 1/0
51 FLASH_P_ENn I UP Flash program enable, active low
Note that this functionality is available only when RESETn is asserted
No Special Type 1/ O Pull Description
Purpose Digital
27 SLEEPN 1* | - Deep Sleep, active low
63  TIMEn 1* | - Time capture request, active low

* |Inpu sigralsthat nust ke drivenor pulled to avalid state to woid leakage.

5.3 Power Supply

Eterna & poweredfrom a shgle pin, VSUPRY, ard generates all reqired sypplies interrally. With two integratedDC/DC
converters andour voltage regulators, tle sersitivity to noise onVSUPPLY is ninimal. However, during typical operatian
Eternawill vary its loadon the paver suply from the uA rangeto 10's of mA ove afew ps. Duringsich trarsierts, the
power spply must mee the specificatiors for supy noise tderarce. Eterrais designed to operate with spcific decouding
capacitancen VCORE, VDDA, VOSC,VDDPA, and VPRIME, as well as the mternal conveer apecitors Cl through C4.
Failure o use carectly sizedceranic cacitors can resiiin sypply instability and performarce degradation.

5.3.1 Antenna

Eterna dlows directconnecion to a single-ended 50-Ohm anenna; aninternal TX/RX switchsimplifies exterral circuitry
requirenents.Becausdoth the transmit and thereceve paths aresingle-endd, abalun(with its assogted cost and
efficiency lbss) arenot required. Eternaprovidesoptionsto settypical output power to 0 dBm or to +8 dBm using the on-chip
PA. For furher details on rdio transnit and receiveseesection 2.4.

5.4 Analog

Eternahasfour anabg inpus. Its 10-bit ADC includes a4-bit DAC for adusting offsetand a3-bit VGA, as $iown in Figure
13. The software aglication layer cottrols ADC operation andnay be corfigured toauomatically sanple ary combination
of the nternal tenperature sesor,or anabg input sgnals.

Analog Input

10-bit ADC

4-bit DAC

Figure 13 Analog to Dig ital Chain

5.5 JTAG
Eterna ncludes anlEEE 11491-compliant JTAG port for bounday scan.

Eterna Datasheet Linear Technology / Dust Networks 15
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6.0

Absolute Maximum Ratings

The dsolute maximum ratings $iown in Table 3shoud not beviolated unde any circumstances. Penanentdanege to the
device nay because by exceeding oneor more of these parameters. Unkss ohemwise noted, all voltages in Table 3 are

relative toGND.

Table 3  Absolute Maximum Ratin gs
Parameter Min Typ Max Units Comm ents
Supply voltage (VSUPPLY to GND) -0.3 3.76 \Y,
Voltage on any digital I/O pin -0.3 VSUPPLY \%
+0.3
up to 3.76
Input RF level +10 dBm Input power at antenna connector
Storage temperature range -55 +105 °C Extended storage at high
temperature is discouraged, as this
negatively affects the data
retention of Eterna’s calibration
data.
Lead temperature +245 °C For 10 seconds
VSWR of antenna 3:1
ESD protection
Antenna pad +8000 \% HBM
All other pads +1000 Vv HBM
+100 \Y CDM

Caution! ESDsensitive deice.Precaution shodlbe usedvhen hadling thedevice in order toprevent

(1o permanentdamage.

16
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7.0 Recommended Operating Conditions
Table 4 Recommended Ope ration Conditions
Parameter Conditions Min Typ Max Units
VSUPPLY range Including noise and load regulation 21 3.6 3.76 \Y,
Voltage supply noise Requires recommended RLC filter, 250 mVpp
50 Hz to 2 MHz
Operating temperature range —40 +85 °C
Operating relative humidity Non-condensing 10 90 % RH
Power on Reset threshold 1.5 V
Temperature ramp -8 +8 °C/min
8.0 Electrical Characteristics
8.1 Radio Specifications
The following charactisticsaremeasuredvith VSUPPLY = 36 V at 25 °C unlessotherwise pecified.
Table 5 Detailed Radio Spe cifications
Parameter Conditions Min Typ Max Units
Frequency Band As specified by [ 1] 2.4000 2.4835 GHz
Number of channels 15
Channel separation As specified by [ 1] MHz
Occupied channel bandwidth At -20 dBc 2.7 MHz
Channel Center Frequency Where k = 11 to 25.1 2405 + MHz
5% (k-11)
Modulation IEEE 802.15.4 DSSS
Raw data rate As specified by [ 1] 250 kbps
Range* 25 °C, 50% RH, +2 dBi
Indoor" omni-directional antenna 100 m
Outdoor' 300 m
Free space 1200 m

performance varies.

T 1 meter above ground.

I Channel 26 as specified by [ 1] is not used..

* Actual RF range performance is subject to a number of installation-specific variables including, but not restricted to
ambient temperature, relative humidity, presence of active interference sources, line-of-sight obstacles, and near-
presence of objects (for example, trees, walls, signage, and so on) that may induce multipath fading. As a result, actual

8.2 DC Characteristics
The following charactésticsaremeasuredvith VSUPPLY = 36 V at25 °C unlessotherwise pecified.

Table 6 DC Specificati ons

Parameter Conditions Min Typ Max Units
Reset After power-on reset 1.2 A
Deep Sleep 0.8 A
Doze RAM on; ARM Cortex-M3, flash, radio, 1.2 A
and peripherals off, all data and state
retained, 32.768 kHz reference active
Serial Flash Emulation 20 mA
Peak Operating current System operating at 14.7 MHz
Radio Tx
Flash Write
at +8 dBm output power 30 mA
Eterna Datasheet Linear Technology / Dust Networks 17
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Parameter Conditions ‘ Min I Typ ‘ Max | Units
at 0 dBm output power 26 mA
Active* ARM Cortex-M3, RAM, and flash on;
radio and peripherals off
CLK =7.37 MHz, Vcore = 1.8V 2.4 mA
Flash write Single bank write 3 mA
Flash erase Single bank page or mass erase 2.5 mA
Radio Tx' Mesh Network - CLK = 7.3728 MHz,
AES active
0 dBm output power 54 mA
+8 dBm output power 9.7 mA
Radio Rx' Mesh Network - CLK = 7.3728 MHz,
AES active 4.5 mA
Note: See section 3.0 for detailed operational definitions of states.
* CLK = Clock frequency of CPU and peripherals.
T Current with autonomous MAC handling packet transmission and reception; CPU idle.
8.3 Radio Receive Characteristics
The following charactésticsaremeasuredvith VSUPPLY = 36 V at25 °G unlessotherwise pecified.
Table 7 Radio Receive Characterist ics
Parameter Conditions Min Typ Max Units
Receiver sensitivity PER = 1%, as specified by [ 1] -93 dBm
Receiver sensitivity PER = 50% -95 dBm
Saturation (maximum input level) 0 dBm
Adjacent channel rejection (high Desired signal at -82 dBm, adjacent 22 dBc
side) modulated channel at 5 MHz, PER =
1%, as specified by [ 1]
Adjacent channel rejection (low Desired signal at -82 dBm, adjacent 19 dBc
side) modulated channel at -5 MHz, PER
= 1%, as specified by [ 1]
Alternate channel rejection (high Desired signal at -82 dBm, adjacent 40 dBc
side) modulated channel at 10 MHz, PER
= 1%, as specified by [ 1]
Alternate channel rejection (low Desired signal at -82 dBm, adjacent 36 dBc
side) modulated channel at -10 MHz, PER
= 1%, as specified by [ 1]
Second alternate channel Desired signal at -82 dBm, adjacent 42 dBc
rejection modulated channel at +/-10 MHz,
PER = 1%, as specified by [ 1]
Co-channel rejection Desired signal at -82 dBm. -6 dBc
Undesired signal is 802.15.4
modulated at same frequency. PER
= 1%, as specified by [ 1]
LO feed through <-55 dBm
Frequency error tolerance [ 1]requires £40 +50 ppm
Symbol rate error tolerance 50 ppm
RSSI input range -10 to -90 dBm
RSSI accuracy 16 dB
RSSI resolution 1 dB

18
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8.4

Radio Transmitter Characteristics

The following charactésticsaremeasuredvith VSUPPLY = 36 V at25 °C unlessotherwise pecified.

Table 8 Radio Transmitter Ch aracteristics
Parameter Conditions Min Typ Max Units
Output power Delivered to a 50 Q load,
Calibrated settings over temperature and voltage 0 dBm
ranges +8 dBm
Spurious emissions Conducted measurement with a
50 Q single-ended load, +8 dBm
output power. All measurements
made with Max Hold. RF
implementation per Eterna reference
design.
30 MHz to 1000 MHz RBW = 120 kHz, VBW = 100 Hz <-70 dBm
1 GHz to 12.75 GHz RBW =1 MHz, VBW = 3 MHz -45 dBm
Upper Band Edge (Peak) RBW =1 MHz, VBW = 3 MHz -37 dBm
Upper Band Edge (Average) RBW =1 MHz, VBW = 10 Hz -49 dBm
Lower Band Edge RBW =100 kHz, VBW = 100 kHz -45 dBc
Harmonic emissions Conducted measurement delivered dBm
to a 50 Q load, Resolution
Bandwidth = 1 MHz, Video
Bandwidth = 1 MHz, RF
implementation per Eterna reference
2" Harmonic design -50
3" Harmonic —45
8.5 Digital 1/ O Characteristics
The following charactésticsaremeasuredvith VSUPPLY = 36 V at25 °C unlessotherwise pecified.
Table 9 Digital I/O Type 1
Parameter Conditions Min Typ Max Units
VL (low-level input voltage) -0.3 0.6 \Y,
Vin (high-level input voltage) VSUPPLY VSUPPLY \Y
-0.37 +0.3"
VoL (low-level output voltage) loL(max) = 1.2 mA 0.4 \%
Von (high-level output voltage) loH(max) = =1.8 mA VSUPPLY VSUPPLY Y
-0.37 +0.3"
Input leakage current pull-up / pull-down pins disabled. 50 nA
T Min and Min and Max 10 input levels must respect the Minimum and Maximum voltages for VSUPPLY.
Table 10 Digital I/O Type 2
Parameter Conditions Min Typ Max Units
VL (low-level input voltage) -0.3 0.6 \Y,
Vin (high-level input voltage) VSUPPLY VSUPPLY \Y
-0.37 +0.3"
VoL (low-level output voltage) loL(max) = 2.2 mA 04 \%
Low Drive
Von (high-level output voltage) loH(max) = =3.2 mA VSUPPLY VSUPPLY \%
Low Drive -0.37 +0.3"
VoL (low-level output voltage) lomax) = 4.5 mMA 0.4 Vv
High Drive
Von (high-level output voltage) loH(max) = =6.3 mA VSUPPLY VSUPPLY \%
Eterna Datasheet Linear Technology / Dust Networks 19
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High Drive -0.37 +0.37
Input leakage current 50 nA
T Min and Min and Max 10 input levels must respect the Minimum and Maximum voltages for VSUPPLY.

8.6 Temperature Sensor Characteristics
The following charactésticsaremeasuredvith VSUPPLY = 36 V at25 °C unlessotherwise pecified.

Table 11 Temperature Sensor Characteristic s

Parameter Conditions Min Typ Max Units
Offset Temperature offset error at 25 °C +0.25 °C
Slope error Slope error from -40 to +85 °C +0.033 °C/°C
8.7 ADC Characteristics

The following charactisticsaremeasuredvith VSUPPLY = 36 V at25 °C unlessotherwise pecified.
Table 12 ADC Characteristics

Parameter Conditions Min Typ Max Units

Variable gain amplifier

Gain 1 8

Gain error 1 %
Digital to analog converter (DAC)

Offset output 1.8/16 1.8 \

Differential non-linearity (DNL) 7.2 mV
Analog to digital converter (ADC)

Full-scale, signal 1.80 \%

Resolution 1.8 mV

Offset Midscale +4 LSB

Differential non-linearity (DNL) 1 LSB

Integral non-linearity (INL) 1 LSB

Settling time 10-kOhm source impedance 10 us

Conversion time 20 us

Current consumption 50 WA
Analog Inputs*

Load 17 35 pF

Input resistance 1 2 kOhm

* The analog inputs to the ADC can be model as a series resistor to a load capacitor. At a minimum the entire circuit,
including the source impedance for the signal driving the analog input should be designed to settle to within %2 LSB within
the sampling window to match the performance of the ADC.

8.8 System Characteristics
The following charactisticsaremeasuredvith VSUPPLY = 36 V at 25 °C unlessotherwise pecified.
Table 13 Syste m Characteristic s

Parameter Conditions Min Typ Max Units
Doze to Active state delay 5 us
Doze to Radio TX or RX 1.2 ms
Qcca charge to sample RF channel | Start from Doze state 4 uC
Radio baud rate 250 kbps
RESETn pulse width 125 us
20 Linear Technology / Dust Networks Eterna Datasheet
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8.9 UART AC Characteristics
The following charactésticsaremeasuredvith VSUPPLY = 36 V at25 °C unlessotherwise pecified.
Table 14 UART Timing Values

Parameter Conditions Min Typ Max Unit
trx_BAUD Deviation from baud rate 2 +2 %
trx_BAuD Deviation from baud rate -1 +1 %
tRX_RTS_Rto RX_CTS Assertion of UART_RX_RTSn to 0 22 ms

assertion of UART_RX_CTSn, or
negation of UART_RX_RTSn to
negation of UART_RX_CTSn

ters_Rto RX Assertion of UART_RX_CTSn to start 0 20 ms
of byte

teoP to RX_RTS End of packet (end of the last stop bit) 0 22 ms
to negation of UART_RX_RTSn

tTx_RTS_Tto TX_CTS Assertion of UART_TX RTSn to 0 22 ms

assertion of UART_TX_CTSn, or
negation of UART_TX_RTSn to
negation of UART_TX_CTSn

trx_cTs Tto T Assertion of UART_TX_CTShn to start 0 2 bit
of byte period

teoP to TX_RTS End of packet (end of the last stop bit) 0 1 bit
to negation of UART_TX_RTSn period

tRX_INTERBYTE Receive Inter-byte delay 100 ms

trx o TX_CTS Start of byte to negation of 0 ms
UART_TX_CTSn

tiINTERPACKET Transmit and Receive Inter-packet 100 ms

delay (Mode 4 only)

P
|
B
. tEoP to RX_RTS —»i 34—
Lo b
|
UART_RX_RTSn - : ;
| | | |
I I | |
47 i(*tRx_RTs to RX_CTS tRx_RTS to RX_CTS—1p» i i <
|
UART_RX_CTSn } : Ly
! i | | ; | }
i | —>»! ' <—trx_NTERBYTE P
—» [ €trxctsorx! | }
UART_RX . \_/BYTEO/ \___ /BYTE1/ N/ /!
Lo b
| .
|
|
|
|
«
|
|

|

|

|

UART_TX_RTSn \
—>

|
|
|
|
! |
! |
}FthfRTS to TX_CTS ‘ L
| |
|
| e txox s> tRx RTSto TX CTS— ! | €—
\ |
|
|
! |
! |
|
|
|

|
|
UART_TX_CTSn L\ [
| | |
I I
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—» [ €lix cTs 07X
UART_TX \_foviee/ \__Zevie/ 7\ [/ /
!
Figure 16 UART Timing
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8.10 TIMENn AC Characteristics

The following charactésticsaremeasuredvith VSUPPLY = 36 V at 25 °C, unlessotherwise pecified. Note thathe time
pin mustremein negaéd untl the ime packéhasbeen received.

Table 15 Timestamp Characteristic s

Parameter Conditions Min Typ Max Unit
tstrobe 125 us
tresponse From rising edge of TIMEn 100 ms
Resolution See the serial API definition for +/-1 us

getParameter<time>
Network-wide time accuracy Stable temperature environment +/-5 us

tstrobe _)' <«

TIMEn N

tresponse —> D
X Time Packet
Figure 17 Timestamp Timing Dia gram
8.11 SLEEPnNn AC Characteristics

The following charactésticsaremeasuredvith VSUPPLY = 36 V at 25 °C, unlessotherwise pecified. Note thathe time
pin mustremein negaéd untl the ime packéhasbee received.

Table 16 SLEEPN Characteristics

Parameter Conditions Min Typ Max Unit
tdoze From falling edge of SLEEPN 20 ms
Tsleep_strobe Maximum strobe width 2 s

tsleep_strobe_> <«
SLEEPN
tdoze —> '<_
Eterna State| Doze/Active | Doze Doze/Active

Figure 18 SLEEPN Timing Diagram

8.12 RADIO_INHIBIT AC Characteristics

The following charactisticsaremeasuredvith VSUPPLY = 36 V at 25 °C, unlessotherwise pecified. Note thatthe tine
pin mustremain negaéd untl the ime packéhasbheen recved.

Table 17 RADIO_INHIBIT Characteristics

Parameter Conditions Min Typ Max Unit
tradio_off From rising edge of RADIO_INHIBIT 20 ms
Tradio_inhibit_strobe Maximum strobe width 2 S
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tradio_inhibit_strobe—— <«
RADIO_INHIBIT
tradioﬁoff —> '4_
Radio State |  Active/Off Off Active/Off

Figure 19 RADIO_INHIBIT Timing Diagram

8.13 FLASH AC Characteristics

The following charactisticsaremeasuredvith VSUPPLY = 36 V at25 °C unlessotherwise pecified.
Table 18 FLASH AC Timing Va lues

Parameter Conditions Min Typ Max Unit
t32-8IT_woRD Writing a 32-bit word 21 us
tPAGE_ERASE Page Erase 21 ms
tmass_erase Bank Erase 21 ms

8.14 Flash Programming AC Characteristics
The following charactisticsaremeasuredvith VSUPPLY = 36 V at &5 °C with 10 pF load capacitarce, unlessotherwise

specified.
Table 19 SPI Slave AC Timing Values

Parameter Conditions Min Typ Max Unit
tsss IPCS_SSn setup to leading edge of 15 ns
IPCS_SCK
tssh IPCS_SSn hold from trailing edge of 15 ns
IPCS_SCK
tek IPCS_SCK period 50 ns
tois IPCS_MOSI data setup 15 ns
toH IPCS_MOSI data hold 5 ns
toov IPCS_MISO data valid 3 15 ns
torr IPCS_MISO data tri-state 0 15 ns
—bi <—tsss tssu —» :‘7
a

I
I
I
IPCS_SSn T\
I
I
I
I
I

|
|
|
! | |
|
|
|

IPCS_MOSI < )

IPCS_MISO —X )‘( //:X —

Figure 20 Flash Progra mming Slav e Timing
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9.0 Typical Performance Characteristics

All TIMEn synchronization error testingvas performed with the hop-1 mote inside a emperaure damber. Timing erors
dueto temperaure hangesand temperatire differencesbath beéween tle AP andthis mae andbetweenthis mote ard its
descadmts therebre propagated dwn through the nework. The synchronizaion of the hop-3 ard hop-5 motes o the AP
was hen affectedy the tenperatureranps even though they wela roomtemperaure. For 2°C/min. testing the temperaure
chanber wascycled betveen -40°C and 85°C atthis rate for 24 hous. Far 8°C/min. testing, the temperature danberwas
rapidly cycled betveen 85°C andabout 45°C for 8 hours, followed by ragd cycling betveen-5°C and about 45°C for 8

hous, ad lastly, rgpid cycling betveen -40°C and &dou 15°C for 8 hours..

TIMEn Notifications Synchronization Error
1 Hop, Room Temperature
w=0.0
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N = BITO0
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.
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Network motes typically route throuch atleas two parents trraffic destned for the manage. The bardwidth and kego-alive
overhead regired tosuport network motes will be sharedacrass all of the note's parernts. Tre suply curent plots include a
paraneter caled traffi c-weighted descerdants. In thesegrgphsthe termtraffic-weighted descedans refers to ananount of
activity equivaent to thenumber of descerdarts were allof the network traffic ard keep-alives drectedto the note in
guestion. Generally the rumber of descadants of a parent is more (typically 2x or more) than the number of traffi c-weighted
descadants. For exanple, with reference b Figure 25 mote P1has0.75 traffic-weighted descadants. To obtain this value
notice hat mote D1 routeshalff its padkets throughmote P1adding 0.5 to the traffi c-weighteddescadart value; the other

half of D1's traffi ¢ is routedthroughits other parent, P2 Mote D2 routes hé#f its padkets through mote D1 (the other half
going through parent P3), which we know routeshalf its packet o mote P1, alding another0.25 to the traffic-weighted
descedant value for atotal traffic-weighted descadant value of 0.75.

Figure 25 Network Grap h Depictin g Traffic W eighted Descendant Value Calculation

Thefollowing plots orregpondto netvorks with 1024 slotsframe, an assmed pah stability of 80%, an 80 byte packetand
unlessotherwise spedied operation at 28legree<.
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10.0 Mechanical Details

10.2 Mote Module
The Etenamote modulescomnes in 66-led, 1 mm lead pitch castellatelCB, as illugtated inFigure27 and in Figure 28.
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Figure 27 Mechanical Drawing — LTP5901
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37.465 mm.
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Figure 28 Mechanical Drawing — LTP5902
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10.3 Soldering Information
Eterrais sitable for bath euectic Ptsnand RaHS-6reflow. The maximum reflow soldering temperatureis 260 °C.

11.0 Regulatory and Standards Compliance

LTP5901is compliant with BU, FCC anl IC radio frequeng regulations. For specific information onregulatiors, test
procedures,ard labeling requirements, see the “LTP5901Regulabry User Guide”.

LTP5902is compliant with BU, FCC anl IC radio frequengy regulations. For specific information onregulatiors, test
procedures,ard labeling requirements, e the “LTP5902Regulabry User Guide”.

11.1 Compliance to Restriction of Hazardous Substances (RoHS)

Restriction of HazardouSubstances (RdF) is adirectivethat places mximum concentration lirits on theuseof cadmium
(Cd), lead (Pb), hexavalent chromium (Cr+6), mercury (Hg), Polybrominated Bphenyl (PBB), and Polybrominated Dphenyl
Ethers (PBDE). Dust Netwaks is canmitted to meetirg the requirements of the Eurgpean Community directive 202/95/EC.

This product has keen specifically designed to utilize RoHS-ompliant materials ando eliminate o reduce the use of
restrictedmaterials tocomply with 200295EC.

The ROHS-compliant design featuresélude:

RoHS-canpliant sdder forsdder jants

RoHS-canpliant base netal alloys

RoHS-canpliant precous netal pating

RoHS-compliant cable asenblies and conrecor choices

LeadfreeQFN package

Haogen-free nold compound

RoHS-compliant and 245 °Ge-flow campatible

Note: Cusbmers ey elect to use ctain types of lead-fresolde alloys n accordacewith theEuropea Community

direcive 200295/EC. Depending on the type of solder pase chosen, acarespnding process chage b optimize refbw
temperatiresmay be rejuired.

12.0 References

[1] IEEE Std.802.15.4-2006: WelessMedium Acces<ontrol (MAC) andPhysicalLayer (PHY) Spedications
for Low-Rate Wreless Pemal Area Netvorks (LRWPANS)
http://standards.ieee.oggtieee802lownload/80215.4-2006. pdf

13.0 Order Information

LEAD FREE FINI SH** PART PACKA GE TEMPERATURE
MARKI NG* DESCRIPTION RAN GE
LTP5901IPC-IPMA???#PBF | LTP5901 | 66-Lead (37.465mmx | -40°Cto85°C
24mm) PCB
LTP5902IPC-IPMA??2?#PBF | LTP5902 66-Lead (42mm x -40 °C to 85 °C
24mm) PCB

** See http://www.linear.can/ or cortact you sales represtative to cetermine the threaligit oftwareverson field, 2?2

For more information a lead freepat marking, go to: http://www.linear.comleadfree/
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Trademarks

SmatMesh hdustial and Eema ae tradenarks of Dust Netwoks, Inc. The Dust Netwdks logo,Dust,Dust Netwoks, and SrartMesh ae registered
tradenarks of Dust Netwdks, Inc. The Linear logo is a registed tiademark of LinearTechnologyCormporation. All third-partty brand and poduct nanes
are the tademarksof their respectivewnersand ae used solelyor informational puposes.

ARM and Cotex ae traderarks orregisteed tademarks of ARM Limited in the BJ and otheicounties.
Copyright

This docunentation is potected byJnited States and inteational copyight and oherintellectual and indugal propety laws. It is solelyowned by
Dust Netwoks, Inc. and its licensarand is distibuted undera restrictive licenseThis product,or ary pottion theeof, may not beused,copied modified,
reverse assabled, reverse canpiled, reverse engine@d, distibuted, or redistibuted in anyform by ary meanswithout the pior written authorizatin of
Dust Networks]nc.

RESTRICTED RIGHTS: Use duplication,or disdosure by theU.S. Govenment is subjecto restrictions of FAR 5227-14(g) (2)(6/87) and FAR
5222719(6/87), or DFAR 252227-7015 ()(6/95) and DFAR 227/2023(a), and anyand all sinilar and successdegislation andegulation.

Disclaimer

This docunentation is povided “as i8 without warranty of anykind, either expessecr implied, including but it limited to,the implied warantiesof
merchantability orfitnessfor a partiular purpose.

This docunentaton might include tehnical inaccuraeis or otheerrors. Corrections andmprovements nmight beincorporatedn new vesions of tle
documentation.

Dust Networks does not asse anyliability arising out of the pplication or use of angroducts or services drspecificallydisclaims any and dl
liability, including without Imitation consquential or incidental daeges.

Dust Netwoks pioducts ae not designed farse in life suppdrappliancesdevicesor othersystens where malfunction can easonablybe expectetb
result in significat personal injury to the useror as a crittal canponent in anyife suppot device orsystem whose failue to perbrm can bereasmably
expected to cause the faiwof the life suppdrdevice orsystam, or to affect itssafetyor effectivenessDust Netwoks cusomers wsing orselling these
products foruse insuch applications do so at theiwnrisk and agee to tilly indemmify andhold Dust Networks and itsfafers, enployees
subsidiaries, affiliates, and distributorgiéess against atilaims, costsdamages,and expenses, and reasonable attoreey &ising out of,directly or
indirectly, any claimof peisonal injuly or death associated with such ueintled ounauthorized use, even guch clan alleges that Dust Netvorks was
negligent egarding the design omanufactue of its poducts.

Dust Netwoks reserves the ight tomake corections modifications, enhancermants,improvements and othechanges to its pducts or servicestany
time and to discomtue anyproduct orsewvice without noticeCustaners should dtainthe latest@evant infomation befoe placing oders and shald

verify that such inforration is currenend canplete. All products are sold subject Bust Newvork's tems and onditiors of sale supplied at thertie of
orderacknowledgment csale.

Dust Netwoks does not waant orrepresent that any licenseither expess orimplied, is grated undelany Dust Netwoks paént tight, copyright, mask
work right, or otherDust Netwoks intellectial popety right relating to ary combination, machine,or process in which Dust &wolks pioducts or
services are used. Infoation publisied by Dust Networks regarding third-panpyoduds or rvices does not constitute a lic fran Dust Netwoks to
use such mductsor sewrices or a waenty orendosenent theed. Use of such inforation may require a license fom a third paty underthe patents or
otherintellectual popety of the thid paty, or a licensérom Dust Netwaks underthe patats orotherintellectual popety of Dust Netwoks.

Dust Netwoks, Inc is awholly owned subigliary of LinearTechnologyCoiporation.

© Dust Netwoks, Inc. 2012.All Rights Resered.
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Document Status

Advanced Information

Preliminary

No Identification Noted

Last Revised: July 19, 2012

Product Status

Planned or under development

Engineering samples and
pre-production prototypes

Full production

Definition

This datasheet contains the design specifications for product
development. Dust Networks reserves the right to change
specifications in any manner without notice.

This datasheet contains preliminary data; supplementary data will
be published at a later time. Dust Networks reserves the right to
make changes at any time without notice in order to improve
design and supply the best possible product. The product is not
fully qualified at this point.

This datasheet contains the final specifications. Dust Networks
reserves the right to make changes at any time without notice in
order to improve design and supply the best possible product.

Obsolete Not in production This datasheet contains specifications for a product that has been
discontinued by Dust Networks. The datasheet is printed for
reference information only.
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