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TEMPERATURE CONTROL FOR EGG INCUBATOR

VIA INFRARED THERMOMETER
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Abstract

This thesis presents construclion of an infrared thermometer and its application on
temperature control for an egg incubator model in which an Arduino microcontroller is used to
process and control relays that swilches on and off heating bulbs and circu]aling fans. The
temperature measured by the infrared thermometer is shown in degree Celsius on a LCD display.
The temperature inside the model is regulated between an upper limit and a lower limit, which
can be set in real time by the user. The bulbs and fans are swilched on when the temperature hit

the lower limit and are switched off when the upper limit is met.
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2.4 UH933D9 Arduino
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2) WiwAMUSIMeYALLD SRAM w11A 2 ila lud
[ o = o
3) MileANu1veyaluy EEPROM 1A 1 flalud
4) AUy uMsIreNABNYY 12C bus
o s o =Y
5) WOIADLIAZHAIANATINIY 23 lia
o o Y =, o oe ]
6) Havsilasueuzaomuasnoavuin 10 1n Tud91uIu 8 ¥09
o y%’.— [} Y] o
7w laaauaonnsdy 1.8 - 5.5 Toaa
= a P
8) anwdldamgega 20 wnnzidsns
9) aamﬁamsmgmu

10) @9V IMAZANUVA § 10 $147U 2 A8z U586 UUA 16 TAT1UIY | A2

@ U ar [ o w o= o o [
1) ﬂuuﬂuuﬁnmﬁtymﬂmﬁmsnﬁ%’nﬂmﬂtymﬁﬂumagmu (PWM) 91UIU 6 BB

Arduino function .-

 Ardulno functlon :
2|1 PCS (ADCS/SCUPCINTIZ)  analoginput5 -f

resel  (PCINT14/RESET) PCBL]1

| doital pin0 (RX) (PCINT 18/RXD) PDOL]2 221 PCA (ADCA/SDAPGINT{2)  analog input 4

=1 digilal pin 1 (TX) {(PCINTA7/TXD) PO ] 8|7 PC3 (ADCUPCINT11) analog input 3

| digitzl pin 2 (PCINT1BANTO) PO 28] PC2 (ADC2PCINT0) analog input 2

=] digital pin3 (PWM) (PCINTI9X0C2BANT1) PO3C}s #[1PC1 (ADCI/PCINTY) analog input 1 7

2| digitat pin 4 {PCINT20/XCK(TO) PD4 s =[] PCO(ADCO/PCINTS) analog nput 0 *

£ vee vee]r  z[JGND GND -

<l oND GNDL]Js 2] AREF analog reference =
crystal {PCINT&/XTAL1TOSC1) PBB]o @] AVCC VCC '

crystal (PCINTI/XTALTOSG2) PB7 [0 wl) PBS (SGK/PCINTS) dighal pin 13 :
) dighal pin 5 (PWM)  (PCINT21/0COB/T1) PD5 ] 1#f] PB4 (MISO/PCINT4) digital pin 12 3
=1 dighal pin & {PWM)  (PCINT22/0COA/AING) PD6[]r2 [ PB3 (MOSIOC2A/PCINTA) gigital pin 11(PWM)
dighal pin 7 (PCINT23/AINY) PD7(Js . af1 P2 (SSIOGIRPCINTZ)  digital pin-10 {PWM)
digital pin 8 (PGINTO/CLKONCP1) PBOL] ) 151] PB1 {OCIA/PCINTY) digital pin 9 (PWM)

Dightal Prns 11,12 & 1 are ssud by th ICSP heextar lor MISO,
MOSI, SCK cprmertions (Amega 16 pins 17,18 & 1€). Avald low-
impadarce bt on these pins whan using the ICSP header.

5 2.9 TassadalulnsnenInsaiaes ju ATmega328P-PU

i http://www.taradplaza.com/product/5385788
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p (Relay 1) | (Small fan) |
ABUAAIHDIBATA |
|
(Liguid crystal display, LCD) |
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T (Relay 2) | (Healing bulb) :
a i ‘ |
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' |
|
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o S - a4 ° a ar & aa
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o 3 3 o 4 o
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- d ¥ o (=] = o
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2) WeulusunsulaslFTsunsy Arduine version 1.0.6 azealdsunsuastu

IHI2995 Arduino Aduanalugiin 4.2

File Edil Sketch Too1_s _Ir-_|_elp

skelch_nov06Gb

dinclude <Ligquidlryzral.hx

#include <iZcmaster.h>

LiquidCrystal lecd{i2, 11, 5, 4, 3, 2}
int x=25;

wvoid setup ()

{

il 4.2 somuzvesldsunsuvaizdalysunsnadluimeinns Arduino

] = 3 = o e o A
3) wamarguviinaminensununeivee 1sunai Arduino nagilh 4.3

pinMode (0, THPUTY;

yinMode (1, INPUT):

pinMode (13, DUTPUT) 7
pimMoede (10, OUTPUT) ;
led.begin(la, 2)2

led.prinv {"3ec Temp ¢ ")
led.princ (X))

Sevial,begin (9600) 7
Serial,princln{™Setup. ..}
f2c_imic{};

PORTC = (L << PORTC4) | (1 << PORTCS):

Celcius: 29.84
Celcius: 29.90
Celcius: 29.90
Celcius: 29.82
Celcius: 29.84
Celcius: 29.78
Celciua: 29.82
Celciua: 29.82
Celcius: 29.76
Celcius: 29.88
Celcius: 29.82
Celcius: 29.82
Celcius: 29.84
Celcius: 29.E4
Celciua: 29.84

v

{¥] Autoscrol {Noine endng v | |9600 baud

51 43 wavinssudganginiunandaevesnsufiuned

v
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#include <LiquidCrystalh> /nsisenlfuvsuaanaioasa
finclude <i2emasterh> AN on1Fnusznudedsdeyai1dme 2 melumsdedoyado
410 SDA (Serial Data Linc) a8 SCL (Serial Clock Line) 810 SDA fodigfilglunsds
foya nazmo scL Wudyanonnimilslumsimuadanzmsiem szu 12C Bus*/
LiquidCrystal led (12, 11, 5, 4, 3, 2); /imuanifanveudainauoass
#idefine RELAY ON 0 /imualidimgriniasain o
#define RELAY OFF 1 /vualisiad luvhaniiaeen |
° Hq ¥ as d o o
#define fan 7 /Avuawii lrOunaauvnaaniluni 7
#define heater 6 Zimuaniidammasatinnuiowiuei e
int menu=13; /i muanlFnusiadilune MENU i 13
. . o v & dy 2 =
int main=10; /mvuamn Fauaiagfuna MAIN Qluandi 10
int Tup=9; /imuanlFauaiadijuna T+t 9
int Tdown=8; AimuaunlFamaiagijuna T dhuvii 8
int running = 1; /A v nnlssuaun s
L] ElC') 1 g) 1 le 1 -
int Max=25; //iuaa il sA1gam il uAuNauaIN veIn1IainIgunnigage
1 ~y ﬂh' 1 :‘l 1 z L} L) I.
int Min=25; /iuaa s igavgli uAunouan ¥eImsaimgurgiimgn
. 3’; L] 9 A 9 o r c; o
void setup () /AT3AIMIMIHUAMS IFOTuevBIA MR 9 filvua
{
- 3 . o 4 o ar [P=] o
digitalWrite(fan, RELAY_OFF); //iwualiimdda luiimariam
. B “ L3 94 o o 1= o
digitalWrite(heater, RELAY_OFF); gimuahiiaeds lulimsiau
delay(2000); /miNnaIdeUMITUYedIIad
. o ¥ g ¥ w o o
pinMode(fan,OUTPUT); /iimua Idann ldamvaamiuemnn
. s LR o o o
pinMode(heater, OUTPUT); //fvua i ldenmiaauihomyn
. . e ¢ A A ] ~ & o
Serial.begin(9600); /M muanaian 19 lums T s senIendUNAADS NULAIINTT
Arduino */
. .. ° v S 9w
i2c_initQ; /imualdumanulenussuy 12C Bus
PORTC = (1 << PORTC4) | (1 << PORTCS);

»
lcd.begin(16,2); /imuamumiamslfnussidawanonddaniun
pinMode(menu,INPUT); /fmualdnitlFnuaiadijuna MENU dluduns
pinMode(main,INPUT); //inualiuit Famaindiiuna MAIN duduna
pinMode(Tup,INPUT); pmualinildamaiasiung T+ Kluduna

pinMode(Tdown,INPUT); ZimualiniilFauaiadiuna T- dluduna



}

50

led.clear(); /81HINTBNDATALALA ILAUADT 15D
led.setCursor(0,0); /I HUAGIIHUEINT HFAIHALUNIIDD
led.print("LOADING"); Imaasias s Tt IMIMILIT e
delay(500); /MUNIATNIIUAAIHD

led.setCursor(8,0); /MHUARIHHIMTUAAIHAUUHI 190
fed.print("."); /MHAAIANIDNYS A IUALeD
delay(500); /MUIAWIAIMTUAAIAD

lcd.setCursor(9,0); /N THUAS NN SHARINAT U100
led.print(™.");/MAAIAIONYS ARSI YAV LMIT90
delay(500); /MUNNIBINTIUAAIND

led.setCursor(10,0); /M UARIIHHINISHAAHAU UKD
lcd.prim(".");//!Lﬁmﬁaﬁ’nysﬂmﬁmﬁmuﬂuuﬂﬁmﬂ

delay(1000); //MUNIDINTTHAAING

void loop() /gilveaniiammanvesaa lsinsy

{

k4 ¥ A a 1 o P
led.clear();//AHUIDUDDTANAS AU UANDI DT
do /IR uLdIAeoRI 1 a0 1Y
{
led setCursor(0,); /MHUAAIIMUINITHAAIHAIUNII9D
led. print("[MENU]: Set Tmax"); ﬂuﬂmﬁ'dé'ﬂy'imnﬁmﬁmuﬁuuﬁﬁ'ﬁm
int dev = 0x5A <<1; /mvuadannafidlumsn ooy
. ° o3 ) 7 o
int data_low = 0; Jimuanals mau“a'luﬂm =0
. . o s Y o
int data_high = 0; /mmuﬂmuﬂway,a'lmqq =0

int pec = 0;/AMUAR LS G UAUYDI pec =0

.

Ilsi w o Yar

i2¢ start_wait(dev+12C_WRITE); /Audoyai ldvndaiuiiaddunsusa

Yar 4o

i2c write(0x07); /MToudoyai ldv A3 VI5aToUnIIH

v

3/ o

i2¢ rep_start{dev+12C_READ); /*i3sui3usdoyaildvindaiuised
dursusar/

data low = i2¢_readAck(); //iimﬁaga‘lmfgq

data_high = i2c_readAck(); //dmﬂ’faya”lm'fﬁh

ar oA oy

pec = i2c _readNak();/ Soyanem lannaasudsa@aursusy
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2c_stop(); /imualiiimsngalduszuu 12C Bus
double tempFactor = 0.02; /M uaAIgu1l§ uRIvesguHYH
double tempDala = 0x0000; //f'\’muﬂ‘luﬁ’ﬁ’fﬂyaéuﬁu
fempData = (double)(({data_high & 0x007F) << 8) + data_low); Aulasm
auniii Ignnmsuiieasuds usar
tempData = (tempData * lempFactor)-0.5; //thmﬁgﬁﬁuﬂaqfimﬁ’q
float Tnow = tempData - 273.15; AulasniganpiiIdeglunissvesaam
IO */
Serial.print("Celcius: *); #/MWUAR MM THARIHEIRAI T SUNIY
Serial. printin(Tnow); /@asnadoyasinamils
Jed.setCursor(12,0); /AMMUAGIIHUANILAAIHAVUNI IV DIDATA
Jed.print("C"), imaaadasnus AN e
led.setCursor(0,0); /AHUAGUHIAMTUTAAIHAUUHTI TVDUDATA
led.print("Tnow: "); MaasIsRus it muaumnine
led.print(Tnow); /idaInatoyev Nl
delay (600); /MUIMIDIMILAAING
iftMin > Tnow) /At ludhy Tanudis oz 1 ndiham
{
digitalWrite(fan, RELAY_ON); /31ntdvaavinantianu
digitalWrite(heater, RELAY ONY); //3latuasvasariau
}
ifMax < Trow) #diiouludy Bt muasilisedlina
{
digitalWrite(fan, RELAY OFF); /fiadvoaviaau hiviam
digitalWrite(heater, RELAY_OFF); //itadupavaon hivia
}
}while(digitalRead(menu)=LOW), //mndauﬁ"au'lilmiﬁmu
ifldigitalRead(menu)==HIGH) rddouludhllandidmuassdaliuansludiu
¥onsdl a tazludwesnsUiummgumgigegar/
{
led.clear():/A1MIIBORFANALMUNUAADS Y5

1 [ A
delay(400); /maanamIayveaieu lu
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running = 2; nimuan i running = 2
ifldigitalRead(mainy—LOW); /81 hlnwifeulviidmuassuanmansdl a
{
screen('a’); /maaaEalunsdl a
}while(digitalRead({Tup)=—LOW & &digitalRead(Tdown}==LOW& &digitalRcad(menu
F=LOW &&digitalRead({main)=—=LOW); //ﬂﬂi]ﬂ'f')‘ljléﬂull‘lm‘liﬁ’lﬂu
while(digitalRead(main)=LOW & &digitaiRecad(menu)= LOW) /*ﬁ‘au"[wmm'i
ﬂ%’né’qqmﬁn‘.ﬁqaf‘m*/
{
ifldigitalRead(Tup)==HIGH) ioulvwoa nmﬁuqmwgﬁqqu
{
Max=Max+1; 1manls Max=Max+1
led.setCursor(13,0): /MMUARMMUINIINAAIHAL UMD
led.print("C"); /ARSI AU 90
led.selCursor(0,0); /fMUAR M IIMIUAAINAUUNITID
led.print("Set Tmax: "); Ianssasnus AT M muauumiee
led print(Max); /uaasnatoyadnaumls
delay(300); /MUNDIMSUARAIND
lcd.setCursor(0, 1); AAMUAG I UIN T LEAIHAUNHYITD
led.print("[MENU]: Set Tmin"); PRI N EIAITIS MR
VUM%
iftMax > 39 ) Zidow lufmualigamgligegalifiv 40 asruaaion
{
Max = 40; /Iimaunls Max = 40
led.setCursor(0,0); //ﬁmuﬂﬁmmiamiuﬁmwauuﬂﬁwa
Jed.print("Set Tmax: "); aaIsusaRITtmuaumnioe

lod.print(Max); /Manaradeyasinals

}

F o
ifldigitalRead(Tdown)==HIGH) //Nﬂ'l!1‘I.Iﬂ'ﬁaﬂ‘llﬂx1'i!mﬂi‘]1iqqq@1

{

Max=Max-1; //11%15’.1!1‘]]‘5 Max=Max-1



}
}
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led.setCursor(13,0); /fHUAAILUANSIAAINATIUNII1D
led.print("C"); /e asnyImMus I MuaURWTYe
Jed.setCursor(0,0); /MU UAAMININMTLAAIHBLUHTD
led.print(*Sel Tmax: "), //uamﬂ"nﬁ'ﬂmmuﬁﬁ1ﬁmuﬂnu1fﬁ'1ﬂﬂ
led.print(Max); /@aanadoyavIngamls
delay(300); /HMUNIDIMIUAAIND
Jed.setCursor(0,1); /AMUARHUANSUEAINAYUHTDD
led.prini{"[MENU]: Set Tmin"), //uﬁmﬁ'aé’nmmnﬁmﬁmuﬂnuﬂﬁwa
ifiMax < 26) #imualigungigega lidosna 25 earuaraidon
{
Max = 25; /1¥iAans Max = 25
led.setCursor(0,0); /1M UAR MU TSUTAIHAUUNII 1D
led.print("Set Tmax: "); ARERIEsATE TMIALUHTe

led print(Max); /naasnatoyauinanils

=

if(Max < Min ) iviuadiowluIigamaiigaga hidingamalisiga
{
Max = Min; /1¥n1duU3s Max = Min
led.setCursor(0,0); /ATHUARIINNMIUAAINAUUNTI 19D
led print("Set Tmax: *); /U@ amgnysa i mmuauumiee

led.print(Max); /uaaInatoyanndaunls

iflrunning — 2&&digitalRead(main)==LOW) /+d1dou luilu lawimnuaszda

Truaasludmveansdl b uasTudruveamsdivasmguugiidigat/

{

“

¥ ¥ A a ' o o
led.clear()};//a 19N INIDUDAFALASANIHHANDTEEDI

delay(400); /MinanaIMsivesiou v

4 Ao -
iRdigitalRead(mainy—LOWY); /duily lbmuiteu laimmuaszuaaswansdl b
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screen('b"); /uaagHa lunsal b
}while(digitalRead(Tup)==LOW & &digitalRead( Tdown)==LOW & &digitalRead(menu

)— LOW&&digitalRead(main)=LOW); /@3119a0udou Ty

»
az =

while{digitalRead(main)}==LOW) f/tf'l.'ﬂu“lmmsﬂi"nmqmﬁgw:hqw
{

ifldigitalRead(Tup)==HIGH) //ﬁ"au"lwmnmﬁuqmﬂgﬁﬁmﬁ

{
Min=Min+1; //Iiadn0ls Min=Min+1
led.setCursor( 13,0); /MUUAR UM UINISUFRIHAUUNII 190
led.print("C"); /MARIAIBIL TR ITM UM IINTI9D
Icd.setCursor(0,0); //ﬁmuﬂﬁmmiamiuﬁmwanuwﬁma
led.print("Set Tmin: *); /ana@1snysa s it vuaumniiion
led.print(Min); //ua’mma%yamnﬁ'ﬁuﬂﬁ
delay(300); /MUINAINISHTAIHE
led.setCursor(0,1); /FTHUAA MKUINITHAAIHALUNIIIRD
led.print("{MAIN]: To Tnow"); Faaadas nusam s s uA
vuMIeX/

iftMin > 39) /ew lud nrualguuniisgaliifiu 40 sermdon

{
Min = 40; /1A uals Min = 40
led.setCursor{0,0); AT UAG LN UIMSUAAIHAUUNITED
led.print("Set Tmin: *); /MeAIAIBNHIAWTITITIMUALUWIT9D
led.prini(Min); /mdaanadoyavinduls

}

}

if{digitalRead(Tdown)=—HIGH) //(515au'lmmmmmqqmﬁqﬁaﬂqw

{
Min=Min-1; /1¥imaunls Min=Min-1
lcd.setCursor(13,0); AR THUAFIIMUINITUEAIHADUNTIIND

led.print("C"); /AAINIDNYIAWNITINNUATUNII 19D



}
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led.setCursor(9,0); //ﬁmuﬂﬁ'ummmﬁuﬂﬂmnuuﬂﬁ’ma
led.print("Set Tmin: "); AR IS AT IR UADUNTI0
ed. print(Min); /maasHavayavInauls
delay(300); /MUNIAINTUARIND
led.setCursor(0,1); /A MUAR WML SUAAHAUUNITIND
led.print("[MAIN]: To Tnow"); /*Ll.ﬁﬂ\‘lﬁ")ﬁ'ﬂ}!‘iﬂm‘ﬁﬁ MIUA
VUKD

ifMin < 26) /iimunlfesvaiimgalidosnd 25 esrmvaiFoa

{
Min = 25; /W85 Min = 25
Ied.setCursor(0,0); /MHUAAUHHINIUFAINAVUNIILD
led.print("Set Tmin: "); JEaIFIs SIS MsuaUUNnTe

Icd.prini(Min); /td@aanadoyavindals

oy

i(Min > Max ) /dvuaidon T lfguuaddiga ligenhgamgiigege

{
Min = Max; /@ ls Min = Max
led.setCursor{0,0); JAMURSIHEIN S HEAIHADUN 19D
led.print("Set Tmin: "); /UAAIAIDNYS At mumnidhee

led.print(Min); /ud@aInadoyasinauls

void screen(unsigned char x) /!’gﬂ‘ummiﬁ%’nﬁau‘]ﬂz'?m'.?mmmm'sﬁnmﬁn 9

{

switch(x) /3o Tumsyauueansdiag 9

o ¥ = a E o e
case 'a"; /MMUATHNTA 2 ﬂ1&1uﬂ1nldﬂu1ﬂﬂﬂ1ﬁuﬂ
{

a ] ' o
led.clear();//A19MinaoneadduasAnuamos o3



}
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led.selCursor(13,0); //ﬁmuﬂﬁmmim'lsuﬁmﬂauum’fna
led.print("C"); imaasisma s muauunne
led.setCursor(0,0); /MY HARIHHINTHAAIHAL UM 19D
Jed.print("Set Tmax: "); /maasiIsnEsamis T uauuive
lcd print(Max); /tdnanadayavIna s

led.setCursor(0,1); HAMUAR LN B AN LU 190
led.print("[IMENU]: Set Tmin"}; /*uﬂmﬁaé’nmmn?’hﬂﬁmuﬁ
VU0

o & 5 X
break; /mgaspna I IuEey luil

case b /Amualingdl b iiaumuseu leinimua

{

led.clear();//@ 1M 190MBATANALAMINADS D5
led.setCurser(13,0); //ﬁ1HUWﬁ1!lﬁ1iﬁmiuﬂﬂdﬂﬂﬂuﬂﬁﬁlﬂ
led.print("C"); IS s MR MuaUT9e
led.setCursor{0,0}; //ﬁmuﬂﬁummmmﬁmwauunﬁwa
led.print("Set Tmin: "); /dass 180y saiis i muauumine
led print(Min); /sdanavayavInAunls

led.setCursor(0, 1); /MHARUHUINSUAAIHAVUHII D
led.print("[MAIN]: To Trow™): AUEAEITN SIS ITIMUA
VUNTD*/

, d y
break; /mgasomamnaulu@eulull
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Features and Benefits

O Small size, low cost
U Easy loinlegrate

O Factory calibrated in wide temperature range:
-40...+125'C for sensor lemparalure and

MLX90614 family

Single and Dual Zone
_ Infra Red Thermometer in T0-39

Applications Examples

O High precision non-contad lemperature
measuremenis

O Thermal Comtorl sensor for Mobile Air
Conditioning control system

-70...+380°C for object lemperature. O Temperature sensing element for residential,
0 High accuracy ol 0.5°C over wide temperature commercial and industnial building air
range {0...+50°C for both Ta and To) condilioning
U High {medical) accuracy calibration O Windshield defogging
O Measurement resolulion ol 0.02°C O Aulomotive blind angle deteclion
O Single and dual zone versions 0 Industnal lesmperalure control of moving pans
0O SMBus compalitle digilal interlace 0 Temperalure control in printers and coplers
O Cuslomizable PWM oulput for continuous O Home appliances with temperature control
reading O Healthcare
O Available in 3V and 5V versions a Livestock moniloring
O Simple adaptation for 8...16V applications 8 Movement delection
U Steep mode lor reduced power consumplion O Multiple zone temperature control — up lo 127
O Dillereni package oplions lor applicalions and sensors ¢an be read via common 2 wires
measuremenis versatility O Thermal relay / aled
QO Aulomolive grade O Body lemperature measurement
Ordering Informatlon
Parl No. Temperaiure Package { - Optlon Code | Standard| Packing
Code Code -X X X part form
MLX90614 E (-40°C..85°C) | SF (TO-39) {1} (2) (@ -000 -V

K (-40°C...125°C)

(1) Supply Voltage/ Accuracy
A -5V

(2) Number of thermaopiles:

(3) Package options:

A - single zone A — Standard package

B -av B — dual zone B ~ Reserved
| C - Reserved C — gradient compensated® C—35°FOV

D - 3V medical accuracy D/E - Reserved
F-10°"FOV
G — Reserved
H— 12° FOV (refractive lens}
| —5°FOV

Example:

MLX90614ESF-BAA-000-TU  *:See page 2

1 Functional diagram 2 General Description

MNIXEtldAna: Vided i 12V

T
CON1

0. luf
£1 yalue and typs ray dlffer
it diffeyxent applicatluns
for spticus B

MLX90614 connection to SMBus
Figure 1: Typlcal application schematics

The MLX90614 is an Infra Red thermometer for non
contact lemperature measurements, Bolh the IR sensilive
thermopile detector chip and the signal conditioning ASSP
are integrated in the same TO-39 can.

Thanks to Its low noise amplifier, 17-bii ADC and
powerlul DSP unil, a high accuracy and resolulion of the
thermometer is achigved.

The thermomeler comes {actory calibraled with a digital
PWM and SMBus (System Management Bus) output,

As a slapdard, the 10-bit PWM is conligured 1o
conlinuously fransmit the measured lemperature in range
of -20...120°C, wilh an output resolution of 0.14°C.

The factory default POR setting is SMBus.
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General description (continued)

The MLX90614 is built from 2 chips developed and manufaciured by Metexis:
« The Inira Red themopite deteclor MLX81101
+ The signal conditioning ASSP MLX90302, specially designad {o process the oulpul of IR sensar.

The davice is available in an Industry standard TO-39 package.

Thanks to the low noise amplitier, high resolution 17-bil ADC and powerlul DSP unit of MLX90302 high
accuracy and resolution of the thermomeler s achieved. Tha calculated objecl and amblent lemperalures are
available in RAM ol MLX90302 with resclulion of 0.01'C. They are accessible by 2 wire serial SMBus
compatible protocol {0.02 °C resolution) or via 10-bit PWM (Pulse Width Modulated) oulput of the device,

The MLX90614 is faclory calibraled in wide lemperature ranges: -40...125°C for the ambienl
temperalure and -70,..380'C for the objecl lemperature.

Tha measurad value is the average temparalure ol all objects in the Flaid Ol View ol the sensor. Tha
MLX30614 olfers a standard accuracy of +0.5'C around room lemperaiures, A special version for medical
applications exisls ollering an accuracy of ¥0,2°C in a limited \emperature range around the human body
temperalure.

s verv lmponanl for the ggm_r@hon de§|gngr |o undergtg_nd 1hal lhese accuracies are only nuaranleed

_sgnsm . hea]ers/ooolers behlnd or bgﬁﬂg m §gnsor or Qy a gy_o_og ggg;] mu ggg :g lhe ggnsor;hal no

only heals the sensing element in the thermometer bul also Lhe thermomeler package.
is elfect i I ovanl for th melers wilh a V like (9 X 5 ner
he r Irom the object is reducad. There!oce Melexis has inlroduced the xC rsion of
90614 in_thes easured internal nd the measur

lemperature Is compensated jor them. In this way, the xCx version of the MLX90614 is much less sensilive to
thermal gradients, but Ihe elfect is not totally eliminaled. It is therefore important 1o avoid the causes ol thermal
gradients as much as possible or to shietd the sensor rom lhem.

As a standard, the MLX90614 is calibraled lor an object emissivily of 1. It can be easlly customized by
the cusiomer for any olher emissivily in the range 0.1...1.0 without ihe need ol recalibralion with a black body,

The 10-bit PWM Is as a slandard conligured to transmit continuously the measured object temperalure
for an objecl temperature range of -20...120°C with an output resolution of 0.14'C. The PWM can be easily
customized for virlually any range desired by |he customer by changing the content of 2 EEPROM cells. This
has no elfect on the laclory calibralion of the device.

The PWM pin can also be configured 0 acl as a thermal relay (inpul is To), Ihus allowing for an easy
and cosl elfective implementation in Ihenmostals or temperature {freezing / bolling) alert applications. The
temperaiure ihreshoid is user programmabie. in a SMBus system ihis fealure can act as a processor interrupt
thal can trigger reading all slaves on the bus and to determine \he precise condilion,

The thermometer is available in 2 supply voltage oplions: 6V compalible or 3V (ballery) compalible.
The 5V can be easily adopled to operate from a higher supply vollage {8...16V, lor example) by use of lew
extemnal components (refer lo "Applications information™ section for details).

An oplical filter long-wave pass} thal cuts ofl he visible and near infra-red radiant flux Is integrated In
the package to provide ambient and sunlighl immunity. The wavelength pass band of this optical filter Is from
5.5 il 14pm (excepd for xCH and xGl type ol devices which incorporale uncoated germanium lens).
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4 Glossary of Terms

PTAT Proportional To Absolute Temperalure sensor (package temperalure)
POR Powear On Resel
HFO High Frequency Oscillator (RC lype)
DspP Digital Signal Processing
FIR Finite Impulse Responsa. Digital jittar
IR infinite Impulse Response. Digital filter
IR Inira-Red
PWM Pulsa With Modutation
DC Duty Cycle (of the PWM) ; Direct Curren! (lor setiled conditlons specilicalions)
FOV Field Of View
SDA.SCL Serial DAta, Serial CLock - SMBus compalible communication pins
Ta Ambieni Temperature measured from tha chip — (the package temperature)
To Object Termperalure, ‘seen’ from IR sensor
ESD Electio-Stalic Discharge
- EMC -|-Electro-Magnetic Compalibility
ASSP Applicalion Specilic Standard Product
TBD To Be Dealinad

Nole: somelimes the MLXS06 14xxx is referred as the module”.

5 Maximum ratings
Supply Voltage, Voo (over voltage) v 5V v
Supply Voltage, Voo (operating) 55V 3.6V 5.5V
Reverse Vallage 04V
Cperating Temparature Range, Ta -40...485°C -40...4125C
Storage Temperalure Range, Ts -40...+125°C -40...+125°C
ESD Sensitivity {AEC Q100 002) 2kV
DC current inle SCL/ Vz (Vz mode) 2 mA
DC sink current, SDA / PWM pin 25 mA
DG source current, SDA / PWM pin 25 mA
DC clamp current, SDA / PWM pin 25 mA
DC clamp currenl, SCL pin 25 mA

Table 1: Absolule maximum ratings for MLX90614

Exceeding {he absolute maximum ralings may cause parmanant damage.
Exposure to absolute-maximum-rated conditions for extended periods may alfeci device reliabilily.
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6 Pin definitions and descriptions

[in Mo

4 -VYSS 1-8CL/Vz

O O

3-VDD  2-SDA/PWM

O O

Bottom view
Flgure 2: Pin description

Pzl

Serial clock inpul lor 2 wire communlcations protocol. 5.7V zener s available at this
SCL/Vz2 pin Tor conneclion of external blpolar transistor ko MLX30614Axx 1o supply the device
from external B ... 16V source.
Digital input / cutput. In normal mode the measured object temperalure Is avallable al
SDA / PWM | this pin Pulse Widlh Modulaled.
In SMBus compatible mode Ihe pin is automatically configured as open drain NMOS.
vDD Extemal supply voliage.
VsSs Ground. The malal can is also connecled to this pin.

Table 2: Pin description MLX90614

Nole: for +12V {+8...+16V) powered operalion reler lo the Application inforration section. For EMC and
Isothermal condilions reasons it is highly recommendad nol to use any elecirical connection to the melal can
except by the V5SS pin.

With the SCL 7 Vz and PWM / SDA pins operaled in 2-wire Inlerface mode, the input Schmid! trigger function is
aviomatically ensbied,
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7 Electrical Specifications
7.1 MLX90614Axx

Al paramelers are valid for T = 25 'C, Vo =5V {unless olherwise specilied)

Parameiar | Symtal | Test GCondilions po || tinx | Units
Sunpliey
Exlarmal supply Voo 45 5 55 v
Supply current loo No Joad 1.3 2 mA
Supply currenl No load, erase/wiite EEPROM
{programming) tooe operelions 1.5 2.5 mA
Zener volage vz Iz = 75...1000pA (Ta=toom) | 58 5.7 59 | v
12 = 70...1000pA,
_ . Zenet volage | oovz(Ta) .. - mull lemperatwe vange | 515 | 6.7 6.24 v
POR lovel Veor Power-up (full 1emp range) 14 175 1.95 v
POR levei Vron_down Power —down (full lemp range) 1.3 1.7 19 v
POR hysleresis Veor pys Full lemp range 0.08 0.1 1.15 Y
Voo rise lme {10% 1o 90% .
of specified supply volage) Teoa Ensure POR signal 20 ms
Quipul valid .
{result in RAM) Tvald Aller POR 0.25 H

Pulea vdlh moshtation’

PWM resoltion Dala band |
PWM oulpul period PWM a o:a‘-‘,ﬁ‘l’;r" &:w'c;‘mﬂd 1.024 ms
Intemal oscilfalor faclory
calbrated, over |he entire
PWM periotl stablily OPWMy S—— ang hupoly 10 +10 %

vohage
Oulput high Lavel PWhky baoures = 2 MA Voo0,2 v
Quiput low Level PWM o loww = 2 MA Vse40.2 v
Oulpul drive current ldriverw VoulH = Vep - 0.8V 7 mA
Output sink curren Isinkpyas Voul L = 0.8V 13.5 mA

Continued on next page
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Input high vollage Vwi{Ta, V) QOver temperalure and supply 3 v
Inpul low vollage Vi (Ta, V} Over temperalure and supply 0.6 v
Oulput low voltage Vou apcratre 26d Supply. 0.2 v
SCL leakage lsca, keak Vori AV, Ta=185C 30 pA
SDA leakage lsca, loak Vsoa=4V, Ta=+85C 0.3 HA
SCL capacitance Csou 10 pF
SDA capacilance Cson 10 pF
Slave address SA Factory defaul 5A hex
Wake up requesi lwake SDA low k) ms
SikiBus Request trea SCL low V.44 ms
Timaou, low Timeoutd SCL low 27 33 ms
“Timedul, high Tireoutit SCL high 45 55 ps
Acknowledge sefup time | Tswvac(MD) 8-th SCL faling edge. Master 1.5 Vs
Acknowledge hold time Thdac{MD) 9-th SCL laking edge, Mastes 1.5 ys
Acknowiedge setup tims Tsvac(SD) 8-1h SCL [alling edge, Skve 25 Hs
Acknowledge hold time Thdac{SD} @-1ih SCL falling edge, Slave 1.5 ps
Dala retention Ta=+85C 10 years
Erase/wyile cydes Ta=+25C 100,000 Times
Erasefwiile cycles Ta=4125TC 10,000 Times
Eiase cell lime Terase 5 ms
Wrile cell ime Twrie 5 ms

Table 3: Electiical specification MLX90614Axx

Notes: All the communication and refresh rate Himings are given for the nominal calibrated HFQ frequency and

will vary with this frequency’s variations,

1. With large capacitiva load lower PWM frequency Is recommended, Thermal relay oulput (when
configured) has the PWM DG spedfication and can be programimed as push-pull, or NMOS open drain. PWM is
free-running, power-up factory default is SMBus, reler lo seclion 8.6, “Swilching between PWM and SMBus
communicalion” for more delails.

2. For SMBus compalibla inlerface on 12V application refsr lo Application inforralion seclfon. SMBus
compalible inlerface Is descibed in delails in the SMBus celalled descriplion seciion. Maximum number of
MLX90814 devices on one bus Is 127, higher pull-up currenis are recormmended for higher number of devices,

faster bus dala lransfer rates, and increased reactive loading of the bus.

MLX90614 is always a slave device on the bus. MLXS0614 can work in both low-power and high-power SMBus

communicalion.

All voltages are refeired to the Vss (ground) unless dherwise noled.

Sleep moda is not available on the 5V version (MLX30GT4Axx).
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7.2 MLX90614Bxx, MLX90614Dxx

All parameters are valid for T, = 25 °C, Voo =3V (unless olherwise specilied)

Parameter |__Symbnal | Test Cunditions ' | Ty Max
Supplion
Exernal supply Voo 28 3 36 v
Supply current Ioo No load 1.3 2 mA
Supply current No load, exase / wide EEPROM
{programming) Ioow operalons 1.5 25 nA
__Sleep mode cusrent Isleap no load 1 25 5 pA
Sleap mode current Isleap Full temperalwre range 1 2.5 [ A
POR level Vror wp Power-up (ull lemp range) 1.4 1.75 1.95
POR leved | Vaom doen | Power =down {fl lemp range) 1.3 1.7 1.9 'S
POR hysleresis Vior pys Full temp range 0.08 0.1 1.15 A4
Voo rise time
{10% to 90% of Tron Ensure POR siynal 20 ms
specified supply vollaga) :
T Oulpstvaid ‘ N Alter POR
Pulse width modulation’
PWM resolution PWhtes Data band ) bil
3 Factory detaul, internal
PWH oulput period PWMr s oscalator laclory calibrated 1.024 ms
internal oscilator faciory
: calbraled, over {he entire )
PWM pariod stabiily dPWMr operalion range and supply 10 +10 %
voltage
Oulpwt high Level PWM:y Jecases = 2 MA Vpo0.25 v
Ouipu law Level PWho bnk = 2 MA V4025 ¥
Output diive current Idrivepwa VoutH = Voo - 0.8V 45 mA
Output sink current Isinkpwng Voull =0.8Y 11 mA

Conlinuad on next page
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Input high voltage Ve(Ta V) Qver lemperature and supply | YDD-0.1 '
Inpul low vollage Vu(Ta,V) Over lemperatie and supply 06 v
Quiput kow volage Vo | Overtemperaiure axd supply. 0zs | v
SCL leakage lecy Jeak Ve, =3V, Tac+B5C 20 HA
SDA leakage Jepa, beak Veoa=3V, Ta=+65T 0.25 HA
SCL capaciance Csct 10 pF
SDA capaciance Cspa 10 pF
Slave address SA Factory defaul BA hex
Wake up reques! loaia SDA low 33 ms
SMBus Request treg SCL Jow 1.44 ms
Timeout low Teraout L SCL Yow 27 a3 ms
Timeoud, high Temean . | _SCLhigh . 45 | | %% ps
Acknowledge selup ime | Tsuac(MD) | 8-th SCL lakng edge, Master I.5 ps
Acknowiedge hold time Thdac{MD) | 9-1h SCL lakng edge, Masles 1.5 ps
Acknowledge setup lime | Tsuac{SD) B-1h SCL laBing adge, Slave 2.5 ps
Acknowledge hold time Thdac{S0) 9:-th SCL laling edge, Slave 1.5 ps
Data relention Ta = +85C 10 years
Erase/wrile cycies Ta=+25C 100,000 Times
Erase/write cyckes Ta=+125T 10,000 Times
Erase cel time Tesase 5 ms
Wrilecelime | Twiie ) A 5 ms

Table 4: Elecirical specification MLX906148xx, Dxx

Note: refer to MLX90614Axx noles.
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8 Detalled description
8.1 Block dlagram

) ADC [~ DSP [~ PWM

i
.
=7 ¢

STATE MACHINE

Voltage Eg

00302 Regulator

Flgure 3: Block diagram

8.2 Signal processing principle

The operalion ol the MLX00614 Is conlrolled by an inlernal state machine, which conlrols the
measurements and calculalions of the object and ambient temperatures and does the post-processing of the
temperalures to oulpul them threugh the PWM output or the SMBus compatible inlerlace. :

The ASSP supports 2 IR sensors (second one nol implemented in the MLX906 14 xAx). The outpul of the
IR sensors Is amplified by a low noise low ofiset chopper ampliller with programmable gain, converled by a
Sigma Della maodulalor to a single bit siream and fed to a powerful DSP lor further processing. The signal ls
treated by programmable (by means of EEPROM conlend)} FIR and IIR low pass fillers lor futher reduction of
the band widih of the inpul signal to achieve the desired nolse performance and refresh rale. The oulpul of the
1R filter Is the measurement resull and is avallable In the Inlarnal RAM. 3 different cells are available: One for
the on-board temperature sensor and 2 tor the IR sensors.

Based on resulis of 1he above measuremenis, the corrasponding ambieni temperaiure Ta and object
lemperatuses To are calculated. Both calculated temperatures have a resolution of 0.01°C. The dala for Ta and
To can be read In two ways: Reading RAM cells dedicaled for this purpose via the 2-wire interface (0.02°C
resolutlon, fixed ranges), or through the PWM digilal output (10 bi resolutlon, conligurable range).

In the Jast step of the measuremenl cycle, the measured Ta and To are rescaled 1o the desired outpul
resolution of the PWM) and the recalculaled dala Is loaded in tha regisiers of the PWM slate machine, which
creales a constani frequency wilh a duly cycle representing the measured data,
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10 Performance Graphs

10.1 Temperature accuracy of the MLX90614
10.1.1 Standard accuracy

All accuracy specilications apply under sefiled isothermal conditions only. Furthermore, the accuracy is only
valid il the object fills the FOV of 1he sensor completaly.

380
To,*C

300

240

60
[}
-40
70
-40 20 0 50 100 125
TasC

Flgure 22: Accuracy of MLX90614 (Ta, To)
All accuracy specificalions apply under setlled isothermal conditlons only.

ol e R

67



MLX90614 family

Single and Dual Zone
__Infra Red Thermometer in TO-39

Melexis

Hicrcelechen'c Infegaled Syslevis

10.1.2 Medical accuracy

A varsion of the MLX90614 wilh accuracy suiled lor medical applications is available. The accusacy in
lhe range Ta 16°C...40°C and To 22°C...40°C is shown in diagram below. The accuracy for the resl of lhe
temperalute ranges is the same as in previous diagram. Medical accuracy specilication is only available for the
MLX90614Dxx versions.

To, G

88‘?"

29 P S T T
a, C
20 o T T T T T ’
10 20 30 40

Figure 23: Accuracy of MLX90614DAA (Ta, To) for medical applications.
Accuracy of the MLX90614DCH and DCl for VDD = 3V {see paragraph 10.1.3)

Versions MLX90614DC1 and MLX90614DCH comply with ASTM slandard seclion 5.4 {Designation:
E1965 — 98 (Re-approved 2009) - Standard Specificalion for Infrared Thermomelers for Inlermittent
Delermination of Patient Temperalure

It is very important (or the application design to understand that the accuracy specitied In Figure 22 and
Figure 23 ara only guaranieed when the sensor Is in thermal equilibiium and under isolhermal conditions {there
are no temperature differences across the sensor package). The accuracy of (he thermomeler can be
influenced by temperature dilferences in the package induced by causes like {among others): Hot efecironics
{heaters / coolers) behind or beslde the sensor or when the measured object is so close to the sensor that
heats the thermometer package.

This effect is especially relevan! for thermometers with a small Field Of View (FOV) like the xxC and
#xF as the energy received by the sensor from the objecl is reduced, Therslore, Melexis has introduced the
xCx version of the MLX90614. [n these MLX90614xCx, the thermal gradienis are measured (nlemally and the
measured lemperature Is compensaled for them. in this way, the MLX90614xCx is much less sensilive lo
thermal gradients Induced from oulside, but the elfect |s not lotally eminated. [tis Iherefora Important to avold
inlroducing strong heal sources close to 1he sensor of to shield the sensor from them,

NOTE: In order lo have the highest possible signal and the best performance a highar galn of ihe
amplifier |s selecled lor MLX90614DCx lype of devices. This evenlually would limil the maximum objecl
lemperalure (due 1o overload of the ADC) fo aboul 200°C.

10.1.3 Temperalure reading dependence onh Vpy
In case of medical applications where high accuracy is required and the supply is provided by means of

a batlery, a compensation of lemperalure readings from VDD dependence should be done by the
microcontroder. The dependence is very repeatable and compensation can easily be implamented. As this
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dependence comes from Ihe ambienl temperalure it is the same for all lype of devices regardless of FOV and
oplics used and il direclly iranslates in Ihe same compensalion tor objecl temperature.
The typical VOD dependence of the ambient and objecl temperalure is 0.6°C/V.

Typleal Ta=NVDD) deparvinncs

Example: As the devices are calibrated al VDD=3V Ihe error at VDD=3V is smallest one, The emor in ambient
channel is direclly [ransferred as object channel error {see Figure 25 bellow). ]

Typleal To=RVDT) depandants |

Yoo, ¥ A

Filgure 25: Typical To dependence from supply voltage (practically the same as Ta dependence error
In order to compensale for 1his ermor we measure supply vollage and by applying lollowing equation
compensate the resull.
T, =T, - (VDD - VDD, yx Typical _dependence=T, — (VDD - 1) = 0.6

. vompenunnd

Comparatind YD depandence
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10.2 Fleld Of View (FOV)
Paoint heat sousce Sensilivity
h
u 100% 1
i 50% 4 >
At Field D View

Rotated Angle of incidence

Flgure 27: Fleld Of View measurement

Parameter PALX9ULI42AA  RILXYOG4:BA  RLXMOGY 400 RIDMOG1 400 RILXIS014:C) T MEXHuR1 4Gl
Peak zone 1 e +25° H° e Hy*° °
Width zone 1 a0° 70° 35° 10° 12° 5°
Peak zone 2 -25° .

Not applicable Nol applicable | Not icabl Not icatde | Not applicable
Width zone 2 W 70° Pl app = applicable ol 8pp
Table 14: FOV summary lable

1.09

075 _

050

a.25

' Angle, Deg
0.00 : . : .
.80 .B0* 40° 20 0* 2 o 0 804

Figtre 28: Typlcal FOV of MLX30814xAA
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16 Package Information
16.1 MLX906714xxA

The MLX90614 is packaged In an industry standard TO39 can.

D :
m{)l_h;"ﬂ

:
Figure 41: MLXS80614xxA package
Note: All imensions are in mm

16.2 MLX90614xCC
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Flgure 42: MLX90614xCC package
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16.3 MLX90614xCF
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Figure 43; MLX90614xCF package

16.4 MLXB0614xCH
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Figure 44: MLX90614xCH package




Melexis

Hitrocléchon'c Infegratid Sysiems

16.5 MLX90614xCl

16.6 Part marking
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020

Figure 45: MLX90614xCl packsge

The MLXS0614 Is laser marked with 10 symbols, Firsi 3 letiers deline device version (AAA, BCC, elc), and
the lasl 7 are the lot number. Example; "ACC307308" — MLX90614ACC from lot 9307308.

16.7 Operaiing and storage humldity range

Opeorating and storage humidity range Is defined as 85% non condensing humidity.
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