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rauREIY “lu‘i'?ummaﬂa%'ﬁf:%zmﬂﬂﬁﬂaaﬁnmag: 2 TdsTaneafiuanmeiu  #ie
TsTaren TCP unslusTamen uDP lumsdeindeynadludisudaqll  seifiuh
TusTanea TCP uaz UDP segamiinidnluluTus Tanen 1P Snfinilunzdede ldunsese
dumediiinne 1

#T1s Tanea TCP uae s Tanea UDP sfiuonndindummziioiSon 1 amuendy
fio uonwdinduildlsTanea FTP, Telnet, HTTP unz SMTP wiimydwudoyalae
SunldTsTanoa TCP daunewndinduiil¥1)s Tnnoa SNMP uaz DHCP wawwudoyn
TniSon1§TUs Tanea UDP uasdmiuTuslanea DNs tuszaunsafenldouléne Tcp
Wag UDP SunquaiiimsisenldTus Tanea TCP uay UDP uansafiu ifesninIsmssiemu

F 4 ]
vondaod 15 Innean1anuiiues

FTP Telnet HTTP SMTP DNS SNMP DHCP

Application Layer \

AN

Host-to-Host Layer or > ——— L «
Transport Layer TCP UDP

E4
~ [

4 v { 4
51 2.5 nszuaumsasg iGenldsunsuaesa

2.1.2.1 Tilslanea TCP
HuTusInneanitimsFudedoyauuumiaiudiudesqron  Taeludadieds

Vsinadeyaiissdennly  udSedslifnlmenedidaiioaduddudeoyn  lunsdin

.

3/

Soyaduladauniegamo’ly ﬁﬂquﬂagaﬁamfu‘lmjﬁﬂﬂ% dmiudaenedesimdn
Sasvadauvesdoyamduniy (Datgram) Imilddeidesiu uazilsznoundudiudeya
Fonunld Fevsusndoyaii ligndeseen snfunenwandunsonssuaumslafiorduns
deihudeyadelisTanea TCP  szdesldmuisanuiunzvinavesresdyguuinnd

115 Tnmoa UDP
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msAnapserIeiuselimsadanisAadeady M9 2 A (Connection-Oriented)

’ [y T [y Y v da 1w
Furiow udeezSudedoyalyldndousu (full duplex) miloufunmisldInsdwiandody
4 [P 4
9

JodaaneaumaSen IrheasednusSumends FaSumsinmesunowdielfuilellense

o

9y Y P-4 a 4 O’l’ S a Y a 1 A 9 a a [ -1 o 9
11']117‘!53117193(51@?]65’38 VINUUIUTUAUAAADNU LIDZIUDADINITIZIANNITAANDNITUNITLD

vanenidnlifassdumsiwindnnsaadenazemely  Feluszuiunsaadeduiy
uifiholadhonilimderaesthessien Ao liyaoz sidlunannueg udmsidouToses -
Sansaylaivialisunddhelathenideszaas Wudesunsfadetudasnalnlys Tanea
Tcp idiouewndindudosnmsdeiudoyarz19lusTaneasimuzanludyu  Process layer
aase hlunzimsadredesdedoyaiunesaiitmuamedwiudeoyalya s Tanea Tcp
‘lusw‘inems%’udai’fay,aff TsTanea TCP  semuvuoumsaeumudeys
we Ideyaiinnugndes lifiawmalunidu Tasmsdedygauasuniudoya
(acknowledgement) uazdai’fey,a‘lﬁ'ﬂlﬂﬂ%nﬂ%a Salamema 18z uniedannuianainiy
anniudefiovesnmsdeinudoyaTasTilsTanea TCP sxfiunnnt udndosord

ningInsvasszuunaN lumsiaumunu

0 4 8 16 24 31

Source Port Destination Port

Sequence Number

Acknowledgement Number

Off. Res. Code Window
Checksum Urgent Pointer
Options Padding

DATA.. 7w

4 G
31N 2.6 3uuuvee TCP UAMIAR
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1 4
a7UH90e TCP Usiwazidun Al
] 1 4
Source Port Number: Mmmmwes"ﬁé’fumqﬁmmé’ﬁuﬂmﬁ
. . 4 o 9/ o Y
Destination Poxt Number: ﬂn1ma11wemﬂmummﬂzsﬂu@mmmuﬂsn
ot o_ @ = 3 1 G’I‘
Sequence Number: Waanszynusavdrausedslunmsdoasdoyaudazass
] 9 ' 9y ° [ I 9y v
woldlunsuonueziniiudeyavesyala nazinniadduldgndes
Acknowledgment Number: MmthAu@eanu Sequence Number ualdluns
ABUSY -
Header Length: lavinfinnuenivesdausia TCP sefinnuena 20 lud ua
' u’l‘ Y a9 o . ' 9 1a o
2199z Aldeyaluan option iades luifiu 60 Tua
Flag: (Hudeyassdudafiogludnnia Tcp  Tasldifluduenquauiidves
4 d o yﬂ o o “ 1w Y a
unnia TCP vauziuq wagldithudmuguimizmsiudedoyndie Flag fiey
1 4 [
Naviun 6 T 1aie1dden15199 2.3
21.2.2 lilslanea UDP
1 4
Y o ° da w
Tugunswadesauenvinezfililslaea Tcp svmuds nisdilusTanea UDP
o wa ] s 19 s t g ] - : 9y
WlinueuiAuandrsnuegale lumssudsdoyarulys Tanea UDP willuniiveaesdu
Tisuiludesordemsarevoamaounoiu (connectionless) sz hansoudies 1duins
funsesfivelduims  TaolidesdsldthoiudoyanSonsudoyamilouTisTanea TCP
= 9 ¥ [y - n’: ¥ A
uaz lufinsasavaeunnugndssnsudulumsivdsdoyatiugdas  lesninlysTanea
14 [
upp hifldyanuaeumudeyalumsdedeyaudazns uag hiimsdedoyalvdnlunsdin
1 t 4 ] [
MannuRanaiavesmsdedoya  Wodhuguiivenndindunsonszuiunslaiidooidy
} 4
TsTanea UDP lumsdarudoyaiiornszdosadunszuumsasvaeudoyaiunnes
1 3 3 { U 1
ningdl 2.7 sztunTusTaneaduuuiiuly AldmsdwmdeyalasllsTanea
upp wu TusTanea sNMP (Idauquuaziansginselluniods) n3ells Tanea DHCP
] E4
(Addedoyamsilinesvounsovioldfuinsesgninldldon)  msdedayamaniulides
Sunsunseasnaeuideyalifslaenegndemieli  udnalnnisasaeaeudeyanil
14 14 [
mssudsez T luduneuveslis Taneaduigenunuy
1 4 L4
fetndunsunalanisiiaulasld s Tanea UDP fidese 11

u’: a o 4 o [} [ [
1. Tudunewndndu e Tusunsunruguailnsoineitedeenisdedoyaluds

o

' 14 E4 '
gunssifideensuewninduiinezAnderiuTus Tanea SNMP luduuennaindu
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¥ [
2. Tdslanea sNMP ezdadenullsInnea UDP lusuda'ly iiovedadaniu

d Ao
WosTANAIMUA
[ Y 4
3. TisTanen SNMP wSendeyanezds saunanoglaionis

4. Tslanen sNMP dewiudeyalilyslanea UDP egludunsuaiedn

] 1 d
S & Y Y]

L 4 3
TsTanea UDP vimiimnidndeyaru lufuldslanea 1P lududansly ivededoyaven

9

&
NI

] g { 1 ] 4
Favzmuiiina lnfieennnisdedeyadiellslanea  TCP  dsezdoalinis

E 4 E 4
Aadefiuou uazvisaeshoiumsmssudideyavesroinmsdedoyatiu

0 16 31
Source Port Destination Port
Length UDP Checksum

7 2.7 pluunves UDP uiniiia

duriauee UDP f5wazidon fei

Source Port Number: ¥unsinynesadumaiidsardunsud

Destination Port Number: 'Hmmmwa{mﬂmumaﬁvmﬂué’%’mnﬁ'mﬂsu

UDP Length: A71817U8IAIA NN Wadau Header Uag Data Wumuieau
siroeiqalufadiine 8 Fufuvutnues Header

Checksum: 11Ju@In59T0UANYNABIUBY UDP datagram uazeziiidoya

v19a2u 1y IP Header AU INAE
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7Y

4 4 i a [ t
JUnvuvesnnifia UDP seiiladdoyadiuia (header) ovann uaehifidau

¥ cqy d d - d ¥ o - o
msm'maamay_awﬂmmnmm UDP mmmanuaﬂwmmmum HID NITNUINTUDY

1Y
SUVUDY

2.1.3 Fudumeininiiin

o 1 ' n’: a 7d ad IR 1 1
TuszAuasdenlugudumesuiaisa Inhiidwmdeyaluseniunioe laei

.
& o

TusTaneaiivhanuduna lndriglumsdeindoya lufunfenislanuubumesiila  flo
TusTanen P uennniilususumedisindin daiilus Tameashavegdaedn 2 wilafie
1uslnnoa ICMP waz T1s Tnnea ARP

2.13.1 lilslnnea 1P

» ]
SHq Y a vy Y

TusTanea 1p dmehiilduSmsdaudeyaiinandumsmmleda iededh
"lﬂﬁam?mhu“lm"lﬁ'étiwgm’{m utineiind o widonderuegludunefidniudwg
wSesiofau esnTislanon P Sdeyadumiia 1P Umemefiszdedoyaluld Tay
wauswAuglnseiduaes (router) Lﬁaﬁaﬂ’fagm’hmﬂ?mhuaan"lﬂ"lﬁ’f fTisTanon IP 92
vnanuuuRnfnaieds (packet switching) Aolimsdedeyarmuaindludnlaeme Ta
JoyasziAunie ldunTotodan v«'ma?wfﬁ"lﬂﬁauq%un’imzﬁaﬂmumq f12993H 1Y
ieaimviniendunand Tussumndodwild dludoyaveslisTanoa 1P selidoyaves |
ooy 1P Umenadiszdedoya luuazidotuniedstatomauda eeina lnutaamneny

o ¢ 0 : d ]
p WillunuomvariauniilsziunTesiigndodniinilsdrs s Tanen ARP

fiafl o 16
4-bit Version | Header Length| 8-bit Type of Service 16-bit Total Length in Byte
16-bit Identification 3-bit Flag 16-bit Fragment Checksum
8-bit Time to Live (TTL) 8-bit Protocol 16-bit Header Checksum

32-bit Source IP Address

32-bit Destination IP Address

DATA

517 2.8 luuvves IP ufiniia
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YT

duraves IP Tavdn@Avzfivuia 20 bytes sniiulunsgiftinsiiy option
4
V0N AUV IP U waziovansil
o o 4 LY o

Version: nunginuneifuvedllsTanea #ldamuluilegiufe neddu 4 apva)

o o
UALIIDIY¥U 6 (IPv6)
Header Length: A71ueauia Taga11Ué1 laifidu option adiautiu 5%32 bit

o ar o @ a

Type of Service (TOS): lifludeyadmiusuaeslumsdadulufonns
Wunndoyaluusazeardwnsy ualuileginlyléimai lddemuds

. o g o ¢ Y Y = ¢
Length: aAnugrmanuaiiuiiuluavesadunsy dwvuie 16 dnvesian

L4 1 1
WHYITINIIWIIGIYAVBIAIAWNTY AD 65535 TR (64KByte) ualumises
v ¥
Joyanss doyavzgaueniludiugmuyuiaves MTU fifmualudsddu uay
¥ [ ]
nswiudnnsudiedsdetaony uennandudiulngzlivinavesaidun
ra o

su'liifu 512 Tua

At v

Identification: (Huminuavvesaidwnsulunsdinfimsusnadunsuiledeya

o ¥ P

defetareniaeziidoyaiiil identification AE WIS INAY
Flag: 1¥lunsdindimsusnamdunsy
o ° ' 9 4 Ao '
Fragment offset: 19 umstmuadwmisdoyalumidunsundinsuendiu
A Y o w P- T 9 ¢ EY
e ldeusmbinduuiZesreiuldedgndes
¥ 1 ]

Time to live (TTL): fnuadmuiunsshiuniganaIdunsuezgndeszning hop
T ' ad g Y [} o 1 lay
(msdsiudeyasznnuiaisn)  etlestulilinanisasdoyalaslifugea
Tawsidiedioyagnda’ll 1 hop szhinisanm TTL a9 1 ies1wes TTL i 0 waz

14
as i LY a J 1
Yoyada lifadarens doymiuazgnonidn uazisunesgaessdadoya ICMP
udandumdadunisiufia tme out lusgniumsdedoya
Protocol: 71 11/5 TnnoafidslumAunsy 1wu TCP, UDP vi3e ICMP
Header checksum: 19lun1sasisseunnugndesvesdoyaludiuia
i U4
Source IP address: 'ﬁﬂg IP *umé'awaya

Destination IP address: ﬁﬂé IP ﬂlmé’gm’l‘au"a

Data: foyav1n 115 InneassAuuu



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsnanubidmsunslvnuienisnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly
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2.1.3.3 1slanea ARP
TusTanoa ARP gaiSunldeuTaeTis Tanea Ip iivesoutasnuneas 1p luhidly
o ¢ [ . ' 4 a s A & A ' ' A 1 oa ¢ o
wnsavaianimene Wy DuidinesinTomiuFeudesylunieiivdumesiin uaz
A 1 a"y s o Aa 3 [ o ' dy = o
lunmsiyeunatidessdemsauaunaaniog Ansauauilivasziviinsuamzlszi
o P (] : Y] i = v ] v A
grsaudsh lidiiulas  ivelddredsmsdedoyalumiovis  ualionnldnuluTlslanes
=] o o o 4 a o °
TCP/IP Nazdoslinmsfmuanineay IP Yszsiduneldd19deiy uazlsTlnnoa ARP i
v ' v ¢ ¢ a o o 4 a ¢
wihulasa ey 1P Widunuemvarsanasesalilusesumsyianufidusumos

d ad o4 da ' .
HaTa U mna"lnmmﬂmmsunm “address resolution”

o 4 d
2.1.4 Yuminfiinouaeitia
4’ 9 - ' 0’: =y sy 4' 3
Wesnnludumenmveunseviotiy  Inaedimsuazvaegluuulumsifouse
y]:j A (S o My a -1 qy 9 U 1
szuuldidlunSevie udedelstmmlumiovivdumesinil Joyaszgnaienoaunzdeiiy
Tldnlaremalaghisilsfsgdunumsiendenumen hitneduamsldniedslouds
o - - JR . . . A J P R - ¢ o
Va3 en3e a1 UTP (Unshielded Twist Pair) iFousoidunumasesidimoesiia
1 4 d
FTIUAIMIOIATDUTY Token Ring, ATM, ISDN 130U NAY
o LY 1 o’: = dd ad ﬂ 9 9t o
mymnuszAuaNgareInBudumesiadin  szilumsuilasdeyalieyluguy
s [} s [} 1 2 q’/’ d ad a o dy
manean wosulasdudyana lihdeludaniodiwde ] Feluduiliadfadumediia 1
A a o ¥ S vy o a & y & o
Woeufnnasgu 0SI Model udnuiiumssn 2 sudhdoiu Ao Fumdidsn uay
¥ L4 °
Fuidnoa aanlavaglie mehinuluduanqgaminssadeveslslanea TCPAP 9zl

anumMzAIgln 2.9
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dinveayanan Nizvenndimanszth

2.1.5 nalnveslisinnea IP

=h.

LR s " oA g q’: o
TunisdviudeyanseliiunSovwdumediiaiu  TisTanea 1P azvimih

v
ansanhdarenelumsds P andwnsuiusedlunieluns edovesauioans ovzands

) v A a a s '
Joyathuniovelldn Teomsiersaniildslanea 1P szasavaeuvndmusay P
Umemandwidusmuoeuniedn wmloususmnonuasedigves 1P Aunig
wsoly drvmsstunaasiimsdadoyasgnmelumiedi@ediu uadiseiu uansiides
dedeyalidsaenisiiegauaziniedony
' 9 M = o o &
nsdedeyanmeolunSeviwdeadu inalndail

1. TsTanea 1P wwisonldusnisTisIanoa ARP (Address Resolution Protocol) (W

[~ [
wlasnuoay IP dateneldidusmmneaversans (MAC address)

4 o 4 4 ' H [y 4 o<
2. die Ts Tanoa P 185 ununumvarsauaiuda sxdedeyariulldeasaurinazy 1l

¥
=

L g A 1 Py @
ﬂ‘liﬁd‘llm;l‘ﬁ‘ll‘lmﬂiﬂ‘ll‘ltl JJﬂﬁ"lﬂﬂQ‘Ll

1. TsTanea IP asdedeuwuMUILEY TP Address Unenisegaunsinioieniu
' 3 . ¥ 4 4
Tt 115 Tanen IP 9281UA1 IP Address Youdunei owioudedoyaluiduaes

4 a4 A ° I, o
UNu m“lu‘nu%sumsmﬁumﬂuﬂmmasmmgm

2. Tdslanea 1P sziSonldusnmsTuslanoa ARP ioutasat IP address 1¥idlusn

mnoeuasauag
3. Ts Tanea IP dedoya 1P andunsuldsiidmua’ll

[ 1 i [ 1 4 1 g v )
TusTanea 1P vzflRed1nlsdundedisisnaniimsivedadunesoy uazlia1 1P

4 4 y o + d ' ¢ ¢ 4 @ ) ' o
oz'ls HluFesliflfrzAvahmuaminisennaveadiiunes nie avleadinandidunou Nil

fmanuiay 1P 8z 15 Tasaeuauldvindauassuy

83079
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o ' & ta ddqy ) o
ganinsdeteyavesIus Tansaliiuegiurasniudi 1fau $2en2ud 2.4 GHz 1
Tdasimsdetioyn 250 kbps, 915MHz vz 1Sasn1sdadoya 40 kbps, 868 MHz 1z 1¥idan
nsdadeya 20 kbps  Sasimsdedeyaiiuiessezesniiidmuaidlosnndinisii
'3 1 { a o
iwamasazanuarina lunszuumsiau
d 4 o H v a Ao 4
ANNENIYIGAYEY MAC uininafie 127 lud swedim CRC 16 dafivmii
y J 3 A W 5
ATNTOUANNYNABIVOUNSN UBNINT IEEE 802.15.4 1dnszurumstudumslasudeya
4 { ' :  y
(acknowledgement) Fanszuum il ldnaasluises TCPAP k1w
a U4
yilnvesginseal

IEEE 802.15.4 fvuaginsel Taeswila aumsiadi 2.1

M990 2.1 ¥iinvosgunsel IEEE 802.15.4

Y o A [ 1 [ 3 | A LY
yilavegUnIal auftewsnldld | unamdu | msdsmifinioedy

B ar 4 ' y

Full Function Device (FFD) nnszomn nan Wadio T 1A%

Reduced Function Device (RFD) 1A HUANDT ouitolai181%

2.2.2 QAIAUYBI ZigBee
mnsofaaiulasze: 1na

- dszam 100 wes ONAINAYIN Ua 1500 wns 1un Tag
- fifdeas 100 mW (20 dBm)
- $189luMs3Y -100 dBm

- dasimsdedioya 250,000 bps

ruuns ot enazaNNanAsgs

- wnnvwdsselnidmaannnseviauaziinig1d Acknowledgements A28
- DSSS (Direct Sequent Spread Spectrum)

- luusazgesmsdemsannsaldmnuauniovio 14 65,000 nuoms

- imsldvnemvdumansnanoavlasnislunmsaese

: [ a 9
- awsefemsiunuugiiunauazuseaund 1a
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- AduayuUMIIFENADIAS DU I8 point-to-point, point-to-multipoint LAY peer-to-

peer

THWA9991U6"

ATZUAVDINIATI 215 mA N 3.3V
ATLUAVINIATU 55 mA N33V

ASEUE Power-down HBUAT1 10 pA

aenensii 1y ldau

b4 ]
Tisuiludesdsmdmsumsldmsdeaisuuuing
- ¢ . w S ¢
Haeruas X-CTU dwmsumsnadouuazdsniginsel
o d - 3 @ o
{i Tnuanousua 2 uuufAe AT uaz APL dmiunisdemluga
= o ull d'
lyamdannaeungy

) o
yyuaan
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Speciication

XBee:

Performance. -,

Indaontrban Range

wpto 100 7 650 4

Us 2.350" (100 m}

Cutdos: RF lne-cf-sgit Ranye:

ugete 39 AL {100 m}

Ugito b mite lG'r

Tranemit Powsr Julout
iscfrmare ac!:ctable;-

WV {0 ¢Bm)

78my EIRF-

A0 w18 ¢Biml conduczed 100G N 20

iscfware zelzctable)

inon-standzrd baud 1ates aiso SugpsTes)

R Data Rai» 253 000 2ps 230000 9ps
Serial Ingzriace Data Rate 1200 - 115200 bes 1200 - 115209 bps

{non-standard baud rates ks supponad)

Recsiver:Sensitivity: '2-92:dE;m'{ii%packes»e:ronstc)‘ =100 dBm1% packat ersor sated
Power Requirements PR

Supgtyolage

28-1ey

28-38%

Teansmi] Currant {tygicel)

4dmE{E 33 v

I" F"'f‘fiC‘d=n1)' P mAds
=1712d8m3: 155mt .\(a,’
=2 (1B 1 TEmA 162
3iiedBmy 188ma 12 3

éti&dﬂm! Vah nv-('fl':".-

'_
Pr=

Idle f Racerie Gurrent itypizalt

5"rnhl@.,.; Vi

55ma 1@ 3.3 ¥)

Fewret-dewn Current.

RIS

< 10wk

General

Coeraung Frequency

15M 24 Ghz

I5M 24 GHz

Cimenzicns

09005 « 18372 A% m x 275 Temi

~e

Q450 ¢ % 2"7" Jd -13.n m X

Coecating Temperare

-t 10 85° £ {industeielt

L1085 € iindunsty |a!l

Artarna Coiens.

Intagtztad Wihig, Ship o LUFL Connectes

 Networking & Security -

Inezgrated Vihip, Chis ot UL Connecter

Supported Network Topologi2s

Poim-lo-pein:, Peirto-muitpoint & Peeric-poer

Wuirikar of Chanrets
isofiware sefectakle)

1% Ditect Sequance Channels

-

12 Cirect Sequence Channss

Addressing Caticns

a0, Chapnel ang addrasses

PANAD, Channsl 2a¢ ~edizsses

Agency. Appravals

Linita¢ States (70C Pan 15281 | DUR-XBEZ O* IR-XBEZFR3

Induztry Canada (1} 42144 XBEZ 42142 JBEZFRC

Eurege (CZ) ETS ET2 iMax, 103 2B taasmit powier cupuil’
apan aia - ; ACENY Di,'ST:’;;lx 1 43 2 i _f:c:'.\»e_;: —;,-(;:
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HUAUNU “]!}0 510ﬁ81§ﬂﬂ
1 vCe venszumin
2 DOUT Yoy UART o8n
3 DIN / CONFIG Yoya UART 14h
4 DO8 Admoaloninn 8
5 RESET Suim Tuga
6 PWMO / RSSI PWM 10171WA 0/ Jannuussvesdgananiniy
7 PWMI PWM 10719194 1
8 [reserved] -
9 DTR / SLEEP_RQ/ DI8 auqu Inuaddil / Aasaeivg 8
10 GND ASTIA
11 AD4 /DI04 puIRBNdUNA 4/ ATnea /O 4
12 CTS / DIO7 Clear-to-Send / AvA®a /O 7
13 ON / SLEEP AsIvTRUTNIUZYed Juga
14 VREF ANUAANES19Bed MY A/D Bunn
15 Associate / ADS / DIO5 pUIRONDUNA 5/ AdmEA 1O 5
16 RTS/AD6/DIO6 | Request-to-Send / 0U1ABABUNA 6/ A3ADA 1O 6
17 AD3 /DIO3 pUIADADUNA 3/ AdDA 1O 3
18 AD2 / DIO2 puNADABUNA 2/ ASnBA 1/0 2
19 ADI1 /DIOI puAeNdUYM 1/ Admea 1O 1
20 " ADO/DIOO pUABNBUNA 0/ AIMDA /O 0

- mafensant sy VCC, GND, DOUT uaz DIN

- madausadmiusmaniifuuaF VCC, GND, DIN, DOUT, RTS uas DTR

] [ [ A J
- [ugaacsassiadasiumiu sok fevin 7177 RESET
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A ¥y uy A e A A v .
wIovsuuuaY liuaznTeodisuuunslivnon nSovionatega  (milti-hop)
~ 1 o [ s '
yazindovouvuamdily nSed10yaiRe (single-hop) n3ovnelsTnnea ZigBee 1
At A ] "lﬁl LA o & ' A ' A P
wTeveuuienalanaisgnsainiendu Fmuennun yasenaelumotheynyad
anslumadhdsdnarsi 1flumsemsiviig i
13smsiyoudouuuvarglnsaindonnu 2 35 1AuA beacon 1AL non-beacon
-ﬁ' ) g T [} L] { [} s 1
MIFOUABUUL non-beacon VnyarFounelunievivddoynlanasanarfivesdygiuiig
8y TUIATBNIBIUY beacon YiFouABIzMITOTdoyalA lugmfignimua3daemh

" @
MU

= t a 4 3
MmN 2.4 MsufSounernasgriumsasdedomsuuy 13me
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[1] IEEE 802.15.4 Standard Specification, downloadable at standards.ieee.org/getiece802/.
[2] ZIGBEE technical documents at http://www.zigbee.org/.
[3] CC2420 Datasheet, downloadable at http://www.chipcon.com/.
[4] Stack TCP 3.75 at http://www.microchip.com/

[5] PIC18F86J65 family at http://www.microchip.com/
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1.2. Specifications

Table 1-01. Specifications of the XBee/XBee-PRO OEM RF Modules

Specification - XBee XBee-PRO
Performance
Indoor/Urban Range up to 100 ft. (30 m) Up to 300° (100 m)
Outdoor RF line-of-sight Range  up to 300 f. (100 m) Up to 1 mile {1500 m)
(Ts'ggj,'ggma%‘,‘;')’“‘ 1mW (0 dBm) . 60 mW (18 dBm) conducted, 100 mW (20 dBm) EIRP*
o e }5'5660?;:%% Ca v e aen 50000 tme o s I
Serial Interface Data Rate 1200- 115200 bps 1200- 15200 bps
(software selectable) (non-standard baud rates also supported) : (non-standard baud rates also supported)
'Receiver Sensiivity " 82 dBm (1% packet error rate) T 100 dBm (1% packet emor rate)
Power Requirements
Supply Voltage 28-34V 28-34V
commm S T T T T =0 (10dBm): 137mA(@3.3V), 139mA(@3.0V)
PL=1 (12dBm): 155mA (@3.3V), 153mA(@3.0V)
Transmit Curent (typical) 45mA (@ 3.3 V) PL=2 (14dBm): 170mA (@3.3V), 171mA(@3.0V)
PL=3 (16dBm): 188mA (@3.3v), 195mA(@3.0V)
¢ PL=4 (18dBm) 215mA (@3. 3V) 227mA(@3 0V)
il [Receve Curert (yical)  SOmA(@33Y s5mA(@33V) -
Power-down Current <10pA <10pA
General
Operating Frequency ISM 2.4 GHz ISM 2.4 GHz
Dimensions 0.960" x 1.087" (2.438cm x 2.761cm) 0.960" x 1.297" (2 438cm X 3 294cm)
Operatrng Temperature -40 to 85" C (rndustnal) -40 to 85‘ C (mdustrral)
Antenna Optrons Integrated Whrp, Chrp or U FL Connectorw o Irneg_r‘atwed Whip, Ch|p or U FL Connector
Networking & Security
Supported Network Topologies Point- to-pornt Point to-multrpornt & Peer-to-peer
gi’;:::;g:g";‘; 16 Direct Sequence Channels , 12 Direct Sequence Channels
Addressmg Optlons ’ PAN~ID,V(";h’annel nnd Addreéées - IEAN ID, 'C’h—annet and Addresstéé
Agency Approvals
United States (FCC Part 15 247) OUR-XBEE OUR-XBEEPRO
industyy Canada (IC) 4214A XBEE T A24AXBEEPRO
Europe (CE) ETSI ETSI (Max. 10 dBm transmit powsr output)®
Japan n/a ' 005NYCAQ378 (Max. 10 dBm transmit power output)**

* When operating in Europe: XBee-PRO RF Modules must be configured to operate at a maximum transmit power output level
of 10 dBm. The power output level is set using the PL command. The PL parameter must equal “0” (10 dBm).

Additionally, European regulations stipulate an EIRP power maximum of 12.86 dBm (19 mW) for the XBee-PRO and 12.11 dBm
for the XBee when integrating high-gain antennas.

** When operating in Japan: Transmit power output is limited to 10 dBm. A special part number is required when ordering
modules approved for use in Japan. Contact MaxStream for more information [call 1-801-765-9885 or send e-mails to sales@max-

stream.net].

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi) anten-
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the
Whip and Dipole antenna options when transmitting outdoors. For more information, refer to the “XBee Antenna” appli-
cation note located on MaxStream’s web site (http://www.maxstream.net/support/knowledgebase/article.php?kb=153).
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1.5. Pin Signals

Figure 1-03. XBee/XBee-PRO RF Module Pin Numbers
(top sides shown - shields on bottom)

Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

Pin# . Name . Direction ! . Description
1 vce - i Power supply
27 Tpour ot .77 UART Data Out
3 DIN / CONFIG input I UART Data In
4 D8’ Output X " Digital Output 8
5 RESET Input ; Module Reset (reset pulse must be at least 200 ns)
6 PWMO /RSSI Output g PWM Output 0/RX Slgnal Strength Indicator
7 CoPWMt o oupt _i  PWMOuput1
8 [reserved] . - ! " Do not connect
8 . [DW/sEEPRQ/DB " ww " PinSisp ConidiLie orgiaiguts
1 i GND - g; Ground
11~ R ﬂ /DI04 { Eithef : Analog fnput4or Dlgrtal 104 L
12 - CTS ]_Il?l ) ' Either § CIe;tho-Send Flow Conirol or Digital 10 7
3 ON/SLEEP OQutput { Module Status Indicator
14 VREF Input ! tage Refetance for A/D Inputs
15 Associale/ADS/DIOS ' Eher i Associaled Indicalor, Analog Input 5 or Digital VO 5
6 RTS/ADG/DIOS ¢ Eiter Request-(o-Send 1 Fiow Control, A Analog Input 6 or Digital 10 6
1 " AD3/DIOS ; Either " Analog Input 3 or Digital 1/0 3
e T apioio2 T 7 TEmer T T Andloginput 2or Dighal ¥O2 | T
19 AD1/DIO1 Either : Analog Input 1 or Dlgllal 101
0 ADO/DIOO ' Either Analog input O or Digitai /0 0

* Function is not supported at the time of this release
Design Notes:
qnawDwKUf UNRaiOK mM m( L91KK k
q naawDwKUR UNRaiKRAKDptRNdtdwAFd OK mi(H miamK L9DGKK 1s
qGeaFK d UNakKip UactKAdNN.Kdp UNRNN. ¥Rt DI
q NRtDIKaUDt iKFIOSXH pDLIDpK&INRANNES KNRESET
$S TTEST T TT ST ST TEST T
ST TE TSTST $S

N
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1.6. Electrical Characteristics

Chaytor - XBewf

RBee-PRO b 32

N

R

kS

ooy

Table 1-03. DC Characteristics (VCC=2.8 -3.4 VDC)

Symbot Characteristic Condition Min E Typical Max Unit
ViL Input Low Volfage Ali Digital Inputs - : - 0.35*VvCC v
Vi Input High Voltage All Digital Inputs "07*veC ¢ . B v
VoL Oulput Low Voitage loL =2mA, VCC >=27V - . 05 v
Vou Output High Voltage loq =-2mA,VCC>=27V VCC-05 - - v
Ty Input Leakage Current Vjy=VCCor GND, all inputs, perpin - | 0.025 1 LA
Nloz High Impedance Leakage Current ~ Vjy=VCC or GND, all O High-Z, perpin © - : 0.025 1 WA

- . - - PP .,.-.. . e n man . ———— oo - P Py Mtﬂ-ﬁ ..45 pepe— »215-.-....‘ .
TX T{ans:n;l CurTent VCC =33V ) - , ; (XBee) (PRO) - mA

. _ ! y 50 - 85 .
RX o Reoelv? Curent ' vcc =33V N b § Bee) (RO . mA
PWR-DWN Power-down Current SM parameter = 1 R <10 . iy
Table 1-04. ADC Characteristics (Operating)
Symbol Characteristic Condition Min Typical ; Max Unit
VREF - Analog-o-Digital converter ;
VeerH reference range ) 2.08 , . | Vooap v

’ Enabled I | | A - WA

! N . . . .

Rer VREF - Relerance Supply Crent -y catied or Sieep Mode . <00t i o A
Vinoc Analog Input Voltage Vssap-03 - - . Vopap+03 v
1. Maximum electrical operating range, not valid conversion range.

Table 1-05. ADC Timing/Performance Characteristics’

Symbol Characteristic Condition Min Typical : Max Unit
RAs Source Impedance at input? - - ' 10 kQ
VAN Analog Input Voltage® VREFL VRemH v
RES Ideal Resolution { 1 LSB)* 2.08V < Vppap < 3.6V 2034 - 3516 mv
DNL Diflerential Non-finearity® . - T8 T 10 LSB
INL Integral Non-ine arity® - +05 Y LS8
Ezs Zemrq.scalghEn‘?ﬂ - N o . ] . - +0.4 H +1.0 LSB
Frs FulscaeEmd D 104 '™ #10 188
Ey Input Leakage Emor® ) - +0.05 i 5.0 LSB
Ery Total Unadjusted Emor'® - 1.1 : £25 LS8

1. AllACCURACY numbers are based on processor and system being in WAIT state (very little activity and no IO switching)
and that adequate low-pass filtering is present on analog input pins (filter with 0.01 F to 0.1 uF capacitor between analog
input and VREFL). Failure to observe these guidelines may result in system or microcontroller noise causing accuracy errors
which will vary based on board layout and the type and magnitude of the activity.

Data transmission and reception during data conversion may cause some degradation of these specifications, depending on
the number and timing of packets. It is advisable to test the ADCs in your installation if best accuracy is required.

2. Rpg is the real portion of the impedance of the network driving the analog input pin. Values greater than this amount may
not fully charge the input circuitry of the ATD resulting in accuracy error.

3. Analog input must be between Vgegr_ and Vgery for valid conversion, Values greater than Vgery will convert to $3FF.

4. The resolution is the ideal step size or 1LSB = (Vggri~VRrer /1024

5. Differential non-linearity is the difference between the current code width and the ideal code width (1LSB). The current
code width is the difference in the transition voltages to and from the current code.

6. Integral non-linearity is the difference between the transition voltage to the current code and the adjusted ideal transition
voltage for the current code. The adjusted ideal transition voltage is (Current Code-1/2)*(1/((VrerrtErs)<VRrerL +Ezs)))-

7. Zero-scale error is the difference between the transition to the first valid code and the ideal transition to that code. The
Ideal transition voltage to a given code is (Code-1/2)*(1/(Vreri—Vrer))-

8. Full-scale error is the difference between the transition to the last valid code and the ideal transition to that code. The ideal
transition voltage to a given code is {Code-1/2*(1/(Vrerr~Vrer))-

9. Inputleakage error is error due to input leakage across the real portion of the impedance of the network driving the analog
pin. Reducing the impedance of the network reduces this error.

10. Total unadjusted error is the difference between the transition voltage to the current code and the ideal straight-line trans-
fer function. This measure of error includes inherent quantization error (1/2LSB) and circuit error (differential, integral, zero-
scale, and full-scale) error. The specified value of Eryj assumes zero Ey (no leakage or zero real source impedance).
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MICROCHIP

PIC18F97J60 FAMILY

64/80/100-Pin High-Performance,
1-Mbit Flash Microcontrollers with Ethernet

Ethernet Features:

« |EEE 802.3™.Compatible Ethernet Controller
* Fully Compatible with 10/100/1000Base-T Networks
* Integrated MAC and 10Base-T PHY
» 8-Kbyte Transmit/Receive Packet Buffer SRAM
« Supports One 10Base-T Port
« Programmable Automatic Retransmit on Collision
* Programmable Padding and CRC Generation
« Programmable Automatic Rejection of Erroneous
Packets
= Activity Outputs for 2 LED Indicators
- Buffer. )
- Configurable transmit/receive buffer size
- Hardware-managed circular receive FIFO
- Byte-wide random and sequential access
- Internai DMA for fast memory copying
- Hardware assisted checksum calculation for
various protocols
+ MAC:
- Support for Unicast, Multicast and Broadcast
packets
- Programmable Pattern Match of up to 64 bytes
within packet at user-defined offset
- Programmable wake-up on muitiple packet
formats
+ PHY:
- Wave shaping output filter

Flexible Oscillator Structure:

+ Selectable System Clock derived from Single
25 MHz External Source:
- 2.7781041.667 MHz
* Internal 31 kHz Osciilator
+ Secondary Oscillator using Timer1 @ 32 kHz
+ Fail-Safe Clock Monitor:
- Allows for safe shutdown if osciflator stops
« Two-Speed Oscillator Start-up

External Memory Bus
(100-pin devices only):

» Address Capability of up to 2 Mbytes
+ 8-Bit or 16-Bit Interface
+ 12-Bit, 16-Bit and 20-Bit Addressing modes

Peripheral Highlights:

High-Current Sink/Source: 25 mA/25 mA on PORTB
and PORTC

Five Timer modules (TimerQ to Timer4)

Four External Interrupt pins

Two Capture/Compare/PWM (CCP) modules
Three Enhanced Capture/Compare/PWM (ECCP)
moduies:

- One, two or four PWM outputs

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Up to Two Master Synchronous Serial Port (MSSP)
modules supporting SP! (all 4 modes) and 12°C™
Master and Slave modes

Up to Two Enhanced USART modules:

- Supports RS-485, RS-232 and LIN 1.2

- Auto-wake-up on Start bit

- Auto-Baud Detect (ABD)

10-Bit, Up to 16-Channel Analog-to-Digital Converter
moduie (A/D):

- Auto-acquisition capability

- Conversion available during Sleep

Dual Analog Comparators with input Multiplexing
Parallel Slave Port (PSP) module

(100-pin devices only)

Special Microcontroller Features:

5.5V Toierant inputs (digitai-only pins)

Low-Power, High-Speed CMOS Flash Technology:
- Self-reprogrammable under software control

C compiler Optimized Architecture for Reentrant Code
Power Management Features:

- Run: CPU on, peripherals on

- Idle: CPU off, peripherals on

- Sleep: CPU off, peripherals off

Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier

Extended Watchdog Timer (WDT):

- Programmable period from 4 ms to 134s
Single-Supply 3.3V In-Circuit Serial Programming ™
(ICSP™) via Two Pins

In-Circuit Debug (ICD) with 3 Breakpoints via

Two Pins

Operating Voltage Range of 2.35V to 3.6V (3.1V to
3.6V using Ethernet module)

On-Chip 2.5V Regulator

© 2008 Microchip Technology Inc.
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PIC18F97J60 FAMILY

Pin Diagrams {Continued)

80-Pin TQFP
a
@
e o &
S 8§80
283228 44 e
gaaag —mw2E2E22F
ceioso8c88sc5885603 5
n:ma:a:n:n:mn:n:>>n:m>>tx>&&>
A 807978 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61
RH2T ) 1 60 """} VoDRX
RHI[ T} 2 58 1 TPIN®
RE1P2CC—1 3 58 {C3 TPIN-
REOP2D 7} 4 571 VSsRX
RBOANTO/FLTO E 561 RGU/ECCP3/P3A
RBINNTI ] 6 §5 "1 RG1/TX2/CK2
RB2ANT2 T 7 54 {7""1 RB4/KBIO
RBINTI ] 8 53 RBS/KBN
MCLIR T} 9 PIC18F86J60 52 RBG/KBIZPGC
RG4/CCPS/P1D ] 10 PIC18F86J65 51{"J vss
vss [T 1t 50 =71 0SC2/CLKO
| F
VOBCORENCAP [T 12 PIC18F87.460 49 "1 0SC1/CLKI
RF7/581 [} 13 48 "3 von
RFBIANTT =7 14 47 =" RBT/KBI3PGD
RFS/AN10/CVREF ] 15 46 {71 RC5/SDO1
RF4/AN9 [ 16 45 == RCA/SDH/SDAL
RF3/ANS [TT1 17 44 3 RCI/SCK1/SCL1
RF2/AN7/C1QUT é 18 43 [0 RC2ECCP/P1A
RH7/AN15/P1B(3} 19 42 {77 RGURX2/0T2
RH&/AN14PICIR ] 20 41 [T=71 RGA/CCP4/PID
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40
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Note 1: The ECCP2/P2A pin placement depends on the CCP2MX Configuration bit setting.
2: P18, P1C, P3B and P3C pin piacement depends on the ECCPMX Configuration bit setting,
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PIC18F97J60 FAMILY

1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devices:

+ PIC18F66J60 + PIC18F87J60
« PIC18F66J65 = PIC18F96J60
- PIC18F67J60 » PIC18F96J65
« PIC18F86J60 « .PIC18F97J60

» PIC18F86J65

This family introduces a new line of low-voltage devices
with the foremost traditional advantage of all PIC18
microcontrollers — namely, high computational per-
formance and a rich feature set at an extremely
competitive price point. These features make the
PIC18F97J60 family a [ogical choice for many
high-performance applications where cost is a primary
consideration.

1.1 Core Features

1.1.1 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC18F97J60 family offer five
different oscillator options, allowing users a range of
choices in developing application hardware. These
options include:

 Two Crystal modes, using crystals or ceramic
resonators. -

« Two External Clock modes, offering the option of
a divide-by-4 clock output.

« A Phase Lock Loop (PLL) frequency multiplier,

available to the external oscillator modes, which

allows clock speeds of up to 41.667 MHz.

An internal RC oscillator with a fixed 31 kHz

output which provides an extremely low-power

option for timing-insensitive applications.

The internal oscillator block provides a stable reference
source that gives the family additional features for
robust operation:

- Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a reference
signal provided by the internal oscillator. if a clock
failure occurs, the controller is switched to the
intemal oscillator, allowing for continued low-speed
operation or a safe application shutdown.

» Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

1.1.2 EXPANDED MEMORY

The PIC18F97J60 family provides ample room for
application cade, from 64 Kbytes to 128 Kbytes of code
space. The Flash cells for program memory are rated
to last 100 erase/write cycles. Data retention without
refresh is conservatively estimated to be greater than
20 years.

The PIC18F97J60 family also provides plenty of room
for dynamic application data with 3808 bytes of data
RAM.

1.1.3 EXTERNAL MEMORY BUS

In the unlikely event that 128 Kbytes of memory are
inadequate for an application, the 100-pin members of
the PIC18F97J60 family also implement an External
Memory Bus (EMB). This allows the controller’s inter-
nal program counter to address a memory space of up
to 2 Mbytes, permitting a level of data access that few
8-bit devices can claim. This allows additional memory
options, including:

» Using combinations of on-chip and external
memory up to the 2-Mbyte limit

* Using external Flash memory for reprogrammable
application code or large data tables

« Using external RAM devices for storing large
amounts of variable data

1.1.4 EXTENDED INSTRUCTION SET

The PIC18F97J60 family implements the optional
extension to the PIC18 instruction set, adding eight
new instructions and an Indexed Addressing mode.
Enabled as a device configuration option, the extension
has been specifically designed to optimize reentrant
application code originally developed in high-level
languages, such as C.

1.1.5 EASY MIGRATION

Regardless of the memory size, all devices share the
same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve.

© 2008 Microchip Technology inc.
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PIC18F97J60 FAMILY

1.2 Other Special Features

+ Communications: The PIC18F97J60 family
incorporates a range of serial communication
peripherals, including up to two independent
Enhanced USARTSs and up to two Master SSP
modules, capable of both SP! and 12C™ (Master
and Slave) modes of operation. In addition, one of
the general purpose /O ports can be reconfigured
as an 8-bit Parailel Slave Port for direct
processor-to-processor communications.

» CCP Modules: All devices in the family incorporate
two Capture/Compare/PWM (CCP) modules and
three Enhanced CCP (ECCP) modules to maximize
flexibility in control applications. Up to four different
time bases may be used to perform several
different operations at once. Each of the three
ECCP modules offers up to four PWM outputs,
allowing for a total of twelve PWMs. The ECCP
modules also offer many beneficial features,
including polanty selection, programmable dead
time, auto-shutdown and restart and Half-Bridge
and Full-Bridge Output modes.

= 10-Bit A/D Converter: This module incorporates

programmable acquisition time, allowing for a

channel to be selected and a conversion to be

initiated without waiting for a sampling period and
thus, reducing code overhead.

Extended Watchdog Timer (WDT): This

enhanced version incorporates a 16-bit prescaler,

allowing an extended time-out range. See

Section 27.0 “Electrical Characteristics” for

time-out periods.

1.3 Details on Individual Family
Members

Devices in the PIC18F97J60 family are available in
64-pin, 80-pin and 100-pin packages. Block diagrams
for the three groups are shown in Figure 1-1,
Figure 1-2 and Figure 1-3.

The devices are differentiated from each other in four

ways:

1. Flash program memory (three sizes, ranging
from 64 Kbytes for PIC18FX6J60 devices to
128 Kbytes for PIC18FX7J60 devices).

2. AJ/D channels (eleven for 64-pin devices, fifteen
for 80-pin pin devices and sixteen for 100-pin
devices).

3. Serial communication modules (one EUSART
module and one MSSP module on 64-pin
devices, two EUSART modules and one MSSP
module on 80-pin devices and two EUSART
modules and two MSSP modules on 1Q0-pin
devices).

4. /O pins (39 on 64-pin devices, 55 on 80-pin
devices and 70 on 100-pin devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1, Table 1-2 and
Table 1-3.

The pinouts for all devices are listed in Table 14,
Table 1-5 and Table 1-6.

DS39762D-page 10 Preliminary © 2008 Microchip Technology Inc.



PIC18F97J60 FAMILY

TABLE 11: DEVICE FEATURES FOR THE PIC18F97J60 FAMILY (64-PIN DEVICES)

Features PIC18F66J60 PIC18F66J65 PIC18F67J60
Operating Frequency DC - 41.667 MHz DC - 41.667 MHz DC - 41.667 MHz
Program Memory (Bytes) 64K 96K 128K
Program Memory (Instructions) 32764 49148 65532
Data Memory (Bytes) 3808
Interrupt Sources 26
I/0 Ports PortsA,B,C,D,E,F, G
1/0 Pins 39
Timers 5
Capture/Compare/PWM Modules 2
Enhanced Capture/Compare/PWM Modules 3
Serial Communications MSSP (1), Enhanced USART (1)
Ethernet Communications (10Base-T) Yes
Parallel Slave Port Communications (PSP) No
External Memory Bus No
10-Bit Analog-to-Digitai Module 11 Input Channels
Resets (and Delays) POR, BOR, RESET Instruction, Stack Full,

Stack Underflow, MCLR , WDT (PWRT, OST)

Instruction Set 75 Instructions, 83 with Extended Instruction Set Enabled
Packages 64-Pin TQFP
TABLE 1-2: DEVICE FEATURES FOR THE PIC18F97J60 FAMILY (80-PIN DEVICES)

Features PIC18F86J60 PIC18F86J65 PIC18F87J60
Operating Frequency DC-41.667 MHz | DC—41.667 MHz | DC —41.667 MHz
Program Memory (Bytes) 64K 96K 128K
Program Memory (Instructions) 32764 49148 65532
Data Memory (Bytes) 3808
Interrupt Sources 27
I/O Ports PortsA,B,C,D,E,F,.GH,J
/O Pins 55
Timers 5
Capture/Compare/PWM Modules 2
Enhanced Capture/Cornpare/PWM Modules 3

Serial Communications

MSSP (1), Enhanced USART (2)

Ethemet Communications (10Base-T) Yes
Parallel Slave Port Communications (PSP) No
Extemal Memory Bus No
10-Bit Analog-to-Digital Module 15 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full,
Stack Underflow, MCLR , WDT (PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

80-Pin TQFP

© 2008 Microchip Technology Inc.
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TABLE 1-3:  DEVICE FEATURES FOR THE PIC18F97460 FAMILY (100-pin DEVICES)

Features PIC18F96J60 PIC18F96.J65 PIC18F97J60
Operating Frequency DC -41.667 MHz | DC - 41.667 MHz DC —-41.667 MHz
Program Memory (Bytes) 64K 96K 128K
Program Memory (instructions) 32764 49148 65532
Data Memory (Bytes) 3808
Interrupt Sources 29
/O Ports PortsA,B,C,D,E,FGH,J
I/0 Pins 70
Timers 5
Capture/Compare/PWM Moduies 2
Enhanced Capture/Compare/PWM Modules 3
Serial Communications MSSP (2), Enhanced USART (2)
Ethemet Communications (10Base-T) Yes
Parallel Slave Port Communications (PSP) Yes
External Memory Bus Yes
10-Bit Analog-to-Digital Module 16 Input Channels
Resets (and Delays) POR, BOR, RESET instruction, Stack Full,
Stack Underflow, MCLR , WDT (PWRT, OST)
Instruction Set 75 Instructions, 83 with Extended Instruction Set Enabled
Packages 100-Pin TQFP
DS39762D-page 12 Preiiminary © 2008 Microchip Technalogy Inc.




PIC18F97J60 FAMILY

FIGURE 1-2: PIC18F86J60/86J65/87.J60 (80-PIN) BLOCK DIAGRAM
Data Bus<8>
[Table Pointer<21> ]« - 'y 3
. PORTA
Data Latch
« fo | ronsg
Data Memory
21 (3808 Bytes)
20 Address Latch
y| FORT
Program Counter 12 RBO:RB7"
Data Address<12>
[ 31 tievelStack | A
Address Latch 4 12 J4
PORTC
Program Memory STRETR | | 3R] |[FSRO) Fiocess e
(64, 96, 128 Kbytes) FSR1 RCO:RC7(M
FSR2 12
DataLatch
Table Latch ,....h PORTD
RDO:RD2"
Instruction Bus <16>
PORTE
REO:RE7)
Instruction State Machine
Dgg%?r%‘& P Control Signals PORTF
& RF1:RF7HY
0SC2/CLKO| Timing | i Power-up
0SC1/CLKI | Generation [ Timer
Xl Oscillator PORTG
INTRC Start-up Timer RGO:RG4(V
Osciliator Power-on
Resest
Precision
Band Gap pll Watchdog PORTH
Reference Timer 8 - HO:RH7I
ENVREG o Brown.oul ey RHO:RH7
)
E *1 Regulator Reset
g é é PORTJ
SRR ma
VobcoreNcaP  Vop,Ves  MCLR RJ4:Ru5(1
ADC
10-Bit Timer0 Timer1 Timer2 Timer3 Timer4 Comparators
+ +t +t + t r 1

T 2 T T T T T

ECCP1 ECCP2 ECCP3 CCP4 CCP5 EUSART1} |EUSART2 MSSP1 Ethemet

Note 1: See Table 1-5 for {/O port pin descriptions.
2: BOR functionality is provided when the on-board voltage regulator is enabled.

R
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PIC18F97J60 FAMILY

TABLE 1-5: PIC18F86J60/36J65/87J60 PINOUT /O DESCRIPTIONS
Pin Number
Pin Name Pin | Buffer Description
Tarp | Type | Type
MCLR 9 | ST |Master Clear (Reset) input. This pin is an active-low Reset to
the device.
OSC1/CLKI 49 Oscillator crystal or external clock input.

0SC1 I ST Osciflator crystal input or external clock source input.
ST buffer when configured in intemal RC mode; CMOS
otherwise.

CLKI | CMOS External clock source input. Always associated with
pin function OSC1. (See related OSC2/CLKO pin.)

0SC2/ICLKO 50 Oscillator crystal or clock output.

osc2 o — Oscillator crystal output. Connects to crystal or
resonator in Crystat Oscillator mode.

CLKO o — In Internal RC mode, OSC2 pin outputs CLKO which has
1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

PORTA is a bidirectional {/O pont.
RAQ/ALEDAJ/AND 30

RAQ 1o TTL Digital /0.

LEDA 0 — Ethernet LEDA indicator output.

ANO [ Analog Analog input 0.

RA1/LEDB/AN1 29

RA1 /o] e Digitat 1/O.

LEDB (0] — Ethernet LEDB indicator output.

AN1 ! Analog Analog input 1.

RA2/AN2//REF- 28

RA2 o TTL Digital /0.

AN2 | Analog Analog input 2.

VREF- [ Analog A/D reference voltage (low) input.

RAJ/AN3NREF+ 27
RA3 Vo TTL Digital l/O.
AN3 l Analog Analog input 3.
VREF+ l Analog A/D reference voltage (high) input.
RA4/TOCKI 34

RA4 1o ST Digital 1/O.

TOCKI ] ST Timer0 external clock input.
RAS/AN4 "33

RAS5 1o TTL Digital I/O.

AN4 i Analog Analog input 4.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
1 = input 0 = Quiput
P = Power oD = Open-Drain (no P diode to VDD)
Note 1: Default assighment for ECCP2/P2A when CCP2MX Configuration bit is set.

Ll

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

© 2008 Microchip Technology inc.
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PIC18F97J60 FAMILY

TABLE 1-5:  PIC18F86.J60/86.65/87J60 PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number .
Pin | Buffer
Pin Name Description
TQFp | TyPe | Type P
PORTB is a bidirectional /O port. PORTB can be software
programmed for intemal weak pull-ups on all inputs.
RBO/INTO/FLTO 5
RBO le} TTL Digital /O.
INTO ! ST External interrupt 0.
FLTQ | ST Enhanced PWM Fault input (ECCP modules); enabled
in software.
RB1/INT1 6.
RB1 110 TTL Digital I/0.
INT1 | ST External interrupt 1.
RB2/INT2 7
RB2 Ile} TTL Digita! /0.
INT2 l ST External interrupt 2.
RB3/INT3 8
RB3 WO TTL Digital I/0.
INT3 I ST External interrupt 3.
RB4/KBIO 54
RB4 110 TTL Digital 1/0.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1 53
RB5 110 TTL Digital /O.
KBH | TTL Interrupt-on-change pin.
RB6/KBI2/PGC 52
RB6 o TTL Digital 1/0.
KBI2 I TTL Interrupt-on-change pin.
PGC o ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 47
RB7 ) 1o TTL Digitat /0.
KBI3 | TTL Interrupt-on-change pin.
PGD le} ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (o] = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

hon
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TABLE 1-5:  PIC18F86J60/86J65/87J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer
Pin Name Descripti
—— Type | Type escription
PORTC is a bidirectional /O port.
RCO/T10SO/T13CKI T 36
RCO 110 ST Digital 1/O.
T10SO (o] — Timer1 oscillator output.
T13CKi | ST Timer1/Timer3 external clock input.
RC1/T10SVECCP2/P2A 35
RC1 /10 ST Digital 1/O.
T10SI | CMOS Timer1 oscillator input.
ECccP2 Vo ST Capture 2 input/Compare 2 output/PWM2 output.
p2All o} - ECCP2 PWM output A.
RC2/ECCP1/P1A 43
RC2 Te} ST Digital I/O.
ECCP1 1o ST Capture 1 input/Compare 1 output/PWM1 output.
P1A (o] — ECCP1 PWM output A.
RC3/SCK1/SCL1 44
RC3 110 ST Digital 1/0.
SCKt o ST Synchronous serial clock input/output for SPI mode.
Scu1 1o ST Synchronous serial clock input/output for 12C™ mode.
RC4/SDI1/SDAt 45
RC4 1o ST Digital I/0.
SDIt | ST SPi data in.
SDA1 . 10 ST 12C data I/0.
RC5/SDO1 46
RC5 /0 ST Digital /0.
SDO1 (o] — SPI data out.
RCB/TX1/CK1 37
RC6 1o ST Digital /0.
TX1 (0] — EUSART1 asynchronous transmit.
CK1 110 ST EUSART1 synchronous clock (see related RX1/DT1 pin).
RC7/RX1/DT1 38
RC7 o ST Digital /0.
RX1 | ST EUSART1 asynchronous receive.
DT1 110 ST EUSART1 synchronous data (see related TX1/CK1 pin).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = |nput (o] = Output
P = Power oD = Open-Drain (no P diode to VbD)

Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P18/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

how
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TABLE 1-5:  PIC18F86J60/86J65/87J60 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer
Pin Name Descripti
p— Type | Type escription
PORTD is a bidirectional /O port.
RDO 72 110 ST Digitat I/0.
RD1 69 110 ST Digital I/0.
RD2 68 110 ST Digital /0.
PORTE is a bidirectional I/O port.
REQ/P2D 4
REO o ST Digital /0.
P2D (o] — ECCP2 PWM output D.
RE1/P2C 3
RE1 110 ST Digital I/0.
P2C (o] — ECCP2 PWM output C.
RE2/P2B 78
RE2 110 ST Digital I/0.
P2B (o] — ECCP2 PWM output B.
RE3/P3C 77
RE3 1o ST Digital 1/0.
pact? o — ECCP3 PWM output C.
RE4/P3B 76
RE4 1o ST Digital I/0.
P32 o} - ECCP3 PWM output B.
RE5/P1C 75
RE5 o ST Digital 1/O.
p1C o] - ECCP1 PWM output C.
RE6/P1B 74
RES6 110 ST Digital /0.
p1812) o} — ECCP1 PWM output B.
RE7/ECCP2/P2A 73
RE7 110 ST Digitat 1/0.
Eccp2i® 110 ST Capture 2 input/Compare 2 output/PWM2 output.
p2AR) o - ECCP2 PWM output A.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS [evels Analog = Analog input
| = Input (o] = QOutput
P = Power oD = QOpen-Drain (no P diode to VDD)

Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P18/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cieared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

bobn
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TABLE 1-5: PIC18F86.J60/86J65/87J60 PINOUT 1/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name Pin | Buffer Description
TQFp | Type | Type
PORTF is a bidirectional /O port.
RF1/AN6/C20UT 23
RF1 o ST Digital 1/O.
AN6 | Analog Analog input 6.
C20UT o — Comparator 2 output.
RF2/AN7/C10UT 18
RF2 o ST Digital I/0.
AN7 | Analog Anaiog input 7.
C10uT 0 — Comparator 1 output.
RF3/ANS Ta7
RF3 lle} ST Digital 1/0O.
AN8S I Analog Analog input 8.
RF4/AN9 16
RF4 I]e] ST Digital 1/0.
AN9 ] Anaiog Analog input 9.
RF5/AN10/CVREF 15
RF5 170 ST Digital /0.
AN10 1 Analog Analog input 10.
CVREF 0 — Comparator reference voltage output.
RF6/AN11 14
RF6 110 ST Digital 1/0.
AN11 | Analog Analog input 11.
RF7/SS1 13
RF7 10 ST Digital I/0.
S81 | TTL SPI slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)
Note 1: Default assignmentfor ECCP2/P2A when CCP2MX Configuration bit is set.

sunN

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

© 2008 Microchip Technology Inc.
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TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT I/0 DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name Pin | Buffor Description
Tarp | Type | Type
. PORTG is a bidirectional /O port.
RGO/ECCP3/P3A 56
RGO o ST Digital 1/O.
ECCP3 110 ST Capture 3 input/Compare 3 output/PWM3 output.
P3A o - ECCP3 PWM output A.
RG1/TX2/CK2 55
RGA1 1o ST Digital 1/O.
TX2 o - EUSART2 asynchronous transmit.
CK2 1o ST EUSART2 synchronous clock (see related RX2/DT2 pin).
RG2/RX2/DT2 42
RG2 /] ST Digital I/0.
RX2 | ST EUSART2 asynchronous receive.
DT2 1o ST EUSART2 synchronous data (see related TX2/CK2 pin).
RG3/CCP4/P3D 41
RG3 1o ST Digital I¥O.
CCP4 110 ST Capture 4 input/Compare 4 output/PWM4 output.
P3D o — ECCP3 PYWM output D.
RG4/CCP5/P1D 10
RG4 1] ST Digital I/O.
CCP5 110 ST Capture 5 input/Compare 5 output/PWMS5 output.
P1D [0} —_— ECCP1 PWM output D.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input . o = Output
P = Power oD = Open-Drain (no P diode to VDD)

Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

2: Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
3: Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
4: Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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TABLE 1-5: PIC18FB86J60/86J65/87J60 PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name Pin | Buffer Description
TQFp | Type | Type
PORTH is a bidirectional /O port.
RHO 79 o ST Digital I/0.
RHA1 80 110 ST Digital 1/O.
RH2 1 [e) ST Digital I/O.
RH3 2 110 ST Digital (/0.
RH4/AN12/P3C 22
RH4 1o ST Digital /O.
AN12 { Analog Analog input 12.
pact4 o} — ECCP3 PWM output C.
RH5/AN13/P3B 21
RH5 o] ST Digital 1/O.
AN13 | Analog Analog input 13.
P34 o} - ECCP3 PWM output B.
RH6/AN14/P1C 20
RH6 1o ST Digital 1/O.
AN14 | Analog Analog input 14.
Pict® o) - ECCP1 PWM output C.
RH7/AN15/P1B 19
RH7 110 ST Digital 1/O.
AN15 I Analog Analog input 15.
P18 0 — ECCP1 PWM output B.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS leveis Analog = Analog input
1 = Input (o] = Output
P = Power oD = Open-Drain (no P diode to VoD)
Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.
2: Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
3: Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
4: Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Confliguration bit is cleared).

© 2008 Microchip Technology Inc.
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TABLE 1-5: PIC18F86.J60/86J65/87J60 PINOUT 1/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name Pin | Buffer Description
TQFp | Type | Type
PORTJ is a bidirectional /O port.
RJ4 39 1o ST Digital I/0O.
RJ5 40 o ST Digital I/O
Vss 11,31,561,70| P — | Ground reference for logic and 1/O pins.
Voo 32, 48, 71 P —  [Positive supply for peripheral digital logic and I/O pins.
AVss 26 P —  |Ground reference for analog modules.
AVDD 25 P — |Paositive supply for analog modules.
ENVREG 24 | ST |Enable for on-chip voltage regulator.
VDDCORE/NCAP 12 Core logic power or external filter capacitor connection.
VDDCORE ) P — Positive supply for microcontroller core logic
(regulator disabled).
VCAP P — External filter capacitor connection (regulator enabled).
VSSPLL 67 P —  |Ground reference for Ethernet PHY PLL.
VDDPLL 66 P - Positive 3.3V supply for Ethemet PHY PLL.
VSSTX 64 P —  |Ground reference for Ethernet PHY transmit subsystem.
VDDTX 61 P - |Positive 3.3V supply for Ethemnet PHY transmit subsystem.
VSSRX 57 P — |Ground reference for Ethernet PHY receive subsystem.
VDDRX 60 P —  |Positive 3.3V supply for Ethemet PHY receive subsystem.
RBIAS 65 | Analog |Bias curmrent for Ethernet PHY. Must be tied to Vss via a resistor;
see Section 18.0 “Ethernet Module” for specification.

TPOUT+ 63 0] — Ethemnet differential signal output.
TPOUT- 62 (o] _— Ethemet differential signal output.
TPIN+ 59 | Analog |Ethemet differential signal input.
TPIN- 58 1 Analog |Ethernet differential signal input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels Analog = Analog input

1 = Input 0 = Output

P = Power oD = Open-Drain (no P diode to VVDD)
Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

haew

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P18/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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