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Abstract

In the past, information or data was recoreded by using people. When they recoded the
data for long hours, the data record offen had an error due to their fatigue. This project is
develope a digital dafa logger to record temperature at three locations on the floor plate of the
iron. To test performance of the developed data loggerwith temperature measure, it is found that -
the developed data logger has a relative error of 6.65 % when compared with the digital

multimeter.
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#include <SPL.h>
#include <SD.h>
#include <MAX6675.h>
#include <Wire.h>
#include "RTClib.h"
RTC_DS1307 RTC;
MAX6675 thermocouple01;
MAX6675 thermocouple02;
MAX6675 thermocouple03;
const int chipSelect = 53;
// on most Arduino uno boards
// MOSI = pin 11
// MISO = pin 12
// CLK = pin 13
// CS =pin4
// Arduino Mega
// MISQ = pin 50
// MOSI = pin 51
// CLK = pin 52
// CS =pin 53
void setup() {
Serial.begin(9600);
Wire.begin();
RTC.begin();
if (! RTC.isrunning()) {

Serial.println("RTC is NOT running!");
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// following line sets the RTC to the date & time this sketch was compiled

//RTC.adjust(DateTime(_ DATE__, TIME_ ));
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}

while (!Serial) {

35

; // wait for serial port to connect. Needed for Leonardo only

}

thermocouple01.init(2, 3, 4);//PIN2 = S0, PIN3 = CSK, PIN4 = CS // MyUAY1 SO CSK CS

thermocouple02.init(5, 6, 7);//PIN5 = S0, PIN6 = CSK, PIN7 =CS // MAUAU SO CSK CS

thermocouple03.init(8, 9, 10);//PIN8 = SO, PIN9 = CSK, PIN10=CS // YUAY1 SO CSK CS

Serial.print("Initializing SD card...");

// make sure that the default chip select pin is set to

// output, even if you don't use it:

pinMode(10, OUTPUT);

// see if the card is present and can be initialized:

if (1SD.begin(chipSelect)) {

Serial.println("Card failed, or not present");

// don't do anything more:

return;

}

Serial.printIn("card initialized.");

Serial.println("MAX6675 test");

// wait for MAX chip to stabilize

delay(59760);

}
void loop() {

// basic readout test, just print the current temp
DateTime now = RTC.now();
Serial.print(now.year(), DEC);
Serial.print('/');

Serial.print(now.month(), DEC);
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Serial.print('/");

Serial.print(now.day(), DEC);

Serial.print(' ');

Serial.print(now.hour(), DEC);

Serial.print(":');

Serial.print(now.minute(), DEC);

Serial.print(':');

Se?ial.print(now.second(), DEC);

Serial.print(" ");

Serial.print(" Temp01 : ");
Serial.print(float(thermocouple01.measure(TEMPC)));
Serial.print(" C / Temp02 : ");
Serial.print(float(thermocouple02.measure(TEMPC)));
Serial.print(" C / Temp03 : ");
Serial.print(float(thermocouple03.measure(TEMPC)));
Serial.print(" C ");

Serial.printIn(" ");

// open the file. note that only one file can be open at a time,

// so you have to close this one before opening another.
File dataFile = SD.open("datalog.txt", FILE WRITE);
// if the file is available, write to it:
if (dataFile) {
dataFile.print(now.year(), DEC);
dataFile.print('/");
dataFile.print(now.month(), DEC);
dataFile.print('/");
dataFile.print(now.day(), DEC);

dataFile.print(' );

= ~ 4
Jaeaansauazade Wg xt
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dataFile.print(now.hour(), DEC);

dataFile.print(":');

dataFile.print(now.minute(), DEC);

dataFile.print(":');

dataFile.print(now.second(), DEC);

dataFile.print(" ");

dataFile.print(" TempO1 :");

dataFile. print(float(thermocouple01.measure(TEMPC)));
dataFile.print(" C / Temp02 : ");
dataFile.print(float(thermocouple02.measure(TEMPC)));
dataFile.print(" C / Temp03 : ");
dataFile.print(float(thermocouple03.measure(TEMPC)));
dataFile.print(" C ");

dataFile.println(" ");

dataFile.close();

// print to the serial port too:

//Serial.println(Temp01);

delay(59760);
}
else {
Serial.println("error opening datalog.txt"); /TN error opening datalog.txt !.ﬂ@vlli
annsoila s xilweadmiald
}
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INAXIV

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

__ &Gonoral Doscription
The MAXERTE pecdvms coldfunciinn compensalion
and digkizes fhe sigral om a lype-K fiermocouple.
The ¢ala i5ouipa 1 3 1204 reschuticn, SPI™-com pall-
bia, res-taty format.

Trils corwadar resaives iemperstunes 1o D2EFC, allaws
feadcings 45 Fgh a8 +1024°C, =nd axhibis ermocol-

Tha MAXEETS s avarbig in 3 smal, B-am SO package.

Foalures

# Direct Digitel Conversion of Type -K
Thermocoupls Dutput

+ Cold-Juncion Compensalion

+ Stmpte SP-Compalible Sensl Interface

+ 12-BH, 0.25*C Aesoiution
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PART TEMP RANGE PH-PACKAGE
MANGETEIEA, 200 o 4850 A50
Applications Pin Configuration
ndustrial Fea—
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Typical Application Circuit
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HAXLAA Maxtm Infeguatsd Products 1

Forpricing, dolivary, and ordering information, ploaso contsct MaximyDalas Dirclct! at
1-888-628-4632, or visit Maxim's websiio st www.maxim-c.com.



Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C}

ABSOLUTE MAXIMUM RATING
Supply Yollage (UCe to GANDJ e BAVE BV Blomge Tarporsiiie Hange BB 0 50T
B0, 8K, €8, T-, T2 IoGRID . Terp [P 18000
B0 Oumird B0 Package
EED Prabeciion Huan Body tedal) ... Vapar Prse {83s) 426G
Carfinuns fovar Disaloe (T4 = 270G rfraned | 1Ex) +220°C
B.4730 50 {darale 5 S3mNPC Sbova 4 Y .. <. BT VW Loam 3, 105) 2000
& ) Tamosesaira Rangs
smugwmmm'mnmmumwwmymmmmwmm Thae ae sbiees x5 any, ad el
waradin o W2 v of Bt £ 2y ohor SEFHLs beyrrd e MOkAed B anaa st Secrs o hesodis DS KAk nnded Do ke
shsobie SErwry Kl <oriiire kroxiaviod sadxk: vy 2be) B voe sk Ry,
ELECTRICAL CHARACTERISTICS
IO = 207 I sB.EY, Ta w SO0 % 4 85, unioss oiewisa noid, TyPhome wadues specliog ot + 2670} [Hate 1)
PARAMETER SYMBOL | . GORNTIONRS M WP MAX | UITS
THEANCOURE = +700°C, | Moo = 433 5 +5
Ta= +2B°C (ke D} o = 36V & +6
ITHERMCCOUIRE = 0 I Yiog = 43¢ H +B
Tenpuiwre Exgd +T007C, Ta = 426°C{NoB 2) | Yoo = 45V -] +8 LEE
TTHERMOLOUME = ¢ TTHPD Yoo = 3339 -7 +147
0 S 10D0PE, TAw= 42600
(Mot 2} Yoo -~ 45Y -3 +1%
Trarsocoupdo Comvandon:
Conzan o HwinEa
Cokd-kurcticn TA=-20C In +B5%C | Voo~ +33 -1 +30 -
Compansatnn Ere (Mo 3 VED = BN 10 X
Floanboon 35 G
‘therpocoupln ol
Brepacancs &3 ki3
Suoply wttage K iwe) a0 5.5 v
Fypiy G K ay {5 ™A
Fowar-On fiaset Thoshod WoD sy 1 2 2.5 k4
Powar-0n Rened Hyslrasls 53 i -
Cotprason: Tng ke 2h 47 Q.22 &
SERIAL INTERFACE
03K
Lo \ i ¥
e - e WK
gt High Voltage i ¥ ¥
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frput Lazkagn Surrard XEAX Vi = GNEF R YOG 45 A
Frout Cotatiance Cix 5 gF
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter [0°C to +1024°C})

ELECTRICAL CHARACTERISTICE {continuad)
{¥oG - 30V I AESY, T - EXT K 3BT, Lnkass olharwis rolod. Typécal wiues spaciiod al $25°5.) {heia 11

PARAMETER SYMBOL COMOITIINES MIN TP MAX | WMIGS
Oufpe High Vattuga vou | founcE - ST "ﬁ' v
O L votngo we GIK = 1870 0.4 v
TIING
Serlal Clock Fragaorcy ISEL 4.3 iz
K Puisa Fgh Wi vH 100 ns
JOH Putsa tow Wiith L 100 ns
28 Foit o BCOK e ey Ci = ¥R¥F 100 s
G Pl o Cudpad Enatiie W Q. = KgF ] ns
G Fime Yo Chdpid Donabin 1R Q= ¥ioF w0 ns
B0 Fot o Oupu Dade
yaad (1533 3 = ¥ipk 03 ns

Nobe 17 A spocHnbons i 100% ouod of T « 850 SpechodSon Hrids-over tom pomhimn { T = Ty ia Thes) o puararieod
by Taski enot charama etan, rol production ipsnd.
Hote 2: (nranlond by Sosipn Mol prociction fosiad!

Typical Operating Characteristics
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MAX6675

Cold-Junction-Compensated K-Thermocoupie-
to-Digital Converter [0°C to +1024°C})

Pin Dascription
P HAME FUNCTION
1 4OND | Grourgd
Alpmié Laad of Type-# Thermotoipk.
7 - Sroukd bo coanectan 1o graund
exeraty.
3 Th Ciroreet Laoi of Tion-K Terccanh
4 e Posihe Supaly. Bypass winz D.AF
cagasin o BN,
& BOK | Bergl Ciock inpcd
& ™= Chip Sdacl. S U low Io ondia i
’ sorbl ntorlacn.
k= 5] Eornt Data (X
-] M. | Nofoommcion
Dotailod Doscription

The MAXSETS I8 5 soplisliceEad hamozouple-o-dig-

18l corverler wln 8 DUIR-N 1244 analog-o-dkptsl con-
weriey {ADCY. The MAXGETS alsp condans colrHinchion
compensation sensing and comection, & diglis con-
Iromar, 8n SP-compatible mtariace, snd agsociaied
corlrd leghs.

Thia MAXESTE Js dosignnd &0 work I cannciion with en
exiernes microconinader (CYor siher Riefigence it thar-
mastglic, process-oorfo, of morlierng appiications.

Temperafure Conversion
Tre MAXREJE hclides sknal-condBoning hardvere i
comea ihe ihermpoouie's ignsd ria: 3 vakaga compat-
Izie wih the Inpul channels of the ADC. The 7+ and T-
nipziz conmect %0 Inteenet clreuley hat teduces the infe-
gucticn ol nose arcrs For Iba tormoctunie wies.
Hefore conseriing (he thernoalecinic velages nlo
squiaien! lempersiura valuas, I B neressaly B oom-
pansate loe the diffevanca bativeen Ihe thamocoupke
cold-pnction side (MAXBETE ambient temperalies} and
8 OFC wirlual refesanos. For @ lype-K thesmoecoupis, [ha
vollege changes by $1W°C. wiich approwm stes Iha
thermacauple charselarsie wiih he tokowing Fear
squslion:

Viout = (MY 7 7C) X 1T - Tapet

Whero:

Vour ke thermocoupie autpd villzge (7).

Th 18 the tempaaire of the remcte hermocoupie func-
than {°C).

Tazep 12 tha omiblant e paraitre {°C).

Cokd-hmction Compensalion
Tha funciion of he hermodoupse 18 10 sensa 5 defey-
ance In iemparalre batween two endz of the themo-
coupsa wies, The theemocouplke's ol fenclion can be
reqd Trom 0°C o +1023.76°C. The oold end fambient
iemperaire ol tha togrd on which the 675 Iz
mourked) £an only range from -20°C 1o »B5°C. WWnika
ihe lemperalure gt the coid end lucteates, the
MANBEYE camnues (o accurfaly senze Hie lempers-
ture clilerence a4 ihe cpposilo ang.

The MAXERTS senses and comecis for (ha changss b
tho amitenl lsmperature wih coldHUNCEeN COMPEnss-
flon. The gavice convarts the ambient lemperatara
rasding hte 3 wallage Lsing 2 temperaiure-sansng
dna. To maks ihe achual ihermozouple emparalure
measmamart, the MAXBATE massires e voltage from
he Inernacoupie’s oulpul and from the sensing diode.
Tha degioe's nisnak clculry passes e dioda's vell-
age (sEnzig ambiont en pergiire} and NBEMDGIONES
wltage {zensing ramaole temperalura minug amblerk
tpmpersiirst fo the camvarsion unciian siored in e
ADC W calcuists [he Hiecnocoupa's hotqunction lemn-
paraliss,
Dplimal perormance ram e MAXEETE & achieved
wher I harmpzous cakl Junciion and e MAXEETE.
ara & lha sarne 2m peralure. Avoid placing heal-ganes-
ating davices of componenis nasr (he MAXEETS
perass NS may protuce coid-unction-relaled arors.
Digitizxation
The ADC adds the cok-unction diode measurament
wilh the smolied thermocounie vollage and peads O
ke 12-82 reaull onlo e S0 pin. & saguance of Sl
ZEMy8 maans fhe Lhermacouple reading 1s 0°C. A
saguence af all ones means iho hermonouple reading
£ 4 1023 7EC,

SRAXNM




43

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter {0°C to +1024°C)

—__Applications Information

Seria] biedace
The Tynicdl Appitation Circull shows the MAXBETE
irlertaced with a miceocentroier, i thig exsmgss, ihe
MANEB7E pepcesses the reaaing ¥om the Ihetmacou-
ple and trarsmis the dads hough 3 sexlsl nbedace.
Faroe TF low and appdy 8 ciock skjnal al SCX @ read
{he resuits & B0 Forzing TF low immadiaily siops
any conversion process. Initiate 4 pew conversion
process by foreing THhigh
Forca TF 1ow (o aulpul the frst o8 on the 50 pin A
compleia sevlal Irfartacn resd raquites 16 clock cycles.
Read iha 16 ouipus btz £n ihe fating eoge of ihe cinck,
The irsd bil, B956, 18 A dummy skn ol and & aways
200, Bils 34633 conl=n ihe converled lempearalure In
the groer o8 MSE o LRB. Bit B2 18 normaily low and
goes high when he tharmocoapse inpal 15 apen. U1 &
\ow %0 provide 3 device D ioe e MAKERTE andt bdl DR
Iz thepe-siate,

Fagure 1a &5 lhe sertal irderface profoonl and Fgure 1o
shows the sorial hledace Bming, Figurs 2 & fie 80 oWl
ol

Open Thermocoupie
Bil D2 & nesmaky Jow and goes Nigh 1 he iharmooou-
k2 viput 13 opan. In arder (0 Skow the cpeestian of the
open ihermocoigse delester, T- must be graunded.
Make the ground conreclion =s closp 1 iha GND pin
=3 possibie.

Moise Considerations
The arowracy ©f Bs MAXBETE B suszeplibda ko powey-
supply coispéad nolse. The effecis of powear-supply
nalse ¢z be mingnized by placing 3 DOpF catamic
bypass capatiloe chse i the supsy PR of ihe Opvice.

Thermal Consideratiops:
Sog-healing cagrades the empHsiurs massurement
securacy I® the MAXBETE In some applicslions. Tha
magriude of e temperalure erors depends on e
thermal conguctivity of the MANBBTE package, the

mourtling technique, and the elftects of alfiow. Use &

large ground piano la knpeove e lompeealre mas-

suremerd Sociracy of tha MAXGRTS.

Tne agciracy of 8 thermocouple syslern can &0 be

rnproved by fafowing hese procations:

» Usa ihe largest wine possibie that does mol shunt
ningd away HOM e MeSsUrEm ot arss.

= I small wira 1 requied, use 1 only b e region al
tha measuremenl and use sadension wire for the
region weh na lernperaiure gradiend.

»  Avpid mechanics siress and vilwalion, which onud
giyafn {he whes.

= WhEn Lsing lng INermacounie siros, use d fwising-
pak eodencion wke.

» Avold 2leen lempersiure pradients.

= Ty o use e ermocoupia wire wak wehin & lem-
paralure raEng.

» iso he proper sheshing madaks b hoglls armfra-
menis lo prodect iha tharmoctupie wire.

» Uz2 gxlension wie ongy ab iow lemparatures and
only i regicas of sma3 graglents.

» Kpep anevent g and 8 condinuous record of 1has-
MU (EsElanca.

Reducing Effects of Pick-Up Noise
The Inguil amplgtler (A1} IS = fow-nolse ampililer
designed io enable Mgh-precksion hput serslrg. Kesp
ine Ihermocouple sRd connecling wWees away irem
£leciizal nolsa seLETaE.

Chip Information
TRANSISTOR COLNT: G720
PROCESS: BCMOR

AKX
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MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter {0°C to +1024°C}
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter {0°C to +1024°C)

Block Diagram
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MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter {0°C to +1024°C)

Package Informnation

i [o1millnmii
] B—c-l L-— '”f
TNEHES  [HICLINE TERS INCHES  [MILLIMEIERS)
MIN_TMAX [MIN [MAX| _IMIN TMAX IMIN |MAX [N THSI
Al002310065] 1.3511.75 | [D[01890.197 | 4.80[500 )
A1 0.004 [D.010 | 010 {0.°5| |E[D.337[0.344]| B.55[&75(14[ 8
TEI0014 10019 [ 025049 [BD38610.394] s80[1000]i6] C
C[0.007 |B.010 [ 0.9 {0.55
3 B«l'%', _?r 575 :i:; i V5% w0 or It Mo russ:
= 10150 | D, I 4
H[0228|0p44] 580l6e0| ° %ﬁﬁtﬁ".&."é“mm“ﬂ
10010 10020 | 5.25/0.50 | 1 ’2,]‘; CIPLANAR WETION
L0018 D050 | 0401127 | 4 cmmm MENSIY NI INETER
g TS Jtl!:f: Shlg=xX% &3 Shiywh
) L Mk B
(£AAKLAN [PickaGe FeNILY UILIE: SOIC 150 [ L J1-0041 A
Moo Sran! EEree senashiy br Y oo mmvuwm;wmymwammmmmm;mw
Frndod Maxts meones e mﬂmmi‘n Pm.uy EedrelrE MinDime day ke,
[ R _Maxim hiegratod F n, 120 8an f Urive, Bonnyyals, £8 54008 $08-7X7-THO0
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Arduino MEGA 2560
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Product Qverview

The Arduine Mega 2680 i a microcontrmller board based on the ATmegal5d)
(datasheet). It has 54 digital imputfoutput pins {of which 14 can be used as PIWMW outputs),
16 analog inputs, 4 UARTs (hardware serial ports), 3 16 MHz crystal oscllater, 3 USB
connection, @ power jack, an ICSP header, and a resat bution. It contains evenything
needed to support the microconirolier; simply connect it to a computer with a USB cable or
power it with 3 AC-to-DC adapber or battery to get started. The Meaga is compatible with
most shields designed for the Arduine Duemilanove or Diegimila.
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Summar

Microcontraller ATmega2580

Operating Veltage 5y

Input Voltage (recommended) 7-12v

Input Voitage (limits) g-2av

Digital /O Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16

DC Current per /O Pin 40 mA

DC Current for 3.3V Pin 50 ma

Flash Memory 258 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz

the board

' Power
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Power

The AU Mega2Ss0 can be powered Wa the LISB connection or wWith an exiema powesr Supply. The power sournce is
seediad aorrodcally. Extemal (Ron-i1SE] povwer can come ether fram an AD-0-DC adagier (wal-wait) or bakery. Tre
adapler can be connedied by plugging 3 Limm center-poskive plag imo the board's power Jack. Leads from a batery
can be nserted In the Gnd and Win pin headers of the FOWER connecior.

Tres board cary oparaie on an exiemal supply of 6 o 20 valts. i supplisd with jass than 7V, however, the 5V pir may
supply Jess than fve voits and the boant may be unstabie. ¥ using mase than 12V, the voitape regunior may oqwarteak
and durage the board. The recommeandad range 15 7 1o 12 volis,

The Mega2sED differs from all precedng boards In thal & does nok use the FTOH USBHo-cerial arver Chip. nstead, It
features the AtmegaBil} programmed as 3 UEB-to-serial converier,

The power pins e &% follows:

= VN The npot vollage b e Arduing board when e using an avdermy power soorre (35 opposed o £ volts,
from the USS comecion or other regalaied power sowce). You cam sapply vollage tHrough s pin, o, B
wupplying vollage via the power Jack, access i through this ple.

& BY. The meguiated power supply used (O pomer e microcontroder and other comporanis on @he boxd. TS
can come ekher from VN vis an on-bodrd reguiaior, oF be suppled by UEE oF anolner regulyied 547 suppts.
VS A 13 volt upply generatad by e pn-bodrd mgualor. Marieeam corent davw |5 SO mA.

GHD. Ground pins,

The ATmega2S60 has 258 KB of Nash memory for shoving code (ol witich B KB |5 used for the bootinader], 8 KB of
SRAM and 4 KB of EEFROM (which can be read and witbsn with. the EEPROM [brary].

input and Output

Each of the 54 digial pins on the Mega can be wmed a2z an input or oupsd, using ginhdode!l, Jakathicin{l and
digteiSeaad) functions. They operste & S volts. Each pin can provide or receive a mxdimum of 40 mA and bas an
Imiervsd puh-up reststor (dsconnecied by defautl) of Z2D-50 kChvns. In addition, some pins Fiave spedatzed fumclions:

& Zavial: 0 {RX) and 1 {T20; Serial 1: 19 {RX] and 18 {7X}; Sorial Z 17 (RX} and 1% (TX); Soris: 3 16 {RX} and
14 {TX). Used 1 recetve (FX) and wranzsmit {TX) TTL sertal data. Pins O and 3 are aiso comecied Yo the
varezpading pins of the ATmegaEU2 USEHD-TTL Senalchip.

s«  Bdomal ntermupls: 2 {Interrupt 9), 3 {Interrupt 1), 18 (nderupd B), 18 {Intermupl 4), 20 {Inderrupd 2, and 21
[indeemupd 2). These pins can be conNgared 10 TipQer an irEmupt o a low vakae, a rizing o faling edge, of A
change in wiue. See the attachintempdr’) function fo- detals,

s PN 0 o 13, Prowide S-bit PWM output with the ansoaieied) fundion.

« 3P B0 (MED), 61 MOEI), B2 {3CK), 63 {§B). These pis support 581 communitaton, wilkkhy dthough
provided by the underiying hardware, & not curenty ncluded n e Arcking language. The 5P pins are 250
brogenr out on the ICSE header, which Is physically compatiie with the Dusmiancye and Dieckrila

«  EED: 13, There Is 3 bullkin EED connected to dgRal pin 13. When e pin 15 HIGEH vakse, the LED 15 on, when
the pin & LOW, IPs of.

s ['C: 20 (204) and 21 {2CL). Support PC (TWI) communication u=ing the 4e (brary (docurrentation o the
Wiring wabcle) Nobte that these pins are not In He sxmie pCation 35 the PO pires o the Duersilynove.

The Mega2s60 has 16 anakog nputs, each of which provide 10 blits of resciulon ().e. 024 dferent vaues). By defaul
they measure from ground to 5 volls, thaug 15 it possible o change the upper and of thedr range using B AREF pin ard
analogReferanice!) rction.

Thare are 3 coue of ather pins on the board:

s AREF. Reerence volage for the analog inputs. Used with anaicofeforences]
« Recel. Bring this Sne LOW 1o rez2t the microcontroler. Typkcaly uzed 1o did & reset hution to shisids whids
bock the one an the boant.
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T s nunication|

The Arcuing kega2560 has a number of faciities for convnunicaing with 3 compier, anoher Arduino, of
other microcoriroliers. The ATmega2s60 provides four hardware UARTS Tor TTL (5V) serlal communication.
AN AT B2 on the board channeds one of these over USB and 85 a yiriua com post Yo software on
the (Windows machines Wik need a .Inf fie, bul OSX and Linux machines wil recognize the board
as 3 COM port aunomatically. The Arduino software indudes a saffa monitor which Jlows simple textuaf
uatabnesentmmmuemmnxwrxLEDsonmemammnashmuamuang
trarsmitted va the ATmegasu2 chip and LISB connection Io the compater (but not for serial communicatian
o0 ping D and 1).

A SoftwareGenal Brary allows for serial comenuekaon on any of the Mega's digtal pins.

The ATmega2550 also suppaits 12C (TWI and SPI comenunicalion, The Ardulno solware Inciudes 3 Wire
lbrary @ skmplify use of the [2C bus; see the for delals. To use the SPE
cormimunication, piese see the ATmeqaZSE0 dvlashest

Programming

The Arduing MegaZ560 can be programmed wih the Ardulno software (dowrioad). For detals, see the
reference and iodals.

The AIMEgAZSED on The AN Mega comes preblumed Wi 3 Doolinader at IOWS you to upaad new
code to !t Without the use of an extemal hardware programmey. It communicales using Wie onginal STKS00
protocol (Efafence. C header fiog).

You can 350 bypass the boatioater and pragram the microcontroller Bough the ICSP JIn-Clreutt Sena
Programming) header, see hege Instructions far datalls,

Eﬂ [@ Radiospares RADIONICS = w{_‘gw
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k' Automatic (Software]l Reset

Rather then requiing a physical press of e reset buon before an upioad, the ArRuND Mega2sed is
deskyned In 3 way that Jiows It 1o be reset by sofiware running on a connected computer. One of e
hardware fiow control Ines (DTR] of the ATmegaaUE Is connected Yo the neset ing of the ATMega2560 va a
400 nanofarad capaciior. When this line s assarted (taken iow], the resat Iine drops kng enough o reset e
chip. The Arouino software uses @ils capablity to alow you fa upioad code by Simply pressing the upioad
button in the Ardulnp emvironment. This means hat the bootoader can have 3 shorler imeout, 35 he
lowering of DTR can be well-comminated wih e siarn of e Lpoas

This setup has other Implications. When the Megasad 1s connected to elther a compuier ruaning Mac OS X
UUmmltmsetseamumamedlmlamxiemnmmcﬂaLEB}meefderghamm
or 50, the bootioader Is running on the kegaZ5ED. Wie It 16 programmed % ignore maiformed data fe.
anylhing besldes an upioad of new cotie), it will Imbescept he first Tew Dytes of data sent o the board after a
connection s ed. If 2 sketch nnning on the boarn nepalves onz-Ime comguration or olher &3a when &
first starts, sure tat the softwaie with which It communicales walls '3 second after opening the
connection and before sanding $his data.

The Mega contains a frace hat can be cut b Msable Be Juto-neset. The pads on efther side of the race can
be soidered together to re-enabie it Is [abeked "RESET-EN. Wou may also be able to disable e suio-resat
by connecting a 110 ohm resistor from 5V 1o e reset ine; s2e fis Toum hiead for detalls.

LSB Overcurrent Protection

The Arduino Mega has a reselable polyfiuse What protects your computers USB poris from shors and
ovemrentmnmghmostmtmmemmﬂdemelramlnbm;mtEmm he fuse provides an extra layer
on. If more than 500 mA Is appiied % the LSS port, the fuse Wi auomatically break the connaction

| the short or overioad Is removed.

reical Characteristics and Shield Compatibilit

The maxnmum and with of the Maga PCE are 4 and 2.1 Inches respediively, wih the USE connector
and power jack extending beyond the fomner dimension. Thee screw holes diow the boand % be atached o
3 suiface or c3ze. Note that the distance between digital pins 7 anxd 8 Is 160 miE (0.167), nol an even multiple
of the 100 mll spacinp of the other pins.

The Mega Is dasigned 1o be compatioie with ras! shieids designed Tor the Diedmia or Duamiianave. Dighal
pins 0 10 13 (ard the adjacent AREF and GND pins], andiog Inpats D %o 5, the power header, and ICSP
header are all in equivaient localionts. Furtier the mair LART {seslal port) Is located on the same pins {0 and
1), 3 are extemal imtemupts 0 and 1 {pins 2 and 3 respectiv P |5 avallable th e ICSP haaokr on
both the Mega and Duemllanove 7 Diecknia. Piaase note that FC Is not locatsd on the aame pins on the
Mpega (20 and 27) a& the Dusmitanove / Discimia (analog Inputs 4 and 5).

[1 RS ~edlospares napionics A]
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How to use Arduino

Arduinp can sense the environment by receiving Input from 3 varfety of sensors and can affec! ts
BUMDUNGINGE by coniroling ¥ghts, motars, and oiher aetuators. The microconinoler on the board 1s

programmed using the Ardino programming language (based on Woingp and the Amulno
developmen! environment {based on Processing). Ardiine projects can be stand-akone or they can

communicate with software on funning on a coMpuies (e.g. Flash, Processing, MaxMSP).

Ardulrio is 3 cross-platoform program. You'l hiave 10 foifow diferent Instrtions fv your personat
08. Check on the Arduing gite for the Iatest nstruciions. Ripsvarauln.coenGudeHomePage

Linux Install Windows Install Mac Install

Onca you have downloadediunzippad the arduino IDE, you ean Plug the Arduino Yo your PC via USHE cable.

Now youre actualy ready to “burn® yaur
firsl program on the arduino baard. To
select "blink fed”, the physkcal transtation
of the well known programming “helio
worlr, select

File>Sketchbook> i W
Arduino-0017>Examples>
Digital>Blink

Once you have your skecth you'll '
see something very close to the a :
screenshot on the right. )

G itndbinre(eiFar, diriny Cosee de
Aol IRE Y
In Tools>Board select MEGA Herebobgiag w0
L bl (EEREY e .
; .

¢ !

Now you have to go fo
Teools>SerialPort

and select the right serial port, the
one 3rduino is attached to.

[
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Terms & Conditions
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GENERAL DESCRIPTION
The DS1307 serfal reatime chck [RTC) 5 a low-
power, full binary-coted decimat {BCD) clockicalendar
s 56 byles of NV SRAM. Agdress and dats are
ansferred serialy through an PG, bidweclona) bus.
The clockicalendar provides sechnis, mirates, hours,
day, date, month, 3nd year infonmation. The end of
the mondh date % aulomaticaily adjisied for months.
with fewer than 31 days, including corecfons far ieap
year. The clock operales In eiher the 24-haur or 12-
nour sosmat 'with AMPM Indicater. The DS1307 has a
bulll-in power-sense circult that defecis power fallwes
and automalicaly switches fo iha backup supply.
Timekeeping opefation conliuee while the part

DS1307

64 x 8, Serial, ’C Real-Time Clock

BENEFITS AND FEATURES
= Completety Managas Al Timekeeping Functions
o ReakTime Clock Courds Seconds, MinEes,
Bauts, Date of ihe Mondh, Mordh, Day of the
Week, and Year waih Leap-YEar
Compensafion Valk Up b 2100
55 Battery-Hacked, Genem-Puapose
RA&BJIy'i'Ie‘ﬂ'I Uniimited veiites 1P
¢ Programmable Square-iVave Output Signal
= Simple Senal Pod interfaces o Most
Microcordraliers
¢ PG Seral Inerface

= Low Power Operation Extends Bablery Backup

@

aperabes from ke backup sUpply. Run Tene
@ GConsumes Less than 500nA In Batbery-
TYPICAL OPERATING CIRCUIT Backup Made with O5CiEator Running
T o Aubomafc Power-Fall Detect and Swéch
1% Giroutiry
Ve Rud Rl AL «  &-PIn DIP 3nd 8-Pin 30 Minimizes Required
T 3 T2 _I'Ll'l L Space
R = - Ophonal Industrial Temperature Range: 407G i
- BeL BEARRATE +B5"C Supposts Operabon I a YWide Range of
o D51307 Appllatione
= Untervwriters Laborsiodes® (L) Recognized
ol N
+ PIN COMNFIGURATIONS
Y T
e
L LY Yo o U P
il el swouY a3 ] saweairy
Myt Sl Y O ml N
R 604 SR mE
S0 {15 i PO (300 ki
DRDERING INFORMATION
PART TEMPRANGE VOLTAGE {V} PIN-PACKAGE TGP MARK*
DS1307+ 0°C o +7D"C 5.0 8 PDIP {31 miis) O31307
DS130TH+ 440G 0 +85°C 5.0 8 PDIP {300 mils) D31307H
DS1307Z+ 4°C 10 470°0 5.0 8 S0 (150 mlis) DE1307
DS1307EN+ ~40°C i0 485°C 5.0 8 20 (150 mls} DS1307N
DS1307Z+TAR 4°C to+70"C 5.0 8 S0 (150 mils} Tape and Reel  DS1307
DEi30TIN+TAR ~i07C fo +85°C 5.0 £ 20 (150 mils) Tape and Reel  DS1307N

*Dencfesa f=ar-Seae/FolE-oompiant packape.
24 B prandem o the Xop mark bxdcaies & mackiee cackage. An 8 anywhere on e o mork SuScales o Inclissiol demperaiure e oevice.
Lingerwrbzrs Laboraionkes, snr. J& m regesiesod cenication ek of Linieneiers Labamionie s, M

10014

REV: 315
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64

DS1307 54 x 8, Sestal, °C Red-Time Clock

ABSOLUTE MAXIMUM RATINGS
Voitags Range on Any Pin Relative fo Ground -D.5V to + 7.0V
Operating Temperaiure Range {Noacondensing)
Commescial D*Cto #70%C
Indusinial -40"C ip +95°C
Storage Temperalure Range -55°C ip +125°C
Soldenng Temperabane {0IP, leads) +260°C for 10 seconis
Seidering TeMperature {EUHACE MOUMY. ... .. .ccvrrereverconsrn. JREIET {0 the JPCIIEDEC +STD-020 Speciiication.

Strerses Beyord Hoze fised under TAbsoRN: J&ZAmT Ratings® may CoUSe peTrznery camoge bz the device. These are STRIS /aihgs only,
and funcional operadion o Ihe dewce ot fheze o oy oifier CORGIGNS beyond hass: indicaed b e opmmtiona) secions of the spenfications &
et dmpliad, Exoosure fo the 3b5cAE ITRRATRATY radng conaitons for exfended paviody 2y a¥ict deice mtabilty.

RECOMMENDED DC OPERATING COMDITIONS
[Ta = 0°C to 370°C, Ta = -40°C to +B5°C.) {Notes 1, 2)

PARAMETER SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
Supply valtage Vee 45 50 55 v
Lotgc 1 Input Vi 2.2 V03| W
Logic 0 Input v, 03 +0.8 v
Viar Baliery Vioitage Vi 2.0 3 25 v

DL ELECTRICAL CHARACTERISTICS
Ve = 4.5V to 5.5V; To = 0°C to +70°C. T» = -40°C o +85°C) {Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MiN TP MAX, | UHITS
input Leakage [SCL) fy -1 1 ey
10 Leatage (SO, SCAWIOUT] e 1 1 A
Logic 0 Ouput (o, = SMA] Vo 04 v
Ac¥ee Supply Current ]
Mfecy = 100KHZ) ok | mA
Stardby Cusrent loca {Mote 3) 200 pA
Woxr Leakage Cument s ) 50 nA

. = 12462 1.25x 1.284«
Power-Fall Voltage {Var = 3.0V) Vir Vour Viar Vasr v

PC ELECTRICAL CHARACTERISTICS
Ve = OV, Viar = 3.0V; Ty = 0°C te +70°C, Ta = 40°C fo +85°L.) (Notes 1, 2]

PARAMETER SYMBOL | CONDITIONS | MIN  TYP  MaX |wuwirs
gg‘lﬁmﬁ?c - 5] 300 500 nA
obifuipmen 33 tors e
}S‘é&?ﬁﬁoﬁm ot TN 10 00 | nA

WARNING: Negafive underahoota balow -0.3V white the pert 1a In batiery-backed mode may cauas 058 ofdata.
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AC ELECTRICAL CHARACTERISTICS
[Ves = 4.5V to 5.5V; T, = 0°C 10 +70°C, T, = 40°C to +85°C.)

PARAMETER SYMBOL CONDIIONS MmN TYP MAX UNITS
SCL Clock Freguency Toc, o iDa xHz
Biss Free Time Between 3 STOP and
START Candiiion toue 47 s
Repealed) S
oty | cpeatec]] START bom | (Note4) 4D s
LOW Period of SCL Clock Low a7 15
HIGH Pericd of S5CL Clock fhon 4.0 It
w3
goeilp Time Repeated START fazsa &7 5
Data Hotd Time bacxoar 2 b
Data Selup Time bucwr | {Noles 5, B} 250 n&
Rlse Time af Both S0A amt SCL
Signais ta 1006 ns
Fall Tine of Gpth SDA ant SCL
Sinais ir 360 e
Sefup Time for STOP Coadidion tarern 47 B
CAPACITANCE
{Ta=+25°C)
PARAMETER SYMBOL CONDITIONS MiN TYe MAX UMITS
Pin Gapacianice [SOM, SISLY T 10 pF
ﬁm:;aﬂtame, Load for Each Bus Ca Mot 7) 400 pF

Nobe T:  AXwokapes ane refersnced 1 grosnd.

Maote 2: Limks at -30°C are guaranteed by design and are noé producton f2sied.
Noke 3: long SpECEied Wil Voe = 5.0V and SDA, B0L = 5.0V,

Mots 8 Afier Byis period, the frst dock pulse |z generated.

Note B: A device must nbernaty provide a hofd Hme o2 2 imast 200as for the 30A signal (refered o B Vauay of the BCL
sigmal) 1 bridpe e undefined region of the Siltsy sdge of 3CL

Mate B: The mamuns Logur 60y has o hie met if the device does not stre3ch the LOAN pesiod i owt o e 0L siral
Maote 7: Cy—iotal tagacitance of one bus Ine in pF.

3ol 14
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TIMING DJAGRAM

Figure 1. Block Diagram.
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TYPICAL OPERATING CHARACTERISTICS

{Veo = 5.0V, T, = #25°C, uniess otherwise noted §
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PIN DESCRIPTION
PN NAME FUNCTION
Connections for Standard 32.7E6kHz Quariz Crystal. The imema esdliaior clroutiry is
i X1 desigried for opesation with a crystal having 3 specified kizd capacitanse {Cy) of 12.5pF.

X135 the input {o ihe osciliatr and can opfionatly be coanected o an extemal 32 768kHz
osciliabor, The outpid of he intema psciliafor, X2, |5 foaled If an exiemal asciiator s
connected o X1.

2 X2 Nots: For moee Informalion on crystal setection and crystal Fayout consldarations, reder o
Applcation Nate 56; Crystal Consklerations wkh Datas ReakTme Clocks.

Hackusg Supply input for Any Standard 3V Lehium Cell or Othes Energy Sowrce. Baliery
voltage must be hel between the minmum and maximum Imits foe proper opera¥ion.
Diotes In sedes bebaeen the batiery and the Vaar pin may prevent propes aperation. K a
backug supgly |5 noA Tequired, Vi, ; MUst be graunded. The nomina power-Tat inp poird
a Vaur {Ver} voltage at which access 4o ihe RTC and user RAM s denled Is set by the Intemal
ckoultry as .25 x Vi,; nominakl A Hhium battery witl ABmAh or greater wi back up the
D51307 for more than 10 years In the absence of pawer at +25°C.

UL recogeized to ensure 3gainst reverse charging current when used with @ lihum
g -G cOmaatnfonEr

batiery. Goto:
4 GMND Ground
Serial Dala InpUTCRipUl S0A & The dada inpatioulpul Tor ihe FC serat nlerace, The
5 SDA SDA pin Is apen deal) ardd reguires an exdemal puliup restsior. The pullup voliage £an be

ba 5.5¢ dless of the vollane a0 Vee.

Serlal Clock Input. SCL 16 the clock put for the °C nberface and 1s used 1o synchronlze
& 5CL a3ta movement on the serfa nterface. The pailiup vollage £an be up bo 5.5V regardiess of
ihe voliage on Ve

Square Wave'Oulput Dibver. When enabled, the SQWE bit satip 1, the SQWROUT pn
ouipis one of fow squarewave frequancies {1Hz, dkHz, 8kHz, 32kHz). The SCAWVOUT
7 SAWIOUT | pin ts open Ocin and requires. an extemnal putiup resisior. SAWAOUT operates with elther
Veg OF Va,r 3pplad. The pullup vallge c3n be up $o:5.5V regandess of the vollage on

Vee. if nod used, $his pin can be lait floaling.

Primary Fower Supply. When voltage is appled wEhin normai imiis, ihe device is fully

8 ¥ accessible ard data can be wyithen and Rad. When 3 bacup supply 15 connecied to the
i gevice and Vo 15 below Vi, read and wites ane iInfiblied, However, the iimekeeping

Tunciion contintes unaffected by fhe lowar Ingul voiizge.

DETAILED BESCRIPTION

The DS1307 ks a low-power ciotkicalendar with 55 byles of baliery-backed SRAM. The dockicalendar peovides
seconds, minutes, hours, M3y, dabe, month, and year Infomaticn. The date at the end af the manih is automatically
atusted for months with Tewer than 31 days, Inciudng comections for isap year. The DS1307 Dperaies a6 A slave
device on ihe °C Dus. Accees 16 obtalned by Impiementing a START comdilion ant nroviding:a device identificalion
cofie followed by 3 reg'sier addvess. Subseguant registers can be accessed sequentlally untl a STOR condtion 16
execubed. When Ve Tafs befow 1.25 ¥ Vg, e device terminates an sccess In progress ard resets the device
address counter. Inputs fo e device wil nod be recognized af this Ume 1o prevent eronecus dafa from being
written fo e devics Trom an out-of-loleraace m. Vihen Vo, f3lls below ez, the device switches into a low-
current battery-hackup mode. Upon power-p, ihe device swilches from baseey fo Voo When Vi Is geeater than
Wz +0.2V and recogrizes Inpins Whin Vee 15 greater than 1.25 x Visy. The block diagram In Figuee 1 shows the
mak sements of the seral RTC. .

Gafid
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OSCILLATOR CIRCUIT

The DE1307 uses an exiemal 32.768kHZ crystal. The osclislor circuid does not require @y extemal resislors or
capacitors fo pperate. Table 1 specifes several orystal paramebers for the external crystal. Figure 1 shows a
funictivnal schematic of e ceclizior circult. if using a orystat wih ihe specined characiedstics, fhe slarup tme Is
usLaity less than one secoad.

CLOCK ACCURACY

The accuracy of ihe ciock ks dependent upon $he accuracy of ihe orysial and the accuracy of ihe match between
the capaciiive boad of the oedliater circull and the m@)’ﬂue Jaad for which ihe crysiat was frimmed. Addilonal
emor Wil be addad by crystal frequency drift caused by femperatuns shifis. Extema) circuit nolse coupied Into fhe
osclEator ciruit may reswst In the ciock ruiming fast Refer ip Appleation Note S8 Crysial Consigeraltions wih
Dallas Real-Time Clocks far detafied Information.

Table 1. Crystal Specifications*®

PARAMETER SYMBOL MIN TP MAX LNITS
Maminal Freguengy 1o 32 758 kHz
Serfes Resistance ESR 45 X
Load Capachance = 125 pF

"The onysiad, %wmmmmmmmmmm Referic

Figure 2. Recommended Layout for Crystal
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a7 BIEURY IF THE PROOTE UHEIST WHITE B X OR00R0 OO

RTC AND RAM ADDRESS MAP

Table 2 shows the address map for the DS1307 RTC and RAM registens. The RTC reqgisters are focated In address
lecaions G0N to O7h. The RAM regisiers 3re located In addeess lncsiions DBR 1o 3FN. Diring 3 mutibybe access,
when ihe address pointes reaches 3Fh, the end of RAM space, It wraps amund o localion Don, the beginning of
the clock space.

Forid
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CLOCK ARD CALENDAR

The fime and calendar Information i5 obtalned by reattng the appropdate regisbar bytes. Tablke 2 shows the RTC
reglsters. The ¥me and calendar are sat of Inliakzed by wiiling the appropiiale register bytes. The contents of the
time ang calendar reglsiers are In the BCD formal The day-of-aeek Tegisier incsements 3t midmight. Valwes that
carrespant o the day of week are user-defined but must be sequentlal {le., i 1 equals Sunday, fhen 2 equals
Montay, and 50 ¢6.) Hogical tme and date entries result in wndelined operation. Bt 7 of Reglster B ts ihe clock haltl
{CH) bit. When this bt & set to 1, the oscliiator Is disabied. When cleared fo 4, the osciator s enabled. On first
appilication of power to ihe device ihe Ume and date registers are t)plnﬂi{ reset to 0101000 Of 0BAOD:DQ
(MMWDINYY DOW HH:MM:SS)1 The CH bit In the seconds Tegiser will be set to 3 1. The ciock can be haked
whenever the imekeeping funcdions are nod Tequired, which minimizes curment (lnsroe)

The DS1307 can ba run in either 12-hour or 24-hour mpde. it & of the hours register [s defiried 35 the 12-howr or
24-hour mode-select b Vihen high, the 12-hour mode is selected. v the §2-howr mode, bilt 5.t the AM/PM bit with
Iogle high being PM. In tha 2d-hour mode, bit 5 Is the secord 10-hour bif (20 bo 23 houwrs). The hours value misst ba
re-enfered whenever the 12/24-hour mpde it Is changed.

When rezading or wrking the Bime and date regisbers, secondary (ser) biffers are used 1o prevent enors when the
irdemal registers updaie. When rearing the time and dale registers, {he user huffers. ans synchronized 1o ihe
irdemal reglsters on any G START. The fime Information Is raxd from ihese secondary registers whila the ook
coniinues i run. This ellmiates the need to re-read ihe regislers i1 case the Infemal regfsters updade durng 3
read. The ohider thain ls reset whenever the secoriis regisier |5 wittten. WWrite Wransiers ccaur on the 1S
acknowiedge from the DS1307. Once the dividar chaln is resat, o avold roffover Issues, the remalning ime and
dade regsters must be wiitben within one second.

Table 2. Tuneheeper Registers
ADDRESS | BIT7 | BUG | Bis | 814 | BiT3 | B2 | BIT1 | BU 0 | FONCTON | RANGE
h TH 10 Secants Seconts 3 -89
oih ] 10 Minules MILTES Winiies D059
12 r;:;r N 1-12
0zh o S Hows Howrs +AWPHM
24 e 00-23
o3h ] i i ] o=1] TAY Day 0107
=h o [ PED Dale Dae Di-31
10 ,
Sh 0 2 | ot i Month o112
D5h 10 Year Yesr Year D325
o7h OUT | 0o | o [sawe| D | o | RS1 | RSC | Comml —
. RAM
£8h-3FD by DOh-FFh
0= Akyays eads tackas

dar1s
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CONTROL REGISTER

The D51307 canird register s used ta contral the operalion af the SEAWOUT pin.

[am7 | ®iie | BiLs | BIT 4 [ 8iT3 | BIT2 | BIT 1 [ BiTo |
[ out | a ] 0 | SQNE | ] | [ | ®81 | &S0 |

Bit 7: Quiput Control {DUTY. This bt controls the autpat Jevel of the SQWXOUT ph when the squase-wave owput
Is disabled. if SCWE - §, the logk level on tha SGWICUT pin ls 1 # OUT = 1 and Is O if OUT = 0. On Intal
appikation of powers to ihe deutce, this bit Is typically setto a D.

BH 4: 3quars-Wave Enabie {SQWE]. This bit, when sat to foglc 1, enables #e pecliiator opLt. The frequency of
tha squane-wave oudput depends upon the valbe of the RS0 and RS1 bEs. With the squane-wave ouipat set to 1Hz,
the clock registers updae on the Taiing edge of the squane wave. On Infial application of power i3 ihe device, this
b Is fyplcaly set o a 0.

Bits 1 and 0: Rate Select {RS[1:0]). These bils conirok ihe freguency of the sqﬁze—wave oitput when the squeare-
wave puiput has been enabled. The folowing table ists the squara-wave fraqueacies that can be selecied with the
RSbits. On inkial application of power o the dewvice, {hese bits are fyplcally setipa 1.

RE1 REOQ SQWIOUT QUTPUT SAWE ouT
[ 1] 1Hz 1 X
[ 1 4.035kHz 1 X
i [s] 8.192kHZz 1 k3
1 1 32.76EKHZ 1 X
X X [3] a 1]
X X 1 a 1

Qar14
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I*C DATA BUS

The DE1307 suppons the °C protocol. A device that sends data onip ihe bus §s delined as a fansmiter and a
device cecetving #ata as 3 recelver. The device ihat conrols ¥ie message Is called 3 master, The devices that are
conirolied by the masler are refermed {0 25 slaves. The bus mies! be canirolied by 3 master device that generates
the seral ciook (SCL), confrofs the bus access, and generales the BTART and STOP condiions, The DS1307
operates as a slave on the I°C bus.

Figures 3, 4, and 5 delat how data I5 dranstered on the 1°C bus.

»  Dafaiansfer can b inthated only when the bus Is nod busy.
= Dixing data ransier, the data Hne mast remaln siable whenever the clock The [ HIGH. Changes In the data
Iine widle the clock ne is high 'will ba interpreted as control signais.

Accordingly, the following bus condibons have been defined:
Bus not busy: Hoih data and clock nes remain HIGH.

ETART data transfer: A change In the stabe of the data line, from HIGH o LOW, witle the cloek 5 HIGH,
gefines 3 START cordilion.

STOP data fransfer: A change In ihe siale of the data e, rom LOW to HIGH, while the clock fine Is HIGH,
defines e STOP conditton.

Dafe valid: Trie siak of the data Tne repeasents valld data when, afer 2 START condliion, the data line Is
stabie for the durstion of the HIGH perlod of the clock signal. The 4al3 0o e line rust be changed duing the
LOAW pesiod of the cfock signal. Thave Is one clock pulse per bl of data.

Each data fransfer Is Inlkated wih a START condilon and teminabad with a STOF condiion. The number of
data bytes iransferred bebaeen START ant STOP condiions 45 nof Imited, and i delerminad by the masder
device. The Iformation ts transfared bybe-wise and 2ach recefver acknmatedges Wil & ninth bit, Within the
1°C bizs spectiications a standand mode { 160KHZ clock raba) and a fast mode {4B0KHZ clock rabay are defined.
The DS1307 eperales In ihe standard made {100kHz2) only.

Acknowtetge: Each receiving dewce, when addressed, s oblged o generste 3n acimowiedge Jfter the
reception of each byle. The masier device musi generale an exira clock pulse which Js assotiated wih this
acknoietge bit.

Attevize that acknowlaoges must pufl down the SDA Ine duing the acknowietige clock putse h such a way
that the S04 ine 15 stable LOW during ihe HIGH period of the acknowledge relaled cioeX pulse. OF course,
setup and hold fimes must be takan into acccami A masizr mest signal an end of data io the slave by not
generating an acinowbedne b on the last byte that has been clocked out of ha slaws. In this cass, the Blave
miust leave ihe data ine HIGH o enabke the masier fo generate the STOP condiiion.

10ar 14
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Figure 3. Data Transfer on I°C Serial Bus

s » IMENTION:
e T MEAPIDIFRORESVIRS ot
WK TRANSPSREZ:

Depending upon the state of the Riw bit, two types of data franslar are possible:

1. Data tranefer from a master transmitter to a 2lave receiver. The first byie tranzmitied by the master Is.the
slave address. Next follows a number of $ata byles. The stave retums an acknowledge bi after each received
byie. Data 15 iransfemed with the most significant b (M35 irst.

2. Bata franstor irom 3 etave tranemitier to 8 maater racetver. The first byle (e slave address) Is iransmitied
by the master. The slave then retums an acknowledge bit. This Is Tolkwed by the slave iransmiliing a number
of #ata byies. The masier retums an acknowledge bit after all racefvad bybes olher than the 13st byie. AL the
end of the 1ast received byie, a *not acknowledas” s rejurnad.

The master device generates all ihe serlat cock puises and e START and STOP cooffiifons. A transfer Is
ended with 2 STOP candition of with 3 repeaied START condiion. Shce 3 repealed START condition |5 alsg
the begimning of the nest serial iransfer, the bus Wi nol ba released. Data Is iransfermad with e most
significant bif {MS8) frst.

1Mol
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The D5 1307 can operate In the foliowing fwo modes:

1. Slava Recelver Mode {Write Moda): Serial dala and ciock are received thrugh SDA 3nd SCL. Afer

each byie Is recelved an acknowledge bit 16 transmitied. START and STOP condilons ane recognlzed
a5 e beginning and end of A sarial transfer. Hardware pesfonms address recogniion after recepdion of
ihe slave address and diection oit {sas Figure 4. The slave address byie is the firsf byte recelved
afier the master generates ihe START congiton. The siave address byle contalns fhe 7-bit DS1307
aadress, which fs 1141000, toliowed by the disacllon bit {R], which for 3 wite 15 0. Alier recalving and
decoding ihe siave atdress byle, the DS1307 culputs an acknowiedge an SDA. After ihe DS13D7
acknamaledges the slave adress + wrtle bid, the masber wansmits a wond address 1o the DS1307. This
sets the regisier painder an the DS1307, wkh ihe DS1307 acknowledging the fransfer. The master can
then fransmit zera or more bytes of data with the DS130T acknowiedging each byie recelved. The
register polnber automalically fnocremenis afier each dalta byle are written. The master wilf ganerate a
STOP condiion fo terminate the data wribe.

Blave Tranamifier Mode [Read Mode): The first biyle |s recelved and hardled as i {he siave recelver
mapke. However, in this mode, the dkecton bid wil indkate that Jhe transfer direction 15 eversed. The
DS1307 transmits seffa daia on SOA while the serlal ciock 15 Inpid on SCL. START and STOR
condlions are recognized as the beginning amd end of a seild ransfer (see Flgure 5). The slave
address byie Is @e first byte received afles the START conddion Is generated by ihe master. The slave
address byle contalns the 7-bit 51307 addeess, which fs 1101000, folowed by the direcion bit (Rm),
whichi 15 ¥ for 3 read. Aftee receiving and decoding the slawe address the DR1307 putpuls an
acknowledge pn SDA. The D51307 then begins Yo tansmit data stardng with ihe regisier addeess
poirted to by the reglster pointes. 3 the regisber polnber 35 not wiien to before the Intiaton of a rxad
moda e rst address that s read Is the 1ast one stored In the register pointer. ‘The register polnier
auteenaticaly mcrements after each byle are read. The DS1307 must recalve 3 Mot Acknowlkedge to
end a read,

Figure 4. Data Write—5lave Receiver Mode

DATA TRANGIRAREDY
for BITRA » AP FERESO0 T

Figure 5. Data Read—Slave Transmitter Mode

S\ A1)
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Figure 6. Data Read (Write Pointer,

Then Read)}—Slave Receive and Transmit
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REVISION HISTORY
REWVIZION PAGES
DATE DESCRIFTION CHANGED
)aved the Typica) Operating Creult and Pin Configurations fo firsd page. 1
Removed e leaged part numbers from he Ordenng Information tatie. 1
Adied an open-traln fransistor {0 SQNKOUT In ihe bipck Sagram {Figure 1} 4
Adted the piiiup voilage @nge for DA, SCL, and SRQW/OUT 1o the An 5
Description t3bte and noted ihat SCW/OUT can be iefl open ¥ not wsed.
100208 Agged default fime and daje valwes on first applkcalion of power 10 the Clock
nd Catendar seation and defeted the note that (nkla) power-on stats is not 8
fgefined.
Adided defautt on Initfal appitcation of power b bR Info In the Conirol Regisher g
sectian.
Updated the Package kitvmation section %o redect new package outling 13
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mafnalilsunsue1iglelu gediar15yw (Arduine Duemilanove)

=y %’, 4 I~ o 4 i a 3’/
1. #0A4 arduino-1.5.8-windows.exe 1Wa 11t udnon Iwaesd Tdsunsuiiefasa

1.1 M3 run W4 arduino-1.5.8-windows.exe %‘]J‘ﬂﬂ{]‘ﬁﬁlmlﬁ Ihden 1 Agree

Fd
= o

AoamszAnns (gl 1)

Arduino Setup: License Agreement "R -

Please review the license agreement before installing Arduino. If you
O accept all terms of the agreement, dick I Agree.

FNU LESSER GENERAL PUBLIC LICENSE -
Version 3, 29 June 2007 L—l
» Copyright (C) 2007 Free Software Foundation, Inc, <http:{/fsf.ora/>

Everyone is permitted to copy and distribute verbatim copies of this license
¥ Idocument, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms
and conditions of version 3 of the GNU General Public License, supplemented
by the additional permissions listed below.

-~

Cancel ’ rillsaft Tnstall System « 2,94

2an
=
=)
—

3 ]
1.2 MHUNAIY Next (g 2)

Arduino Setup: Installation Options

Check the components you want to install and uncheck the components
&) you don't want to install, Click Next to continue,

Select components to install: Install Arduino software
Install USA driver

Create Start Menu shortcut
Create Desktop shortcut

Assodiate .ino files

Space required: 609. 1IMB

Cancel | Fluflsaft Install System vz 46 < Back ! Next > ’

E_3 3 /

ean
=
=h.
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1.3 ninduziundwhuielfidonlasiiidesnisdnda (g 3)

Arduino Setup: Installation Folder

Setup will install Arduino in the following folder. To install in a different
folder, dick Browse and select another folder. Click Install to start the
installation.

[owans

(Desﬁnaﬁon Folder

Space required: 609, 1MB
Space available: 197.4G8

Cancel I Mullsoft Install System v 46 < Back Install

\. T RN R T ey Do T

29
=
=h.
w

¥ ) H
1.4 NNUUNALY Install tNona Talsunss (Anigilh 4)

@ Arduino Setup: Installation Folder

Setup will install Arduino in the following folder. To install in a different
0 folder, dick Browse and select another folder. Click Install to start the

installation,
Destination Folder
o
Space required: 609, IMB

Space available: 197.4GB

Cancel | Hullsft Install System v2.46 < Back Install

r—= g T - R E— 3 J

Sant
=
=b.
N
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1.5 wo Inaaa3audrvziuniiee (awgilh 5)

& Arduino Setup: Installing

Extract: wifiHD_2_1.elf
[ ]

(&.9]

Hullsoft Instal System v2.46 . <Badk J Close

2an
=
=)
W

1 9 dl
1.6 NA Close iNara3aaumsaalalsunsu (w3l 6)

1.7 9 Tsunsuiinsesegan lasitiald (mugdii 7)

ol W i PRSI T e o | i
G@vlu » Computer » Local Disk (D) » v I 3 ” Search Loce! Disk (D) pl
‘| File Edit View Tools Help
! Organize ~ Includein library v Share with v Burn New folder =~ [ 9
¥ Favorites Name ’ Date modified Type Size
Ml Desktop I1}7 Arduino 22/12/2557 1648 File folder |

ean
=2
=h.
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2015/7/21 17:22:33
2015/7/21 17:23:33
2015/7/21 17:24:33
2015/7/21 17:25:33
2015/7/21 17:26:33
2015/7/21 17:27:33
2015/7/21 17:28:33
2015/7/21 17:29:33
2015/7/21 17:30:33
2015/7/21 17:31:33
2015/7/21 17:32:33
2015/7/21 17:33:33
2015/7/21 17:34:33
2015/7/21 17:35:33
2015/7/21 17:36:33
2015/7/21 17:37:33
2015/7/21 17:38:33
2015/7/21 17:39:33
2015/7/21 17:40:33
2015/7/21 17:41:33
2015/7/21 17:42:33
2015/7/21 17:43:33
2015/7/21 17:44:34
2015/7/21 17:45:34
2015/7/21 17:46:34
2015/7/21 17:47:34
2015/7/21 17:48:34
2015/7/21 17:49:34
2015/7/21 17:50:34
2015/7/21 17:51:34
2015/7/21 17:52:34

Temp01
TempO1
Temp01
TempO1
TempO1
TempO01
TempO1
Temp01
TempO1
Temp01
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
Temp01
TempO1
Temp01
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
Temp01

Temp01

:33.75 C/ TempO02 :
:33.25 C/ Temp02 :
:33.75 C/ Temp02 :
:33.75 C/ TempO02 :
:33.75 C/ TempO02 :
:33.00 C/ Temp02 :
:33.25 C/ TempO02 :
:33.50 C/ TempO02 :
:33.50 C/ Temp02 :
:33.00 C/ Temp02 :
:33.50 C/ TempO02 :
:33.50 C/ Temp02 :
:33.25 C/ TempO02 :
:33.50 C/ TempO02 :
:33.25 C/ Temp02 :
:33.00 C/ Temp02 :
:33.25 C/ TempO02 :
:33.50 C/ Temp02 :
:33.50 C/ TempO02 :
:33.50 C/ Temp02 :
:33.25 C/ TempO02 :
:33.50 C/ TempO02 :
:33.25 C/ Temp02 :
:33.25 C/ TempO02 :
:33.50 C/ Temp02 :
:33.75 C/ TempO02 :
:33.25 C/ Temp02 :
:33.50 C/ Temp02 :
:33.25 C/ TempO02 :
:32.75 C/ Temp02 :

:33.50 C/ Temp02 ;

33.50 C/ Temp03 :
33.25 C/ TempO03 :
33.00 C/ TempO03 :
33.25 C/ TempO03 :

33.00 C/ Temp03
33.50 C/ Temp03

33.00 C/ Temp03 :
33.25 C/ Temp03 :

33.25 C/ Temp03

32.75 C/ Temp03 :
33.00 C/ TempO03 :
33.00 C/ TempO03 :
33.25C/ Temp03 :

33.00 C/ Temp03

33.00 C/ TempO03 :
33.25C/ TempO03 :

32.50 C/ Temp03

32.75 C/ Temp03 :

33.00 C/ Temp03
32.75 C/ Temp03

33.25 C/Temp03 :
32.75 C/ TempO03 :
33.00 C/ Temp03 :
33.00 C/ TempO03 :
33.25 C/ Temp03 :
32.50 C/ TempO03 :
33.25 C/ Temp03 :
33.00 C/ TempO03 :

32.75 C/ Temp03

33.25 C/ Temp03 :
33.00 C/ TempO03 :

33.25C
3250C
3275 C
3225C

:32.75C
:3250C

3250C
32.75C

:3275C

33.00C
33.00C
3250C
33.00C

:31.75C

33.00C
33.00C

:3250C

32775C

:33.00C
:32775C

33.00C
33.00C
32.75C
33.00C
33.00C
3250C
33.00C
3275C

:32.75C

3225C
3215C
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2015/7/21 17:53:34 TempO1
2015/7/21 17:54:34 Temp01
2015/7/21 17:55:34 TempO1
2015/7/21 17:56:34 TempO1
2015/7/21 17:57:34 TempO1
2015/7/21 17:58:34 TempO1
2015/7/21 17:59:34 Temp01
2015/7/21 18:0:34 TempOl1 :
2015/7/21 18:1:34 TempO1
2015/7/21 18:2:34 TempO1
2015/7/21 18:3:34 TempO1
2015/7/21 18:4:34 TempO!
2015/7/21 18:5:34 TempO1
2015/7/21 18:6:34 TempOl
2015/7/21 18:7:34 TempO1
2015/7/21 18:8:34 TempO1
2015/7/21 18:9:34 TempO1

:32.75 C/ TempO02 :
:33.00 C/ Temp02 :
:33.25 C/ TempO02 :
:33.25 C/ TempO02 :
:33.25 C/ Temp02 :
:33.25 C/ Temp02 :
32,75 C/ TempO02 :

33.25 C/ Temp02 :

:33.25 C/ TempO02 :
:33.25 C/ Temp02 :
:33.25 C/ Temp02 :
:33.25 C/ TempO02 :
:32.75 C/ TempO02 :
:33.00 C/ TempO02 :
:33.25 C/ TempO02 :
:32.75 C/ TempO02 :
:33.00 C/ Temp02 :

32.75 C/ Temp03

32.50 C/ Temp03 :
32.50 C/ Temp03 :
32.75 C/ TempO03 :
32.75 C/ Temp03
32.25 C/ Temp03 :
32.25 C/Temp03 :
32.75 C/ Temp03
32.75 C/ Temp03
32.50 C/ Temp03
32.75 C/ TempO03 :

32.75 C/ Temp03 :
33.50 C/ TempO03 :
32.25 C/ Temp03 :

32.50 C/ TempO03 :
32.75 C/ Temp03 :
33.00 C/ Temp03 :

33.00C
32.75C
32.50C
:32.75C
33.00C
33.00C
32.50C
33.00C

32795C

32.75C

132.25C

32.75C
32.50C

:33.00C
:32.50C
132.75C

32.50C

2015/7/21 18:10:34 Temp01 :32.50 C/ Temp02 : 32.75 C / Temp03 : 32.50 C

2015/7/21 18:11:34 Temp01 :32.50 C/ Temp02 : 32.75 C/ Temp03

2015/7/21 18:12:34 TempO1
2015/7/21 18:13:34 TempO1
2015/7/21 18:14:34 TempO1
2015/7/21 18:15:34 TempO01
2015/7/21 18:16:34 TempO1
2015/7/21 18:17:34 TempO01
2015/7/21 18:18:34 Temp0l
2015/7/21 18:19:34 TempO1
2015/7/21 18:20:34 TempO1
2015/7/21 18:21:35 TempO1
2015/7/21 18:22:35 TempO1
2015/7/21 18:23:35 Temp01

32,75 C/ Temp02 :
:32.75 C/ TempO02 :
:33.00 C/ Temp02 :
:33.00 C/ TempO02 :
:33.00 C/ TempO02 :
:32.75 C/ TempO02 :
:33.00 C/ TempO02 :
:32.75 C/ Temp02 :
:33.00 C/ TempO02 :
:32.75 C/ Temp02 :
:32.25 C/ TempO02 :
:32.75 C/ TempO02 :

33.00 C/ Temp03

32.50 C/ TempO03

32.50 C/ TempO03

32.50 C/ Temp03

32.75 C/ Temp03 :
32.50 C/ TempO03 :
32.75 C/ TempO03 :

32.75 C/ TempO03 :

32.25 C/ TempO03 :
32.25 C/ Temp03 :

32.50 C/ Temp03 :
32.50 C/ Temp03 :

:3225C

32.50C
32.50C
32.75C
:33.00C
3275C
:3275C
32.75C
3275C
:32.00C
32.25C
32.00C
:32.50C
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2015/7/21 18:24:35
2015/7/21 18:25:35
2015/7/21 18:26:35
2015/7/21 18:27:35
2015/7/21 18:28:35
2015/7/21 18:29:35
2015/7/21 18:30:35
2015/7/21 18:31:35
2015/7/21 18:32:35
2015/7/21 18:33:35
2015/7/21 18:34:35
2015/7/21 18:35:35
2015/7/21 18:36:35
2015/7/21 18:37:35
2015/7/21 18:38:35
2015/7/21 18:39:35
2015/7/21 18:40:35
2015/7/21 18:41:35
2015/7/21 18:42:35
2015/7/21 18:43:35
2015/7/21 18:44:35
2015/7/21 18:45:35
2015/7/21 18:46:35
2015/7/21 18:47:35
2015/7/21 18:48:35
2015/7/21 18:49:35
2015/7/21 18:50:35
2015/7/21 18:51:35
2015/7/21 18:52:35
2015/7/21 18:53:35
2015/7/21 18:54:35

TempO1
Temp01
TempO1
TempO1
TempO1
TempO01
TempO1
TempO1
Temp01
TempO1
TempO1
TempO 1
Temp01
TempO1
Temp01
TempO1
TempO1
Temp01
TempO1
TempO1
Temp01
Temp01
Temp01
TempO1
TempO1
TempO01
Temp01
TempO1
TempO1
TempO1

TempO1

:32.75 C/ Temp02 :
:33.00 C/ Temp02 :
:33.00 C/ Temp02 :
:33.25 C/ Temp02 :
:32.50 C/ TempO02 :
:32.50 C/ Temp02 :
:33.00 C/ TempO02 :
:32.75 C/ Temp02 :
:33.00 C/ Temp02 :
:33.00 C/ Temp02 :
:32.75 C/ Temp02 :
:32.25 C/ Temp02 :
:33.00 C/ Temp02 :
:32.25 C/ Temp02 :
:32.75 C/ Temp02 :
:32.75 C/ Temp02 :
:32.50 C/ Temp02 :
:32.50 C/ Temp02 :
:32.75 C/ Temp02 :
:32.75 C/ Temp02 :
:32.75 C/ Temp02 :
:32.75 C/ Temp02 :
:32.25 C/ Temp02 :
:32.25 C/ Temp02 :
:32.775 C/ Temp02 :
:32.50 C/ TempO02 :
:32.75 C/ Temp02 :
:32.50 C/ Temp02 :
:32.00 C/ Temp02 :
:32.75 C/ Temp02 :
:32.75 C/ Temp02 :

32.25 C/ Temp03
32.75 C/ Temp03
32.50 C/ Temp03

32.00 C/ TempO03 :
32.50 C/ TempO03 :
32.50 C/ Temp03 :

32,75 C/ Temp03

31.75 C/ Temp03 :
32.25 C/ Temp03 :
31.75 C/ Temp03 :
32.50 C/ TempO03 :
32.00 C/ TempO3 :
32.50 C/ TempO03 :
32.25 C/Temp03 :
32.00 C/ TempO03 :
32.25 C/TempO03 :

32.00 C/ Temp03
32.75 C/ Temp03

32.25C/Temp03 :
32.50 C/ Temp03 :
32.00 C/ Temp03 :
32.00 C/ Temp03 :

31.75 C/ TempO03

32.25 C/ TempO03 :

32.25 C/ Temp03

32.25 C/ Temp03 :

32.00 C/ Temp03

32.00 C/ Temp03 :
32.25 C/ TempO03 :
32.00 C/ TempO03 :
32.75 C/ TempO03 :

:3225C
:32.25C
:32.25C

3250C
3225C
32.50C

:3250C

3225C
31.75C
32.50C
3225C
3225C
32.00C
3225C
32.00C
3225C

:32.00C
:32.00C

3225C
3250C
32.25C
31.50C

:31.50C

3225C

:32.00C

32.00C

:31.75C

3225C
31.75C
32.25C
32.00C

84



2015/7/21 18:55:35 TempO01 :32.75 C/ TempO02 : 32.50 C/ Temp03 : 32.25 C

2015/7/21 18:56:35 TempO1 :32.50 C/ Temp02 : 32.50 C/ Temp03 : 32.00 C

2015/7/21 18:57:36 Temp01 :32.50 C/ TempO02 : 32.25 C/ Temp03 : 32.00 C

2015/7/21 19:4:7 TempO1 :32.50 C/ TempO02 : 32.25 C/ Temp03 : 31.50 C

2015/7/21 19:5:7 TempO01 :32.25 C/ Temp02 : 32.00 C/ Temp03 : 31.50 C

2015/7/21 19:6:7 TempO1 :32.50 C/ Temp02 : 32.75 C/ Temp03 : 32.50 C

2015/7/21 19:8:29 Temp01 :32.75 C/ TempO02 : 32.00 C/ Temp03 : 32.25 C

2015/7/21 19:9:29 Temp01 :32.50 C/ Temp02 : 32.00 C/ Temp03 : 30.25 C

2015/7/21 19:10:29
2015/7/21 19:11:29
2015/7/21 19:12:29
2015/7/21 19:13:29
2015/7/21 19:14:29
2015/7/21 19:15:29
2015/7/21 19:16:29
2015/7/21 19:17:29
2015/7/21 19:18:29
2015/7/21 19:19:29
2015/7/21 19:21:46
2015/7/21 19:22:47
2015/7/21 19:23:47
2015/7/21 19:24:47
2015/7/21 19:25:47
2015/7/21 19:26:47
2015/7/21 19:27:47
2015/7/21 19:28:47
2015/7/21 19:29:47
2015/7/21 19:30:47
2015/7/21 19:31:47
2015/7/21 19:32:47
2015/7/21 19:33:47

TempO1
TempO1
Temp01
TempO1
TempO1
TempO1
Temp01
TempO1
TempO1
Temp01
Temp01
Temp01
TempO1
TempO1
TempO1
TempOl1
TempO1
TempO1
TempO1
TempO1
TempO1
TempOl1
TempO1

:32.50 C/ Temp02
:32.00 C/ Temp02
:32.50 C/ Temp02 :
:32.25 C/ Temp02 :
:32.50 C/ Temp02 :
:32.50 C/ TempO2 :
:32.50 C/ Temp02 :
:32.75 C/ Temp02 :
:32.50 C/ TempO02 :
:32.50 C/ Temp02 :
:32.25 C/ Temp02 :
:32.75 C/ Temp02 :
:32.50 C/ Temp02 :
:32.75 C/ Temp02 :
:32.50 C/ Temp02 :
:32.50 C/ Temp02 :
:32.50 C/ Temp02 :
:32.25 C/ Temp02 :
:32.50 C/ Temp02 :
:32.50 C/ Temp02 :
:32.25 C/ Temp02 :
:32.50 C/ Temp02 :
:32.25 C/ Temp02 :

:32.25 C/ Temp03
:31.75 C/ Temp03

32.00 C/ Temp03 :
32.25 C/ Temp03 :
32.50 C/ Temp03 :
32.00 C/ Temp03 :
32.00 C/ Temp03 :
32.00 C/ Temp03 :
31.50 C/ Temp03 :
32.00 C/ Temp03 :
32.25 C/ Temp03 :
32.00 C/ Temp03 :
32.25 C/ Temp03 :
32.25 C/Temp03 :
31.75 C/ Temp03 :
3175 C/Temp03 :
31.50 C/ Temp03 :
32.00 C/ Temp03 :
31.75 C/ TempO03 :
32.00 C/ TempO03 :
32.00 C/ Temp03 :
32.25 C/ Temp03 :
32.25 C/ Temp03 :

:31.00C
:31.00C
31.00C
31.00C
3225C
3225C
32.00C
32.50C
32.00C
30.25C
31.50C
32.00C
32.00C
32.00C
31.75C
3225C
32.00C
32.00C
32.00C
3225C
32.00C
32.00C
31.75C



2015/7/21 19:34:47
2015/7/21 19:35:47
2015/7/21 19:36:47
2015/7/21 19:37:47
2015/7/21 19:38:47
2015/7/21 19:39:47
2015/7/21 19:40:47
2015/7/21 19:41:47
2015/7/21 19:42:47
2015/7/21 19:43:47
2015/7/21 19:44:47
2015/7/21 19:45:47
2015/7/21 19:46:47
2015/7/21 19:47:47
2015/7/21 19:48:47
2015/7/21 19:49:47
2015/7/21 19:50:47
2015/7/21 19:51:47
2015/7/21 19:52:47
2015/7/21 19:53:47
2015/7/21 19:54:47
2015/7/21 19:55:47
2015/7/21 19:56:47
2015/7/21 19:57:47
2015/7/21 19:58:48
2015/7/21 19:59:48

TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
Temp01 :
TempO01 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempOl1 :
TempOl :
TempO1 :
TempO1 :
TempOl1 :
TempO1 :
TempOl :
TempOl :
TempO01 :
TempO1 :
TempO1 :

TempO01 :

32.25 C/ Temp02 :
32.75 C/ Temp02 :
32.00 C/ Temp02 :
31.75 C/ Temp02 :
32.50 C/ Temp02 :
32.00 C/ Temp02 :
32.50 C/ Temp02 :
31.75 C/ Temp02 :
32.25 C/ Temp02 :
32.00 C/ TempO02 :
32.00 C/ TempO02 :
32.00 C/ Temp02 :
32.25 C/ Temp02 :
32.00 C/ TempO02 :
32.25 C/Temp02 :
32.25 C/ Temp02 :
32.25 C/ Temp02 :
32.00 C/ TempO02 :
32.25 C/ Temp02 :

32.25 C/ Temp02

32.25C/Temp02 :
32.50 C/ TempO02 :
32.25 C/ Temp02 :
32.25 C/ Temp02 :
32.50 C/ TempO02 :
32.00 C/ TempO02 :

32.25 C/ Temp03 :

32.00 C/ Temp03

32.00 C/ Temp03 :
32.00 C/ Temp03 :
31.75 C/ Temp03 :
32.00 C/ Temp03 :
31.75 C/ Temp03 :
32.00 C/ TempO03 :
32.00 C/ Temp03 :
32.25C/ Temp03 :
31.75 C/ Temp03 :
31.75 C/ TempO03 :
32.00 C/ Temp03 :

32.00 C/ Temp03

31.25 C/ Temp03 :
32.00 C/ Temp03 :
31.50 C/ Temp03 :
31.25 C/Temp03 :
31.75 C/ TempO03 :
: 31.75 C / Temp03
32.00 C/ Temp03 :
31.75 C/ Temp03 :
31.50 C/ Temp03 :
31.75 C/ Temp03 :
31.50 C/ Temp03 :
31.75 C/ Temp03 :

32.00C
:3225C
32.00C
31.75C
32.00C
31.50C
31.50C
32.00C
3175 C
32.00C
32.00C
31.50C
31.75C
:32.00C
3175 C
32.00C
31.25C
31.50C
32.00C
:32.00C
31.75C
32.00C
31.50C
32.00C
31.50C
32.00C

2015/7/21 20:0:48 TempO01 :31.75 C/ Temp02 : 31.75 C/ Temp03 : 31.50 C

2015/7/21 20:1:48 Temp01 :31.75 C/ Temp02
2015/7/21 20:2:48 Temp01 :32.00 C / Temp02
2015/7/21 20:3:48 TempO1 :32.25 C/ Temp02
2015/7/21 20:4:48 TempO1 :32.00 C / Temp02

:32.00 C/ Temp03
:31.50 C/ TempO03
:32.00 C/ TempO03

:32.00 C/ Temp03

:31.75C
:32.00C
:3225C
:32.25C
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2015/7/21 20:5:48 TempO01 :32.25 C/ Temp02 : 32.00 C/ Temp03
2015/7/21 20:6:48 TempO01 :31.75 C/ Temp02 : 31.75 C / Temp03
2015/7/21 20:7:48 TempO1 :32.00 C / Temp02
2015/7/21 20:8:48 TempO01 :32.00 C/ Temp02
2015/7/21 20:9:48 TempO1 :31.75 C/ Temp02

2015/7/21 20:10:48
2015/7/21 20:11:48
2015/7/21 20:12:48
2015/7/21 20:13:48
2015/7/21 20:14:48
2015/7/21 20:15:48
2015/7/21 20:16:48
2015/7/21 20:17:48
2015/7/21 20:18:48
2015/7/21 20:19:48
2015/7/21 20:20:48
2015/7/21 20:21:48
2015/7/21 20:22:48
2015/7/21 20:23:48
2015/7/21 20:24:48
2015/7/21 20:25:48
2015/7/21 20:26:48
2015/7/21 20:27:48
2015/7/21 20:28:48
2015/7/21 20:29:48
2015/7/21 20:30:48
2015/7/21 20:31:48
2015/7/21 20:32:48
2015/7/21 20:33:48
2015/7/21 20:34:48
2015/7/21 20:35:48

TempO01 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempO1 :
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1
TempO1 :

TempO1 :

:32.00 C/ Temp03
:31.25 C/ Temp03

:32.00C
:32.00C
:31.75C
:31.25C
:31.75 C/ Temp03 : 31.50 C

32.25 C/ Temp02 : 31,50 C/ Temp03 : 31.50 C

32.00 C/ Temp02 :
32.00 C/TempO02 :
32.00 C/ Temp02 :
32.25 C/Temp02 :
32.50 C/ TempO02 :
32.50 C/ Temp02 :
:32.25 C/ TempO02 :
:32.00 C/ TempO2 :
:32.25 C/ TempO02 :
:31.75 C/ Temp02
:32.00 C/ TempO02 :
:32.25 C/ TempO02 :
:32.00 C/ Temp02 :
:32.25 C/ Temp02 :
:32.00 C/ Temp02 :
:32.00 C / Temp02 :
:32.00 C/ Temp02 :
:32.00 C/ TempO2 :
:31.75 C/ Temp02 :
:32.25 C/ Temp02 :
:32.00 C/ Temp02 :
:31.50 C/ Temp02 :
:31.75 C/ Temp02
31.75 C/ Temp02 :
31.75 C/ Temp02 :

32.25 C/TempO03 :
31.75 C/ Temp03 :
31.75 C/ Temp03 :
32.00 C / TempO03 :
32.00 C/ Temp03 :
31.75 C/ TempO03 :
31.75 C/ Temp03 :
31.50 C/ Temp03 :
31.50 C/ Temp03 :
:31.75 C/ TempO03 :
31.50 C/ TempO03 :
31.50 C/ Temp03 :
31.50 C/ TempO3 :
31.75 C/ TempO03 :
31.25 C/ Temp03 :
31.25 C/ TempO03 :
31.25 C/ TempO03 :
31.50 C/ TempO03 :
31.25 C/ Temp03 :
31.50 C/ Temp03 :
31.75 C/ TempO03 :
31.75 C/ TempO03 :
:31.50 C/ TempO03 :
31.75 C/ TempO03 :
31.25 C/ Temp03 :

32.00C
31.25C
31.75C
32.00C
31.75C
31.75C
32.00C
31.50C
31.75C
31.50C
31.50C
31.75C
32.00C
32.00C
31.75C
31.75C
31.50C
31.75C
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