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syuzananLsuled =212°F-32°F  =180°F
Syuranalsalged =100°C-0°C =100 °C
alnansdeinuuanineiy = 180/100 =18
Audusiudvesanaaossdusied
°F = (1.8 X°C) + 32
°C =(°F-32)/ 1.8
FBE N QUNNNVDIT NN 98.6°F Andussmwaldvawazinaiulainls

wasdussmisail@ua=(F-32)/1.8
=(98.6-32)/1.8
=37°C
wlaslupsmduysnl=37+273K
= 310K
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ToawadifudsUssiugnisumidinansoind fasduiedugunsaldmiuden
wianuuaseindliidundsnulaii lnonisthansesa Wy 3aneu dalsagnilaauay
funfigauuiiulanunsunsruaunismdneimansiftenaaliduuiuuisuians uasiuiid
LASNNSENUUULAULYAS SsEvalasiilsuninuesndssuyszneuisunin neu (Proton)
wdnawdsnulitudidanseu (Electron) luansiedithauiimdsnuannneiiaznselan
poNININUSITIAvRteEADi(atom) uasipdeuilldatnidasy Fefuiledidnaseundoud
psuanIsazilviAAlnszuansedel WeRansanansasnasdalwihainledweadnudi o
duwadaziusravinmmsndnliingefigalutisnainansiu Ssaenndeuazivanzanluns

ilgangaauildndnluin sunladgymnisuiauaaundsanulaiilugsiainaisiu

2.3.1 YsgiRnnudunivedleduead

Toaneadgnasnstumnadusnlul) e 1950 (we. 2497) Tay wwBu (Chapin) 1
w3 (Fuller) waziilodu (Pearson) uvauadinatalyiy (Bell Telephon) Tnesa 3 Hladuny
weluladnsadesesss f-10u (P-N) wuulu laedsnsunsansidnlulundnvesddneou auld
Toaneadsuusnvedlon FelivssdvBnimiios 6% dedlagiuiledwsadldgnimutuoud
UsgAninmandt 15% wdd Tuszeswsnlwanwadalvgaglddmsulaseinisaiueinia
pifuriesueinefidsniulaniulaasluennia  Aldundedneaduundersidands
il dewnidléfnniounslsdgadulduuiulandulutogiud  Tedusadlugausnyg
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2.3.2 siinvedlaangaa
wisnutanildidu 3 allandng fe
1lwangadnvinannddaou vtandniaen (Single Crystalline Silicon Solar Cell) %39

wgaﬂﬂuiu%a MonocrystallineSilicon Solar Cell wagviianansiu (Polycrystalline Silicon
Solar Cell) dnwauziluunudanoundaazursann

gil‘ﬁ 2.2 Single Crystalline Silicon Solar Cell
2. lwawaaivitaTnezuaifa@anau (Amorphous Silicon Solar Cell) dnweaugidu
Fauuraiies 0.5 tuasau (0.0005 1) UmtniuEnn BasUseansaimuias 5-10%

‘gﬂﬁ 2.3 Polycrystalline Silicon Solar Cell
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3. lgawaaniinainarsnemiindue Wy wnaden o1swlus, waaden walaslse
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uazmaUwes duen lawalun (Wudu dvswiandninen (Single Crystalline) uaguansis
(Polycrystalline) leawaafiviannunaien o15ilus agliusyansamasis 20-25%

gﬂ‘ﬁ 2.4 Amorphous Silicon Solar Cell
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1 1dm&a91unnsssund Ao uasenfing Taaverauazuians lineufiseiiagyinli
Aawndeunduiiv
2. Wumstmdsnuanuvassssusfnnldednsduauay sl funualuanland
3 annso i Rendendsnulwilldnniuiivulan uazldndanuliildlnenss

Day

alsigedldidomasdulauonainuaseriing srudslaifiniswalnd 3eldeldiAn
UANIERUeNNALAZI
5 lahAnvendsvazldiu Seldfinsuassuaiiwyhatsdundon
6. luAnduuarliiimsadoulmunsldnu Feldiauanizeudes
7 fugunsaififadsogiud warlififudulafiinnadeulmansiey Jeliians
dnnse
8.699N13115UN RSN UREUIN
9. prgnslFamdusnuazUszansnmasi
10. fidmidniun Andsdne indeudpasnnuarsin
11 nddnvazduluga Jansausznouldnuvueiisomnis
12 twantlymnsazauvaainemage Tuussenia 1wy asusuleuenles, daines
Tpeenles, lelnsasuou wasidlulasausenles w8+ fadunannmswilngdves
Fomassimini duiu waginesssuenf drundurdimansenusedaindey
AeuARTeFeunszan vililansouiu fiedunsn wazernadufiv e

v
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2.3.5 auaniRuagiulsndfgyvesledisad

Mulsnadgniiaiwililzangaaiuszansnmnrsvinauludaaznunanieiy wazl

Andrfglunisiansanihlvladluldaziun saenaunisinluAIuIasTsUUNIOAILIN

£

s v =

Sruauunsuasofindfideddluuios i
AIALTNYBINA

nszualnl (Current) antfudadulagnssumnanduveduas vanganuinilon
damesuasgs nazuaiildnnlyaeadiazasiu lurnsiussulnihvielaadunuarliuusly
auaiveskasnntin anuduvesasildiaduinsgufe auituvosuasiinuy
lanluanmeinavaesluss Usannusmeniaz iaflsesudmeialuanimiasefiad
waanAuiiulan Gemnudy veauasRziiA gy 100 mW de A.93. 13 1,000 W ¢ 915.
4ng Faflewiniu AM 1.5 (Ar Mass 1.5) uasinuaserfingvinua 60 asmiuiiulananuidu
YoauAs axdiAwinfuUszanal 75 mw de n3.au. 3o 750 W sle as.iuns Sedidvintu AM2
nsdlvesundlragadiuazlden AM 1.5 Husnasgiulunisiauszansnmuesuns
gunall

nszualw (Current) azliuusmugamgiiiiudsuutasly Tuvasdusasulnin Tas)

Y

o
N a

Jranadiloguunilgadu Jalagladenainng 1 samliudy agviliussiulnitanas 0.5%
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uarlunsdlvosundlsaneadunsguiiliimualssansnmvosunnasenindde o guvgd
25 93N C 1 Avualiiuraefindfiusadulningeenda (Open Circuit Voltage %30
V oo) # 21 V o gaumgil 25 aaen C Ragmneamdn wssduliiihiayldanusuasending
ledalailfietugunsallaih s gaumail 25 oen C azinfu 21 V gaumgiligandi 25 eam
C 19 gl 30 89A1 C gy biussiulnihvasurawaeindanas 2.5% (0.5% x 5 o4¢n
C) Hufie ussfuvDIUHILAITIRET V oc 9zanas 0525 V (21 V x 2.5%) wdelfles 20.475
V 21V - 0525v) agdldd ilegangiaeiu wssiulniihfezanas Sadiuavilidlan
AUEAVDIHILEIRTINIAnAIAIY

2.3.6 guUnsaidAgyrasszuunmsnannszudlnihanlediead
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JUN 2.6 gunsalnldlussuuleanad

1unsloaigad (Solar Module) ¥imihilasundanuuasefingliidundsaulatin
Fadulnihnszuanswazinioduiad (Wath) dnsthunsleanaaduats waduiseiu
Huwowerduya (Solar Aray) titelildwdsaulnildunuidesnis Tnsnssefuwuy
oynsu Lfinnsadulni uagnisdofuuuuay asfumdanulidn snaouiidonis
afimaniuandneiy Aazdnaliusinnvesdnadendsnugegelunieiulivinduse sud
aamqiindnasenisuanwaasulni mﬂqmmﬁgﬁu nswannasulnizanas

2.Lﬂ'%"aamwpm'mh:ﬁ; (Charge Controller) ﬁﬁ%ﬂ’]ﬁﬂi%ﬁ}ﬂi%LLﬁlWﬁ’]ﬁwamiﬁﬁﬂﬂ
undlwaigadiinguunned wagmuaumsUsznszualiih liiiuTnammzautuiunnes



11

dieBaorgnisldnuveauunined siwdsnstienszudlalineanainuumneidne fadu nng
yhuveaAiosnuauNsUsey Ae Weusznszualiiindguunnoiauduud ssngavie
ann1sUsznszualilin (wasdnasinuantflunisdanissnenseualiililiiugunsallvifi
nsdlusefuvDILUALABTaNaIY) srUUNdIuLateindazldiadesniuaunisuseq
nszualwillunsdfifinmafundselwiililuwmmedvindy

3.uUnAe3 (Battery) vwinddusufundsaulninfindsldanuaaleansadild
nanfifesnis Wwu nandilifiuasenfing nanansdu vielulszendliaudug wnnedd
naneyiakagnatgvuiniidonidauniuanuingay

a.p3eaudadnszualiiin (nverter) vmihiwamdanuliiainnszuanss (00 7
wanldarnunsleanvad Tdundsauliihnszuaadu (AC) wlelkamnsaldlatugunsal
Trlnszuaadu wialu 2 viia Aa Sine Wave Inverter Tdlafugunsallwiinszuaaduyn
¥iln wag Modified Sine Wave Inverter ldldfugunsailuiinszuaaduiilifidmusenevves
mamaimwaamﬂgamiaL%uﬁﬁlﬂu Electronic ballast

2.3.7m3Usegndldnuledisadlunusngg

miﬁﬂwé’wuumawﬁmé%uﬂuwé’ﬂmmWﬂﬁiimmammLmuwé’wmgﬂLL‘U‘U%M
Iesumuaulawasfuiiousnntuanunsayunldlsfnuss Tovogannuneglunsesadin
sudsliifunsvhatedanden 1wy

YIUNND A sevtbasaInangluty, stuuskataInauentiu (nauny, Inlssaen
s uasldnldatiu e, aunsallnfnelinsinge | ssuula-Unuses
U, SEUUSAWIANURRANY, SYUUSTUIEDINA, Lﬂ%aquﬁw, w504
nsoeth wazlnd1sesenugniduy 18

JEUUgU gulan, as1sadlne, Wsudesdnd, igdan, iaau-ls, wilosus
LazsauIENIU 182

SEUULAIATIN Taalvithesawd, dlnsénd, dedsenie, aaiunvense, waseaing
AYUBNDIANS wazlNauUENsISIE M8

szuvUsvauuames  Iildrseslildenunniau, auduszquunnasusedmydnulusuunitlad
A1, wasarelwdwmsulslunsisaunarseuuwasaingluiug
dlna 1av

(%

YINNNSNYAT ’i%‘U‘UQUﬂj’L WARNBUNANARNIINITINEAT UAZLATBIUIATII 18

Heednd szuugul, seuuiinesndiauluueiy (Veruiazueual) uaguadlyl
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ANFUBNAT 18

Y v ' ° & A a o ¢
ULy ALiw/naewvihAnuduiiaiuewasingu, gunsalluivnsnisunme
AUSUNUNIYDUNY, MUIBWNNELAADUN wazanToundy 8
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ARGAN andmudyaalulasi, gunsallnsauwiay, aunsaldeansuuu
AN (WU INYAUILVRIMUIBUUINTUAEINIS) wazanlngIvdey
21N 18
JULiauay wasdngluihdmsudiuinaneinialuiiuiinlng, ssuuseq
nweumeeaula wuamasuuunnINAngalula waggunsallwihvilinnnududis aa
Nuvielng Qw1, g, U1 wgiunanegdanistiindilads aas
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2.4 \uweinTvinguugil (Temperature Sensor)

n139539ingunilldsunuy nsasuulassydunssdulniinandyaiaeunden
e dyaraunidnea Ineduiusivaagll I3uwuulvg) 9 ves wuwwes ageieiu 3 JUkUY
Ao Thermocouple @ gUnsaifagamiilasldndnnisiudsuudasgungiidy
usaiadeulil viunanlavgdnifidsdiafu 2§ andeudeuasiasadidedu 4
Uanefumils 5oni1 "eenmgil’ dautanedndunilsldenilinld Bendn "qadsde” wnd
I ingunglinazynd1sdeliguuginieiunazyiilndnisuinseua Twasas Thermocouple
Resistance Temperature Detector (RTD) o fifulwosgamaiildmdnnisiuasundase
Anudumuveslane JsAnannuduniudsnavsdaiiuaugamgll ANEuNIuYes
Tonedlifistui 3ond “dudssaninindsuulasgamgivuuuin” eudluldlunstn
gaumilugae 270 to 850 °C. Yagithanlazidulansifanudumusmedn
waAty, Msany wag dniia
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JUN 2.7 wuweinsivingaumaivilaciieg

Thermistor 1 gUnsalmmsumusiafianssaasumarsiunuiloldiuany
$ou Tefirmnusumuazidsunauuulidudadu fuenmghl wadu 2 &nvae Ae
Positive Temperature Comitial (PTC) lu wfiafiunfagiidanudumiusin deldsuainu
Souarlidiaanuiuniugadumudidugamad thluldamameussiumuiou wievin
TAnmuseutufomuaumstieusuliildfuonan Wy 209sdseuuuingn
SaludRvenaiosulnsimidDesaussinecoi)idudu

Negative Temperature Comitial (NTO) Wusiin fiunfaziimnusumugadloldsu
mu¥eu menudumuazdias lnufunsnsaseumufeuiiamueusziunsiay
Wy lnasveeidesiimldnnadunnudeuiiinannsihausddeundulvan msvihau
vonsasliosas ilogunsaivdnazlsiiinmnuseusnauiuly

| 6
’Nﬁlimimaqﬂﬂim
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i B

- ‘\b R, ‘13
=5 3

g “ |
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. }«_’ \_\Comp/’

B — ..\. ,./ Sensor |
t—‘ * : \/ \é\
e | i

Bridge-Nulling A/D Converter

gﬂﬁ 2.8 Bridge-Nulling A/D Converter
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2.4.1 lugafuresingamgl

Tugaiduwesingumnlifugunsaifivimihfasus fugamgiifudayanallidinis
A lBensege 1wy IC gamgll wwiesuuuiarlianuilsmswesdiisuainainved
awes lednszna 335 1w LM135/LM235/LM335 fianulimeinuednadu 10 mv/~ K,
lo%mszna 34 wWu weos LM34 99nU3En National Semiconductor

DS1820

U7 2.9 Wuwesingamgiiqu DS18820

Y

a

2.4.2 nsldanudugesingamgl

Y

Wugeiingamglinelueinis

Wuwesinenmgiineluussaulundesdmiuinnty Ganmdeufuunaindunsgu
asfaraduigestifnansudeuinuilfenisia weandsey uiheie desau wdasvinar
$ou wagntisiuueniionadsmasionseuaanvinils lnsfngraniiuddmnrlauasdade
ngyindeailvindanin

inFeringamnidmiudeeiuazaedn-du dond

iwwseeingumaiiLuuuiarg 12 thawnsaldingumgiiniludesauduazesnvas
AHU 50 RHU ta3adinanunsadnlisulavesdenesilameansindeivaes lneangs
whushgudnane 0.250” 5U 30 LAAIAINNISAARIUATEIIAKUY
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Wuweiingamgiinieusnerms

duweingungilagsounianisusnatmsnsiniilimeiumiiovesenas (e
waudensiavieviatEmersonldununsouegfiinuay weautulugeadesy 29 (sisas
Saydmiudnlanmile) meldmeniiedestulililofeunnuasefingdsnaienisine
gaungfl dhuanuiiludnlanldlvifndadueeslimaildvesoiasludnuusfoniu tas
anunsadadugesty

inFesTngamnliuuuuyiy/u

anunsaldiuvennaile s1erniasesinluuiungnesnwuud o ingungil
YBUNAITLATEITRQUNHRUURTIY/FUaNTaldnTIade Uil IngLATeeIAlUULY
dmiuldiudesuesivitulivasniusntu lunsiensliianzgivedaniasinuuunrianie
Uaoniasesinuuuiu (Fesldunude) eegudd dunsyindedioBaniosinuuuwyinge
Uaaniiugnaigld Ingldigideadulunsiavasn asiaglikilainvasnvesesosinyia
! YA a o o 1 a v A4 a o 5 [ ! v Y o a A e
Juldiadeudaiudnlueg1eiunad efnnsasninasinnuuiuwdl Widunsyind vaiiiegn
wsevingamaitiudasnduduiasa

Wuwesuuudavie
anaesvieriumefuuudaviefiindauuiomsvhanubuasasdalitsaeindagumni
LWNUSAY VneLay PLT25-M120 wielndides lunisindadumesuuudaviolimusulds
yoadumesiiniuvie mntutevansiadanusesinuuudumed uasldaondadndusn
angldfurednfifiennuudumun Heuameledaisatsaslniunasaduwesianioy
lFuauwiuly) Veildumeiinsuuiomsianuduiunsagifuauuietesiuns
wilerthinemaseus Tnsuuiilildauuriadnnluiiligaanutuiietunsdus
Hududausnandused

2.4.3 vasalulasAaulnsiaas Arduino

UasA Arduino a3l Open Hardware Platform #ignimunulaeil Micro-controller

I % % 4 . A a o 1 9] alg:v 1 1
v83 Atmel Lwilavdn vase Arduino Mindneanuidmunelulagiuinavun 20 Ju udas
Juaziidnuazn1sueniuand19iy srutsnuandfnie e (Vesaurssuldeifiediuwdd
T18ALLBEATDY spec WANANNAU WU UBtATY Arduino Pro fiu Arduino Nano, LilyPad
Arduino)
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Arduino Mega ADK Arduino Ethernet LilyPad Arduino USB LilyPad Arduino
Simple

o Vlllll‘ o
T —

Arduino Mini Arduino Nano LilyPad Arduino LilyPad‘Arduino
SimpleSnap

LR
8 o ‘N

MY T I I

Arduino Micro Arduino Pro Mini Arduino Due Arduino Yin

Arduino BT Arduino Mega 2560 Arduino Pro Arduino Fio
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Arduino Uno Arduino Leonardo Arduino Robot Arduino Esplora

JU7 2.10 vesalulasneulnsiaes Arduino liasnee

' . ) el
2.4.4 uuRnANYe Arduino fiu Lulasaeulnsiansdus

nmslolulasaeulnsiaesluuinu Massdivesanagld Favuuesa 2wl MCU audu
flnufmy 1wy PIC, Atmel %30 wan MCS 51 9 ieliuesaudn nouiagld Adeudou
Wsunsu@uan vu PC lapuy PC dfawiigunsal ( lUsunsu w3sii3undn Integrate
Development Environment == IDE ) WAdiou wuuu PIC Aagillusunsui@e MPLab Tu
Atmel flagdl Atmel Studio 6 (AS6) Tianlatilesiaun dsios1nagl mcu viauls lneas
Weuluswnsuduun agmeaniwiezlsneny wi a1wn C, Pascal 58 AW Basic * wag IDE 4
Y a Yy g A o v A o o I3
wiasauds AReluswnsuiviwalild iivearwanin lunsiauilusunsy dlusunsuesign
Y k% S ¥ @V v 1 o k4 1 = [
WanamensWswmegrwieslsnld W gaimwume 2w C Wy AS6 w3e Azl
A1 pascal ( Delphi) vFeazilu Java ( Arduino) Al susnmthamauduuseviiesniuy
1
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Blink | Arduino 1.0

File Edit

S -
Blink
Turns on an LED on for one second, then off for one second, repe

This example code is in the public domain.

xS

void setup() {
/¢ initialize the digital pin as an output,
/# Pin 13 has an LED connected on most Arduino boards:
pinMode (13, OUTPUT);

woid loop() {

digitalWrite(13, HIGH);  // set the LED on
delay (1660) Jf wait for a second
digitalwWrite(13, LOW); /f set the LED off
delay{1000); /f walt for a second

U7 2.11 Tsunsy Arduino

Weweulusunsutuiudl Avgneataeu ( Compile ) Tidunwuases e MCU
aglatonluihanumuidesnts e compile taSauanazlalusunsufidu nwiasosTuun
Mi3en file MlAun31 hex filte  Walduuds Afpe1 n1yeses ( hex file ) # Tuussydnly
luntgauiives MCU “aguudivaianld nssudgnisienluasuu MCU  Suilisenda
"burn” hex file %39 92138171 "flash! -hex #anagEonia "program" hex file Wrlulu flash
memory N33U35IUN157192 "burmn" %39 "flash" %399% "program’ hex file 1 o0y

¢ A a i P 61 Ay v Y o
gunsal hardware M3endn programmer Fadugunsalsnamn Nagld meu daedaniun
PIC guUnsalfafiifiegnaneda 1 PICKt 2 wa PICKit3 1udu Tuane Atmel Aawd
programmer 8guaafiann N9zl AVRISP MK Il wag AVR Dragon Jalalusunsy uay

. v & Al Y do v o v . av v
compile Traladuniwainawal Ndsdesedy programmer Ingagliain hex file AlAan
1Usunsu IDE (1w MPLab %38 AVR Studio/Atmel Studio ) iieds hex file i w1
programmer U84 developement board ¢4 diagram 919UY WAl mcu Agyiauli
MUNADINTT TR wann1sMaluveens PIC , Atmel or MCS 51 Lagdue)
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Arduino A1931A PIC w‘%aﬁ'oﬁuqaeha‘ls
MeAUIINILUTIY hex file mlﬂiu MCU s flegasauuy e mired1n
TUsunsandnldeg daazlegdiuasanves ‘Vii’e)‘VlLiEJﬂ’J’] program Section wardnadundad
‘Umaamimuuamaa program memory i drutazshmindifiew fidendn bootloader
Section luduil Lﬂuwaqmm Tusunsufivawilizondn bootloader
bootloader fisagls Felusunsudvawlngldlnalaunniin Aimihaivuifdaeionds
mcu flUsunsuvdinfiiiondn bootloader wéa Aamnsafndeiu MCU Inglidosends
programmer a8 kagaunsaRnnea1n PC laglaiu serial communication WWlugs MCU
waeilfie dnuaewilieuasa arduino F9l4 chip 1o Atmel nanafe 1 MCU aziluswnsy

bootloader launlisausasnan ( viliuszndaen programmer)

0x0000
Main program
>
Reset | Bootloader o
' 5
=
Self programming
. OxX1FFF

U7t 2.12 Tasaadna PIC

Sndmiaidugadsgalitauiuanld arduino wndde 1% lbrary anldunnmne ¥l
annsamundaiiesnazsi 919 1dde mngaindsiidauiamnuy arduino th muiuind
AUAAUTEAYFYINAIUBIRI UL ﬁﬁamiﬁmmmﬁﬂ’smift,%qﬁéfaws%ﬁmwﬂmfﬂ uay
Laif®anddn arduino azsessulile

43U71 Arduino Aan15ten Atmel chip fiasi Atmega 168/328 11539 bootloader
Fovilsinns bumn 150 flash viSpagprogramnTwASes (hex file ) 18Ty
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Arduino feazls

g‘d‘ﬁ 2.13. U857 Arduino

Arduino 81437 (91-9-8-14 vi3e anely) iuuednlulasneulnsiaesnszga AVR 7
A19WAIUILUY OpenSource Aeiin13ilALHedogasad1u Hardware uay Software 7
vasn Arduino gneenuuuanlildnuldine Fuiudanydniulduduin Haiddaus
Frutas liuify Wauudebenviasuada vielusunsusaldsndas

AMIEYeIVDsA Arduine lunsreaunsaliaiusine Asaiunsadedsasdidnnsetind
NnAeusnudITeusaIdTiYT /O U83UssR (geetnaguil 1) Wielilenwarainaiunse
\densefuuadaiaiu (Arduino Shield) Uselnneingg (gfieenagudl 2) 1 Arduino XBee
Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino
GPRS Shield s uideuiuuesauuuesa Arduino wdidisulusunsuimuiseldias


http://en.wikipedia.org/wiki/Arduino
http://en.wikipedia.org/wiki/Arduino
http://en.wikipedia.org/wiki/Arduino
http://www.thaieasyelec.com/products/development-boards/arduino/unofficial-shields.html
http://www.thaieasyelec.com/products/development-boards/xbee-shield-v2-0-detail.html
http://www.thaieasyelec.com/products/development-boards/xbee-shield-v2-0-detail.html
http://www.thaieasyelec.com/products/development-boards/music-shield-v2-0-detail.html
http://www.thaieasyelec.com/products/development-boards/relay-shield-v2-0-detail.html
http://thaieasyelec.com/products/development-boards/arduino/official-shields-made-in-italy/wireless-sd-shield-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino/unofficial-shields/gprs-shield-v2-0-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino/unofficial-shields/gprs-shield-v2-0-detail.html
http://en.wikipedia.org/wiki/Arduino
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5
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3ﬂﬁ1 U83a Arduino @anu LED 3U72 uaia Arduino dianiluaia XBee Shield

JUN 2.14 msspldauuuusevesuesa Arduino

yausuiviilviueda Arduino Ludidex

1. dgemsiaun Ssuuvuddsiiugu bifudeumngdmiudidudy
i Arduino Community nauAuTasRuTmUTIuTuse
Open Hardware lvigldanunsatdiveialusesenldaulavaeiiu
eRGRIIEIR
Cross Platform anunsaimuiluswnsuun OS tanle

bk N

i Uase Arduino Aevasalilasreulnsaiassnia Tsunsunterfiinesenisld
U mmsm‘%aﬂﬂaﬁ%’umm 989 AVR panunldviiauldegnsdnenny ldinasdu PWMm |
Serial , Port In Out , A to D, Wsewsinsysiensldauiv LCD Graphic #1149 ﬁﬁéﬂuﬁaiaﬂ
Wannlaunsadld et dlnedne Snviedail nasideuseiu AouRinmeiuuy USB
lnstsunsusieg du Fldlagaznin nsdeultsinsududeshemntumsifiounns
1¥lslnsneulnsatansiidondoulusinsutowioinud voda Arduino Hudeulusunsudae
awde annsavhanudlaldhenasivssavinmganngluseswedlusunsy
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JUwuun s lBulULATIUY Arduino

=

JUN 2.15 suuunsieusiauain

1. WeulUswnsUUUADLNILADSNIUNIIUSHATY ArduinolDE @4a11150A11lnantaann

Arduino.cc/en/main/software

2. vanimdgulanlusunsuiseusesuailiiioniuvesa  Arduino Nlduas
MueaY Com port

File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch

sketch_octl7g FixEncoding & Reload

Serial Monitor Ctrl+Shift+M %
Il @ ArduinoUno
Board | Arduino Duemilanove w/ ATmega328
Serial Port 4 Arduino Diecimila or Duemilanove w/ ATmegal68
ProgrmmEr ¥ Arduino Nano w/ ATmega328
Arduino Nano w/ ATmegal68

Burn Bootloader

Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal280)

JUT 2.16 lRan3uuesA Arduino 91983n1s upload


http://www.arduino.cc/en/main/software
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&9 sketch_oct17a | Arduino 1.0:
|| File_EditSketch [Tools] Help

Auto Format

Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M

sketch_octt ?aj

Board | - )
Serial Port » v COM33

Programmer >

Burn Bootloader

SUTN 2.17@envuneiay Comport U83uasa

3. nAdu Verify Ll0ASI3@0UAIIUYNABILAEY Compile LAalUsunsuaINTUNA
Uy Upload 1dn Tdsunsuludsueasa Arduino 1umieany USB Wieduluaniseuiosuan ag
WAAITOALLAUTI9ENY “Done  uploading” warueasnazisuynaumuldeulusinsulile
v
Vil

’
ArduCopter | Arduino ${version}

File Edit Tools ArduPilot Help

Ctrl+R

Verify / Compile

Show Sketch Folder

Ctrl+ K

ArduCy avlin

P

SRS =T Add File.. basic-offzet: 4; indent-tabs-mo =
Import Library... b T
gdefine THISFIEMWARE “ArduCopter va.0. 1"
_."'*
*  ArduCopter Versionm 3.0
* Creator: Jazon 3hort
*  Lead Developer: Randy Mackay
* Based on code and ideas from the Arducopter team: Pat Hickey,
* Thanks to: Chris Anderson, Mike Swmith, Jordi Muncoz, Doug Weib
&
I

mm [ F

Arduing b O ar hMega .

U 2.18 Compile TUsunsu
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Layout & Pin out Arduino Board (Model: Arduino UNO R3)

114{SPI) MOSI

12{SPI) MISO
104SPI) SS

3-Interrupt 1
2-Interrupt 0

0,1-Serial

/ amefn /O

3.3m9%m ICSP - dwdy USB interface

:
£ i Vl; """"
lwednuse | g wxwms - ARDUINO

™
SV ey B

¥—_| 5.w0%n ICSP : Atmega328
10.MCU : Atmegal6U2

9.4i99 Power jack 7-12 V I 6MCU ; Atmega328

, " |
8.wo3m Power

JUN 2.19 dauusenauvesuein Arduino

AG{12C) SDA
A5{12C) SCL

1.USBPort: Tddmdusiasu Computer wledulnaniusunsuda MCU wazdnelnliuvedn
2.Reset Button: 1Hutly Reset linadiesadnsld MCU Bumsviendlnd

3.ICSP Port ¥99 Atmegal6oU2 LﬁﬂzW@%Wﬁi‘ﬁﬂiLLﬂiN Visual Com port Ul AtmegaléU2

4. /OPort:Digital 1/O flausien DO B9 D13 uenaInE Une Pin azvihntiniiaus wisiiugae
WU Pin0,1 1w Tx,Rx Serial, Pin3,5,6,9,10 uag 11 1Jua1 PWM

5.ICSP Port: Atmega328 unesaldlusunsy Bootloader

6. MCU: Atmega328 \Ju MCU/fildununsn Arduind

7. 1/OPort: wenanazidu Digital 1/O uan daudewdu dessudyaimeundon fausan Ao-
A5

8. PowerPort lidssvesvasadiodasmsselwliiuisasamevenussnoudevliass +3.3
V, +5V, GND, Vin

9. Power Jack: 3ulnlann Adapter Inefussduagszming 7-12 V

10. MCU 983 Atmegal6U2 «Ju MCU fiviwiin?ifiu USB to Serial Iny Atmega328 9z
finsiaiu Computer WU Atmega16U2

UsslavvasuesnArduino wadvuseian
1. Arduino _Uno_R3 1{uvase Arduino fildisumiufieuunniige esainsimliung du

Inalusianuay Library #n99 Aau1uun Support agsnsdatuuesaiiundn wazdensn
9819AD NIMN MCU 18y aunsadaudasuradla


http://www.thaieasyelec.com/products/development-boards/arduino-uno-r3-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-uno-r3-detail.html
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0 ~ \f l? « 1’ ~

DIGITAL (PWM~)

. X
: rxua © ARDUINO

N LR
60 rswoem) "G,
4

2. ArduinoUno  SMD 1fuussanilnududfvaznisiraumieudiuuesa Arduino UNO

'
al

R3 NNU5EN1T WAITUANA19AUTIPackage ¥89 MCU Fevadadavd McU iy Package
SMD (Arduino UNO R3 il MCU i Package DIP)

SMD
EDITION

W, ARDUINO, CC

AQ

Al
Azg
=
v
As 2
G

U7 2.21 Arduino Uno AMD

3, Arduino  Mega 2560 R3Huvesa Arduino fieenwuuundiniuiuiifes
14 170 u1nn31 ArduinoUnoR3 WuIUAFean15f Uy QIUIN Sensor nFeAUAN
uawnas Servo aneq § Wl Pin 1/0 vaeuasa Arduino Uno R3 lalanansasessuls el
UDSA Mega 2560 R3 §ailanunuiaaNgIbuy Flash 11077 Arduino Uno  R3 il
ansaleuldalusunsudnluldinandy luanadawes MCU fiwindu

MADE

mmmmm
uuuuuu

o@®s 5 i
sUN 2.22 Arduino Mega 2560 R3

Y


http://www.thaieasyelec.com/products/development-boards/arduino-uno-smd-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-mega-2560-detail.html
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4. Arduino  Mega  ADK (Juuesafioanuuuinliuesn Mesa 2560 R3  anuisafndefiy
gun3al Android DevicenunasnUSB Host vaiuasale

U7 2.23 Arduino Mega ADK

5. Arduino_Leonardo n3viaiuaadaiuuesa Arduino Uno R3 usifin1sideu MCU &
TvsiiJu ATmega32u4 Feilluganesn USB udsuud (uans1sainuesn Arduino  UNO
R3 w30 Arduino Mega 2560 i#asldTU ATmegal6U2 $aufuAtmesa32s Tunisideusaniu
Wasn USB)

Formseds: losann McU Wuauagiuadiiu Arduino Uno R3 e1awviluesa Shield u1a
fnse Library TdsamiunuuesaArduino Leonardo lalls dnludesnsiageunauldau

- e
sV
. DIGITAL (PWM~) E & Y E &

% LEONARDO

ARDUINO
L".I

fpannn



http://www.thaieasyelec.com/products/development-boards/arduino-adk-rev3-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-leonardo-headers-detail.html

27

6. Arduino Mini 05 tuuesa Arduino YuIAENTIE MCU wes ATmega328 wwasifieniu

yasm Arduino UNO R3
YBUANAIN: USA Arduino Mini 05 azlifiness USB w1l deassenuuass USB to Serial

Converter aLiaABINSIUSHNSUUDS

SU#l 2.25 Arduino Mini 05

7. Arduino Pro Mini 328 3.3V tduveda Arduino auanidn Al MCU wes ATmega328
gAI8iuUBsA Arduino Mini 05 WwiuLUBsAasdl Regulator 3.3 V YaLieavinuu seau
usasiuluiivn 1/0 @ 3.3V

sU#l 2.26 Arduino Pro Mini 328 3.3V


http://www.thaieasyelec.com/products/development-boards/arduino/official-boards-made-in-italy/arduino-mini-05-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-pro-mini-328-3-3v-8mhz-detail.html
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8. Arduino Pro Mini 328 5V «fuuesn Arduino unaidn Aild MCU wed ATmega328
WULALINUUDIA Arduino  Mini 05  WUUUB3AAdl Regulator 5V YatAgIvtusEAY
usaulwivn 1/0 @ 5V

g'tl‘ﬁ 2.27 Arduino Pro Mini 328 5V

9. Arduino Ethernet with PoE module tJuussn Arduino 1‘71'1% MCU Luasignnu Arduino
Uno SMD Tluuesaildy Ethernet Laztesdnusuidsy SD Card i%ﬂﬁﬂi@i@a POE ¥nlvuasai
anusaldunasdnglnannats LAN lilnense lnelidosse Adapter viia usiuasa Arduino
Ethernet with PoE Tmodule Hazldiinesn Use vialvanTusunsudesiavasn USB
toSerial Converter s

gﬂﬁ 2.28 Arduino Ethernet with PoE module


http://www.thaieasyelec.com/products/development-boards/arduino-pro-mini-328-5v-16mhz-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-ethernet-with-poe-module-detail.html
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10. Arduino Ethernet without PoE module uasailagfnluga POE sanly dasldlnain
oA Power Jack Wit AauandRauy azmiloudiuuesa Arduino Ethernet with PoE

module

E‘U‘ﬁl 2.29 Arduino Ethernet without PoE module

11. Arduino Due tuvesn Arduino fLUdsudy MCU Tnsdsanniandy
n3z0a AVR Wasudulues ATO1SAMBXEE (n3znaARMCortex-M3) wnuyiilvinisusyanana
Satuusdsnsgunuuldnlusunsumes Afduifio inaeg Fomsses: ilesan MCUTuauas
Wwesnu Arduino  Uno  R3 @13z7iluivesa Shield ursdanse Library Tdsiuiuiy
vasa Arduino Leonardo lild Silusiesmsivaeunauldeu

gﬂﬁ 2.30 Arduino Due


http://www.thaieasyelec.com/products/development-boards/arduino-ethernet-rev3-without-poe-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-ethernet-rev3-without-poe-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-ethernet-rev3-without-poe-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-ethernet-rev3-without-poe-detail.html
http://www.thaieasyelec.com/products/development-boards/arduino-due-detail.html
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feg19n13ld Arduino fuveialulasaeulnsaass

1.

2.

3.

alusunsu Arduino IDE fianaiiluanunann http://arduino.cc/en/Main/Software

Wiaialusunsuuaiagnuiuming1aves IDE fagy

i EdiaSietey Tookentielp

sketch_sep02a

Arduino Uno on COM19

U 231 niheinslusunsy

1U% Tools->Board waltdanlinssnuuasaftiau dmsu Arduino UNO R3 TLden

U859 Arduino UNO

4.

I v YV ¥ 1 dy
WeoulUshNSUAUDANATUANNT


http://arduino.cc/en/Main/Software
http://www.ec.in.th/index.php?route=product/product&product_id=1002
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[ %

/
Arduino "Hello world"

This example code is in www.EC.in.th.
*/

// the setup routine runs once when you press reset:

void setup() {
// initialize serial communication at 96@0@ bits per second:
Serial.begin(9608);

-

// the loop routine runs over and over again forever:
void loop() {

// print out the value you read:
Serial.print("Hello Worldin\r");

[

SUR 2.32 n1513eulusunsy

Y

5. aniuneulndlusunsulagluii SketchesVerify / Compile

-

sketch_sep02a | Arduino 1.0.1
File Edit [Sketch| Tools Help
Verify / Compile

sketch) Show Sketch Folder

% Import Library...
Ardui] Add File... ‘

This exawple code is in www.EC.in.th.

// the setup routine runs once when you _preds xeset:

void setup () {
/ initialize serial communication at 9600 bits per second:
Serial.begin(9600):

// the loop routine runs over and over again forever:
void loop() {

/4 print out the walue you read:
Serial.print(“Hello World\nir™):

Arduinoe Uno on COM19

U7 233 Aoulndlusunsy



6. \lemaulvlasyuiesarivonnuuingsiagy

.
sketch_sep02a | Arduino 1.0.1 E‘M

File Edit Sketch Tools Help

sketch_sep02a §

Arduino "Hello world™

This example code is in www.EC.in.th.

'/ the setup routine runs once when you press reset:

void setup() {
'/ initialize serial communication at 9600 bits per second:
Serial.begin(9600);

/ the loop routine runs over and over again forever:

void loop() {

// print out the walue you read:
Serial.print("Hello WorldiAn\:"):

Arduino Uno on COM12

sU 2.34 peulndiseusay

Y

7. @aUsm Arduino UNO R3 WA UABNALADIHNIUNINDSH USB


http://www.ec.in.th/index.php?route=product/product&product_id=1002
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O 0.0 7

SO0 NV MNHES,
= T 1 ~ ¥

)

-

—
O

DIGITAL (PWM~) E &

SUR 2.35 slaueda Arduino UNO R3 nfumeufiines

Y
8. nTUlALUNA Tools->Serial Port wagkdanliinsaiuuasa Arduino UNO Ala1u (@usu
Ua$m Arduino UNO R3 TUswnsuaziaanliienluim)

’ =
sketch_sep02a | Arduino 1.0.1 @M
File Edit Sketch [Tools|Help

Auto Format Ctrl+T
\ Archive Sketch
sketchfsepﬂq Fix Encoding & Reload
" | Serial Monitor Ctrl+Shift+M i
Arduino "He
Board > |
This jexaupl{ 1.
g Serial Port » coms
’ comis
% Programmer
// the setup v COM19

Burn Bootloader |

wvoid setup()
/ initialize
Serial.begin(9600) ;

serial communicatiW

// the loop routine runs over and over again forever:

void loop() {

/ print out the walue you read:
Serial.print(“Hello World\n\r"):

Arduino Uno on COM19

gﬂﬁ 2.36 @8N Serial Port


http://www.ec.in.th/index.php?route=product/product&product_id=1002

9. nanlusunsuduesa Arduino UNO Tngluf File->Upload

g
sketch_sep02a | Arduino 1.0.1

[P=IEE)

[File] Edit Sketch Tools Help
New
Open...
Sketchbook
Examples
Close
Save
Save As...
Upload

Upload Using Programmer

Page Setup
Print

Preferences

Quit

Ctrl+N
Ctrl+0

Ctrl+W
Ctrl+S

Ctrl+Shift+P
Ctrl+P

Ctrl+Comma | again £

Ctrl+Q

// print out the walue you

Serial.print(“Hello World\n\r"):

SUT 2.37 . WaalUshnsusinuase

Y

10. 9n1da Serial Monitor ¥84 Arduino IDE lagliit Tools->

Serial Monitor

-
sketch_Hello_World | Arduino 1.0.1 = | B

File (Edit. Sketch [Tools] Help 4\
Auto Format Ctrl+T

Archive Sketch

Fix Encoding & Reload

Serial Monitor

Arduino "He|

Board
This exampl( 2
P I Serial Port
Programmer > |
/ the setup pet:

void setup() Burn Bootloader

// initialize serial communication at 9600 bits per second:
Serial.begin(9600) ;

// the

oop routine runs over and over again forever:
void loop() {

// print out the value you read:
Serial.print{"Hello Worldyn\r");:

gﬂﬁ 2.38 Serial Monitor

34
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11. 1ewUn Serial Monitor agladanrudisgy

(@ comg (=] E o |

Hello World =
Hello World
Hello World
Hello World
Hello World
Hello World
Helle Werld
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello

|

Autoscroll Noline ending v i9600 baud «

g‘U‘ﬁ 2.39 iala Serial Monitor

2.5 Zigbee and Xbee BASIC oy msldfen Xbee (Wosdu

SINX-CTU

X-CTU 18U software interface uumaufinmesfinzdaelunis update firmware %3o
NAFOUATITU 939 USU parameter U Xbee lngaunsn download software 37lans
310 Digi (X-CTU Software) dwsunisldnu aunsasmuaingile X-CTU Configuration &
Test Utility Software User Guide #&31n7i Download 62 Software 11ud 115 Install 2%

#in15 Download Firmware &1dn31n Digi {11 internet


http://www.digi.com/support/kbase/kbaseresultdetl.jsp?kb=125
http://www.digi.com/support/productdetl.jsp?pid=3352&osvid=57&s=316&tp=3
http://www.digi.com/support/productdetl.jsp?pid=3352&osvid=57&s=316&tp=3
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About
PC Settings | Range Test | Teminal | Modem Configuration |

— Com Port Setup
Select Com Port

Baud ISSUU v I
Flow Control INDNE - I

Data Bits

Parity

Stop Bits

Test / Query

Host Setup I User Com Ports | Network Interface |

— &P Reponse Timeout

™ Enable &P
Timeout I 1000

[~ Useescape characters [4TAP = 2)

—&T command Setup
ASCI Hex

Command Character [CC) I * I e

Guard Time Before (BT) 1000

— Modem Flash Update-
I Nobaud change

‘g‘dﬁ 2.40 9N Software X-CTU #Al437uffu Xbee (Free Download)

v .
390 Firmware

dm3u Xbee th Tuusazduiide 1wd firmware AUsunsuanuér NNl B9
anansafarnanglelaglufl Tab Modem Configuration wénnesl Read
Wnge Xbee Pro Series 1 11 9g@aadon firmware version 45U Ao 1081, 1082,
1083, 1084 , ... @4 firmware aanazgn set Iilnednlusfi mniden Xoee Ju axdvaidon
group XB2axoo Wusiuly dquddoniuPro 11 fasiden XBP2dxox d1wiu lunsas series

YU azasglimilounu wu series?2 7B aziiu XB24-7B


http://www.itcomcenter.com/tips-view.asp?id=40&groupid=1&forward=1

E_,n [COM1] X-CTU l =

Modem  Parameter  Profile  Remote Configuration...  Versions..

PC Settingsl Range Testl Temminal Modem Canfiguration |

— Modem Parameter and Fimware — — Parameter Yiew - — Profile Wersions
Read | irite | Restare | Clear Screen Save Download new
[ Adways Update Firmsare Show Defaults Laad Vo
Moder: *BEE-PRO  Function Set “Wergion
i z |¥BEE PRO DIGIMESH 2.4 RAER
ﬂ MH - Metwark Hops -
II ----- B HN - Hetwork Delay Slots

B CE - Coordinator Enable
B3 Addiessing

----- B SH - Serial Mumber High

B 5L - Serial Mumber Low

B DH - Destination Address High
B DL - Destination Address Low
I B MI - Node |dentifisr

i - B NT - Mode Discovery Backoff
----- B WO - Mode Discovery Options
----- B 0D - Device Tppe |dentifier

m

i B3 Security
B EE - Enciyption Enable
| B kv - AES Encrpption Key

B3 Serial Interfacing

----- B ED - Baud Rate

B ME - Paity

B RO - Packetization Timeout

..... B3 N7 . NINT Cowdion ko

Press ‘Fead to discover an attached modem or select the modem type above.

[COMT [ 38400 8-N-1 FLOW:NONE

‘d‘ﬁ 2.41 @90 modem

-
BB [coms] X-CTU ==

- )

Modem  Parameter Profile Remote Configuration.. Versions...

FLC Settings] Fiange Testl Teminal  Modem Configuration l

— Modem Parameter and Firmweare — — Parameter Yiew— — Profile ~Wersions
Read | irite: j Restore ‘ Clear Screen ’ Save Dermeed iz
v &lways Update Firmware Show Defaults | Load Versians...
Modem: XBEE Function Set . Wersion
|xB24z8 | |ZIGBEE END DEVICE AFI SR
B (138515 T - Time before Sleep -

B (54) 5P - Cyclic Sleep Period

B (11 5M - Mumberaf Gysles to power down 10
B (0150 - Sleep Options

----- B (0 PO - Pall Rate

B9 140 Settings

----- B (1100 - AD0/DI00 Configuration
----- B (001 - AD1/D101 Configuration
----- B (0 D2 - AD2/DI02 Configuration
----- B (003 - AD3/DI03 Configuration
----- B (3104 - DI04 Configuration [EREIE
----- B (1105 - DI0S 4szoc Config o-
----- B (1P - DI0T0/Pw0 Conf{1 -
----- B (01 P1 - DIO11 Configuratio 2-
B (0] P2 - DIO12 Configuratio =
B (1FFF) PR - Pull-up Resistor g _ B:g”ik 83¥ h%ﬁ

B (0)LT - &szociate LED Blink Time

B (2581 FP - BSS1 P Timer

B[] 140 Sampling

D123 Mizaneckie Carrnzends
Configure options for the DI04 line of the module. Options include: Digital Input and Output.

=

[COME [ 9600 BN FLOW:Hw

Uﬁ 2.42 4 parameter
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#1150 Set Parameter Tu Tab Modem Configuration a3 na write Firmware @156
neaaslduig 9 smen1sldaunsal Dongle wag Xbee 1 f a5191AT0Y18UUU Point-to-
Point 937U X-CTU Wenviua Parameter 11U Xbee H1u firmware wag X-CTU

AsAargUnsal

nsnaaeuazldaunsalfaguiuanspieusenaumy Xbee Pro Series 1 Wag Mini
XbeeUSB DongleV2 dmsuiduugunsaifiupauiiatmes vinisda X-CTU 2 #iena waalui
%11 Tab Modem Configuration W&nA Read agwuin1 X-CTU 9¥1n1s LoadFirmware

284 Xbee Pro Series1 9anu@9azidusfSetlinuuDefault

gunsafitlfaulunmesey

5U#l 2.43 Mini Xbee USB Dongle V2

MiniXbeeUSBDongleV2 (ETEE028A)

B Tool Mldfdmsuriausanfu dmsu update firmware e N5 Config Parameter %38
Update Firmware muasuiiaines 391U Software X-CTU @1u190619 Xbee $2uAU Mini
Xbee USB Dongle W1 USB Port lilnenss dsneufinmesazuendu Com Port (Serial
UART) iflosannld IC FT232RL Gafiu USB to Serial Tuuedaifen ludessogunsalla 4
s ansnsaldsiuiu Xoee Tiyngu


http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/xbee-series-1.html
http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/mini-xbee-usb-dongle-v2-detail.html
http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/mini-xbee-usb-dongle-v2-detail.html
http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/xbee-series-1.html
http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/mini-xbee-usb-dongle-v2-detail.html
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5U#l 2.44 Xbee Convert PIN to 2.54 Pitch
Xbee Convert PIN to 2.54 Pitch (ETEEQ19A)

PCB dmsuniasvunued Xbee Series 1 wag Series 2 lvanunsaldeunu Protoboard 1@

Tnensa

gﬂ‘ﬁ 2.45 Bluebee - Xbee Breakout board

Bluebee - Xbee Breakout board (ETEE017)
BlueBee 151 Xbee Breadboard fianunsaneansldeuld, anunsadfia sensor figosnsle

103 AU7 BlueBee 4 Footprint 1314 munzAunisaslagnsadiiu MCU


http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/mini-xbee-converter-detail.html
http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/bluebee-xbee-breakout-board-detail.html
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U7 2.46 BlueBee Dongle

BlueBee Dongle (ETEE017D)
i BlueBee - Xbee Breadboard Ml Xbee Donsle Tnaseldvusaufufiu USB to

Serial 35U update firmware 38 N5 config parameter N1 ADNNIADS

VagauNslEau Xbee uaz Software X-CTU
1. ¥n1s set parameter TWiAARBLLUY Point to Pointiilaviinng
#o Xbee Pro Series1 waz Mini Xbee USB'Dongle V2 whiiu PC e 2 yaiseusasumiin

TUsunsu X-CTU WU 2 gawiuiy udvinisiden COM Port (UART) Tuusiavyalignaes


http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/bluebee-dongle-xbee-usb-dongle-detail.html
http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/xbee-series-1.html
http://thaieasyelec.com/products/wireless-modules/zigbee-802-15-4/mini-xbee-usb-dongle-v2-detail.html
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PC Settings | Range Test | Terminal | Modem Configuration |
- Com Port Setup

Select Com Port

Bluetooth Communications Po...[COM5]
Ericsson F3507q Mobile Broa...[COM12
Ericsson F3507g Mobile Broa...[COM13]
Intel(R) Active Management Technology - SOL (COM

Baud

About

PC Settings | Range Test | Terminal | Modem Configuration |
- Com Port Setup

Select Com Port

{9600

Flow Control |NONE v I

|

Bluetooth Communications Po...
Ericss

on F3507g Mobile Broa...[COM12)

Ericsson F3507g Mobile Broa...[COM13)
Intel(R) Active Management Technology - SOL (COM

Baud

Flow Control |NDNE v I

9600 v

Data Bits 8 :]' Data Bits 8 :]'
Parity INDNE :I' Parity NONE :l'
Stop Bits 1 'l Stop Bits 1 v l
Test / Query | \ Test / Query I
Host Setup ] User Com Ports | Netwark Interface M Hostsetup I User Com Ports | Network Interface |
API - AP
™ Enable API | I Enable API
e
I™ Useescape characters [ATA M ] I 11
~ AT command Setup———————————————— AT command Setup——————————————
ASCIl Hex =l ASCIl Hex
Command Character [CC) | > Command Character [CC) I I
Guard Time Before (BT) | 1000 Guard Time Before (BT) 1000
Guard Time After (AT) [ 1000 o] | Guard Time fter (4T) [ 100
i~ Modem Flash Update i - Modem Flash Update
™ Nobaud change il [~ Nobaud change
= [ = = d{— ;
| e |

gﬂﬁ 2.47 set parameteriﬁaﬂﬁiaﬁmwu Point to Point

2. filUsunsu X-CTU T¥iden Tab "Modem Configuration 1a2¥11n1% set parameter Lagli

Haniladu End Device fenag Set Parameter Munidmn Networking & Security >> CE=0

wag A1 MY = 1

way Hednuile 19U Coordinator e8NS Set

Parameter

Tunun

Networking & Security >> (CE=1) wag A1 MY = 2 sl 1§/ set baud rate 72 Xbee ¥4 2

§l 9600 bps (BD=3)



X-CTU [COM13]
Remote Configuration
PC Settings | Range Test | Teminal Modem Configuration |
-~ Modem Parameters and Firmware | — Parameter View - - Profile —

- Versions
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X-CTU [COM12]

PC Settings | Range Test | Teminal Modem Configuration ]

-~ Modem Parameters and Firmware |~ Parameter View - - Profile — - Versions

Read low 32 bits of modems unique IEEE 64-bit source address. B4-bit source addressis
always enabled.

Read I ‘Wirite Restore I Clear Screen | || Save Downloadnew| |§-| Bead | ‘write Restore I ClearScreen | || Save \ ‘ Diownload hew
[~ Always update firmware | Show Defaults | ‘ Load YEROE I Always update firmware | Show Defaults ‘ Load J | Ve
Modem: XBEE Function Set Yersion Modem: XBEE Function Set Wersion
[xBP24 ~| |XBEE PRO 802.15.4 ~| foEs | |xBP24 ~| |xBEE PRO 802.15.4 ~| |1Es ~
=423 Networking & Security A =423 Networking & Security Al

B CH - Channel =l IE B CH - Channel al
B ID-PaNID 1 E ID-PANID

B DH - Destination Address High B DH - Destination Address High

B DL - Destination Address Law i B DL - Destination Address Low

B (1) MY - 16-bit Source Address B (2) MY - 16-bit Source Address

B SH - Serial Number High = B SH - Serial Number High =
=] 5L - Serial Number Low 1 B 5L - Serial Number Low

B MM - MAC Mode B MM - MAC Mode

B FRR - XBee Retries B FR -XBee Retries

B RN - Random Delay Slots B RN - Random Delay Slots

B NT - Node Discover Time el B NT - Node Discover Time

B NO - Node Discover Options ‘ u_ B NO - Node Discover Options

B (0) CE - Coordinator Enable b ‘ B (1) CE - Coordinator Enable

[ 5C - Scan Channels H | [ 5C-Scan Channels

B 5D - Scan Duration B 5D - Scan Duration

B A1-End Device Association 2 B A1-End Device Association

B 42 - Coordinator Association B 42 - Coordinator Association

B 4l - Association Indication B 4l - Association Indication

[ EE - AES Encryption Enable & B EE - AES Enciyption Enable 3

]

ee

ﬁead_higﬁ 32 bits of modems unique IEEE B4-bit source address, B4-bit source addressis |
always enabled.

[COM13 | 9600 8-N-1 FLOW:NONE |

[COM12 39600 8-N-1 FLOW:NONE [

gﬂﬁ 2.47 set parameter

3. v1Mn15 set 1% parameter DH Way DL wosusiazdsIAdavingu SH waz SL U9sianssdny

Tae SH SL 18ue address 71dabulils (Read, Only) iuaiilaunainlsa

T8N13931 Xbee vaalleA1 SH wag SL witlus awnsagla 2

299 Xbee 111138y Click gein SH uag SL lauag3sn 2

¥l Sticker AAvUNBLAY SH, SL U1 MALAY

aad

3578 17nm Read i@ Load AN

A 14

ABAAITMNNING

U

ulAweesi Xbee




unil 3
ninmsvinauvesgunsaliaziusungy
lunsldnussuunsivingamglsnluiBlaesiueiodne xbee
Tnefuvasiredulediead

3.1 umh

domluunilagnanidlassadsvosszuunmaivingumniveasuees wihfluasy
n1sldeudiudsznaudieg msidgulysunsuiazllsunsuaiuqunisvingy wasnis
Feusedusynousag TWiausuiu

3.2 IpswinvessvuunnvingamalisaluiRlassiuaiotis xbeelnsdunasneluled
\wad

szuunsfuingauugiivoneueesi fassailunisiudeusznevludae
ULwes Il ds18b20 uesalulasAaulnsaiaes Arduino (3u Arduino Uno R3)
TUsunsu Arduino IDE filfi3eulusunsasluvesnlulasreulnsaiass Arduino uarlusunsy
X-ctu Wlun1s@eulusunsuves Xbee aunsaliiansualuszuunsinduingumgiveyuiges
Usznaulusheasuansua LCD 29asides (Alarm) hazuviasineniadsitlileaiead

JUN 3.1 lassadeasiuvessyuy



JUN 3.3 lassadassuuniasu
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:‘

battery

— Solar cell

WNATAAUNAU

DS18S20

4.7KQ
—_ i -

alns s
y [ ]
Relay Battery 9v

JUN 3.5 M3LTus19TNATY
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33 guasalilllussuunseingaumgismuilneriuieietns xbeelnetiuvasinoiilyan
\wad

33.1 \wuigeiingauyll DS18820

1o DS1820 \Hulediilszuumsiemsteyaeynsuuuuvilsanedsieldinduszuud
feumaaan wegldsnuamedyanaaiion 1 @iy Tnglifosdiaedyaiauniininm
muauismznsievendoyamiloutuszuudeasteyaeunsulunuudu aedeyaszsi
wihfhadewdumedayagrauninilug duAYeIYRYAITNANTAUNAINGN YL YRITUT ey 16U
fnnguuanedynaluisaztestesnadadonit nlfaden (Time Slot) Tagaiunaisign
LazgsgavesanIurs1e 9 lunisdeansteyalunsazlniadeniinsimuaveuivnlioge
Foumsmenendeynasiintuluusiasndadoniu Ukuumsnienen doyanduuuves
felasalusedudn lddnsmuunnnusvesdeyafuseduludssuudoasuvuilivang

awldlunsdeansteyaseninaloBurarasiesiiv

wianaTiden DS18520 tasnAsfisdasnislunstagnmgdiisfesnisssuuda
flanunsapuansldluszezlnadamnzdmsuszvutauuy 1-Wire  gazmanznitluuives
auazainlunisldauszegisveiudagaaiiinanuulusrvesaiitnldldlodives
DS18520 Fsilszfumnuinnaindl 0.50srwaLdoa DS18520 LUy IC agamainuuiinea
¥94 Dallas Semiconductor ‘@nsaiagamaiifuntneosen C lutis -55C f9 125 C 9
AazLdEn 9-12 In wazim uialugnegi 0.5¢ Tuths -10C fa 85 C lunsdlidusndauuy
T0-92 thuaedlassaie uazaduandusuil 3.6

PIN CONFIGURATIONS

29 s SO (150 mils)
3 8 > (DS185202)

(BOTTOM VIEW)

TO-92
(DS18520)

PIN | SYMBOL Description
1 GND Ground
2 DQ Data Input/ Output pin
' 3 vdd Optional Vdd pin

JUN 3.6 1995UFIUTDN \wuLgas DS18B20

winnsviiuTeeugeTingumail DS18520
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TUNIEUIUNMSIFUAUNMIADATHUY 1-wire iavuau gunsal Master n1sdeanseie
N15a3579 Reset pulse now Llagunsal Slave A3u Reset pulse A9za31a Presence pulse
ORIUTUNITVOLTUNTEDANTHU BT 10az198AT09929Ia76179 o) ASLEARS

I (R |
Master  —0w ¢— DSBB20  — .0 Release

y Reset Pulse Presence Pulse
min 480 us 60-240 us
1-Wire Bus /
) RESET p ) ACK

Master Release
15-60 us

Master pulling low
DS18B20 pulling low
Resistor pull up

JUT 3.7 M3LSuFnsedeaskuU 1-wire /g Reset pulse W Presence pulse

mﬂgﬂﬁ 3.7 MIAOANTUVY 1-wire Jusguutadeyauuy Half-duplex fufeaninsn
doansld 2 firnns udldanunsadu uardsdeyamnioniulugisnanieaduls ssuudatinng
eduiuy Master/Slave tasgunsal Master azidusimuauanIug azdamiznssuds
vostateya Tuvnefigunsal Slave  agshaumunIsmuANvasgUnsal Master ity
Tunsldeudauuu 1 wire 4 audandoya DQ %éfaﬂﬁamwﬂﬂaﬁaa%ﬂgﬂ A115090
¥lasnssesdumulszans 5 flateviy wasulitulwides vielunsdlétauuy 1 wire

sosufiugunsal DS18520 wianesa Nanunsavhlansuandluguin 3.8

USING Vyp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER
1-WIRE DEVICES

DS18S20

3V - +5V

GND 6 Vo
47K —
o EXTERNAL <3V . -5V
o SUPPLY
&

5U#13.8 mssioldanu DS18820

Tunsigeudayawuseenidu 2 sliafensiloudeya “0” uasn1sleutoya “1”7 A9
wanslugun 3.9 nslisudeyaas DS18520 fedldrraiarvesindadionat1ain 60 usec uay
Aoslldrianseninalvdadenat1an 1 usec



VO"

1-WIRE
BUS

GND
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madeudeyans 2 ¥iin Guusngunsal Master Fosiedynamula 1-wire asl
ogluanuzandndneu Tunsdlidesnsideutoya “0” aslu DS18520 guUnsal Master fos
ﬁaé’mmmuuﬁ’aiﬁ@uaa%nﬁwﬁa uniazAsUTIannsiaden (ag19n 60 usec) dulu
nsdldiosn1sidioudeya “17 as DS18520 gunsal Master fosuaaslfa Lwaiwuaﬂaulﬂaaiu
anuranIngeniounts Sampling Y99 DS18520 Feazoefluting 15 usec-60 usec &N
gunsal Master Asdyarauda 1-wire asurlumssunmely SRAM voe DS18520 133
vhldfreiilegunsal Master IiTeutoyaiiievevinniseualu SRAM (Read Scratchpad)
Fafienufu 0xBE adlufl DS18520 ey Mntuasusudeyaninta 1-wire Inglnsiadon
YosMseudeuitianaIeg1es 60 usec uazdosdivaanansenindlsiadonogisin 1 usec
Fauansluguit 3.9

U7l 3.9 maidsudieyaain DS18820

MASTER WRITE 90" SLOT MASTER WRITE ‘1" SLOT
60 ps<Ty “T<120 s 1 < rec <

=1 s
DS1820 SAMPLES DS1820 SAMPLES
MIN TYP MAX MIN TYP ax
15us 15us —+— 30 s 15 s 16 s —+— 30us —

nseudeyannntfa 1-wire 5ULsNgUNTAl Master azdesiada 1-wire adlvioglu
anuzasdndidutiananetasies 1 usec ntuTerosUdenta lunsdifl DS18520 ds
foya “0” DS18520 asdevalmiuandniatauninasduaelnsiadendsdnsUdostaly
nduluegluaniuzasings dnlunsdlil DS18520 dsteya “1” DS18520 Axvasedalsieglu
anurasinganaon lun1s Sample tilofudeyaain DS18520 masvianelu 15 usec
v&aangaisvedlnsiadon
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1 ne<tppr <=

MASTER READ “0" SLOT MASTER READ 1" SLOT
W _—
1-WIRE
BLIS
GHD ——— - B —

=1 us
—- MASTER SAMPLES MASTER SAMPLES
15 s 15 p= —.lq— s 16 s

LINE TYPE LEGEND:

EE—— Bus maslar adive kw 051820 adive low

Baith bus master and :
=™ 051820 active low —————  Resistor pullup

5U# 3.10 mswdieyasnn DS18B20

Sumeunmsldonu DS18520 il 3 Sumeusefiufie
1.Initialization
2.ROMCommand
3.DS18520FunctionCommand

(%
1Y

TUABUNITEUAIGUNYHDIN DS18520W wuseanilu 2 dussulng 9 Ae

Converting ~ Temperature  gaiflunisuwdatgamgilveglusudeyaninaaiiulily

(%
&Y [

Scratchpad Wag Read Scratchpad -@adupisgiudaiiivly Scratchpad tusenun 4
wandlugudl 11 aziulddinlulasreuinsiaesdndugunsal Master  9zdosyinnisg
Initialization 9Mntusdesds SKIP ROM [CCh] afiu ROM Command fl#lunsdiiivield
11 DS18520 wiBsiaienantuisrosds Function Command CONVERT T [44h] tiedsly
DS18520 vinnsulasgaungiileglugluuuiineauaziiulilu Scratchpad nsguIunIs
wasiagldaUssanm 750ms  Susanansansnaevaniunsaiulasioyaldainnsde
an1uzvesta 1-wire lunsdlfl DS18520 Fwvinmsuvasteyaegda 1-wire azfianuziy
aodnen usidn DS18520 dimsuvasteyaiaiaouiesudata 1-wire  znduunegly

anuzUnifeanings
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Initialization ROM Command  Function Command
S N s e (s e Sl b S £ vy | sl d s A 'l | Prci et it the D~char | et eredn i So i -
| 1 ] ! ] 1
: Master Tx || Check p ] MasterTe |1 ] Masterx | Waiting for Converting
: Reset Pulse Presence Pulse[ 1 1| SKIPROM | | : CONVERTT : Complete Rx “1s”
s iausisaasavasss . : Seogesad Voagstissd !
..... e mc e r e r . |Feeeree. pemmeee—.-
! 1, 1 % -:
P MasterTx | DS18B20Tx | 3 1| MasterTx POl MasterTx 1] Master Rx Finish
: Reset Pulse Presence Pulse| 1 :' SKIPROM | | :' Read Scratchpad | 1| Read Data 9 Bytes Transaction
b e e B i B i U :
Initialization ROM Command Function Command

314 3.1 TunaunsuLlas wazdmwgmngiinn DS18520

\dlo DS18520  wlasdeyagamgiidufineaiivlily Scatchpad  uéd
llasreulnsaimosanusosiudoyanielu Scratchpad Hulagyhms initialization v
1-wire 3nads ntuTedednds SKP ROM dafiu ROM Command  wagdsdnda READ
SCRATCHPAD @udu Function Command Lﬁ'amaé’m%ga Scratchpad nglu DS18520
mmfuluimﬂauimaLaaﬁaﬂ'aaﬁwmiai'm‘ﬁayjamaiu Scratchpad %8¢ DS18520 1¥iag
ludaunsu 9 lud uasuanamateyagnmgiiniogdaududeyaluludusn uazlud 2 fieruunain
Scratchpad tfugenumsmasmoyns:

332 veinlulasreulnsaiaes Arduino Ju Arduino UNO R3

U1 312 vedalilasneulnsiaes Aduino UNO R3

(%

Arduino UNO R3 Ju lulpsaeulnsawass board 7l ATmega328 1lu MCU ndn
Fapatlazdivn Digital 14 U auwm/l,a'mwm (@1509iudu PWM lads 6 1) u,auusm Analog
5uwvﬂ,ﬂaﬂ 6 U7, ﬁummma 16 MHz & USB Connector waz Power Jack DC GZN Concept



o1

Y84 Arduino Board Wvihuiieaiuazain digluniswensaidiiuaeuitines awnsase
USB infiudesneunesniauise Run Wswnsuil Board ¢ fisneauidenlneasunail

ua o

ve¥a Arduino UNO R3 fifauantdieil

lulasmaulnsaans

Operating Voltage

Input Voltage (recommended)

Input Voltage (limits)

Digital I/0 Pins

Analog Input Pins

DC Current per I/0O Pin
DC Current for 3.3V Pin

ATmega328
5V

7-12V
6-20V

14

6

40 mA

50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader

SRAM
EEPROM
Clock Speed

OO Arduino function
reset
digital pin 0 X3
digital pin 1 €RES

digital pin 2
digital pin 3 GEID
digital pin 4
VvCC
GND
crystal
crystal
digital pin 5 GID
digital pin 6 GED
digital pin 7
digital pin 8

2 KB (ATmega328)
1 KB (ATmega328)
16 MHz

ATmega328P pin mapping

PC6
PDO
PD1
PD2
PD3
PD4
VCC
GND
PB6
PB7
PD5
PD6

PD7
PBO

Arduino function ©®

PC5 analog input 5
PC4 analog input 4
PC3 analog input 3
PC2 analog input 2
PC1 analog input 1
PCO analog input 0
GND GND

AREF analog reference
AVCC AVCC

PBS digital pin 13
PB4 | digital pin 12

PB3 | €8 | @D digital pin 11
to :

JUN 3.13 lAseasnavesuasa Arduino UNO R3

ANSLE91UVaIA Arduino UNO R3

1.Aeun1sinasdluglu Device Manager 1iiseniserlsegtng
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= Device Manager = =
File Action View Help
o= | m =8

i B Monitors ~
[ E¥ Metwork adapters
4 |5 Other devices
|l Base System Device
|7 Base System Device
|5 Bluetooth Peripheral Device
|l Fingerprint Sensor
I3 Imaging
|l Mokia OBEX PC Suite Services
|5 Mokia SyncML Server
7 PCI Simple Communications Control
3 SyncML DM Client
3 SyneMLClient
o PCMCIA adapters
-~ B Portable Devices
> [;ég Print queues
o D Processors
» L 5D host adapters

L I TN P

JUN 3.14 nsldamiuesa Arduino UNO R3
2. \@yuane USB (Fwioagiuuain Arduino) liATesnauiiines

JUN 3.15 Wdeuane USB (Fesoagiuuasa Arduino)
iiTgn1sunngUuiianiy @weunlidldidey UsB liiisen1sil) fagu (Unknown Device)



File Action View Help
=@ Bm e

» B Monitors
[ E Network adapters
4 ﬂa Other devices
% Base System Device

% Base Systern Device
ﬂg Bluetooth Peripheral Device

% Fingerprint Sensor
_@g Imaging
5 Mokia OBEX PC Suite Services
E@) Nokia SyncML Server
% PCl Simple Communications Control
[5 SyncML DM Client
5 SyncMLClient
% Unknown device
[ PCMCIA adapters
[ B Portable Devices
[ @ Print queues
[ R Processors

o BEEE OV b e ok o i e

5U7l 3.16 g driver Arduino UNO R3
3. ANYNITI8A1TAINATD 1B Update Driver Software...

File View Help
e @ E| B e @RS

[ ﬂ Menitors ”
[ E Metwork adapters
4 % Other devices

% Base Systern Device

% Base Systern Device
_@g Bluetooth Peripheral Device

% Fingerprint Sensor

ﬂg Imaging

\[5 Nokia OBEX PC Suite Services

ﬂa Mokia SyncML Server

% PCl Simple Communications Centrol
5 SyncML DM Client

5 SyncMLClient

ﬁ Unknown device

» EPCMC| Update Driver Software...

Action

;> B Portab Dicable
Print
=Jik BT
b R Proces
. WE o
< Scan for hardware changes
Launches the | Properties

E‘Uﬁ 3.17 Update Driver

4. AN Browse my computer for driver software



How do you want to search for driver software?

= Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

Browse my computer for driver software
Lecate and install driver software manually, /

g‘dﬁ 3.18 update driver software

5. AAN Browse WiauennuaAulng Drib

Browse for driver software on your computer

Search for driver software in this location:

Include subfolders

% Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device,

U7 3.19 Browse itevisuviuiulyd Driver
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6. funs Driver agaglulianaslusunsy Arduino fagu 9nTuAdn Next

@ [l Update Driver Software - Unknown Device

Browse for driver software on your computer

Search for driver software in this location:

Include subfelders Select the folder that contains drivers for your hardware.

> @ Videos

< Let me pick from a list of ¢ 4 B arduino-105-2

This list will show installed driver s
software in the same category as f

I | hardware

Folder: | drivers

Browse for driver software on your computer

Search for driver software in this location:

| C\arduino-1.0.5

Include subfolders

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device,

E‘U‘ﬁ 3.21 next install program
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Installing driver software...

3.22 s9a3lUsHnsy

=p.

U

EaNl

7. Aan Install WWBRAAY Driver a9 Window

<

. 4 & 1 1 1

Would you like to install this device software?

Mame: Arduing USE Driver
@- Publisher: Arduino LLC

Always trust software from "Arduine LLC",

@ You should only install driver software from publishers you trust. How can |
decide which device software is safe to install?

g‘dﬁ 3.23 Install iieRns Driver a3 Window

56
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s & a o
8. L@IVFUNITAAAN

Windows has successfully updated your driver software

Windows has finished installing the driver software for this device:

Arduino Uno

-

SUT 3.24 1@593uN15AnAA

9. Waluglu Device Manager 3¢4#iUs18M13 Arduino UNO wiewmneiay Com wesaiildlu
nsweuse

File  Action View Help
e=(mEHE 8 E NS
b El Menitors
[ g Metwork adapters
4 Ea Other devices
% Base Systermn Device

% Base Systermn Device
E) Bluetooth Peripheral Device

% Fingerprint Sensor
E} Imaging
|5 Mokia OBEX PC Suite Services
WB Mokia SyncML Server
% PCI Simple Communicatiens Control
5 SynchL DM Client
|5 SyncMLClient
[ PCMCIA adapters

/ 4 7' Ports (COM & LPT)

? Arduino Uno (COM3)

=b

U

€N

3.25 @jlu Device Manager
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(Budunismeaes

rouflzSusumvanomneds dmindairdsroufiunedlu) Sudufestinadiruoda
fldanlasinisdsen 3 mensie

1. vosaiildnu Tufidlduedn Arduino UNO R3 fetfusfeaidionsnents Arduino UNO gy

File Edit Sketch |Tools|Help

Auto Format Ctrl+T

Archive Sketch

SKEIEN_MATZT FixEncoding & Reload [o] Arduino Uno

Serial Monitor Ctrl+ Shift+ M Arduino Duemilanove w/ ATmega328
Board » Arduine Diecimila or Duernilanowve wy/ AT
Senial Port » Arduine Mano w/ ATmega328

Arduine Mano w/ ATmegaled
Programmer ' Arduine Mega 2560 or Mega ADK
Burn Bootloader Arduino Mega (ATmegal280)

Arduine Leonardo

Arduine Esplora

gﬂﬁ 3.&%1‘3@ Arduino

2. COM wasnfivasainisiiausie laealaain Device Manager Asillananiuuaitnesiy

File Edit Sketch | Tools

Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+ Shift+M

sketch_mar21

Board
Serial Port

Programmer

Burn Bootloader

U7l 3.27 denport



3. L @enUUnLATEIlUSHATY Lﬁaamﬂgmiuamma%suawa%miﬁa‘haaaﬁaLaqﬁ‘]u AVRISP mKkil

v O = = v = o
WQUULﬂi@\ﬂ‘UiLLﬂiﬂJQQG}@QLa@ﬂiqﬂﬂqiﬂﬂgﬂ

File Edit Sketch | Tools|Help

sketch_mar21

RIAIN Preferences A3y

B

Auto Format

Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M

Board

Serial Port

Programmer - AVR ISP

Burn Bootloader | ® | AVRISP mk
USBtiny!5P
USBasp
Parallel Programmer
Arduino as 5P

g‘d‘ﬁ 3.28&{1‘3@ Programmer

dmsunisnerlinanasuwiavaslianiweses wWisazi lulvlun1sdnasinisyinauazfag

Edit Sketch Tools Help

Mew
Open...
Sketchbook
Examples
Close

Save

Save As...
Upload

Upload Using Programmer

Page Setup
Print

Ctrl+ M
Ctrl+ O

Ctrl+W
Ctrl+5
Ctrl+5Shift+5
Ctrl+ L
Ctrl+Shift+U

Ctrl+5Shift+P
Ctrl+P

Preferences

Ctrl+ Comma ‘

Quit

Ctrl+

a

JUT 3.29 fsendl Preferences
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Sketchbook location:
|C:‘||I_.Isers\,Kru Praphas\Documents\Arduino || Browse |

Editor language: |Svstern Default W | (requires restart of Arduino)

Editor font size: (requires restart of Arduino)

Verify code after upload

[] use external editor

Check for updates on startup

Update sketch files to new extension on save (.pde -= .ino)

[] automatically assodate .ino files with Arduing

More preferences can be edited directly in the file
Ci\sersiKru Praphas\AppData\Roaming \Arduino \preferences. tet

(edit only when Arduino is not running])

Suneaesandegelnnsznsu Blink lngisenliafeteiagy

< I

Edit Sketch Tools Help

Mew Ctrl+M

Open... Ctrl+0

Sketchbook b 01.Basics r AnalogReadSerial
Examples v 02 Digital v BareMinimum
Close Ctrl+W 03.Analog 3 Blink

Save Ctrl+5 4. Communication * DigitalReadSerial
Save As... Ctrl+Shift+5 05.Control 3 Fade

Upload Ctrl+ L) 06.5ensors 3 ReadAnalogVoltage
Upload Using Programmer  Ctrl+Shift+ U 07 Display r I

. 08.5trings 3

JUT 3.31 199939670874
noasaadlidlgnaitlensueiominegnisgy wivnndeinisanivanasuesnasasigl
nafiduviignas (Yudaly)



Blink | Arduino 1.0.5-r2 - O

File Edit Sketch Tools Help

-
+ ednvianau lud B

/4 Pin 13 has an LED comnnected on most Arduino boards.
f4 giwe it a name:
int led = 13;

f4 the setup routine runs once when you press reset:
vold setup i)
S dinitialize the digital pin as an output.
pintflode(led, OUTPIT):

i Idmuniadas fivn
ananii llddiassnmaaay

AppData\Local\Temphbuild

: 1,084 bytes {of a 32,256 byte maximum)

Arduing Uno an COMS

3.3.3 39udniNa LCD

5UT 3.33 2auanea LCD

Y

ANYAISLATALRUNYBIYN LCD

& -
1 141516




° 1 | v
C‘nuﬂu\iﬂi)\?ﬂquaﬁﬂuqﬂﬂ'ﬁ‘l‘ﬁ\ﬂu‘uﬂﬂ LCD Illﬂa

SUT 3.3 fundarues LCD

Y

P ° ' v o v
M99 3.1 Vl'luﬂu\i'ﬂﬂ\“ﬂuﬁgﬂuqﬂﬂ']{l‘u\f]UﬂQ\l LCD
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Pin No. Symbol Description Level Function
1 VSS Ground - ov Ground
2 VDD Power Supply - +5v | defuusediliides +5v
3 VO LCD Contr - - sefuussiuiieUsuarinduvenisuaning
aq RS Register Select H/L RS = 0 vanefisfesnishndeiuidamesaids (instruction Register)
RS = 1 vunefisioanisinseruiiamasdoya (Data Register)
5 R/W Read/Write H/L RAV = 0 mnedsieansidisudeyaluds LCD Tuga
RAW= 1 manedasiaaniseudeyavin LCD luga
6 E Enable H, H->L | Enable Signal
7-14 DBO-DB7 Data Bus H/L Data Bus Line
15 A Back Light A ! Back Light +5V (d1u¥usufidl Back Light)
16 K Back Light K - Back Light OV <ﬁm§mjuﬁﬁ Back Light)

A15#e LCD wfuuasa Arduino




3v3 5V Vin
Power
= RST D13

w——d AREF D12
Arduino on
D10
D9
D8
D7

D6
10K potentiometer

l_‘f‘
Digital Input/Output

D5

PWM

PWM
e

PWM

PWM

PWM

Vo

RS

R/W

DBO

DB1

DB2

DB3

DB4

DB5

DB6

DB7

LED+

LED-

ani

sU#l 3.35 Mssig LED 1hifuuadn Arduino

1%

A1115089UsA Aduino U LCD lanatl

LCD RS siofiu Digital 2

LCD Enable #9iu Digital 4

LCD D4 w9y Digital 5

LCD D5 #91iu Digital 15

LCD D6 #ofu Digital 16

LCD D7 w9y Digital 17

LCD Gnd wag LCD R/W @9l GND
LCD Ve finkan 5V

LCD VO w9y Digital 3

3.3.4 195 dsaudaiiou

—] A1 D4 I
—A 0z D3 | I
& |
— s = D2
=1
—] M S D1 ==
— 25 po L
GND

63
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e S e
JUT 3.36 29a3UAADY

asdedlasy 6 @espiiduisesiidadssianiadddndnnismenanaamlu’
Judygramsidneawazlusunsudnluluiiled Fewuiumsimuaiiagyiaunainnialsenu

o

—

=

Andnled 15n9zudsuudadiusunsumaniilils astivngdwsudluldiaiusavesdy
AN Teyaneinumaie: - Tunasgralvuuin 9 1adiad - Aunsvuagegausyana 105
a a 6) 1 a 6 Qy
Taauwouy - VWIALEUITALN ¢ 1,13 x 1.00 T

3.3.5 leaeas

U7l 3.37 Twdead

winmavinuvedleaead

Teaneadifudsussiugnasuma electronic fiadrstudiodugunsaldmiuasu
winuuaseindliidundsau i Tnonshansieinu Wy aneu Feilsagniigauas
funnfigauuiiulanunsunssuiumsnaineimand endaliduusiutiuians uassiud
Anasnnnsznuvuniulead Sedvesuasiifloyninvosndssudsznouiiienin Tnneu
(Proton) azanemdsaulifudidnmsou (Electron) luasAsiaihauindssmunnnedoy


http://www.premiumsolarcell.com/%e0%b8%9a%e0%b8%97%e0%b8%84%e0%b8%a7%e0%b8%b2%e0%b8%a1%e0%b9%82%e0%b8%8b%e0%b8%a5%e0%b9%88%e0%b8%b2%e0%b9%80%e0%b8%8b%e0%b8%a5%e0%b8%a5%e0%b9%8c/%e0%b8%97%e0%b8%b3%e0%b8%87%e0%b8%b2%e0%b8%99%e0%b8%82%e0%b8%ad%e0%b8%87%e0%b9%82%e0%b8%8b%e0%b8%a5%e0%b9%88%e0%b8%b2%e0%b9%80%e0%b8%8b%e0%b8%a5%e0%b8%a5.html
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N3z1ANEDNNNIIINLIIRIRATBIOZAY (atom) Laziedeuiiliedadase Alullediannsou

a a 0o Y a X o o o &9 Yo ' sV Y aa .
imdeunAsUATITA ARl nseLansuiand A ldvinleawag laun a1s@daeu (Si)
=2 & A A U A9 Yo a a It =~ aa A 6 aa = =3 &
Fauansvianenunlgyindnlureufinges wazesesdannsaiing dareuduaisteladu
iy dnshundnleansadldiuegnaunsvatemszdsnagn Amy uazdeliold wenaindl
failianyindunaunsatundnlaaneadls wu wnadeuenglud CIS uaz uaadouma
walse uwidalismge warueelindslaiinisfigatisasonenistdauitaunsaldaulauy
Jaideves Si: mvhliusgvisuazeglugasindonaziinwad d51Aumne wag uanvindiy
Turvrunsuan

) 1 6 ::4' [ I d'

Asvinuedlgatwad Wuruirumsasundsnusandunseialnitlolnense lnawdiowas
Fadumdundwdnlndnazdndsnunsenuiuaisniditi a2ianIsa18nANEI9IUTENINg
AU NAIUIINLAIDLYNAAANITAADUNVBINT LA TN (Brannsou) Fuluansnadiun 39
ansadenseualiihfsnaluldauld n- type #dneu Feegiuninvesead Ao a3
o o av vy Y] o a va & o va @ A o o
aaflanistavtesiearsneanesa dnuautfidudilvdiannsoulafunasuain
LaIeNeY p - type Tamsu Aearsneunlan1siauUsspansiuseu vinlilassassves
azpougydedidnaseu (laa) WosunaWin annuaseriindaziiumihidudisudidnaseu
e damausia 2 ¥ia U1UsEAUABAUAIY p - n junction IeihlAAady 7 leauwad ” Tu
anendslifiuasunn n - type Faroulivegiuninvesgad diulsenavdiulngniouay
Tidianasou windadllsalzUuegUiuaniod suntved n - type vzdiuaulaneisendi
Front Electrode viwhiJusihiudianaseu dau p - type Fdmoudsegiundavesasa’
Tassasrsdulngidulea widipsiididnasondsdutiadntios Aunaswes p - type Janou
azilwaulanzisenin Back Electrode viwntinidusisiusiulaa

Sunlight Sunlight
Sunlight

Frant electrode =)

Anti-reflection o Dating\
-
H\_\“

M-type silicon (P+)——»

—p

to @ : .
P-type silicon (B-) — l

P : !

Back electrode (+)

-

—» Current

U7 3.38 uana type wag Msfemndsny
dleduasenfindannsznu waserfindazarommdsuliiudidnasounazlea vinlimanns
il Lﬁawé’qgawaﬁ”’q&é‘ﬂmauLLazIamfm%’meﬁa%’u@ﬁ’u Sudnaseuazisludiedu n
~ type warlgaszddludeu p type
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[

defluaseniingannsenu uaserfindaziommdsnulviiudidnnseunaslea viliiAanis
\Aeulm endigamersdidnaseunarlsnarindnuiiodugiu Sidnaseunsidludsdu n
~ type warloavzdaludetu p type Bidnmsewdalusauiuil Front Electrode wazloaialy
s9uffuil Back Electrode iilefin1ssensasiufinian Front Electrode uag Back Elec trode
TAsuaeas Aasinnszualiiidy iosaniedidnasounaslonrgiadiedugiugauysi
ddnitldnrilflvaeadivszansnmnnsyenlusas Hufiseiu wazdannuddalu
nsfinrsuiluldlundasiud nasnsunisirluduinssuundefuand uIuLL
wasofindfidadiluusiay udl Aerrundurouas uazgmngd

nszualyl (Current) azidudndiulnonsafuamiduveuas muneanainienins
dmesuasgs nezuaiildonlvdieadiargstu luvafussulnihvieladunuagliuusly
auaivesasnntn Anuduvesnailiailunnsgiuie auduveuasiinuy
lanluanmeinmaaenluss Usannmmmuenias iaflsesuimeialuaniniuasendiad
faanfuiiulan Genundy vesuassdaviiy 100 mW de ms.ew. wie 1,000 W de ns.
193 BefiAnvinfu AM 1.5 (Air Mass 1.5) wagdnuasonfingvinga 60 asenduiiulanaaiuidy
Yoalas agdlAnvinfuUsEINa 75 mW delRsu. %30 750 W e me.luns efiAwindu AM2
nsflvesundloaneadiuarlien AM 1.5 @unpsgiulunisinlsyansamuosun

nszualyl (Current) axlaiutsmugamaiinasuuiasly Tuvaziussiullin (aav)
wanauloguvniaeiu Selnsadoudanng 1 asmildiutu svliussdulihanas 0.5%
wazlunsdlvosunduaneadunsgruildimunssanBamussunsuas evfindfe o oyl
25 93 C 1 Avualiiustsasenfindfiusssulviindhwsda (Open Circuit Voltage %3e
V oo) 71 21 V o gaumgil 25 a4 € fagvmneaiudy wssiuliihiagldanusuasending
Sedalailerorugunsailwily a grumagdl 25 830 C azwiafu 21 V d1gamaiigendn 25 aaen
C 19U gaumngdl 30 89 C Az bilswiulnihve ka1 indanas 2.5% (0.5% x 5 a3en
Q) Hufle WsIfuvDIUHINAI AT V' OC 98aRa 0525 V (21 V x 2.5%) ivdoifies 20.475
V 21V 7 0525V) agulén dlegamgiigatu ussduliinfazanas Sedinavilviridslni
AIANVDIHILEIRTINAnAIAIY
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3.3.6 Xbee

sU7l 3.39 Xbee Pro

Xbee 1uguUnsalidl lulasnoulnsaaes uaz RFIC eganelu ($redsldann
Schematic) vy gunsal transceiver (gUnsnisu-dsdaysyIas) WU Half Duplex 61u
MUl 24 GHz fimsdanistagldndanusin Manuie 1 interface Ald3uuazdsdoyadiv
Xbee 10U UART (TTL) Bsdmiumsinulalasreulnsaians annsathendilifasedoans
UART 484 Xbee siaidniu UART vad lulaspeulnsataes lalauns

Xbee annsoldaununnigiu Zigbee 16 lnsilisoadeulusunsuats iaiete
Zigbee a8 mzimnaguanlddanin fimware flazlnanidnluluga Xoee Tanmnsa set
parameter W1 software interface (X-CTU w3oldsunsuilifoutues) , siumis At
command (wilaufiun13aruny GSM{ Module ) Tngld Hyper terminal 38 H1UN19NS
Sudedoyasnolalasaeulnsaians Idegrsdiame Tneiile set Xbee ivihaudugunsallu
\ASBYY Zighee uan LazaziSun Xbee usardiindu Node

Firmware #l9Au Xbee  agldlnandulusunsy X-CTU 919 i Xbee usiaziu 9w

&11150 Setting  Function  nistaaulauinung vl Firmware fiagdodlvaadnluu J
UINNBNAPUUY WazAdoalinuizauiunisldey


http://www.thaieasyelec.com/Wireless-Module/Zigbee802154
http://elearning.northcm.ac.th/it/lesson6-1.asp
http://www.thaieasyelec.com/electronics-in-chapter/UART-TTL-RS232-MAX232-MAX3232.html
http://www.ett.co.th/product/intf/ET-GSM-SIM300CZ-V1.0.html
http://www.adisak51.com/page16.html

3.4 M3veulUsunsuvessuunTITingamaiisnluinlagruATedie xbee

Tneilunasseiduleanead

3.4.1 WHUAINTTYIIULeelusensy (Flow chart)

AR

START

Sutoyaanwuees

< PRINT “-” )

PRINT ¥ay/ai¥i
SUNLLUTDS

Delay 2 s

STOP

JUN 3.40 uaufan1svinauveInags
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START

aAsu

YES

A 9 9 f)
vyl

Byte==-1

uaasmguuginiumn1d five LCD

IS Y
UaFsaudunon

a = Y A
| Wadeadunou |

)
)

gﬂﬁ 3,41 WNURINISYINNIUYDINIASU
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NSSUTRYARUUNN
NO
i =i+l
NO
YES
Pusgagiinanauluduls T(0)
waz i = i+1
A
G B

'
a

JUN 3.42 uruRan19vNauYeInsiudesy agoung

a
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U
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NO

YES

< 1 A o ] @
numguivanruleludls

T(Duazi = i+1

.

C

3.43 UWHURIMsYnureINsiuteyagumnl (se)



P
]

U

1l

a o ' NO
UNUNANYUIY
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>=1

NO
|
1
YES
I L=L+1 I
N
NO
YES

wuganadonluduls T(2)
wag 1 = 1+1

)

3.44 LaUAINISYINUYBINIFudeyaguuni (se)



m

YES

< a o ] { @
inuganatouavuan ludauls

T()

wazl = i+1

.

NO

N

YES

< a o VoA 1Y
inuganatiendlnianz ludanls

T(4)uez1=0

SUN 3.45 uauian1svinauveInsiudeyagaunni (se)
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3.4.2 Code program LagA1e5uNe
BTN

#include <OneWire.h>

#include <DallasTemperature.h>
#define ONE_WIRE_BUS 2

OneWire oneWire(ONE_WIRE BUS);

DallasTemperature sensors(&oneWire);

void setup(void)
{
Serial.begin(9600);

sensors.begin();

void loop(void)

{
sensors.requestTemperatures();
Serial.print("-");
Serial.printin(sensors.getTempCByIndex(0));

delay(2000);

}

74

/Munsi@eulusunsudndu Arduino e
Feuranuled DS18820 awnsaldlauss
"OneWire.h" 983 Arduino deviliazainly
M TeulUswnsy Wy Wenshummansas
(64-bit code) vesgUnsaiisiogiuda 1-
Wire msdslilodnumneiavgunsaisu
wazlUasAngungdl

//3udeya nduwes 1Wan?l pin
D2

//\%» Buadrate L%Méfu = 9600
//d39 [ uwes (DS18B20) 151
YIN9U

//5uAanniduiees (DS18820)
/83 @3eaane -
//dseiildanniduees (DS18820)
//iaaaan 23U
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Ay
#include <LiquidCrystal.h>
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

char T[5];

int i=0;

int 1=0;

void setup() { //ilafidu Aiflviing set wihiiveswsiay pin

Serial.begin(9600); //fvue Baud rate Imaﬁuamﬁagjhmﬁu
AoArAuslunissu-dslaya (Baud rate)

lcd.begin(16, 2); //%0av0d LCD WUU 16 $9nes 2 UsTin

lcd.print("Temperature"); /&1 Rty Temperature vu LCD

pinMode(8,0UTPUT); //output 9ondi ping

}
void loop() {
char byte=Serial.read(); //Usgnamuls byte = Arfienulaann

a =<

DS18B20  (usiwosgumgdl) Fanasds

Y
¥
o w =

Toyaved DS18B20 wiTueafunuil 1.49'-
' 2.4andU 3.dmdnnuig 4.deanaliey
5neflgusinumian 16 naflgusumian2

if(byte== -1} J/éniiiinsdadieyan xbee Aidanazilu -1
delay(1);

}

else{

if(byte==""Yi=i+1;} //1.5u susuusnld - Whun S9n Sudinse

g 9ntu e i ez 1
if(i==1){ /7280 i=1 agyhnsiudiulsessd deyad
Sula Sunandu) LU T0) anuuinale i=2

Tli-1]=byte;
i=i+1;
if(byte>='3") /72,1480 itsulgdien >=3 2zl (=1
oy (=0
=1,
}

else{



(=0;

ifli==2){

Tli-11=byte;
i=i+1;
ifloyte>="1'{

if(l==1)1
(=2;
}
else{l=0;}
}

}
if(i==3)

T[i-1]=byte;
i=i+1;
}
ifli==04){

T[i-1]=byte;

i=i+1;

if(i==5){

T[i-1]=byte;
i=0;

lcd.setCursor(0, 1);

76

//3. 61 i=2 azihnisiiudiulsesisd deya
sulaGundnuuae)lun T(1) antuialn
i=3

/73181 endisuanle GA1>=1 aglugin L e
=1 viseld Ml v li (=2 alwllyagyinla
(=0

//6. 6 =3 azihnisiiudiudsesisd deya
15U (Fu aanatewn) 1alun T(2) ndui
1A i=4

//5. 81 i=4 azvihnsiiudiudsesisd deyaiisu
(mefigusuniail) Talui T(3) aantuials
i=5

/6.7 i=5 azyhmaiuiulsesise Jayainsu
(mefisusiuniain2) Talui T(8) antuials
i=0

//7.set FWAUNIUAY lcd Nireaus 1 wan 2
NTULARS 92L5ET() anuaLAualy
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led.print(T);

}

}

if(l==2) //8.87 =2 Tda output eendi ping usdn Tail
Rlalds Feludrudumnedan

digitalWrite(8,HIGH); i 1=2 fife gaUIvaUTWAY 31 U Jadq
output 887l ping Hiel9es Alarm udaiie

}

elsef

digitalWrite(8,LOW);

}

3.43 m3s@eulusunsa Arduino IDE
vosnArduino Tudendougasluswnsy Arduino IDE ( Integrated Development

Environment ) Bssalusunsusiidugniimudomnainlusunsy  open source g1
Processing wag Wiring LLazé’wmmﬁﬁy’aﬁ’ﬂﬂime Processing WLag Wiring ﬁ?ugnﬁwm%u
1Feam JAVA FeilianmsaldenlivisuussuutioRnns Windows, Linux uag Mac
0s I #alusunsu Arduino IDE gnifmundusrifielildauldieasninuazanaiudy fou
yosmsidoulusunsuluguuuuresmun /Ca+ WigBeuine lidudeu dmdwarlaus
wiseulliuan

o wilnvesuuslunsivyulusunsy

Char  Hwun 8 Un  ldunudeya -128 0 127

int  fawn 16 Ja Tdunudeyadiuvauiu Tute -32,768 s +32,767

Long Hlawn 32 On Tdunudeyadiuaudu Tt -2,147,483,648 §ia 2,147,483,647

Float #lawa 32 On ldunudeyadnuinaidlutie 10 eniee -38 fis 10 enfinea 38

Double fuua 64 Un Tdunudeyadnuiuaseluyae 10 gnfinde -308 fa 10 enrinea 38

o laswaiamsideuluunsy
#include<UsgndLibrary >
Usznaa kU699

void setup() {

Avualdauportanes) Inelu Arduino 13un port Asedumneay
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void loop()

NSARUALLNSIERIAT U1

® MENU bar %84 Arduino IDE asUssnausae

1. Menu File Tngvhmihiiudmsinnisdeyaiiisond Sketch File (dfivinnsideu
22138A71 sketch files)

* New : @314 Sketch File Tol

* Sketchbook :

1. Open : 3 Sketchbook fidudinl3rounhi

2. Example :1Un Sketchbook Fregefiunen Library

* Save : Juiin Sketch File au.U9qUu

* Save as : Tufin Sketch File Tufl Bunsediolny

* Upload to I/O board : 115 burn.g MCU(AVR) ndsanilifeulusunsanasa

* Preference : HaAANg % UB9Arduino IDE

2. Edit Menu vhwtifiudla wording

* Undo : snidndndavidensiianiafsaign
* Redo : ﬁﬁ%ﬁﬁwﬁw%miﬁmﬁﬂ%ﬁmqﬂ
* Cut : andonulily clipboard

* Copy : AnaenvaA111an clipboard

* Paste : WztoA1M9N clipboard

* Select all : 1on (W3kan) Femuvimun
* Find : AUMU9AIM

* Find Next : AumUaauialy

3. Sketch Menu Lﬂumyﬁh’ﬁﬁﬂ Compile ,LﬁmLibrary

* Verify/Compile : Compile 2191 ¢/c++ Wun1w Machine

* Stop : ngaAN13 Compile

* Import Library : {den/ufiu Library Tngunsnluussviausn

* Show Sketch Folders : ¥nsuansiiiiulusunsy

* Add File.. : finaon File 1don/ifiuantuiingasly Folder Hagiiu

4. Tools Menu 1439 code dontuas lulasaeulnsaiass \aen port serial
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* Auto Format : 39719 code Whduszidovaisny enldielnewsnd code 7
Wumdwassuls

* copy to Forum : ARaan code a3 clipboard

* Archive Sketch : &slTusa Folder taatudulnddusn fusslovilunsvi cvs

* Board : 1den Hardware Device fildsufiulusunsy 1@ Arduino Nano tdugiu

* Serial Ports : 188 port \fia communication $¥%319 Hardware Device fu
Arduino IDE

* Burn Bootloader : Lﬁaﬁﬁms bootloadder 1% Hardware Device Imﬁéfaqzﬁm%ﬂ

burn

3.4.4 msluaalsunsuavesn
1. 1 Ualusinsu Arduino IDE #ilaluanunain http://Arduino.cc/en/Main/Software

2. Winalusunsumaiagnuiuning1aes IDE ¢agy

sketch_aug11b | Arduino 10,5 R S —— EE}E

File Edit Sketch Tools Help

zketch_auglib

Arduine Uno on COMA

JUN 3.46 niwinalusunsy


http://arduino.cc/en/Main/Software

3. 1U% Tools->Board waildanhinsanuuasaiitau d@msu Arduino

Arduino UNO

{
sketch_jun05a | Arduino 1.0.5

File Edit Sketch [Tools| Help

Auto Format

Archive Sketch

Fix Encoding & Reload

sketch_iunl]sa‘:

|
#include <Onel

#include <Dall

Serial Monitor

#define IJN'E_DI] Board »
Onellire oneWif Serial Port ol
DallasTempera ikan ‘
|
Programmer 4

void setup(vo
{ Burn Bootloader ‘

Ctrl+T

Ctrl+Shift+M ‘ |
[

Serial.begin(9600);
sensors.hegin();

}

woid loop (void)

Serial.print("-");

delay(2000);
}

<

sensors.requestTenperatures () ;

Serial.println(sensors.getTenpCByIndex (0));

JUN 3.47 \Fenuesn

Arduino Uno

Arduino Duemilanove w/ ATmega328

Arduino Diecimila or Duemilanove w/ ATmegal68
Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegal68

Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmegal280)

Arduino Leonarde

Arduino Esplora

Arduino Micro

Arduino Mini w/ ATmega328

Arduino Mini w/ ATmegal68

Arduino Ethernet

Arduino Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal68

LilyPad Arduino USB

LilyPad Arduino w/ ATmega328

LilyPad Arduino w/ ATmegal68

Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328
Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmegal68
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68
Arduino NG or older w/ ATmegal68

Arduino NG or older w/ ATmega8

Arduino Robot Control

Arduino Robot Motor

80
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4. \QyulUsnsy

|29 sketch_jun05a | Arduino 1.0.5
File Edit Sketch Tools Help

sketch_jun05a
#include <Mnellire.h> -
#include <DallasTemperature.h>
#define ONE_WIRE_BUS 2
Onellire oneWire (ONE_WIRE_BUS)
DallasTemperature sensors(soneWire);

wvoid setup(void)
{

Serial.begin(9600) ;
I sensors.begini);

m

wvoid loop (void)

SEensors.red tTemperatures();
Serial.print("-"):
Serial.println(sensors.getTenpCEy.

delay(2000);

i i

< »

Arduine Uno

SUT-3188 nM1sideulusunsy

Y

5. Mniuneulwslusunsulaglil Sketch-sVerify / Compile

sketch_jun05a | Arduino 1.0.5 (E=REal

Verify / Compile Ctrl+R

Show Sketch Folder Ctrl+K
AddFile... =

#includ
#includ Import Library... |
#define ONE_VIRE_BUS Z ;
Onelire oneWire (ONE_WIRE_BUS):

DallasTemperature sensors{soneWire);

void setwp (void)

{
Serial.begin(9600);
sensors.begin();

i

m

woid loop (void)
sensors.requestTemperatures();
Serial.print(”-"):
Serial.println(sensors.getTenpCByIndex(0));

delay(2000); =

} -

< »

Arduino L

gﬂﬁ 3.49 15 compile



6. lomaulndiseusesaziivoanuusing gy

| sketch jun05a | Arduino 10.5 |- |
File Edit Sketch Tools Help

sketch_jun05a

#include <nelire.h>

#include <DallasTemperature.h>
#define ONE_VIRE_BUS 2

Onellire oneWire (ONE_WIRE_BUS) ;
DallasTemperature sensors(s&oneWire);

>

void setup (void)
{
Serial.begin(9600);
I sensors.begin();
i

m

void loop (void)

sensors.requestTenperatures() ;
Serial.print("-");
Serial.printlin(sensors.getTenpCByIndex(0)):
delay(2000) ; L
)

< »

Arduino

U7 3.50 N3 compile ta5atseusey

7. #9UD5A Arduino UNO R3 WA UABNNILABSHIUN1INDSH USB

=i
WM. ARDUINO.CC ~ MADE IN ITALY.

UM 3.51 N30 Arduino iU e mes


http://www.ec.in.th/index.php?route=product/product&product_id=1002

8. MNUULLUN Tools->Serial Port wazidanlvnsaiuuasa Arduino

U839 Arduino UNO R3 TUSWNSUALLADN bADALULIRA)

sketch_auglla | Arduino 1.0.5 l. =HACAl X
File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch

! sketeh_augt 1y Fix Encoding & Reload

Serial Monitor Ctrl+Shift+ M
#F include thy

#include <matl Board .
#include <Lic

Serial Port M v comd

AF initialize pins —
LiguidCrystal Programmer v phle, D4, D5, D6,
4define d6 & Burn Bootloader

#define d7 7
#define di &
#define d9 9
#define dlo 10
#define dl3 13

woid setup () {
led.begin(lé, 2): /4 set up the LCD's mmber of columns and rows
Serial.begin(9600); // initialize the serial communications:
pinfode (d6, OUTPOT):

maximum)

maximum)

sUl 3.52 n15iden serialport

Y

9. anlusunsudiuesa Arduino UNO tnglufl File->Upload

83

UNO #ldau @ wisu

10. ﬁ]’mﬁ?ulf‘flm Serial Moniter a9 Arduino IDE Iﬂﬂl‘d‘ﬁ Tools->Serial Monitor

sketch_suglla | Arduino 1.0.5 ; [E=RER™ >

File Edit Sketch Help

Auto Format Ctrl+ T
Archive Sketch
sketch_augii: Fix Encoding & Reload
Serial Monitor Crl+Shift= M
4/ include th
#include <matl Board b
"l #include <Li
* o Serial Port »
44 initialize b interface pins
LiguidCrystal Programmer » pble, D4, D5, D&,
4define d5 & Burn Bootloader

#define A7 7
#define d8 8
#define 49 9
#define d10 10
#define d13 13

woid setup{){
led.begin(l6, )2 // et up the LCOD's number of columns and rows
Serial.begin(S600): // initialize the serial communications:
pinllode (d6, OUTPUT) :

<« [ »

q‘dﬁ 3.53 35n15@nIWan serial monitor



11. ewla Serial Monitor azladaaudsgy

\Noline ending v | |9600 baud

v

AR

ﬁ 3,54 LLamwaﬁ sen%monitor

’lmnm\\‘

nf’ TBUlnnIuIaﬂ"‘
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MsnAgeUITUUATITIngMlisaluiRlneNnATetY Xbee

4.1 umin
= o 1% = o ad a & o § v
‘U']ﬂ']iﬂﬂ‘lﬂ']LLagm']ﬂT]ﬂJL?J']IQLﬂEJ'Jﬂ‘UWi]U{]WU%']UIU‘UVW] 2 Wiy 3 Uu Vl'ﬂ‘ifiaqll'ﬁﬂ

Wousrod9aslastadavesssuuaisauysainfeunazinlunaaeunsldnuasaneliussg

TrgusvasAvadlaTay

4.2 ﬂ"liL%ﬂllﬁﬂ')\i’ﬂ]i"ﬂﬂ\ﬁ%ﬂﬂlﬂﬂ"ﬁﬂﬂﬁaﬂ

4.2.1 Weusio xbee niupeuRanes
Werhnsideune9asiasasousasndn azauisamvuamninesanee oy

Baudrate, Destination Address High, Destination Address Low Wuduy

About ) -
PC Settings l Range Test | Teminal | Modem Configuration |

-Com Port Setup——— = 5 ————————— ]
Select Com Port ‘
LISB Serial Port (COM7 Baud 9600 ~||
Flow Control |NONE -
1 Data Bits 8 j'
Parity NONE :]'
Stop Bits 1 G
Test / Query I
Host Setup | User Com Ports] Ne!wolklntelfacel
APl Reponse Timeout — 1
™ Enable 4Pl
|| Timeout I 1000
[T Use estape charddlars (ATER =2) l ‘
-AT command Setup- —
ASCIl Hex
Command Character [CC) | * | 8
Guard Time Before (BT) 1000
- Modem Flash Update -
™ No baud change
[ [
e

gﬂﬁ 4.1 n15USU Baudrate
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F1usann U IEani1masiinli Xbee 9N1AFINIATU @N150YINNSTRURADNY
19 Inen19199 DH DL ¥93n1pddlinsaiu SH SL ¥0901A3U hag » DH DLuaIn1asulins

flu SH SL vean1ads (JUN4.2) Fee1 SH SL ves Xbee usingsagiensinaiu anunsanla

undsi Xbee (U4.3)

Profile Remote Confi

Modem Parameter Profile _Remote Configuration...

PC Selhngsl Hange Tesll Termmal  Modem Conflgulauon I

tModem Parameter and Firmware — -~ Parameter View
Read I Write I Restore I Clear Screen

Profile
Save

Versions
Download new

Show Defaults

I Always Update Firmware

Load

versions...

PC Settings | Range Test | Teminal Modem Configuration
todem Parameter and Firmware — - Parameter View
Read | Write Restore Clear Screen

Profile ——

Save

Show Defaults:

I~ Always Update Firmware

Load

Versions...

Versions

Download new
VEISIONs...

Modem: XBEE Function Set

Version

IXBP24 _I IX_BEE PRO 802.15.4 RS232 ADAPTER

| |1Es

Modem: XBEE Function Set

Version

XB24 bt IXBEE 802.15.4 RS232 ADAPTER

~| [es ~]

=2 a Networking & Security

- [ [C)CH - Channel

- [l (3332)1D - PAN ID

200) DH - Destination Address High
- | [4DAF7538] DL - Destination Address Low

4081553D) SL Serial Number Low
U] MM - MAL Mode
- [ [0)RR - XBee Retries
- [@ [0)RN - Random Delay Slots
— [ (19)NT - Node Discover Time
- [/ (0)NO - Node Discover Options
- B (0) CE - Coordinator Enable
- B (1FFE) SC - Scan Channels
- B (4) SD - Scan Duration

B (0)41- End Device Association
- B (0) 42 - Coordinator &ssociation

- B (0) Al - Association Indication
.. B MM EE . AEQ Enenintion Ernahla

1423 Networking & Security
- [@ (C)CH - Channel
B (3332)ID - PAN ID
e | DH - Destination Address High
- @1 (4081553D) DL - Destination Address Low
-+ @ (0) MY - 16-bit Source Address

— - & enal Number Higl
- [4DAFFSBE]SL Serial Number Low

- B T VAT Mode

- [ (0)RR - XBee Retries

- [@ (0) RN - Random Delay Slots

- @ (19) NT - Node Discover Time
- @ (0)ND - Node Discover Options
- @ (0) CE - Coordinator Enable

- @ (1FFE) SC - Scan Channels

. [@ (4)SD - Scan Duration

- [@ (0)41- End Device Association
-~ [ (0)A2 - Coordinator Association
-« B (04! - &ssociation Indication

.. BLIMEF . AEC Eneninbion Enshla

Read ‘paramelelsNEIK

Modlfy networking settings

COM7 9600 8-N-1 FLOW:NONE XBP24 Ver1lES |

COM7 | 96008N-1 FLOW:NDNE XB24 Ver1IES

U7 4.3 uanae SL SH w83 Xbee




v
ATSH SL ¥84 Xbee MmMATULAZAIAAS
aduseuvzlumsdanisiiwesaineg Adnludesinuadieldlunisddioya
W NsiEntesdnyn (U 4.9) uar nsiaiasnuildlunisdedyeya (Ui 4.5)

BB com7 x-cu w i

Modem  Parameter  Profile  Remote Configuration...  Versions..,

PC Settingsl Range Testl Terminal  Modem Configuration |

— Modem Parameter and Firrware — — Parameter Wiew - — Profile W ergions
Read | Write | Restore | Clear Screen Save Dermrlees) mee
[T Always Update Firmware Show Defaults Load versions..
todem: #BEE Function Set 1] YW ergion
|<B24 ~| |BEE 202154 RS232 ADAPTER >l |es -]

=423 Metwarking & Security

----- B [CICH - Charinel [ 2

_____ B (5592110 Pt C ds Channel 12
----- B [134200] DH - Destination Address High

----- B [40815530] DL - Destination Address Low

----- B (0] kY - 16-bit Source Address

----- B (134200 5H - Serial Mumber High

----- B [404F75EE) 5L - Serial Mumber Low

----- B (0] bk - MALC Mode

----- B [01FF - <Bee Feties

----- B (01 RN - Fandom Delay Slots

----- B (191 MT - Mode Discover Time

----- B (0] NO - Mode Discover Options

----- B (0] CE - Coordinatar Enable

----- B (IFFE]5C - Scan Channels

----- B (4150 - Scan Duration

----- B 01 - Erid Device Association 4 4'
----- B 0 Y ddipnsidataedyu Midlunsienns

----- B (014 - Azzociation Indication
..... B (M EE . AFT Crerirbios Eezhla

Set/read the channel number [|Jzes 802.15.4 channel numbers).

m

RAMGE: T40B-014 _— =
Range: sasudazs

[COM7 | 9600 8-M-1 FLOW:NOME XB24 Ver11ES | |

JUT 4.4 nsidndesdnyana Aldlunisdeans



Modem  Pararneter Profile  Remote Configuration...  Versions...

PLC Settings I Fiange Test I Terminal  Modem Configuration
I — kodem Parameter and Firrmware —— Parameter Wiew - — Profile W erzions |

FRead I Write I Resztare | Clear Screen Save Darrleed rews

i Slways | pdate Firnware Show Defaults Load WEISions...

t odem: #BEE Function Set W Erzion

|24 _=| |BEE 802.15.4 R5232 ADAPTER >l |1Es ]

----- B (0]41 - End Device Aszociation -

----- B (0] 42 - Coordinator Azsociation

----- B (0] 4 - Aszociation [ndication

----- B (1) EE - 2E5 Enciyption Enable

----- B kv - AES Encipplion Key

----- B (1Ml - Node [dentifier

B3 FF Interfacing

HIGHEST M

LOWEST
- L
-MEDIUM
- HIGH
-HIGHEST

m

----- B 10150 - Sleep Options

B4 Serial Interfacing

----- B [31ED - Interface Data Fate
----- B (0] NE - Parity

----- B (41RO - Packetization Timeout

..... B in1 AR . AP Frakla
Select/Read tranzmitter output power.

COM7  |9600 8-M-1 FLOWSMOME  %B24 Wer1lER | |

U7 4.5 nadnindsanulunisdstoya (Power Level)

4.2.2 \Beuderssmad
MMsieusisuain Arduino fulwulgeTingamgil DS18B20 uavliousiauain

Arduino fuuasa Xbee Shield Misafuid Xbee Sousounad lnglduumaas 12 v 1u
wiasdnglnlviiuveia Arduino wag Xbee faguil 4.6
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JUN 4.6 LanINISITDNNRTNIAAN

4.2.3 \Bousiersesmasy
MsL¥esie xbee iU Arduino WATUABNNIWESITBUARINAAUNNNSUlAHY
lUsunsu Arduino fagu4.7

JUN 4.7 Wausdanipsuiupeuitames
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4.2.4 Wewsonwsmedutumeg

yhnsidousensnsmaiuiuniads faguil 4.8 mMshauvesasAelmesves
aAdwinIseugamgindidergungifldluss vedn Aduino  nnads 91ntuusa
Arduino az¥imsdsAgaumgiiflalul Xbee Ui Xbee vosmAdsinnsdsANgumgilUs
Xbee wasmasuuuulians (wireless) a1ntu Xbee w83nIASUILIINTdsATgMARTILAT
UuanaafilusunsuArduino manthasaeufinmes nagamgifieuwesniinduliiansds
U7 4.9 TnouansAngnainiinng 3 Junii

Uil 4.8 Lanigunsidennsasmasuiuniags

ol

[v] Autoscroll [No line ending E |9600'baud v

'
a

UM 4.9 LanINaNIIATIIUUN I

Y

CaNl
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43  HaMIVAARUlATNEINYBITEUUNTIYinguvgidnludAlagiueTatne  xbeelnedl
wiasdaluleanead

4.3.1N1SVAFBUNTHNINYBNNTTUIUABUTTUUN T TINGUNYH

'
a

JU 4.11 nageuinnadeiigaugiinieuen

Y
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U1 4.13 madeandunninlugamgiivieanilouiy
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MHIIINNITVAFOUNMTVINNUVBNITUTUFe usTUUATIv TR liasvauysaiud) Aaluay
Funsmageunsldanuassuiiuiisneg Tnewsnaidenlflunslunmsvegeuasil 2 Shua
Ao 1.n38 non line-of-sight (saUq@IAIsLazA1ElUBIAT)

2.n38 line-of-sight (nN18UBNBIATYT)

o . .
4.3.2 MIAasun3tif 1 non line-of-sight
AATURR R faagn1elueians Linndaegusnsau9e1ATseusI 2

JUN 4.14 uansiimimegeuluusnneAsiseusnaes
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U

a | a v v 3 a =
SUN 4.15 aamdseginthviesgudaniadinm

71 4.16 nAdsognivies Labcom 5

94



95

JoENNUMD

A99 600

L4

b4
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Nan1sNAEaUNIal non line-of-sight

P> = . .
M99 4.3.1 ﬂ"li‘V]@aaUﬂqﬂiuaqﬂqiLLagﬁaUG]E]']ﬂ'ﬁLaﬂJBUL{Ju non llne—of—5|ght

v
[

ILYENY MU SrnuASTISULS L
PNAFBUY (m)yann adaide |1 2 [ 3 |iede o %
gunsalsds
A mihaud anfafinw 50 10 9 |10 | 10 | 10 100
B VNaiL TN 80 10 6199 8 80
C ﬂﬂaimuéﬁauiwam 75 10 7 9 9 8.33 83.33
D fivensasinaes 60 10 10| 8 | 10| 933 93.33
E %uammaaaagmmaﬁu 5 10 10| 9 [ 10| 966 96.66
F #tiia4 B5205 20 10 10 | 10| 9 | 9.66 96.66
G Ne9 B5209 40 10 71 9 | 10| 866 86.66
H %1994 lab 5 40 10 9 | 6 | 6 7 70

(%

deyanesaundennsnlassll

ASINLAAIANNAUNUS

2 ————————————— —

10 -4 — B i .

161 (%)
co

6 oA
1= —f=—  AUNAY
G
(&3
= 4
@

2

0 T T T T T T T |

A B G D E F G H
AVAFDU

JUT 4.18 nsmuansmuduiusseninsanuniunisdadeys
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4.3.3 Mvadaunsdiil 2 line-of-sight

I H G F E D c B A R

<: line of sight

= ° ! a =
E‘U‘Vl 4.19 LEANH LU UINAFDUUIIUIDUDIANILIYUTINEADY

< [y <
v R Aeflugunsalniadu ua Al Aegafiilugunsalniads

nsnageuluusagiurismuuIuilanvuald dmsuisnisdleyaainiess
1 g.’/ o 1Y I~ :.Il a ~ a a (%
Medstiurzimruanisdloyaiiunsias 30 Junil Fanielu 30 JunitagdadeyanngUseunn
3 Fu wllesn@nlusunsunniaddddnisuniiaiandu 3 Jurd legrsasnedadusida
Toyauazivasnasuiluisudoyansauruanmanielusunsy Arduino wiiduiindeya
FUIUATINTULA LA aLFLAL

JUN 4.20 Myinluanunass




nan1saaaunsel line-of-sight

P> = . .
M99 4.3.2 ﬂ'ﬁ‘V]ﬂaaUﬂ’]EJuaﬂa']ﬂ']iLalIQULﬂu llne—of—5|ght

98

aVnaay (lWns)

JUN 4.21 nemluansaudusiug

SyaEma(m)an | SunuAsed FuuASesule o
NAABU o , R AU %
: DUNTUFIES a9 1| 2] 3| way
A 10 10 10 | 10 | 10 10 100
B 20 10 10 | 10 | 10 10 100
C 30 10 10 | 10 | 10 10 100
D 40 10 10 | 9 9.33 93.33
E 50 10 10 | 10 | 8 9.33 93.33
F 60 10 10 | 10 | 10 10 100
G 70 10 10 | 10 | 7 9 90
H 80 10 101 9 (10 9.66 96.66
| 90 10 10 | 10 | 8 9.33 93.33
ihdaganmaswdenns s
o
NI INUARIANAUNUS
12
10 - A &
g g— S
S
ﬁﬁ 6
_ﬂg —t— Auade
y
Z 4
cw
2
0 T T T T
10 20 30 40 50 60 70 80 90




4.3.4 MAARUNMTHNUTBISUILETIngunaiiveinsdl non line-of-sight
szuvadu 2 nsdlfie

ASEIN 1 NeaaUTIIaINaneTu Tuan 15.30 u.
ASIN 2 NAABDUTIIANANAY T1tan 19.00 U.

99

| ' ad Y o o '
M19199 4.3.3 ﬂ’lquQNVIMS'NQUllﬁ‘lm'Jmﬂa’lxi'mm')a’l 15.30 u. l‘lm‘m&l (?J\iﬂ"ll,‘?ja@&la)

AVAFOU
A B C D E F G H

TEHYN

| 80 75 60 5 20 40 40
adefil | 3244 | 3281 | 3431 | 3331 | 3300 | 3238 | 3250 | 30.81
adefi2 | 3244 | 3288 | 3463 | 3331 | 3294 | 3219 | 3144 | 3081
adafia | 3250 | 3288 | 3469 | 3319 | 3294 | 3219 | 3144 | 3075
adafia | 3250 | 3294 | 3469 | 3319 | 3294 | 3219 | 3144 | 30.75
adafis | 3256 | 3300 | 3475 | 3245 | 3288 | 3219 | 3144 | 3069
adefle | 3263 | 3325 | 3475 | 3231 | 3269 | 3213 | 3150 | 30.75
a7 | 3269 | 3344 | 3469 | 3231 | 3269 | 3213 | 3144 | 3069
adafls | 3269 | 3350 | 3475 | 3225 | 3263 | 3213 | 3137 | 30.62
adaflo | 3275 | 3350 | 3475 | 3206 | 3263 | 3219 | 3137 | 3069
adaiito | 3281 | 3344 | 3475 | 3219 | 3256 | 3219 | 3125 | 3069

wis | 3260 | 33106 | 3468 | 3266 | 3279 | 3219 | 3152 | 30.73
i 3952
yaneIvn

0 A nthaud aniafn

P B Mmaidiu sumnils

9 C Dgsnudiseusiuges

| D fivensasinEes

W;E %”’uaaqmmaqammqﬁu
9 F vitivias B5205

9 G e B5209

90 H nivied lab 5
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< ' ad 1Y) < '
A15197 4.3.4 Agamgiinasadulalunananfuniing 19.00 wlumie (esriealea)

AVAFOU
A B C D E F G H

JEHYN

o | 80 75 60 5 20 40 40
adafll | 2600 | 2631 | 2600 | 2575 | 2712 | 2794 | 2919 | 2844
adafi2 | 2600 | 2631 | 2587 | 2575 | 2712 | 2794 | 2919 | 2844
adafla | 2600 | 2631 | 2587 | 2575 | 2719 | 27.94 | 2919 | 2837
adafia | 2600 | 2650 | 2587 | 2569 | 2719 | 2800 | 29.19 | 2831
adafis | 2504 | 2662 | 2575 | 2569 | 2719 | 2812 | 2931 | 2831
adefle | 2504 | 2662 | 2569 | 2575 | 2719 | 28.12 | 2937 | 28.06
adafi7 | 2594 | 2665 | 2569 | 2581 | 2725 | 2825 | 2937 | 28.06
adafls | 2504 | 2665 | 2569 | 2587 | 2731 | 2827 | 29.44 | 2806
adafio | 2594 | 2672 | 2562 | 2587 | 2737 | 2827 | 2945 | 27.97
adafio | 2504 | 2669 | 2562 | 2594 | 2737 | 2830 | 2945 | 27.81

wis | 2596 | 2654 | 2577 | 2579 | 2723 | 2812 | 2925 | 28.18
wies 27.11
MBI

9 A nthaug aniafng

M B MaLAY sIunils

w C U850 UA U UTINAD

99 D fi9onsasiaos

| E Fuapasiuaosganseiy
0 F vidwies B5205

9 G e B5209

9 H ntvies lab 5
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[

deayanaseuniennsmlansl

40

)

it

35

=

30

(GN IS

25

A
AlnaY

20

l/lﬂi

15

]
ad o

AQUNNUNTU

10

0

sUn
U

o—-——o/’\o—-o-—.\.\_‘

——naviu

=B—=naivau

5 +

— . 1

D
ANALIY

4.22 nymuaninnuduiussEnitgamginanaiudunainashu

4.3.5 vedsunsinuvesueeiingamgivensdl line-of-sight
szuvadu 2 nsdlde

A3Ei 1 nedeutianaInansiu luae 14.40 u.

36 2 neaeutANasAL Tuaan 20.00 1.

P ' ad 1Y) o '
35197 4.3.5 Argamgifiaseduldlunmnansiufive 14.40 ulumbe (esniwaides)

YN (lung)

10 | 20 '“[7730/1/140°1“50 | 60 | 70 | 80 | 90
adadl 1 33.38 | 30.37 | 30.62 | 31.37 | 31.69 | 32.94 | 32.00 | 34.25 | 34.13
afadl 2 33.44 | 30.44 | 30.69 | 31.44 | 31.69 | 32.88 | 32.06 | 34.25 | 34.25
YK 33.56 | 30.44 | 30.69 | 31.50 | 31.69 | 33.06 | 32.19 | 34.25 | 34.44
afafl 4 33.63 | 30.50 | 30.69 | 31.56 | 31.69 | 32.94 | 32.25 | 34.25 | 34.13
afadl 5 33.94 | 30.50 | 30.69 | 31.56 |31.62 | 33.00 | 32.31 | 34.31 | 34.19
afadl 6 34.00 | 30.56 | 30.69 | 31.62 | 31.62 | 33.06 | 32.38 | 34.31 | 34.32
adadl 7 34.00 | 30.56 | 30.75 | 31.62 | 31.69 | 33.06 | 32.50 | 34.31 | 34.31
adafl 8 34.06 | 30.56 | 30.87 | 31.62 | 31.75 | 33.00 | 32.56 | 34.19 | 34.75
afafl 9 34.00 | 30.62 | 30.94 | 31.69 | 31.75 | 33.00 | 32.63 | 34.13 | 33.63
adadl 10 34.00 | 30.62 | 31.00 | 31.75 | 31.81 | 33.00 | 32.63 | 33.94 | 33.40
1y 33.80 | 30.52 | 30.76 | 31.57 | 31.7 | 32.99 | 32.35 | 34.22 | 34.16
\desau 32.45
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< ' ad 1Y) < '
A1519M 4.3.6 Agamgiinesaedulalunananfuiiiaa 20.00 wlunie (eeriealea)

38N (LUAT)

Fow)

(GNIS sl

ade yy A
pinsuldimae

AQUH

10 20 30 40 50 60 70 80 90
ﬂ%lslﬁ 1 26.12 | 25.50 | 25.19 | 25.00 | 24.75 | 26.25 | 24.87 | 24.50 | 24.19
ﬂ%lslﬁ 2 26.06 | 25.50 | 25.19 | 25.00 | 24.69 | 26.25 | 24.87 | 24.44 | 24.19
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http://www.hobbyist.co.nz/?g=temperature_sensor_ds18b20

[4] Code s DS18B20 [paulall] wndelaain:

http://www.ee.kmutnb.ac.th/eerobot/esl/learning/index.php?article=ds 18b20-temperature-

Sensor

[5] Code Arduino [eaulail] idslaain: http:/www.arduino.cc/
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\uLgaTauna Dsb1820

maxim
integrated.
DS18B20
Programmable Resolution
1-Wire Digital Thermometer
DESCRIPTION = User-Definable Nonvolatile (NV) Alarm

The DS18B20 digital thermometer provides 9-bit
to 12-bit Celsius temperature measurements and
has an alarm function with nonvolatile user-
programmable upper and lower trigger points.
The DS18B20 communicates over a 1-Wire bus
that by definition requires only one data line (and
ground) for communication with a central
microprocessor. It has an operating temperature
range of -55°C to +125°C and is accurate to
+0.5°C over the range of -10°C to +85°C. In
addition, the DS18B20 can derive power directly
from the data line (“parasite power”), eliminating
the need for an external power supply.

Each DS18B20 has a unique 64-bit serial code,
which allows multiple DS18B20s to function on
the same 1-Wire bus. Thus, it is simple to use one
microprocessor to control many DS18B20s
distributed over a large area. Applications that
can benefit from this feature include HVAC
environmental controls, temperature monitoring
systems inside buildings, equipment, or
machinery, and process monitoring and control
systems.

FEATURES

= Unique 1-Wire® Interface Requires Only One
Port Pin for Communication

= Each Device has a Unique 64-Bit Serial Code
Stored in an On-Board ROM

=  Multidrop Capability Simplifies Distributed
Temperature-Sensing Applications

= Requires No External Components

= Can Be Powered from Data Line; Power Supply
Range is 3.0V to 5.5V

= Measures Temperatures from -55°C to +125°C
(-67°F to +257°F)

= +0.5°C Accuracy from -10°C to +85°C

= Thermometer Resolution is User Selectable
from 9 to 12 Bits

= Converts Temperature to 12-Bit Digital Word in
750ms (Max)

Settings

= Alarm Search Command Identifies and
Addresses Devices Whose Temperature is
Outside Programmed Limits (Temperature
Alarm Condition)

= Available in 8-Pin SO (150 mils), 8-Pin uSOP,
and 3-Pin TO-92 Packages

= Software Compatible with the DS1822

= Applications Include Thermostatic Controls,
Industrial Systems, Consumer Products,
Thermometers, or Any Thermally Sensitive
System

PIN CONFIGURATIONS

SO (150 mils)
(DS18B20Z)

DQI

GND [
Voo [

(DS18B20U)

(BOTTOM VIEW)

TO-92
(DS18B20)

1-Wire is a registered trademark of Maxim Integrated Products, Inc.

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.

REV: 042208



DS18B20
ORDERING INFORMATION
PART TEMP RANGE PIN-PACKAGE TOP MARK

DS18B20 -55°C to +125°C 3 TO-92 18B20
DS18B20+ -55°C to +125°C 3 TO-92 18B20
DS18B20/T&R -55°C to +125°C 3 TO-92 (2000 Piece) 18B20
DS18B20+T&R -55°C to +125°C 3 TO-92 (2000 Piece) 18B20
DS18B20-SL/T&R -55°C to +125°C 3 TO-92 (2000 Piece)* 18B20
DS18B20-SL+T&R -55°C to +125°C 3 TO-92 (2000 Piece)* 18B20
DS18B20U -55°C to +125°C 8 uSOP 18B20
DS18B20U+ -55°C to +125°C 8 uSOP 18B20
DS18B20U/T&R -55°C to +125°C 8 uSOP (3000 Piece) 18B20
DS18B20U+T&R -55°C to +125°C 8 uSOP (3000 Piece) 18B20
DS18B20Z -55°C to +125°C 8 SO DS18B20
DS18B20Z+ -55°C to +125°C 8 SO DS18B20
DS18B20Z/T&R -55°C to +125°C 8 SO (2500 Piece) DS18B20
DS18B20Z+T&R -55°C to +125°C 8 SO (2500 Piece) DS18B20

+Denotes a lead-free package. A “+" will appear on the top mark of lead-free packages.

T&R = Tape and reel.

*TO-92 packages in tape and reel can be ordered with straight or formed leads. Choose “SL” for straight leads. Bulk TO-92 orders are straight
leads only.

PIN DESCRIPTION

PIN
NAME FUNCTION
SO uSOP | TO-92
1,2, 6; | 2:3, 5; ;
7.8 6,7 — N.C. No Connection
3 8 3 Voo Opthnal Vpp. Vpp must be grounded for operation in
parasite power mode.
Data Input/Output. Open-drain 1-Wire interface pin. Also
4 1 2 DQ provides power to the device when used in parasite power
mode (see the Powering the DS18B20 section.)
5 4 1 GND Ground
OVERVIEW

Figure 1 shows a block diagram of the DS18B20, and pin descriptions are given in the Pin Description
table. The 64-bit ROM stores the device’s unique serial code. The scratchpad memory contains the 2-byte
temperature register that stores the digital output from the temperature sensor. In addition, the scratchpad
provides access to the 1-byte upper and lower alarm trigger registers (Ty and Tp) and the 1-byte
configuration register. The configuration register allows the user to set the resolution of the temperature-
to-digital conversion to 9, 10, 11, or 12 bits. The Ty, Tr, and configuration registers are nonvolatile
(EEPROM), so they will retain data when the device is powered down.

The DS18B20 uses Maxim’s exclusive 1-Wire bus protocol that implements bus communication using
one control signal. The control line requires a weak pullup resistor since all devices are linked to the bus
via a 3-state or open-drain port (the DQ pin in the case of the DS18B20). In this bus system, the
microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on one

20f22
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bus is virtually unlimited. The 1-Wire bus protocol, including detailed explanations of the commands and
“time slots,” is covered in the /-Wire Bus System section.

Another feature of the DS18B20 is the ability to operate without an external power supply. Power is
instead supplied through the 1-Wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor (Cpp), which then supplies power to the device when the bus is
low. This method of deriving power from the 1-Wire bus is referred to as “parasite power.” As an
alternative, the DS18B20 may also be powered by an external supply on Vpp.

Figure 1. DS18B20 Block Diagram

Vey
4.7k -l «—{ MEMORY CONTROL DS18B20
| 4 5
DQ v

1-—| TEMPERATURE SENSOR I

64-BIT ROM
INTERNAL Moo > AND ALARM HIGH TRIGGER (Ty)
REGISTER (EEPROM)

GND J_ Con 1:WirsPOSY SCRATCHPAD
ALARM LOW TRIGGER (T)
REGISTER (EEPROM)

A

COWER |CONFIGU(I;IE\;I:(I)‘IMR)EGISTER |
Voo I— SUPPLY >
SENSE
<—>| 8-BIT CRC GENERATOR I

OPERATION—MEASURING TEMPERATURE

The core functionality of the DS18B20 is its direct-to-digital temperature sensor. The resolution of the
temperature sensor is user-configurable to 9, 10, 11, or 12 bits, corresponding to increments of 0.5°C,
0.25°C, 0.125°C, and 0.0625°C, respectively. The default resolution at power-up is 12-bit. The DS18B20
powers up in a low-power idle state. To initiate a temperature measurement and A-to-D conversion, the
master must issue a Convert T [44h] command. Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its idle
state. If the DS18B20 is powered by an external supply, the master can issue “read time slots” (see the
1-Wire Bus System section) after the Convert T command and the DS18B20 will respond by transmitting
0 while the temperature conversion is in progress and 1 when the conversion is done. If the DS18B20 is
powered with parasite power, this notification technique cannot be used since the bus must be pulled high
by a strong pullup during the entire temperature conversion. The bus requirements for parasite power are
explained in detail in the Powering the DS18B20 section.

The DS18B20 output temperature data is calibrated in degrees Celsius; for Fahrenheit applications, a
lookup table or conversion routine must be used. The temperature data is stored as a 16-bit sign-extended
two’s complement number in the temperature register (see Figure 2). The sign bits (S) indicate if the
temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = 1. If the
DS18B20 is configured for 12-bit resolution, all bits in the temperature register will contain valid data.
For 11-bit resolution, bit 0 is undefined. For 10-bit resolution, bits 1 and O are undefined, and for 9-bit
resolution bits 2, 1, and O are undefined. Table 1 gives examples of digital output data and the
corresponding temperature reading for 12-bit resolution conversions.
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Figure 2. Temperature Register Format
BIT 7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
seyre | 2 | 2 | 2 | 2 | 2 [ 2 [ 2 [ 2
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT9 BIT 8
meve| s | s | s [ s [ s | 2 [ 2 [ ¢

S =S8SIGN

Table 1. Temperature/Data Relationship

DIGITAL OUTPUT | DIGITAL OUTPUT
TEMPERATURE (°C) (BINARY) (HEX)
+125 0000 0111 1101 0000 07DOh
+85% 0000 0101 0101 0000 0550h
+25.0625 0000 0001 1001 0001 0191h
+10.125 0000 0000 1010 0010 00A2h
+0.5 0000 0000 0000 1000 0008h
0 0000 0000 0000 0000 0000h
-0.5 1111 1111 1111 1000 FFF8h
-10.125 1111 11110101 1110 FFSEh
-25.0625 111111100110 1111 FE6Fh
-55 1111 1100 1001 0000 FC90h

*The power-on reset value of the temperature register is +85°C.

OPERATION—ALARM SIGNALING

After the DS18B20 performs a temperature conversion, the temperature value is compared to the user-
defined two’s complement alarm trigger values stored in the 1-byte Ty and Ty registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negative
numbers S = 1. The Ty and Ty registers are nonvolatile (EEPROM) so they will retain data when the
device is powered down. Ty and Ty, can be accessed through bytes 2 and 3 of the scratchpad as explained
in the Memory section.

Figure 3. TH and T|_ Register Format

BIT7 BIT6 BIT 5 BIT 4 BIT3 BIT 2 BIT 1 BITO
s | 2° 2 2 2 22 2! 2°

Only bits 11 through 4 of the temperature register are used in the Ty and T comparison since Ty and Ty,
are 8-bit registers. If the measured temperature is lower than or equal to Tr. or higher than or equal to Ty,
an alarm condition exists and an alarm flag is set inside the DS18B20. This flag is updated after every
temperature measurement; therefore, if the alarm condition goes away, the flag will be turned off after the
next temperature conversion.
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The master device can check the alarm flag status of all DS18B20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18B20s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18B20s have experienced an alarm condition. If an alarm condition exists
and the Ty or Ty settings have changed, another temperature conversion should be done to validate the
alarm condition.

POWERING THE DS18B20

The DS18B20 can be powered by an external supply on the Vpp pin, or it can operate in “parasite power”
mode, which allows the DS18B20 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained.
Figure 1 shows the DS18B20’s parasite-power control circuitry, which “steals” power from the 1-Wire
bus via the DQ pin when the bus is high. The stolen charge powers the DS18B20 while the bus is high,
and some of the charge is stored on the parasite power capacitor (Cpp) to provide power when the bus is
low. When the DS18B20 is used in parasite power mode, the Vpp pin must be connected to ground.

In parasite power mode, the 1-Wire bus and Cpp can provide sufficient current to the DS18B20 for most
operations as long as the specified timing and voltage requirements are met (see the DC FElectrical
Characteristics and AC Electrical Characteristics). However, when the DS18B20 is performing
temperature conversions or copying data from the scratchpad memory to EEPROM, the operating current
can be as high as 1.5mA. This current can cause an unacceptable voltage drop across the weak 1-Wire
pullup resistor and is more current than can be supplied by Cpp. To assure that the DS18B20 has sufficient
supply current, it is necessary to provide a strong pullup on the 1-Wire bus whenever temperature
conversions are taking place or data is being copied from the scratchpad to EEPROM. This can be
accomplished by using a MOSFET to pull the bus directly to the rail as shown in Figure 4. The 1-Wire
bus must be switched to the strong pullup within 10us (max) after a Convert T [44h] or Copy Scratchpad
[48h] command is issued, and the bus must be held high by the pullup for the duration of the conversion
(tconv) or data transfer (twr = 10ms). No other activity can take place on the 1-Wire bus while the pullup
is enabled.

The DS18B20 can also be powered by the conventional method of connecting an external power supply
to the Vpp pin, as shown in Figure 5. The advantage of this method is that the MOSFET pullup is not
required, and the 1-Wire bus is free to carry other traffic during the temperature conversion time.

The use of parasite power is not recommended for temperatures above +100°C since the DS18B20 may
not be able to sustain communications due to the higher leakage currents that can exist at these
temperatures. For applications in which such temperatures are likely, it is strongly recommended that the
DS18B20 be powered by an external power supply.

In some situations the bus master may not know whether the DS18B20s on the bus are parasite powered
or powered by external supplies. The master needs this information to determine if the strong bus pullup
should be used during temperature conversions. To get this information, the master can issue a Skip ROM
[CCh] command followed by a Read Power Supply [B4h] command followed by a “read time slot”.
During the read time slot, parasite powered DS18B20s will pull the bus low, and externally powered
DS18B20s will let the bus remain high. If the bus is pulled low, the master knows that it must supply the
strong pullup on the 1-Wire bus during temperature conversions.
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Figure 4. Supplying the Parasite-Powered DS18B20 During Temperature Conversions
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Figure 5. Powering the DS18B20 with an External Supply
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64-BIT LASERED ROM CODE
Each DS18B20 contains a unique 64-bit code (see Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DS18B20’s 1-Wire family code: 28h. The next 48 bits contain a unique
serial number. The most significant 8 bits contain a cyclic redundancy check (CRC) byte that is
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC Generation section. The 64-bit ROM code and associated ROM function control logic allow the
DS18B20 to operate as a 1-Wire device using the protocol detailed in the /-Wire Bus System section.

Figure 6. 64-Bit Lasered ROM Code
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MEMORY

The DS18B20’s memory is organized as shown in Figure 7. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alarm trigger registers (Ty and Tyr)
and configuration register. Note that if the DS18B20 alarm function is not used, the Ty and Ty registers
can serve as general-purpose memory. All memory commands are described in detail in the DS/8B520
Function Commands section.

Byte 0 and byte 1 of the scratchpad contain the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty registers. Byte 4
contains the configuration register data, which is explained in detail in the Configuration Register section.
Bytes 5, 6, and 7 are reserved for internal use by the device and cannot be overwritten.

Byte 8 of the scratchpad is read-only and contains the CRC code for bytes 0 through 7 of the scratchpad.
The DS18B20 generates this CRC using the method described in the CRC Generation section.

Data is written to bytes 2, 3, and 4 of the scratchpad using the Write Scratchpad [4Eh] command; the data
must be transmitted to the DS18B20 starting with the least significant bit of byte 2. To verify data
integrity, the scratchpad can be read (using the Read Scratchpad [BEh] command) after the data is
written. When reading the scratchpad, data is transferred over the 1-Wire bus starting with the least
significant bit of byte 0. To transfer the Ty, Tr and configuration data from the scratchpad to EEPROM,
the master must issue the Copy Scratchpad [48h] command.

Data in the EEPROM registers is retained when the device is powered down; at power-up the EEPROM
data is reloaded into the corresponding scratchpad locations. Data can also be reloaded from EEPROM to
the scratchpad at any time using the Recall E® [B8h] command. The master can issue read time slots
following the Recall E* command and the DS18B20 will indicate the status of the recall by transmitting 0
while the recall is in progress and 1 when the recall is done.

Figure 7. DS18B20 Memory Map

SCRATCHPAD
(POWER-UP STATE)

Byte 0 | Temperature LSB (50h)

(85°C)
Byte 1 | Temperature MSB (05h) EEPROM
Byte 2 | Ty Register or User Byte 1* <+—| Ty Register or User Byte 1
Byte 3 | Tp Register or User Byte 2* <+—| T Register or User Byte 2
Byte 4 | Configuration Register* = Configuration Register

Byte 5 | Reserved (FFh)
Byte 6 | Reserved

Byte 7 | Reserved (10h)
Byte 8 | CRC*

* Power-up state depends on value(s) stored in EEPROM.
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CONFIGURATION REGISTER

Byte 4 of the scratchpad memory contains the configuration register, which is organized as illustrated in
Figure 8. The user can set the conversion resolution of the DS18B20 using the RO and R1 bits in this
register as shown in Table 2. The power-up default of these bits is RO =1 and R1 = 1 (12-bit resolution).
Note that there is a direct tradeoff between resolution and conversion time. Bit 7 and bits 0 to 4 in the
configuration register are reserved for internal use by the device and cannot be overwritten.

Figure 8. Configuration Register

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
0 R1 RO 1 1 d 1 1

Table 2. Thermometer Resolution Configuration

- RO RESOLUTION MAX CONVERSION
(BITS) TIME
0 0 9 93.75ms (tconv/8)
0 1 10 187.5ms (tconv/4)
1 0 11 375ms (tconv/2)
1 1 12 750ms (tconv)

CRC GENERATION

CRC bytes are provided as part of the DS18B20’s 64-bit ROM code and in the 9" byte of the scratchpad
memory. The ROM code CRC is calculated from the first 56 bits of the ROM code and is contained in the
most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DS18B20. To verify that data has
been read correctly, the bus master must re-calculate the CRC from the received data and then compare
this value to either the ROM code CRC (for ROM reads) or to the scratchpad CRC (for scratchpad reads).
If the calculated CRC matches the read CRC, the data has been received error free. The comparison of
CRC values and the decision to continue with an operation are determined entirely by the bus master.
There is no circuitry inside the DS18B20 that prevents a command sequence from proceeding if the
DS18B20 CRC (ROM or scratchpad) does not match the value generated by the bus master.

The equivalent polynomial function of the CRC (ROM or scratchpad) is:
CRE=X"+X"+ X" #1

The bus master can re-calculate the CRC and compare it to the CRC values from the DS18B20 using the
polynomial generator shown in Figure 9. This circuit consists of a shift register and XOR gates, and the
shift register bits are initialized to 0. Starting with the least significant bit of the ROM code or the least
significant bit of byte 0 in the scratchpad, one bit at a time should shifted into the shift register. After
shifting in the 56th bit from the ROM or the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Next, the 8-bit ROM code or scratchpad CRC
from the DS18B20 must be shifted into the circuit. At this point, if the re-calculated CRC was correct, the
shift register will contain all Os. Additional information about the Maxim 1-Wire cyclic redundancy check
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is available in Application Note 27: Understanding and Using Cyclic Redundancy Checks with Maxim
iButton Products.

Figure 9. CRC Generator

1-WIRE BUS SYSTEM

The 1-Wire bus system uses a single bus master to control one or more slave devices. The DS18B20 is
always a slave. When there is only one slave on the bus, the system is referred to as a “single-drop”
system; the system is “multidrop” if there are multiple slaves on the bus.

All data and commands are transmitted least significant bit first over the 1-Wire bus.

The following discussion of the 1-Wire bus system is broken down into three topics: hardware
configuration, transaction sequence, and 1-Wire signaling (signal types and timing).

HARDWARE CONFIGURATION

The 1-Wire bus has by definition only a single data line. Each device (master or slave) interfaces to the
data line via an open-drain or 3-state port. This allows each device to “release” the data line when the
device is not transmitting data so the bus is available for use by another device. The 1-Wire port of the
DS18B20 (the DQ pin) is open drain with an internal circuit equivalent to that shown in Figure 10.

The 1-Wire bus requires an external pullup resistor of approximately 5kQ; thus, the idle state for the
1-Wire bus is high. If for any reason a transaction needs to be suspended, the bus MUST be left in the idle
state if the transaction is to resume. Infinite recovery time can occur between bits so long as the 1-Wire
bus is in the inactive (high) state during the recovery period. If the bus is held low for more than 480us,
all components on the bus will be reset.

Figure 10. Hardware Configuration

Vpy
DS18B20 1-Wire PORT

4.7k DQ

1-Wire BUS =
Rx—Oq
SpA
TYP | X
Tx 100Q2
MOSFET
Rx = RECEIVE

Tx = TRANSMIT

1
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TRANSACTION SEQUENCE

The transaction sequence for accessing the DS18B20 is as follows:
Step 1. Initialization
Step 2. ROM Command (followed by any required data exchange)
Step 3. DS18B20 Function Command (followed by any required data exchange)

It is very important to follow this sequence every time the DS18B20 is accessed, as the DS18B20 will not
respond if any steps in the sequence are missing or out of order. Exceptions to this rule are the Search
ROM [FOh] and Alarm Search [ECh] commands. After issuing either of these ROM commands, the
master must return to Step 1 in the sequence.

INITIALIZATION

All transactions on the 1-Wire bus begin with an initialization sequence. The initialization sequence
consists of a reset pulse transmitted by the bus master followed by presence pulse(s) transmitted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DS18B20) are on the
bus and are ready to operate. Timing for the reset and presence pulses is detailed in the /-Wire Signaling
section.

ROM COMMANDS

After the bus master has detected a presence pulse, it can issue a ROM command. These commands
operate on the unique 64-bit ROM codes of each slave device and allow the master to single out a specific
device if many are present on the 1-Wire bus. These commands also allow the master to determine how
many and what types of devices are present on the bus or if any device has experienced an alarm
condition. There are five ROM commands, and each command is 8 bits long. The master device must
issue an appropriate ROM command before issuing a DS18B20 function command. A flowchart for
operation of the ROM commands is shown in Figure 11.

SEARCH ROM [FOh]

When a system is initially powered up, the master must identify the ROM codes of all slave devices on
the bus, which allows the master to determine the number of slaves and their device types. The master
learns the ROM codes through a process of elimination that requires the master to perform a Search ROM
cycle (i.e., Search ROM command followed by data exchange) as many times as necessary to identify all
of the slave devices. If there is only one slave on the bus, the simpler Read ROM command (see below)
can be used in place of the Search ROM process. For a detailed explanation of the Search ROM
procedure, refer to the iButton" Book of Standards at www.maxim-ic.com/ibuttonbook. After every
Search ROM cycle, the bus master must return to Step 1 (Initialization) in the transaction sequence.

READ ROM [33h]

This command can only be used when there is one slave on the bus. It allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure. If this command is used when there
is more than one slave present on the bus, a data collision will occur when all the slaves attempt to
respond at the same time.

MATCH ROM [55h]

The match ROM command followed by a 64-bit ROM code sequence allows the bus master to address a
specific slave device on a multidrop or single-drop bus. Only the slave that exactly matches the 64-bit
ROM code sequence will respond to the function command issued by the master; all other slaves on the
bus will wait for a reset pulse.

iButton is a registered trademark of Maxim Integrated Products, Inc.
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SKIP ROM [CCh]

The master can use this command to address all devices on the bus simultaneously without sending out
any ROM code information. For example, the master can make all DS18B20s on the bus perform
simultaneous temperature conversions by issuing a Skip ROM command followed by a Convert T [44h]
command.

Note that the Read Scratchpad [BEh] command can follow the Skip ROM command only if there is a
single slave device on the bus. In this case, time is saved by allowing the master to read from the slave
without sending the device’s 64-bit ROM code. A Skip ROM command followed by a Read Scratchpad
command will cause a data collision on the bus if there is more than one slave since multiple devices will
attempt to transmit data simultaneously.

ALARM SEARCH [ECh]

The operation of this command is identical to the operation of the Search ROM command except that
only slaves with a set alarm flag will respond. This command allows the master device to determine if
any DS18B20s experienced an alarm condition during the most recent temperature conversion. After
every Alarm Search cycle (i.e., Alarm Search command followed by data exchange), the bus master must
return to Step 1 (Initialization) in the transaction sequence. See the Operation—Alarm Signaling section
for an explanation of alarm flag operation.

DS18B20 FUNCTION COMMANDS

After the bus master has used a ROM command to address the DS18B20 with which it wishes to
communicate, the master can issue one of the DS18B20 function commands. These commands allow the
master to write to and read from the DS18B20’s scratchpad memory, initiate temperature conversions and
determine the power supply mode. The DS18B20 function commands, which are described below, are
summarized in Table 3 and illustrated by the flowchart in Figure 12.

CONVERT T [44h]

This command initiates a single temperature conversion. Following the conversion, the resulting thermal
data is stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its
low-power idle state. If the device is being used in parasite power mode, within 10us (max) after this
command is issued the master must enable a strong pullup on the 1-Wire bus for the duration of the
conversion (tconv) as described in the Powering the DS18B20 section. If the DS18B20 is powered by an
external supply, the master can issue read time slots after the Convert T command and the DS18B20 will
respond by transmitting a O while the temperature conversion is in progress and a 1 when the conversion
is done. In parasite power mode this notification technique cannot be used since the bus is pulled high by
the strong pullup during the conversion.

WRITE SCRATCHPAD [4Eh]

This command allows the master to write 3 bytes of data to the DS18B20’s scratchpad. The first data byte
is written into the Ty register (byte 2 of the scratchpad), the second byte is written into the Ty register
(byte 3), and the third byte is written into the configuration register (byte 4). Data must be transmitted
least significant bit first. All three bytes MUST be written before the master issues a reset, or the data
may be corrupted.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad. The data transfer starts with the
least significant bit of byte 0 and continues through the scratchpad until the 9th byte (byte 8 — CRC) is
read. The master may issue a reset to terminate reading at any time if only part of the scratchpad data is
needed.
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COPY SCRATCHPAD [48h]
This command copies the contents of the scratchpad Ty, Tr and configuration registers (bytes 2, 3 and 4)
to EEPROM. If the device is being used in parasite power mode, within 10us (max) after this command is
issued the master must enable a strong pullup on the 1-Wire bus for at least 10ms as described in the
Powering the DS18B20 section.

RECALL E? [B8h]

This command recalls the alarm trigger values (Ty and Tp) and configuration data from EEPROM and
places the data in bytes 2, 3, and 4, respectively, in the scratchpad memory. The master device can issue
read time slots following the Recall E> command and the DS18B20 will indicate the status of the recall by
transmitting O while the recall is in progress and 1 when the recall is done. The recall operation happens
automatically at power-up, so valid data is available in the scratchpad as soon as power is applied to the
device.

READ POWER SUPPLY [B4h]

The master device issues this command followed by a read time slot to determine if any DS18B20s on the
bus are using parasite power. During the read time slot, parasite powered DS18B20s will pull the bus
low, and externally powered DS18B20s will let the bus remain high. See the Powering the DS18B20
section for usage information for this command.

Table 3. DS18B20 Function Command Set

1-Wire BUS
COMMAND DESCRIPTION PROTOCOL ACTIVITYAFTER NOTES
COMMAND IS ISSUED
TEMPERATURE CONVERSION COMMANDS
Convert T Initiates temperature DS18B20 transmits
conversion. conversion status to master
44h : : 1
(not applicable for parasite-
powered DS18B20s).
MEMORY COMMANDS
Read Reads the entire scratchpad BEh DS18B20 transmits up to 9 2
Scratchpad including the CRC byte. data bytes to master.
Write Writes data into scratchpad Master transmits 3 data bytes
Scratchpad bytes 2, 3, and 4 (Ty, T, AEh to DS18B20. 3
and configuration
registers).
Copy Copies Ty, Tr, and None
Scratchpad configuration register data 48h )
from the scratchpad to
EEPROM.
Recall B2 Recalls Ty, Tr, and DS18B20 transmits recall
configuration register data Bsh status to master.
from EEPROM to the
scratchpad.
Read Power | Signals DS18B20 power DS18B20 transmits supply
Supply supply mode to the master. Bdh status to master.

Note 1:  For parasite-powered DS18B20s, the master must enable a strong pullup on the 1-Wire bus during temperature
conversions and copies from the scratchpad to EEPROM. No other bus activity may take place during this time.

Note 2:  The master can interrupt the transmission of data at any time by issuing a reset.

Note 3:  All three bytes must be written before a reset is issued.
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Figure 11. ROM Commands Flowchart
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Figure 12. DS18B20 Function Commands Flowchart
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1-WIRE SIGNALING

The DS18B20 uses a strict 1-Wire communication protocol to ensure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. The bus
master initiates all these signals, with the exception of the presence pulse.

INITIALIZATION PROCEDURE—RESET AND PRESENCE PULSES

All communication with the DS18B20 begins with an initialization sequence that consists of a reset pulse
from the master followed by a presence pulse from the DS18B20. This is illustrated in Figure 13. When
the DS18B20 sends the presence pulse in response to the reset, it is indicating to the master that it is on
the bus and ready to operate.

During the initialization sequence the bus master transmits (Tx) the reset pulse by pulling the 1-Wire bus
low for a minimum of 480us. The bus master then releases the bus and goes into receive mode (Rx).
When the bus is released, the 5kQ pullup resistor pulls the 1-Wire bus high. When the DS18B20 detects
this rising edge, it waits 15us to 60us and then transmits a presence pulse by pulling the 1-Wire bus low
for 60us to 240us.

Figure 13. Initialization Timing

MASTER Tx RESET PULSE MASTER Rx
le———  480ps minimum —»] 480us minimum |
DS18B20 Tx
DS18B20 <«—— presence pulse
waits 15-60ps —s»| l._ 60-240us —’I
Veu
1-WIRE BUS / /
GND — =
LINE TYPE LEGEND
= Bus master pulling low
w=  DS18B20 pulling low
Resistor pullup

The bus master writes data to the DS18B20 during write time slots and reads data from the DS18B20
during read time slots. One bit of data is transmitted over the 1-Wire bus per time slot.

WRITE TIME SLOTS

There are two types of write time slots: “Write 1” time slots and “Write 0” time slots. The bus master
uses a Write 1 time slot to write a logic 1 to the DS18B20 and a Write 0 time slot to write a logic 0 to the
DS18B20. All write time slots must be a minimum of 60us in duration with a minimum of a 1us recovery
time between individual write slots. Both types of write time slots are initiated by the master pulling the
1-Wire bus low (see Figure 14).

To generate a Write 1 time slot, after pulling the 1-Wire bus low, the bus master must release the 1-Wire
bus within 15us. When the bus is released, the 5kQ pullup resistor will pull the bus high. To generate a
Write O time slot, after pulling the 1-Wire bus low, the bus master must continue to hold the bus low for
the duration of the time slot (at least 60us).
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The DS18B20 samples the 1-Wire bus during a window that lasts from 15us to 60us after the master
initiates the write time slot. If the bus is high during the sampling window, a 1 is written to the DS18B20.
If the line is low, a 0 is written to the DS18B20.

Figure 14. Read/Write Time Slot Timing Diagram

START
START
OF SLOT OF sLOT

MASTER WRITE “0” SLOT MASTER WRITE “1” SLOT
[ 1ps < Tpec < X0
Jé————— 60pus < Ty “0” <120ps
—

|4— >1us
Veu

1-WIRE BUS @r

GND

DS18B20 Samples
MIN TYP

DS18B20 Samples
TYP

MAX MIN

« 15us ->|<- 15ps ->|<— 30ps ——| « 15us ->|<- 15ps ->|<_ 30us —.l

MASTER READ “0” SLOT MASTER READ “1” SLOT

—Dl [— 1ps < Tpec < 0O
Veuy

GND

> —)
Master samples 1% | Master samples
>1us — Ii—

le 15ps H 45ps 44 — 15ps -o|

LINE TYPE LEGEND
= Bus master pulling low s DS18B20 pulling low

Resistor pullup

READ TIME SLOTS

The DS18B20 can only transmit data to the master when the master issues read time slots. Therefore, the
master must generate read time slots immediately after issuing a Read Scratchpad [BEh] or Read Power
Supply [B4h] command, so that the DS18B20 can provide the re(iuested data. In addition, the master can
generate read time slots after issuing Convert T [44h] or Recall E° [B8h] commands to find out the status
of the operation as explained in the DS/8B20 Function Commands section.

All read time slots must be a minimum of 60us in duration with a minimum of a 1us recovery time
between slots. A read time slot is initiated by the master device pulling the 1-Wire bus low for a
minimum of 1us and then releasing the bus (see Figure 14). After the master initiates the read time slot,
the DS18B20 will begin transmitting a 1 or 0 on bus. The DS18B20 transmits a 1 by leaving the bus high
and transmits a 0 by pulling the bus low. When transmitting a 0, the DS18B20 will release the bus by the
end of the time slot, and the bus will be pulled back to its high idle state by the pullup resister. Output
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data from the DS18B20 is valid for 15us after the falling edge that initiated the read time slot. Therefore,
the master must release the bus and then sample the bus state within 15us from the start of the slot.

Figure 15 illustrates that the sum of Tinit, Tre, and TsampLe must be less than 15us for a read time slot.
Figure 16 shows that system timing margin is maximized by keeping Tt and Tre as short as possible
and by locating the master sample time during read time slots towards the end of the 15us period.

Figure 15. Detailed Master Read 1 Timing

Vey
1-WIRE BUS VIH of Master
GND
[——— Twr>1ps { Tre I | Master samples | |
15us |

Figure 16. Recommended Master Read 1 Timing

Vey
1-WIRE BUS 7 = VIH of Master
GND
Tor 2| Tre= Master samples
small’ small
15us |

LINE TYPE LEGEND
mmmmmm Bus master pulling low

Resistor pullup

RELATED APPLICATION NOTES

The following application notes can be applied to the DS18B20 and are available on our website at
WWW.maxim-ic.com.

Application Note 27: Understanding and Using Cyclic Redundancy Checks with Maxim iButton Products
Application Note 122: Using Dallas’ 1-Wire ICs in 1-Cell Li-lon Battery Packs with Low-Side N-Channel
Safety FETs Master

Application Note 126: 1-Wire Communication Through Software

Application Note 162: Interfacing the DS18x20/DS1822 1-Wire Temperature Sensor in a Microcontroller
Environment

Application Note 208: Curve Fitting the Error of a Bandgap-Based Digital Temperature Sensor
Application Note 2420: 1-Wire Communication with a Microchip PICmicro Microcontroller

Application Note 3754: Single-Wire Serial Bus Carries Isolated Power and Data

Sample 1-Wire subroutines that can be used in conjunction with Application Note 74: Reading and
Writing iButtons via Serial Interfaces can be downloaded from the Maxim website.
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DS18B20 OPERATION EXAMPLE 1

In this example there are multiple DS18B20s on the bus and they are using parasite power. The bus
master initiates a temperature conversion in a specific DS18B20 and then reads its scratchpad and

recalculates the CRC to verify the data.

MASTER MODE DATA (LSB FIRST) COMMENTS

Tx Reset Master issues reset pulse.

Rx Presence DS 18B20s respond with presence pulse.

Tx 55h Master issues Match ROM command.

Tx 64-bit ROM code Master sends DS18B20 ROM code.

Tx 44h Master issues Convert T command.

Tx DQ line held high by | Master applies strong pullup to DQ for the duration of the

’ strong pullup conversion (tconv).

Tx Reset Master issues reset pulse.

Rx Presence DS18B20s respond with presence pulse.

Tx 55h Master issues Match ROM command.

Tx 64-bit ROM code Master sends DS18B20 ROM code.

Tx BEh Master issues Read Scratchpad command.
Master reads entire scratchpad including CRC. The master
then recalculates the CRC of the first eight data bytes from the

Rx 9 data bytes scratchpad and compares the calculated CRC with the read

CRC (byte 9). If they match, the master continues: if not, the
read operation is repeated.

DS18B20 OPERATION EXAMPLE 2

In this example there is only one DS18B20 on the bus and it is using parasite power. The master writes to
the Ty, Tr, and configuration registers in the DS18B20 scratchpad and then reads the scratchpad and

recalculates the CRC to verify the data. The master then copies the scratchpad contents to EEPROM.

MASTER MODE | DATA (LSB FIRST) COMMENTS

Tx Reset Master issues reset pulse.

Rx Presence DS 18B20 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx 4Eh Master issues Write Scratchpad command.

Tx 3 data bytes Master sends three data bytes to scratchpad (Ty, Ty, and config).

Tx Reset Master issues reset pulse.

Rx Presence DS18B20 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx BEh Master issues Read Scratchpad command.
Master reads entire scratchpad including CRC. The master then
recalculates the CRC of the first eight data bytes from the

Rx 9 data bytes scratchpad and compares the calculated CRC with the read CRC
(byte 9). If they match, the master continues; if not, the read
operation is repeated.

Tx Reset Master issues reset pulse.

Rx Presence DS18B20 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx 48h Master issues Copy Scratchpad command.

Tx DQ line held high by | Master applies strong pullup to DQ for at least 10ms while copy

) strong pullup operation is in progress.
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DS18B20
ABSOLUTE MAXIMUM RATINGS
Voltage Range on Any Pin Relative to Ground .................cccooiiiiiiiniiiiiiic -0.5V to +6.0V
Operating Temperature RANGE .............c.ccoiiiiiiiiiiiiiiiiiec et -55°C to +125°C
Storage Temperature RANGE............c.coiiiiiiiiiiiiiiii it -55°C to +125°C
Solder Temperature ...............ccoocooieieieieeiecee Refer to the IPC/JEDEC J-STD-020 Specification.

These are stress ratings only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

DC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=3.0V to 5.5V)

PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX UNITS | NOTES
Supply Voltage Vbb Local Power +3.0 +5.5 \Y 1
Pullup Suppl Parasite Power +3.0 +5.5
Voltal?ge i Veu Local Power +3.0 Vbp ¥ L2
Thermometer " -10°C to +85°C +0.5 oC 3
Error i -55°C to +125°C £2
Input Logic-Low Vi -0.3 +0.8 \Y 1,4,5

Local Power %2 2 The lower of
Input Logic-High Vi - v 1,6

; or

Parasite Power +3.0 Vop + 0.3
Sink Current IL Vip = 0.4V 4.0 mA 1
Standby Current Ipps 750 1000 nA 7,8
Active Current Ipp Vop =5V 1 1.5 mA 9
DQ Input Current Ipg 5 LA 10
Drift +0.2 G 11

NOTES:

1) All voltages are referenced to ground.

2) The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the
high level of the pullup is equal to Vpy. In order to meet the Vi spec of the DS18B20, the actual
supply rail for the strong pullup transistor must include margin for the voltage drop across the
transistor when it is turned on; thus: VPUAACTUAL = VPUJDEAL + VTRANSISTOR.

3) See typical performance curve in Figure 17.

4) Logic-low voltages are specified at a sink current of 4mA.

5) To guarantee a presence pulse under low voltage parasite power conditions, Viimax may have to be
reduced to as low as 0.5V.

6) Logic-high voltages are specified at a source current of ImA.

7) Standby current specified up to +70°C. Standby current typically is 3pA at +125°C.

8) To minimize Ipps, DQ should be within the following ranges: GND < DQ < GND + 0.3V or
Vpp — 0.3V <DQ < Vpp.

9) Active current refers to supply current during active temperature conversions or EEPROM writes.

10) DQ line is high (“high-Z” state).

11) Drift data is based on a 1000-hour stress test at +125°C with Vpp = 5.5V.
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AC ELECTRICAL CHARACTERISTICS—NV MEMORY

(-55°C to +100°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX UNITS
NV Write Cycle Time twr 2 10 ms
EEPROM Writes NEEWR -55°C to +55°C 50k writes
EEPROM Data Retention tEEDR -55°C to +55°C 10 years

AC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp = 3.0V t0 5.5V)

PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS | NOTES
9-bit resolution 93.75
Temperature Conversion . 10-bit resolution 187.5 - 1
Time CONY. 11-bit resolution 375
12-bit resolution 750
- Start Convert T
Time to Strong Pullup On tspoN - ek kel 10 us
Time Slot tsLoT 60 120 us 1
Recovery Time tREC 1 us 1
Write 0 Low Time tLowo 60 120 us 1
Write 1 Low Time tLow! 1 15 us 1
Read Data Valid tRDV 15 us 1
Reset Time High tRSTH 480 us 1
Reset Time Low tRSTL 480 us 1,2
Presence-Detect High tPDHIGH 15 60 us 1
Presence-Detect Low tPpLOW 60 240 us 1
Capacitance Civour 25 pF
NOTES:
1) See the timing diagrams in Figure 18.
2) Under parasite power, if trsr. > 960us, a power-on reset may occur.
Figure 17. Typical Performance Curve
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DS18B20
Figure 18. Timing Diagrams
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DS18B20
REVISION HISTORY
REVISION PAGES
DATE DESCRIETION CHANGED
In the Absolute Maximum Ratings section, removed the reflow oven
030107 | temperature value of +220°C. Reference to JEDEC specification for reflow 19
remains.
In the Operation—Alarm Signaling section, added “or equal to” in the 5
desciption for a TH alarm condition
101207 In the Memory section, removed incorrect text describing memory. 7
In the Configuration Register section, removed incorrect text describing 3
configuration register.
In the Ordering Information table, added TO-92 straight-lead packages and
042208 included a note that the TO-92 package in tape and reel can be ordered with 2
either formed or straight leads.
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