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This special project is designing and constructing a four-channel temperature

measurement. We design the temperature measurement by 4 channel for ease of use.

Material of “the temperature measurement consists of arduine, thermocouple,

max6675 module and sd cards module. Arduino was used for to control commands
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Fasoluil

2.2.1 iaeUszaananaevsa®ng (CPU : Central Processing Unit)
\ugudnatsmuaunisihnusessruuseuiane it mun lneginvayaain

gunsaliufeyaunien Usstnanadoyanuddsadiusing wavdmadnioanlumiae
WARINA

2.2.2 MieA431 (Memory)

as =3

a1nseuutennidu 2 dau de nursau AT dmsuiviusunsunadn
(Program Memory) 1isutaiiougninsianvesasesnoniviaes wiefiredeyalaq figniiuly
Tutlagligamealiudiazhifilibes Sndrunilsfemiennudrtoua (Data Memory) 141

Y

willounsganumalumsarusauesdity uasiluiindeyatansavnsviia uddvnly
Indos deyafesmelidudauiasndardsfumismmdus RAW) lusioseuinmesd
el widmsululasaouTnsawaesadslng wiheanuiatoyaaziisidumienus
TGEY %aﬁagaaswwalﬂLﬁalﬁﬁlmgm naziUuddwsou (EEPROM : Erasable Electrically
Read-Only Memory) %‘:\‘lﬁ'll!’liaLﬁUﬁ@%ﬁIﬁLLﬂﬂmWLgﬂﬂ
2.2.3 dudedenugunsalnteusn wiowasn (Port)
il 2 dnwauzha NasnBumm (Input Port) uasweindsdnymramenosnLong
(Output Port) daudlasldlunindenseivalnsaimevan fodndudiddyun 1wy
AuneindunmiiieSudyan o1vsziilasenisnnadnt tietluussinanauazddlunesa
W09 Lleuananalty MsRnairsvemannl [Hus
2.2.4 P2IMAUYRSH I saUd (BUS)
dudumenisuanudsudygradoyasswing Iy MiieAuTIwazwaIn
Wudnwugvesaedygya Suiunnegadludilulasreulnsaaes Insudautadoya

(Data Bus) Ugillamwnsa (Address Bus) uardanIuAY (Control Bus)

2.2.5 299snllndygyraunding

<, ] = o a = 1 =) A [ o a X as
WuaiudssneundrAnuinandiunis (fesannishauiiiedulusilule

sraulnsa aes awlusdiunisiurundamy windyaauinidanuiias Sz

U
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vl & $  a

Aavarursavinleadudsalilulasreulnsaianssntiv mmmﬁﬂumwwuaawaqqmmﬂ

) v M|
P8 PRFUN 2.4

SUT 2.4) pamysEnavves Microcontroller

2 v

Yo a a < = ) a ' a v o a o
uaﬂﬁ]qﬂﬁﬂﬂﬂaQUWLﬂUaUﬂ QB'TJUQE‘JJ UNTEVIUNTTHARNUDILARE U T BN ALHARNVUNN

TdnuanRiavaaly iy

- ADC (Analog to Digital Converter) 1ludauildsudnaaourasnuvasiviiy
Ay 1AInea

- DAC (Digital to Analog Converter) tJudruinlddsdya1n@snoandasluidy
Ty ueuden

- 12C (Inter Integrate Circuit Bus) L"fJUﬂ’ligaa’l‘im,‘m'm wuudslasua (Synchronous)
wiold Aindedoans seving lulasreulnsatass (MCU) fugunsainieuen dsgnitauniulag
U3 Philips Semiconductors Tneldansdyaaiiios 2 \duwmindu fe serial data (SDA)
uazay serial clock (SCL) Fvanusa iousogunsai $1uativans i ideruld vils
MCU Tdwasnifies 2 wosauwiniu

- SPI (Serial Peripheral Interface) LfJumiL“ﬁ;awiaﬁuqﬂﬂﬁﬂiLﬁa%’Uﬁa’ﬁ’m‘.jaLLUU
Falasda (Synchronize) &y rnurinudrnnfeadessenirddulasnoulnsaians
(Microcontroller) #3oazidugunsalansueniifinisiudedoyauuy SPI gunsaifivindai
Wunames (Masten) lngundudraziululasaeulnsatans uioonananilddrgunsal
Master azApsmuaugunse] Slave 16 Tneuniisn Slave sinasiduled (I0) wihiifiemsaneg
wiu lefigamgl, le@guianniin1ass (Real-Time Clock) viseenaiululasneulnsaiaesi

yinnluluue Slave Alawuniy
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. , L2 as L L =J
- PWM (Pulse Width Modulation) 1un1sa¥edanuiaduuvanmisian fiawise
o < < v o ¢ | ¢
Usuwawumnunuay Duty Cycle Imwauﬂﬂmugﬂﬂimmaqwu UoLmBg
. - - o v -‘Ju 1 v
- UART (Universal Asynchronous Receiver Transmitter) MU UANT DA

wuvezddlaniadmivinnsgiunisiudsdoyauuy RS-232

2.3 Arduino

(A) (B)
gﬂﬁl 2.5 Arduino UNO Board (A) Uasa Arduino @aiu LED (B) ussa Arduino siafu
XBee

I3 s A s a
Wuvedalulasmoulusianinsyna AVR fifin1sWau1LUY Open Source Aaiinis
\Uauedeyanavnu Hardware uax Software i uash Arduino gneenuuunlildauldde

2 =€

AT WAL LA NS UL SUAUAN Y nilgltaugaunsadaudas iy wagdauisoiamn

U

= [ as

sioganTaruasn WieWaNFTUsUN e lBngE AudnsveUBa Arduino Tunsse
gunsallasusineg Aedlduamisadersesdidnnseliadainnieusnudideusaiduniion
/O w83usn (9i108193UR AuTsileaiuazarnainsaidondefuueinlasy
(Arduino Shield) UszLnnsnag (Qﬁ?aﬂ’wgﬂﬁ B) 1 Arduino XBee Shield, Arduino Music
Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield tTu#u 11

Wdeuniuuesauuvain Arduino wiidsulusunsuianndeldias faguil 2.6
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x OO U
_. n‘: P AN A \
=T b i ny v |
( e = - - Smpin ICSP : Atmegad?e.
10,MCU : Atmegal6U2 Wil L y il " ¢

9 903 Pciiver jack 7-12'V

=t -
e 7woiw VO
8.wedn Power g8
&
<

o

gﬂﬁ 2.7 ﬁauﬂizﬁauﬁﬁﬂﬂmmaa Arduino Board-(Model: Arduino UNO R3)

1. USB Port : 14d miudafu Computer 1iioswinanlusunsudn Mcu
(Multipoint Controll Unit) wazanglwlinuuesa

2. Reset Button :L‘ldJm'Ji;J Reset T naiiladoansli mcu (Multipoint
Controll Unit) Bun1sviranlyl

3. ICSP Port 484 Atmegal6U2 uWarvion1ruluanlusunsuasly
lulpspeulnsaans

4.1/0 Port 984 Atmegal6U2 : \usaimslunisinsedoassenineta

pexfames fiugunsainisuen Baazlinuden DO fs D13
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5. ICSP Port ; Wunasniilélusunsy Bootloader

6. MCU Atmega328 : tfiu MCU #ilduuueda Arduino

7. /0 Port vo9 Atmega328 : \unesnfildsudymin Digital Feaunsa
wandudyan Analog léene Feeiidaudan A0 fs A5

8. Power Port : [iuneinildselndoadruosmiedeanisinelnliiuaies
Aouan Usenausmeuilides +3.3 V, +5V, GND, Vi

9. Power Jack : (HuwosmildulniAssen Adapter Tnefluseduagil 7-12 v

10. MCU Atmega16U2 : 184 MCU #i%iauti171 8y USB to Serial Ta g

Atmega328 arfnfany Computer N4 Atmegal6U2

R 7 aa
2.3.2 yaiduivinlivasa Arduino \Wundes

- esonisian TgUuuuddaiugu Lidudfouimuzdmiudisusiu
=l @ ! 1 o (Y] Y] o 2

- 4 Arduino Community AGUAUNTIHAUNRIUINLTILT

- Open Hardware yilngldaunsaiivesaludssenldanulivalssiu

2 51An kb

- Cross Platform guisawannlusunsuuu oS Taald
2.3.3 gduuun1sfieulusunsuuy Arduine
1. WgulUsSUNSUUNARLRIADS NIUVISIUSUATY ArduinolDE

2.\ Unlusunsu ArduinolDE Wuaa aantuviinisiden Port wilawed Arduino #

lowveudald faguin 2.8

Auto Format

Archive Sketch

FixEncoding & Reload

Serial Monitor Ctrl+ShiftsM

| © . Arduine Una
| Board v Arduino Duemilancvew/ ATmega328
Sesial Fort > Arduino Diecimila or Duemilanove w/ ATmegal68

Arduine Nano w/ ATmega32i
Arduino Nano w/ ATmegal68
Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal280)

Programmer r
Burn Bootloader

gﬂ‘ff’i 2.8 Mssaenvtinved Board Tu Arduino IDE

3. ynsiaenviinueduasa Arduino ka7 91NTULSI9LYNTSIEeN Serial Port 184

uasn Arduino fisld fegui 2.9



14

Auto Format

Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M

sketch_oct17a

Board »
Serial Port » v COM33

Programmer >

Burn Bootloader

= -
3UN 2.9 (denminelay Comport vaiuain

4. vinsi@eulusunsulaeldniwd Weuaslulusunsy Arduino IDE Welfidumds
Tun1s Run Tusunsy

5. ey Verify, Lﬁ‘ammﬁ]aaummgﬂﬁamas Compile TAalusinsu aagy A ANy
naYu Upload TAa fa3u B 1usunsuludavasn Arduine siuntsaas USB iiladulnan
\Feuiesudl srudnsdenuLaut19d1s “Done Uploading” karuasnaz3uyieun

WeuluswnsulAlaiud

(A) (B)
gﬁ*?i 2.10 gy (A) wanin1s Compiled (B) u@nin1s Upload

Tngadnlaluns@eulusunsudl asldidanwdlumsidou Jaudnnisynaues
Mwdnayldduiiegratevaiuguuuy Lwiua”ﬂmﬁﬁlﬁﬂdﬂfﬂﬂﬁuwi‘ﬂﬁaQ"Lugmmuﬂﬁtm'i']

AL USVRIAAIN YT TULDS

o =

Auls (Variable) fin n1saasfiufluniisaliuiivesreuiimesdmsuiiudayat

U
i

sadlglunisyituveddysunsy Iaafinissdasnnuisnnusluduisetiuge e

avaanlunaBenlddeya dagldteualadiSendutovesfudsiiuels
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TnefuwUsa9idan1wd sxiidrulsenausnal
1. vllavesdoya
- o o = o o ' o ) = . [
mm%Lﬂuanmwmuawﬁ‘uuﬂﬂuaa‘uaaﬂaiﬂﬁmwmaaa’mmanu Ferfnvestoya
1 1 = dy -::i ) 1 o :I' 1 a d' -:i.ad :I' 1 L)
wiazadNivwndenNldluniiea 1y ueneeiy  Lazidesannsiduuiadiuaneeiu

0 = =

T ﬁ’aﬁu‘lumiLﬁan‘l%’muﬂ'ixmw%’agaﬁmi%mmmmmﬁnﬂu‘lunﬁlf&’muﬁw FILUARS

o
o Al

Tiitudsnnsnei 2 dmsuussanvesdeyaiissile
o a o w = a ar o = "o 3
1.1 vayavlafionys (Character) Aatayamdusiaunuiisnysuiomdiuiuidy
¥ olw W W 1w W a o & I @ &
Liurdadnws diay wagnduidnusziiavliiuilunisiiudeya 1 lud
1.2 deyauiladuauiu (Integer) Ao Toyaiiduavdwaudn I Snauduuan
Innudvay Aud Miuilumsify 2 Tud
v a o g o ' 4w o & o
1.3 TayaTUARTUIULANNAUYUIN 2 17 (Long Integer) Apvayaniiaviludiuiu
i Miun 4 Tud
1.4 Yayaslaaunatioa (Float) Aedeyailuawwailsy vuin 4 lud
1.5 doyavilniawnaiinegwaziden (Double) Aodayailuiaunaiion duily

i 8 lugd
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AN YU %29v09A7 Msldau
AN
Char 8 On ASCIl character (-128 | \iudoyauindnusy
fls 127)
Unsignedchar | 8 O 0-255 \ivdeyadnassuvulida
3o
int 16 U -32768 §14 32767 Wudoyarfindruiudy
Long 32 dn -2147483648 i ¢ | \iudeyavdinduauduiuuenn
2147483649
Float 32 4 3.4E-38 84 3.4E+38 | \ivfeyauiinawneiiey
30 AT 6
Double 64 Un L7E-308 §19 1.7E+308 | tAudayavinaansio
w30 Aoy 12
Unsignedint _ | 16'0m | 0 fla 65535 udayarilngavauiiy ludn
\A3Beme
Unsigned lone | 32 U 0§14 6294967296 inudeyaviaiuautduiuuen
liiAaipsaemne

2. sUnuulunmisussnde

fanusiunie C

n1saseeanUsulgnuziienin nsUseniadauts (Variable Declaration) oy

L%uﬁﬁﬂﬁgﬂﬁmmuLLuumﬁﬂssmﬂﬁaLLUi WANIFITl

type name ;

type : vlaUaIRILUS

name : Fouaumiuls Feosnsligndosmumdnuesnim C

nsWeumduielszniaiiuds dulungudrsndeuliludrumvedusunsuniou

Wandumain Fansideuliludumdssiangny asvldmudswaitiuannsasenldainilaf

Ialuluswnsy dasheeslumisned 2.3
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519N 2.3 Lanesia81an1slaulan

#include <stdio.h>

int num; a5 9suUsio num LﬁﬂLﬁUﬁ@ﬁJﬂﬁ%ﬁﬂﬁﬁU?ﬂLﬁm
float y; aaulsde v Lﬁmﬁu%’agﬁ‘ﬁﬁmLﬁWﬂﬁau
char n; a$19uUsde n Lﬁ@LﬁU%’agamﬁmﬁaé’nwiz
void main()

{

printf("Enter number : ")

scanf("%d" &num);

printf("Enter name : ");

scanf("%f",&n);

printf("Thank you");

v
LY

3, ViaNnIIAIten

a

WUT

TunasdsemaadisdailsaaaiinsAmuate Fetenulildinagdcdidanuruieds

2/ P ' = 1o a8 ! - = Y o & o s
VOHANLNUBY LAY Iﬂﬂi&iﬂ']'ﬂﬂﬂ\?aﬂqﬁﬂu LUadInN1wT C N“UE]ﬂ’WWUGﬂUﬂ']‘ﬁ‘EN”UBG]'JLLﬂi

v 1 2/ n’:‘l & - L 1 ; 1 o 1/ st q’j d a
al% AN IAIYDHAANNTILIATU T.‘LJ'iLLﬂ'iiJﬁ]%lﬁJﬂ’]ﬂﬂ‘iﬂVl']&’]Ulﬂ nanAIsAIvaf LU LY

N C wandlidanT19il 2.4 tazn1s19n 2.5

A15NN 2.0 LEAMUANNITAITRUBINTYT C

v £ v oW W W il = o R
ABITURUMBIBNYT A-Z Y50 a-z visalasaaune (Underscore) wintiu

i,

2. | mulufefudsaninsalidnes AZ wio a=z w3efiaY 0-9 VispiAdasmae B
3. | meluievnuiutesin vielidasnwaiuenuiionnds 2

4. | wieresidnusrunan wasvuinlugasiinuvaneunnsiaiu

a

MussPag1uAIaIIY (Reserved Word) fasl
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P o =
fA1999 2.5 UEANAId@NUTNN TG

Auto default float register struct volatile break
Do far return switch while case double
Goto short typedef char else if signed
Union const enum int sizeof unsigned continue
Extern long static void
fodrensiadeiuusluniw C ﬁaﬁgnﬁaaLLazh.ignéfaamamﬁnmi WARINaRM1399 2.6
il

AT 2.6 LERE10819N197 98BI UNIYY C

bath_room QNADg

a a p a [al g P
N-sync WAVANNIT LD INTLATDINUNY - inmj,wa
108dots HANENNTS WaIIMNTUAUALFTILAY

~ @ P a oA P
Year# WNAMANNTT LUBI9INHLIATEILY # agﬂwa
_good QnABY

a [¥] A [=f o
Goto HAMANNIT  LUasRntluAId9IY
Work gnsey

a LY dl (=9 o
Break NANANNNS  LUDIINUAAIIY

4. AuwUsdnsuIanIl

Tunw ¢ lfinsimuseilaveswnuusdnsuteninulanensd wisgldnisiunsin

YR U TNV (char) SIUAUNISAIVURTUIALYY WagasSondinUsdmduLiutoniy

31 fudsansa (string) sUuuMsUsEMAMLUTaRTIuansldiRan1s1a7 2.7 il

A19199 2.7 wanstovasdiuys

char name[N] = "str";
Name YaupanLus
N YUNAVDIVDAINN UIRIWIUS NI UTERIY

Str

TaAuSLAURIrAvua iR umLUsTeneadauls neluese g
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[¥]

s 1 s o at 2 o a‘ 4
megmsUssmafmulsdmiufutenny wandldfguin 2.8 il

d s 1 a
AT NN 2.8 AITNLEAINIBE1NNTUTEMARILYSVDINI1Y C

char name[5] = "kwan" ; a519692uU5 name d1vSuLAu TeA213 kwan F9il 4

FBNYS AIUU name AeduUIn 5

char year[5] = "2549"; a519@uUs year dmiuifiv demdu 2549 343 4

AI9NYI AU year fiosdaunn 5

char product_id[4] = "A01"; | @519fuUs product id dmuifiv deaanu A01 Fl 3

#79NW3 AIUY product id Fosiivuie 4

2.4 LEMINALUY LCD

gﬂﬁ 2.11 [ouanswalluy LCD

(fian - http://www.thaieasyelec.com/article-wiki/review=product-

article/character-lcd-display-arduino- parallel.htmt)

99 Liquid Crystal Display (LCD) ﬁagﬂﬁ 211 Lﬂuaau,aﬂwaguLLuwﬁqﬁﬁamﬂmﬂﬁr’f

o

MUAUNUTEUVENDINAN 8819w vaty 28 LCD dvauvunanswaldusisneszSonda

s

Character LCD %aﬁm‘sﬁmuméﬁaﬂww?eé’ﬂ‘ussﬁmmmuamwaiﬂﬁa;jué’a WAEWUUTN

@

anunsauanwmallugunmviedydnvelldniuainusonisvesglédausenit Graphic LCD

o

L4
=3

yanntustaduaefinisuanduaildianizauy llgunuuuazgUsaniziavasly

N1SUARINA LU wIRNIATIReA IATesAnEY Y3e wihining Hudu
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2.4.1 Tassadrslaevialuves LCD

Tnssaiswes LCD shluavusznauTudeusuut 2 wuUsznuiuey laeiiu
P939719m59na24917 6-10 Iulasans famuluveiuniasiadeusadnilviuuuladiield
LEAAIAIDNYS miaﬂaﬂasswﬁwﬁaﬁﬂwﬂﬂLLUU‘Laﬁ’UWﬁnmm%ﬁ%’uﬂasmiﬁ'ﬁﬂﬁimaqawaa
wansamFuluiirneiuasdesnnsenuiionia Alienment Layer wazndnmaaiildlagsiily

ziflunuy Magnetic Tng LCD anunsoudasualismoadiuldiamun 3 uuugeduie

- wuul¥nisasviounas (Reflective Mode) LCD LLUU&I%H’]SU?SLﬂﬂIaMSLﬂaaU’aE‘JjﬁLLﬁUMﬁﬁ
U94LCD F9 LCD Uszuanimnefunsthunldmuluivivasahadiome
- wuuldmsderinu (Transitive Mode) LCD wuviinnaaenllisundsae wevilynisgiu
afl wansnalddaiay
- WuvdIIuLATaLYiY (Transflective Mode) LCD wuuiiifunisuniendesvesvauaniua
LCD 1 2 wuuangawity

luiliiszvenarniens LCD uansuatludnsyniosasnys Auviesnatnialy
ivaneuuuieiy i 16 §8nws 20 MsnusutaNInnT LassawIuUs TRl 1

=l

UTTNA 2 UTTYIR 4 USSNANIBLINNIInIuLARIN AR lasanealz 109 uild vseanaqxs

wuudwamgnuniduld Tuunamuthsszensiogiae LCD 91l 16x2 Character Wiaf
HJousuniuines LCD 16 fhsnws 2 Ussvia annsanyeladieuaeiisiailias muizandiu

nstdausanwaliunnluminasiies

o a o 1 1 k'S =
38 LCD 16x2 Character muamwﬁmwmﬂwﬁaq 2 .Luumgnume LCD wuu

=

aa ' v o ' ;
Unavitenmeuuuauiu (Parallel) siugiil 2.12 uag LCD wuuiiiiousasynsy (Serial) wuy

u

12C slaguh 2.13 Taewis 2 uuusavaiidnwuesfeafuilsaudiuy 2C axflvesaasuvinly

doaswuu 12C Iotousaldazainay
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SUf 2.12 98 LCD 16x2 Character (Parallel)

Y

(fian : http://www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- parallel.html)

. GHIJKLMNORY
socdefanidk lmnars

. Blacklight Switch
2. Contrast Adjustment
3. 12C pin interface

5U# 2.13 99 LCD 16x2 Character (120)
(‘ﬁm : http://www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- parallel.html)

BTG 2 wuulivwie Pin lumsifeudeunndsiuadials Tnsuuy
wsnduuuu Parallel Ivanun 16 919eiy drunuuiiaeaduwuy 12C Sifes 4 91 awnsa

LENDBNANNAITIATUANASY
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1. WUU Parallel 3 16 w1

SDEFGHIJELMNOP |
cdetfghiak lmnoe

5UM 2.14 Fwumihae LCD 16x2 (Parallel)

(a7 - http://www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- parallel.html)

(et | 0 TAERe NS N\
1 VSS/GND Ground
2 vDD +5VDC
3 VO/VEE LCD Control dmivyivmimidusnihsnes
4 RS Register Select iy Suvmd mitifsnifuugndoysluisamod
5 RW Read/Write WumBunndwiudonluuafruniodiudoya
6 E/EN Enable (JuoiBunndmivdyom Pulse dovisanisifuimiogudoun
7 DBO
8 DB1
o DB2
10 DB3 Data Pins
De4 8-Bit
12 DB5
13 DBé6
14 DB7
15 A (LED+) Duw Vec dmidu LED backlight (5V)
16 K (LED-) w1 Gnd dmivy LED backlight (Gnd)
gﬂ‘ﬁ 2.15 MIUERIYIU8999 LCD 16x2 wuu Parallel
(T - http://www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- parallel.html)
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2. WU 12C & 4 91

acklig

2, Contrast Adjustment
3. I2C pin interface

SUTl 216, Fundsae LD 16x2 (12€)

(i - http://www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- parallel.html)

Ground
2 VCG +5VDC
3 SDA Senial Data
a sl : Serial Cloek

SUM 2,17 3199718398 LCD 1652 WU 12C
(‘ﬁm : http://www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- parallel.html)
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2.4.2 NMIAIVANNITHENINAYDY LCD
lumsauumiedenu fee LCD dufidruniunu (Controllen saul3ludh

ui fldaunsadestadiidinuaumsinnuressa LCD su Controller 3ndmansliuansua
o814l5 Tng LCD Controller wasnasafiilu Hitachi lwed HD24780 wazurlunisidouse
seM39 LCD U Microcontroller fifsil

1. GND unsmaldiesswing Ground vees5zUU Microcontroller fu LCD

2. veC Wulwidsssasitouliu LCD wun +5vDC

3, VO ldUsumuainawemtiae LCD

4. RS lduenly LCD Controller 31U31 Code fideu111921 Data LJusdeuds

Uoya
5. RW ldiwupdragsnuvieilisudayaiy LCD Controller
6. E \8un Enable %30 Chips Select wiafmiuanisyiandlsifu LCD Controller
7-14. DBO-DB7 18w drygyni Data I¥dwiuidaunsosudena/dds fu LD
Controller

nsdnazuani iUl Tne LCD Controller @nunsadusianmiaaann

Microcontroller laatndaysyias RS RW Az DBO-DBZ Tunmisiidayayas E e Logic 1y

'
as

“17 Fedgyqraundrdazliauiuiemwadiusiamdsdusudanu LeD Tnenthilvous
Az ueazylncai

- E 1 Judyaae Enable wiafiafiu

“1”1funsuanti LED nsaudngunsalmeuensiesnisindesuniedoy

“0* T LCD Wiauladyayine RS R/W waz DB7-DBO

- RS udnyaaudmsuivualy LCD nswgunsaineusnaesmsiadaiy
LCD ’Lummxﬂguﬂusﬁaﬁvé’aﬁaﬂﬁaga Iowtn RS = “0” ymnads ds

RS = “1” e doya

- RW udygyiudwmiuuenli LCD nswigunsainieuendesniserunie

\Weuiu LCD Tagin R/W = “0” visnefia ey
RAW = “1” yianeiy 1u

- DBO-DB7 (Hudayeyraunuu 2 fiemns Tnsasduiusivdyano RAW Wdmsu
suds Adsuastayasywing LCD nugunsalniguen laadn R/W = “0” dyayras DB7-DBO
szdiangunsalnteuenuil LCD widh RAW = “1” doyajes DB7-DBO axdeann LCD Tudh

gunsain1euen
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P s 1 . o
2.4.3 NMs\vaunadfyey 'lfu‘u"l‘il'aga'iswn‘m Microcontroller nu LCD Controller
< 1w o ' . )
NISLTDURDE ufy'lm‘ll’l‘uauuaiswma Microcontroller Ny LCD Controller
o U = 1 = d] 1 -
ansavild 2 &nvaz Ao nisideusionuy 8 Un (DBO-DB7) uasnsiileusiauuu 4 Tn (DBA-
DBY) vivdaauuuuansafiuiisssnaunitlide 8 vie 4 v1 uasdwnusavnaulfindousy
= | ' o M vw ' MM vy as 1%
adreiuwiusulunisdsdayauuu 4 91 dewviladind 8 91 ualyllddunnaudanglie
o , $ = a |- & a A o
auan Tun1sdaiu Arduino Hufefiousowies 4 91 v3e 4 Jawiniu wedunisusemdae
R v ow cal @ ' | . b ' 2
Tunsseldnululidedugunsaldu daegrau Arduino UNO R3 tuflunlwldauseudig

Uy ﬁ’qgﬂﬁ 2.18

sUi 218 viildlunisifionsient Arduine UNO R3
(ﬁm - httpy//www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- paraltel.html)

GND VES/GND Ground
VCC VDD +5VDC
Signal VO/NVEE
RS Digital Pin 12
RW Ground (s ziswioansdou)
E/EN Digital Pin 11
De4d Digital Pin 4
DB5 Digital Pin 5
DB6 Digital Pin 6
= DBT Digital Pin 7
A +5vVDC
= K Greund

5UM 2.19 mnsrnildlumsidensiaiu Arduino UNO R3
(i3 - http://www.thaieasyelec.com/article-wiki/review-product-

article/character-lcd-display-arduino- parallel.html)
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2.4.4 wanduamdslunisdeanusewdng Arduino fu 28 LCD
ﬁwﬁa‘lumsmmma LCD 984 Arduino i m719 Arduino.cc e Library
uliiteazanlumailvldng wimndeaeaiaieudes suneuusnlunisismiou
WsunsuAomsionld Library ve1 LCD 91nlwdde LiquidCrystalh Mé’ammfuumﬁud'lﬁ
larduitddnyesls
thaildidssulifas LCD
flaridu LiquidCrystal(); T%'Uizﬂmmﬁﬁaqmidﬁagalﬂﬁwa LCD uuuuluns
Fauie
LiquidCrystal lcd(rs, enable, d4, d5, d6, d7) <<<<<<< lunsallduuvy 4 Js
LiquidCrystal lcd(rs, enable, dO;d1,.d2; d3;d4;d5, d6, d7) <<<<<<< lunsaildiuuuy
8 Un
Tuuneuilduuu 4 9n fio LiquidCrystal lcd(12, 11, 4, 5, 6, 7); Anunefanis
WWouse rs fiun 12 , Enable 7191 11 ; taz DBA-DBT 9171 4-7 3 Arduino srygisy
laridu begin(; Tidmusunavesss luumasihs lduuan 16 fdnes 2 ussim
Feusgmaiy lcd.begin(16, 2);
s setCursor(); T musmumiwazusIinYes Cursor Wi led.setCursor(0, 1);
Ao Wiimedigafluiidumied 0 ussial ¢ mstusuvtEuaIn 0 doths LD 16x2 &
FUNUY 0 — 15 U559 An 0 fiu 1
flardu print0); Whmadonuiifesmwans igu lcd.print("ThaiEasyElec"); fio T4

WaRUBA1Y “ThaiEasyElec” aanniamtinae LCD

s v
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gamil fAuanalugun 3.

LCD display and
Save data

True temp
0-100°C —> Thermocouple type k P Max6675 Module

Em.f
~6.458 - 54.875 my Analog to Digital

Microcontroller >

A 4

=

U9 3.1 UansmainnIntessE U ingmngi

U

as

A o /s = s a =
NNFUN 3.1 uansnisvianuvesivuuingungilatmesluaudavin K 9y
sunnAeguuiiiinisTauazduaidnaesnulususeansuaieuliilugag -6.458 &4
54.875 fladhan Wiaudunabinulaga Max6675 wimantuluga Max6675 azvimiini
at =3 = o aa P | (3 o s Ey
wlasdruezudeniudygranineaiiedusinaludshilasaoulnsamesuazaniine
« o 2/ d ] 14 | a =
lulnsneulnsaiaasazvimiiiuszatana dedoyatitetuiinadly SD card uavuaninavy
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r.:kLv v d o = o =
gunsalfildasranTosingamgll 4 uwauuauanaiannsed 3.1

=

P ey v v a4 o
M7 3.1 uamssiensgunsainldainaetesingumyd

Y

s18n159Unsal MUY (9U)
1. Thermocouple Type K 4
2. ueia Arduino Mega 2560 1
3. 9@ LCD wum 20 x 4 1
4. uga SD Card 1
5. luga Max6675 4

daufl 1 Thermocouple Type K

Tufiimsnngddavialdidonldmingnmgll Thermocouple #iia K insnedifaany
Aa1aLARBURUMgTitesnIn Thermocouple BiinBug kaxiithinisinfings fsaunsada
gaunillute 0 - 1200 espiwaided

AIngunnil Thermocouple Liasnsagawinlalasasinuaa Microcontroller I
wardynrnlwinieansnainda Thermocouple Aiduduen Analog faiuwisn3adedl
srnansiilélunisasing msdiavinddléines IC Disital Converter was MAX6675 Az

a

- ' i = = W v i
# 3.2 unldluniseurrgungiives Thermocouple iiouuasussfulwilaliludgaumal

Y

waglvitendnmoanuludaain Analog uazavawraludsiy Microcontroller

SUT 3.2 Tupa MAX6675
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Inalassnuiiavilliifonluga MAX6675 dagui 3.1 unldifusananslunisdu
Tyaal wasdyayruiledainda Thermocouple IWanunsaderaludad ueda Arduino
Mega 19 weinasldarudaluga Max6675 duanunsaldlanuanis Thermocouple Type K

1 gj anA L |
WNUY AENUAIaNsYedliga Max6675 WARIAIAITISN 3.2

A3 3.2 AuantBlamzvedlugs Max6675

Supply Voltage (V. to GND) -0.3V §i4 +6V

SO, SCK, CS, T-, T+ to GND -0.3V 4 V.
+0.3V

SO Current 50mA

ESD Protection +2000V

Operating Temperature Range -20 °C 914 +85°C

Storage Temperature Range -65°C to +150°C

Junction Temperature +150°C

191 T+ (dw5u Chromel) way T- @msu Alumel) ilasefuwmeas
Tuaua

F¥8zaTlUNTWYAIAY )Conversion Time) 0.22 sec

WOUADLUY SPI

delayaeanuIwuy MSBFirst 1uia 16 Unuasiiniauaziden 0.25 °C

‘Lumu%ursiaﬁ'uiuqa MAX6675 TaeTldarunata SPI axldigann /CS, SCK was

=

MISO usiliifasldan MOSI dayavzgnasosninainled (11 SO) fiagdn tumsidsudnuuy

]
=l

MSB First anaidamsvaadayanne SCK vaviaa 16 T Gadt 14 Wudeyavun 12 Jn uazdas
ihlugausag 0.25 °C Jaavladraamgii-Uni 2 Wseyir ot T+ uay T- sofumesluduida
w39l (Open Input Detection) flalldenBunn agldminiit 1

daufl 2 Arduino Mega 2560

vhdedmedarildidanlduata Arduino U Mega 2560 fis3Ufl 3.3 Fafiuveiniu
ngjfigmuaanszna Arduino fdenlduesniuiingsinuantinaeg Wisdusin Arduino
Uno R3 143w ATmega2560 #iflminaninusiunay 256 KB usu 8 KB Wlniaes 7 89 12V
LLiﬂﬁwaﬁwuag}ﬁ 5V i Digital Input / Output u1nia 54 91 (Ju PWM 16 14 91)
Analog Input 16 91 Serial UART 4 9a 12C 1 9@ SPI 1 9@ 1@eulusunsuuy Arduino IDE

as

wazlusunsuriu USB ingdmiufitaulafuduSoudnsiauilulasmoulnsaiae 54
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ABeN15UR3A Arduino Nlwrsmusuazudyaanneg Weelduuniu Tnosuieu
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i 2
o

-] " o o 1 ] q.'; = o L3
Mdsnlusunsy Arduino IDE iWenazdsddeiludsues

5UM 3.3 Arduino Mega 2560

d2ufl 3 LCD Display

< @ aa o ° o Y ' @ v Yo o & W
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10NYT WALINN 4 USINR FANUIAUIUNLAYN Liﬂﬂ%ﬂ?ﬂ'}‘iLLﬁﬂﬂNﬁquQﬂJﬂﬂ 4 WYULUR

wieuriu 98 LCD 9u1n 20x4 Sunnsaniigafiagiinnly

SUi 3.4 98 LCD Display vu1a 20x4
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#2uh 4 SD Card Module
< Ry = ) a w .
luiiiais1iinsd Thermocouple fildlunisIagaumail ¢ Microcontroller Tun1s
AUANAIEN 98 LCD Display lumsuansua luideliisasyatansiivdeya Tunisifu
Toyaalugpativil annsaligunsaifivdoyalivarouwuy madinvihisldideniond sD Card
o < 7 o q v v e ado
Module fisgu#t 3.5 1ld insganansonviliinduiindeyaveseamaglindald uwfulily
o 4 ! J ado & 14 1 a =
SD Card shlisnannsagudgumgliniauviouals wsiznisuansuadanmgil seidu
NIUaRINALUY Real-Time FamedldaulidanansansuldigamgineunazndaSuaziiu
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U7 35 SD Card Module
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Supply 9V

K- type thermocouple

—HEN

Channel 1 WY WAIM °°
Arduino Mega board
Channel 2
3
Channel SD Card module
Channel 4

Max6675 module

LCD disptay

=l ‘:4 i L3 1 s Y w )
FUN 3.7 nmavennevesuiguniaivetinasiadiny Arduino Mega 2560

=

3.2.1 sulusunsuprunumasesiiotngumigd
AIULARINTRIAN Library Bugu

#include <LiquidCrystal 12C.h>

#include <max6675.h>

#include <Wire.h>

#include <SPLh>

#include <SD.h>

dunanananduUsenafwls
File myFile; //create folder
const int chipSelect = 53;
//CH1

int thermoSCK1 = 30;

int thermoCS1 = 31;

int thermoSO1 = 32;

//CH2



int thermoSCK2 = 34;
int thermoCS2 = 35;
int thermoSO2 = 36:
//CH3

int thermoSCK3 = 38:
int thermoCS3 = 39;
int thermoSO3 = 40;
//CH4

int thermoSCK4 = 42;
int thermoCS4 = 43;
int thermoSO4 = 44;

MAX6675 thermocouple 1(thermoSCK1, thermoCS1, thermoSO1);
MAX6675 thermocouple2(thermoSCK2, thermoCS2, thermoSO2);
MAX6675 thermocouple3(thermeSCK3, thermoCS3, thermoSO3):
MAX6675 thermocoupled(thermoSCK4, thermoCS4, thermoSO4):

LiquidCrystal 12C lcd(0x3F, 20, 4);

drunanslsituBuduiounansduumiiae
void setup(}

Serial.begin(9600);

//put your setup code here, to run once;
lcd.begin();

lcd.setCursor(7,1);

lcd.print("Greeting");

lcd.setCursor(9,2);

led.print("Guys");

delay(1000);

led.clear();

lcd.setCursor(0,0);



led.print(" Temp Measurement ");
lcd.setCursor(0,1);+

led.print(" By Vongsakorn ")
lcd.setCursor(0,2);

led.print(" Applied Physics ");
lcd.setCursor(0,3);

led.print(" KMIT'L "5
delay(1000);

lcd.clear();

if(1SD.begin(chipSelect)X
lcd.setCursor(0,1);
lcd.print("Initializine Failed!"):
delay(4000);

//return;

}

else{

lcd.setCursor(0,1);

led.print(* Initializing Done! *);
//Read Text();

delay(4000);}

lcd.clear();

}

daunanananguiiuanedn output w1evitinas LCD

void loop(){

// Theomocouple #1
lcd.setCursor(0, 0);
led.print("T1=");
lcd.setCursor(3, 0);

led.print(thermocouplel.readCelsius());



lcd.setCursor(9, 0);
lcd.print((char)223);//degree sign
led.print("C");

led.print(" ");
lcd.print(thermocouple.readFahrenheit());
lcd.setCursor(18, 0);
lcd.print((char)223),//degree sign
led.print("F");

// Theomocouple #2

lcd.setCursor(0, 1);

lcd.print("T2=");

lcd.setCursor(3, 1);

lcd. print(thermocouple2 readCelsius());
lcd.setCursor(9, 1);
lcd.printl(chan223),//degree sien

led. print("C");

led.print(™");
lcd.print(thermocouple2.readFahrenheit());
lcd.setCursor(18;'1);

lcd. print((char)223);//degree sign
led.print("F");

// Theomocouple #3

lcd.setCursor(0, 2);

led.print("T3=");

lcd.setCursor(3, 2);

led. print(thermocouple3.readCelsius());

led.setCursor(9, 2):

36



lcd. print((char)223);//degree sign
led.print("C™);

led.print(" ");

lcd. print(thermocouple3.readFahrenheit());
lcd.setCursor(18, 2);
lcd.print((char)223);//degree sign

led. print("F");

// Theomocouple #4

lcd.setCursor(0, 3);

led.print("T4=");

lcd.setCursor(3, 3);

lcd. print(thermocoupled.readCelsius();
lcd.setCursor(9, 3);
lcd.print((char)223),//degree sign
led.print("C");

led.print(" ")

lcd. print(thermocoupled.readFahrenheit());
lcd.setCursor(18, 3);
lcd.print((char)223),//degree sign
led.print("F");

delay(500);

37
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dauuansiandunistiuiinuadayaas SD Cards
[111171177777777777777/SD Card//il /011111 1))

myFile = SD.open("Temp.txt", FILE_WRITE),
if (myFile) {
myfFile.println("Temp1,Temp2,Temp3,Temp4d");
myFile.print(thermocouple1.readCelsius());
myFile.print(",");
myFile.print(thermocouple2.readCelsius());
myFile.print(",");
myFile.print(thermocouple3.readCelsius();
myFile.print(",");
myfFile.print(thermocoupled.readCelsius());
myFile.print(",");

delay(9000),

myFile.close();

}

else {

// if the file didn't open, print an error;
Serial.println("error openning Temp.txt");

}
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8o Fluke 54-2
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30 993 & 99 99.3333 99.9 0.5672
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120 3905 995 g9 99.3500 99.9 0.5506
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Self-Calibrating Enabled Low Cost, Two Channel
Type K Thermocouple Interface for Microcontrollers

Hesham H. Shaker, A.A. Saleh, Azza H. Ali, and M. Abd Elaziz
EAEA, Cairo, Egypt

Abstract—This paper presents a new design of a low cost,
two channel, type K thermocouple interface circuit for micro-
controllers. This interface circuit enables the connecting micro-
controller to make accurate temperature measurements from 0
up to 250 degree Celsius with 1 degree resolution. The usage
of the microcontrollers’ computational capabilities is proposed
to make an adaptive self-calibration for the designed interface
circuit. These capabilities are also used to solve the two major
problems associated with thermocouple signal measurement:
the thermocouple non-linearity problems; and the thermocouple
reference junction problems.

Index Terms—thermocouple amplifier board, cold junction
compensation, self calibration, microcontroller.

I. INTRODUCTION

Thermocouples are used as temperature sensors in many
measurement instrumentations. Such instrumentations are
widely used in many research fields such as nuclear-related
research. They are typically selected due to their low cost,
high temperature limits, and wide temperature ranges [1].

Microcontrollers are the main core of most measurement
instrumentations like thermocouple data-loggers. A circuit is
needed to interface thermocouple terminals with a micro-
controller’s analog input pins. A lot of thermocouple interface
(amplifier) boards are available in the electronics market with
a price ranging from 30$ to 95$ (as in €Bay shop). They aren’t
cheap because all the thermocouple measurement difficulties
are locally solved on the board itself.

This paper proposes a new design of a low cost (<3$)
two channel thermocouple interface circuit, based on the
operational amplifiers implemented in the LM358 integrated
circuit ( 0.05$ in eBay shop). This interface circuit allows
the connecting microcontroller to make accurate temperature
measurements from 0 up to 250 degree Celsius with 1 degree
resolution. This accuracy is guaranteed by proposing the usage
of the connecting microcontroller’s computational capabilities.
This allows making an adaptive self-calibration as well as
solves the two major problems associated with thermocouples:
the thermocouple non-linearity problems; and the thermocou-
ple reference junction problems.

Arduino is an open source microcontroller-based kit. Such
kits are flexible and easy to use. Arduino boards are pro-
duced by several vendors, using different microcontrollers [2].
Arduino-Uno is one example of Arduino boards. It is based
on Atmega328P microcontroller, and it is used in this work as
a microcontroller example to validate the designed interface.

Section II discusses the design of the differential amplifiers
which are the main building blocks of the designed interface.

978-1-5090-5721-4/16/$31.00 ©2016 IEEE
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Section III discusses the importance of using an adaptive
self-calibration technique to compensate any variation in the
amplifiers parameters. Section IV discusses the problem of the
thermocouple reference junction, and clarifies the implemented
solution. The hardware and software descriptions are included
in sections V, and VI respectively. Finally, the validating
experimental results are presented in section VII.

II. DIFFERENTIAL AMPLIFIER DESIGN

Thermocouple consists of two twisted pairs made of dif-
ferent metals. its terminals are joined together at one end,
creating a junction, called measurement junction. When the
measurement junction experiences a change in temperature, an
induced voltage change is produced between the two terminals
at the other end. There are many types of thermocouples:
types I, K, and T are the most common types [3]. Type K
thermocouple is concerned in this paper, it induces a voltage
change from O up to less than 11 mV when its measurement
junction experiences a change in temperature from 0 up to 250
°C [4].

Atmega328P microcontroller (included in Arduino-uno
board) contains a 10-bit analog to digital converter (ADC) [5],
which gets a reference voltage of 5V by default. This means
that the least significant bit of this ADC is equivalent to 4.9
mV. On the other hand, type K thermocouple signal changes
approximately by 40uV per 1 °C [3]. A resolution of 1 °C can
be achieved by amplifying the thermocouple signal by a gain
factor higher than 122 (4.9mV/40uV).

LM358 is a very cheap dual operational amplifier integrated
circuit (IC). It consists of two independent operational ampli-
fiers (Op-Amps) A, and B. These Op-Amps can operate with
a single power supply, and their input common mode can be
in the ground level [6]. These features allow the use of the
same supply of the connecting microcontroller for energizing
the interface circuit, and these features allow the thermocouple
signals to be applied directly to the input of the differential
amplifiers without any common mode voltage level. This
facilitates designing a large DC gain using a single stage
amplifier. The Op-Amps of LM358 IC are used to implement
two differential amplifiers with a gain factor equivalent to 200
(<122 to guarantee more accuracy).

Two experimental test benches have been carried out for
these differential amplifiers. The first test bench extracts the
transfer functions of them using three different LM358 ICs.
As shown in Fig. 1, all amplifiers have the same gain factor
(the same slope), but each one has a different offset shift
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(problem 1). It is better to use the pure linear range of
the amplifier transfer function (input range between 4mV to
18mV). This is done by connecting the negative terminal of the
thermocouple to the positive terminal of a SmV DC battery
(just a resistance divider from 5V to 5SmV) referred to the
ground, and measuring the output voltage between the positive
terminal of the thermocouple and ground. This input range
(I8mV-5mV=13mV <11mV) accepts a temperature change
up to 320 °C. The second test bench determines the effect
of changing the surrounding temperature of the differential
amplifiers. Fig. 2 plots the normalized gain and offset (with
respect to values at 33 °C) of the differential amplifier (using
IC1_A Op-amp) at different surrounding temperatures. The
gain changed slightly, whereas the offset changed drastically
(problem 2). The implemented solutions to solve the two
problems of this cheap amplifier are discussed in the next
section.

III. SELE-CALIBRATION TECHNIQUE

As seen in section II, the internal offset of the LM358s
Op-Amps may change with replacing the LM358 IC itself,
or with the variation of the surrounding temp. Adaptive self-
calibration algorithm is proposed to solve these two problems.
This algorithm should be conducted as often as is necessary
[7]. The connecting microcontroller triggers a new calibration
every time the proposed interface circuit is energized, and
when the surrounding temperature of the amplifier changes
by +/-1 °C with respect to the last calibration.

Self-calibration is enabled in the proposed interface circuit
using a switching network which flips the amplifiers inputs
from the output of thermocouples to the output of divider
blocks during the self-calibration mode. The divider blocks
get an input square wave (1KHz frequency) with an increasing
duty cycle (in 16 steps) from the connecting microcontrollers
analog output (AO) pin, and it extracts a scaled stairs signal
from 5 up to 16 mV. For each stair-step, a 1Sms delay
is applied to allow the outputs of the AO pin, the divider
blocks, and the differential amplifiers to get sustained, then
eight samples from each amplifier output are measured within
two clock cycles (2ms) and averaged.The known inputs and
the measured outputs of the amplifiers are stored in a table.
Finally, the gain and offset of the amplifiers are calculated,
stored, and used in the temperature measurement calculations.
This means, the self-calibration mode takes less than 0.3
second to accomplish the needed calculations, which is very
fast.

The implemented divider block consists of a resistance
divider to scale down the DC level of the input square wave, in
addition to one capacitor applied to the divider output which
partially filters out higher frequencies, and the rest of filtering
is done by the connecting microcontroller.

IV. REFERENCE JUNCTION COMPENSATION

The thermoelectric effect may appear at any connection
Junction of two different metals [1]. When connecting type
K thermocouple terminals (Alumel and Chromel metals) to a
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Fig. 1. Transfer function of the differential amplifiers for three different
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PCB connector (Copper metals), two thermocouple junctions
appear. If these connection junctions (reference junctions)
are at the same temperature T2, they will induce a negative
potential drop equivalent to that induced from a thermocouple
type K when measuring temperature T2 (as shown in Fig. 3)
[6]. This potential drop should be taken under consideration
in the temperature measurement calculations.

As clarified in table I, the reference junction error can be
compensated by measuring the temperature T2 accurately, then
converting this value into its equivalent induced voltage from
thermocouple type K. Finally, the microcontroller uses this
voltage value as a reference for the temperature measurement
calculations [3]. DS18B20 is a digital thermometer IC, which
is used in the present study to implement a temperature sensing
block. It is featured by a 1-wire communication capability, and
it allows temperature measurements from -55 to 125 °C with
+/- 0.5 accuracy [8].

V. HARDWARE DESCRIPTION

Fig. 4 presents the detailed block diagram of the proposed
thermocouple interface circuit. Two thermocouples can be
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TABLE 1
TypICAL CODING FOR REFERENCE ERROR COMPENSATION

DC_offset=5 /fin mV

T2= getRefTemp();

V_T2= tempToVolt(T2); //in mV

V_conditioned= analogRead(AIl) * ADC_Ref / 1023; //in V
V_TC= 1000*(V_conditioned AmpOffset) /AmpGain; //in mV
T_measured= voltToTemp(V_TC DC_offset + V_T?2 );

connected as inputs to this circuit and their conditioned outputs
present on All, and AI2 pins, which should be connected to
analog input pins of the connecting microcontroller. Ref_T pin
should be connected to a digital input pin of the connecting
microcontroller to allow receiving surrounding temperature
of the interface circuit from the temperature sensor block
(DS18B20 IC). Finally, the AO and DO pins should be
connected to an analog output and a digital output pins of
the connecting microcontroller respectively.

KiCad is an open source software for electronic ‘design
automation. It facilitates the stages of the printed circuit
board (PCB) design using an integrated environment [9]. Fig.
5 presents the schematic diagram of the designed interface
circuit as drawn with KiCad. This schematic diagram is passed
to the layout editor included in KiCad, and a single side layout
is designed. Finally, the fabrication files were extracted and
delivered to the EAEA PCB Design and Fabrication Lab,
where a sample board was fabricated. This board was used
to validate the proposed concept. The electronic components
included in the fabricated PCB costs less than 1.76 dollars in
eBay shop. Which means that the cost of the whole proposed
interface circuit may be lower than three dollars including the
PCB fabrication costs.

VI. SOFTWARE DESCRIPTION

An Arduino library is written to allow easy usage of
the designed interface circuit. The library consists of three
functions: TC_measure function, tempToVoltage function, and
voltageToTemp function. TC_measure can be called to get
the temperature values from the two thermocouples connected
to the interface circuit. And it calls internally the other two
functions.

First, the TC_measure function gets the circuit temperature
indication from the DS18B20 IC, If the circuit temperature
isn’t +/-1 degree around the last calibration temperature,
then, it starts a new self-calibration and the new gain and
offset values for each amplifier are saved. Finally, it begins
the algorithm (as illustrated in table. I) for the temperature
measurement for each thermocouple, and returns two pointers
for the measured temperature. The tempToVoltage and volt-
ageToTemp functions use the thermocouple type K direct and
inverse polynomials respectively that have been published in
[4]. These polynomials compensate perfectly the non-linearity
problems of the thermocouple and cause error less than 0.05C.
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Fig. 5. The proposed interface circuit schematic diagram.

VII. DESIGN VALIDATING RESULTS

Three experimental test benches have been performed to
validate the designed interface board. During experiments, the
interface circuit is connected to the Arduino board which is
connected to a laptop through a USB cable. The previously
written library is uploaded to the Arduino board, and the
measured temperature values are sent and displayed on the
laptop screen, using the serial monitor software (included in
Arduino IDE).

A. First Test Bench

Two thermocouples were connected to the designed inter-
face circuit. The measurement junctions of the two thermo-
couples are attached to the sensing bulb of a mercury-in-
glass thermometer which has been inserted in a water bath.
The water was heated up to the boiling point then it was
forced to cool in steps (by adding a cool water). Fig. 7
plots the experimental results. The temperature measured with
the designed interface circuit achieved a very good matching
compared to that measured by the glass thermometer.

B. Second Test Bench

TC4Y-14R is a temperature controller manufactured by Au-
tonics. It accepts signals from either a resistance temperature



detector or a thermocouple and displays the temperature value
on a four digit seven segment display [10]. TC4Y-14R is
used as a temperature measurement device to compare the
measured values from the proposed interface circuit with the
measured ones from it. Three thermocouples have been used
to setup this test bench. One thermocouple is connected to
the TC4Y controller, and the other two are connected to the
designed interface circuit. The measurement junctions of the
three thermocouples are attached together to a heater that
was operated up to 250 °C. then it was unplugged from
the power source and its temperature decay was monitored
every 10 seconds. Fig. 8 plots the obtained results. The
designed interface circuit achieved a very good temperature
measurement with respect to that measured by the TC4Y
controller up to 250 degree as designed.

C. Third Test Bench

One thermocouple has been connected to the designed
interface circuit. And its measurement junction was inserted
in a remote water bath. The interface circuit itself was fas-
tened close to an oven which was operated, resulting in an
increase in the surrounding temperature of the interface circuit.
This experiment was conducted twice: in the first time, self-
calibration was triggered at the start of the experiment and at
I °C change of the surrounding temperature of the interface
circuit; in the second time, self-calibration is only triggered
at the start of the experiment. Fig. 9. plots the experimental
results. It is shown clearly that self-recalibration feature in
the proposed design guarantees a very good measurement
accuracy at different interface circuit surrounding temperatures
and achieves temperature stability equal to -0.02 °C/°C.

Tast Bench 1

Fig. 6. The setup of the first test bench (left), and the setup of the second
test bench (right).

CONCLUSIONS

This study proposed a new design of a low cost two chan-
nel thermocouple interface circuit, based on the operational
amplifiers implemented in the LM358 IC. The temperature
measurement accuracy was guaranteed by proposing the usage
of the connecting microcontroller’s computational capabilities.
This allowed making an adaptive self-calibration as well as
solved the two major problems associated with thermocouples:
the thermocouple non-linearity problems; and the thermo-
couple reference junction problems. The proposed interface
was designed, fabricated, and validated. Future work may
propose new designs with a wider temperature range, and more
resolution.
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Fig. 7. Measured temperature versus cooling step number from the ther-
mometer and the two thermocouples which were connected to the designed
interface circuit.
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Fig. 8. Measured temperature versus time from three thermocouples, one is
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two were connected to the designed interface circuit.
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MEGA 2560 R3 Datasheet

B INTRODUCTION

MEGA 2560 R3 is an Arduino compatible board, It's
based on Arduino MEGA 2560 design, So you can use
BUONO MEGA 2560 as Arduino MEGA 2560, All Code, shield and
IDE for Arduino MEGA 2560 R3 are also valid on BUONO
MEGA 2560, Some visible improvement on hardware make
BUONO more flexible and easier use, For example:
3.3V or 5V IO selectable allow you connect some
3.3V modules (such as XBee) to BUONO directly.

o —_POUER ANALOG IN

B THE DIFFERENCE BETWEEN Arduino MEGA 2560 AND BUONO MEGA 2560

Arduino MEGA 2560

BUONO MEGA 2560

USB Connector Type B Female

Micro USB connector

Operating Voltage 5V 3.3V or 5V selectable
3.3V Current 50mA 600mA
5V Current 500mA 1.8A
Input Range 7V 10 12V 6V to 23V
MCU ATMEGAZ2560 ATMEGA2560
SR

ll FEATURES

® |nherits all of Arduino MEGA 2560's features

® Compatible to Arduino MEGA 2560's pin layout,
screw hole and dimensions

3.3V or 5V operating voltage selectable

More visible location of indication LEDs

Evolved with SMD components

Digital I/0 pins 54(of which 15 provied PWM output)

Analog Inputpins 16

Flash memory 256 KB or which 8KB used by bootloader
SRAM 8 KB

EEPROM 4KB

Clock speed 16MHz

Micro USB connection make the cable can be mixed use

with most digital products such as cell phone
® 5V DC/DC provide 95% efficiency
® 6V to 23V wideranginput
L

Provide max 1.8Afor peripheral circuits
® Groundterminal make measurement easier

B PACKAGE LIST

1xBUONO MEGA 2560
1xMicro USB cable

4xScrew and nut

B CONTACT US

540 Mill River LN San Jose,
CA95134

E-mail:support@inhaos.com

Web:www.inhaos.com

h

D:DOC-BUONO-MEGA 2560-R3-V01-EN

Released Date:2014-3-24



Datasheet
I2C 1602 Serial LCD Module

Product features:

The 12C 1602 LCD module is a 2 line by 16 character display interfaced to an 12C
daughter board. The 12C interface only requires 2 data connections, +5 VDC and GND

to operate

For in depth information on I12C interface and history, visit; http://www.wikipedia/wiki/i2c

Specifications:
2 lines by 16 character
I2C Address Range 0x20 to 0x27 (Default=0x27, addressable)
Operating Voltage 5 Vdc
Backlight White
Contrast Adjustable by potentiometer on |12¢ interface
Size 80mm x 36mm x 20 mm
Viewable area 66mm x 16mm
Power:

The device is powered by a single 5Vdc connection.



Pinout Diagram:

LS. ]
o =-
-
-
-
o

‘< .

\_i HOYA ,
2 Funcisino

Contrast Adjustment A0 A1 A2

;T ——x0n M

Pin/Control Descriptions:

ol 9 e . 7

X g = emy e i, 13! Wyeeld gl

1 o Power Supply & Logic ground

2 Power | Digital VO 0 or RX (serial receive)

3 SDA o Serial Data line

4 CLK | Serial Clock line

AD A0 Jumper Optional address selection AQ - 2ee below

Al AT Jumper | gptional address selection A1 - see below

A2 | A2 Jumper | optional address selection A2 - see below
Backlight | . {Jumper. | jumpered - enable backight, Open - disable backiight
Contrast Pot Adiust for best viewina

Addressing:




Software:

Download the required LCD Arduino™ library for this device from:
ht:;):f{www.circuitattic.comj’dnwnloads/categmw‘i-samp!e-coda.?atmi?ﬁawnioadtg%swn{:rﬁxer—izc-l;braw—easler-:wse

Replace current liquid crystal library found in the Arduino library directory with the above
{Hote: If you use the examples included with the library, be sure to change address to 0x27)

Simple example using library above.

#include <Wire.h>

#include <LiquidCrystal I2C.h>

#if defined (ARDUINO) && ARDUINO >= 100

#define printByte (args) write{args) ;

#else

#define printByte(args) print(args,BYTE)

#endif

LiquidCrystal_I2C led{(0x27,16,2); // set the LCD address to 0x27 for a
//chars and 2 line display

void setup()

led.init (); // initialize the lcd
lcd.backlight () ;

lcd.clear();

delay (100} ;

for{int §iff = . 0; 1f eehbpe]

led.backlight{);
delay{(250) ;
lcd.noBacklight ();
delay(250) ;

}
lcd.backlight () ;

void loop()

int x=0;

lcd.clear();

lcd.setCursor(2,0); //Start at character 0 on line 0
lcd.print ("Hello World");

lcd.setCursor(o,l); //Start at character 0 on line 1
led.print (" opencircuit.nl");

delay(3000);: //Wait 3 seconds

lcd.clear() ;

lcd.setCursor(0,0); //Start at character 0 on line 0
lcd.print("Cursor Blink");

led.blink () ;

delay (2000} ;

lcd.setCursor (0,0);

lcd.print ("Cursor noBlink") ;

lcd.noBlink () ;

delay (2000) ;
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20 x 4 Character LCD
FEATURES
N\ » Type: Character

: :

{OHAAC

000000
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DDD:=HHHHEJJ

U

La B =]

_]_“1

Vishay

e Display format: 20 x 4 characters

* Built-in controller: ST 7066 (or equivalent)
* Duty cycle; 1/16
* 5 x 8 dots includes cursor

* + 5V power supply (also available for + 3 V)
* LED can be driven by pin 1, pin 2, pin 15, pin 16 or A and K
* N.V. optional for + 3 V power supply

Pb-free

RoHS

COMPLIANT

* Material categorization: For definitions of compliance
please see www.vishay.com/doc?99912

MECHANICAL DATA ABSOLUTE MAXIMUM RATINGS
ITEM STANDARD VALUE UNIT STANDARD VALUE
ITEM YMBOL UNIT
Module Dimension 146.0 x 62.5 . MIN. TYP. MAX.
Viewing Area 123.5x43.0 Power Supply | VpptoVss | -0.3 - 7.0 v
Dot Size 0.92x1.10 S Input Voltage Vi -0.3 - Voo
Dot Pitch 0.98x 1.16 Note
Mounting Hole 139.0x55.5 * Vgg=0V,Vpp=5.0V
Character Size 4.84 x9.22
ELECTRICAL CHARACTERISTICS
STANDARD VALUE
ITEM YMB COND UNIT
p b HIO% MIN. TYP. MAX.
Vop=+5V 4.7 5.0 53
Input Voltage Vpp PRYL. "
Voo =+ 8V 2.7 3.0 5.3
Supply Current lop Vop=+5V - 8.0 10.0 mA
-20°C 50 =4 57
Recommended LC Driving 0°C 4.6 4.8 5.2
Voltage for Normal Temperature Vpp to Vg 28°C 41 4.5 4.7 "
Version Module 50 °C 39 4.2 45
70°C 3.7 3.9 4.3
LED Forward Voltage Vi 25°C - 4.2 4.6 "
LED Forward Current I 25 3€ 540 1080 mA
EL Power Supply Current I VeL = 110 Vag, 400 Hz - 5.0 mA
OPTIONS
PROCESS COLOR BACKLIGHT
STN STN STN FSTN STN
b Gray Yellow Blue B&W Color NEne HAE EL CEF-
X X X X X X
For detailed information, please see the “Product Numbering System” document.
DISPLAY CHARACTER ADDRESS CODE
Display Position
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DD RAM Address 00 |01]02]|03|04|05|06|07 08|09 |0A[0B|[oC|[OD[OE|JOF| 10 111 12 13
DD RAM Address 40 141 (42 143 | 44 | 45 | 46 |47 |48 |49 |4A [ 4B | 4C | 4D | 4E | 4F | 50 | 51 | 52 | 53
DD RAM Address 14 |15 |16 |17 |18 |19 [1A[1B|[1C|1D|1E[1F [ 20 [ 21 [ 22 23 | 24 | 25 | 26 | 27
DD RAM Address 54 |55 |56 |57 |58 |59 |5A|5B|5C|5D|5E|5F |60 61 62|63 64]65)] 66| 67

Revision: 09-Oct-12

1

For technical questions, contact: displays@vishay.com
THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
www.vishay.com/doc?91000

ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT

W.VI

Document Number: 37314
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INTERFACE PIN FUNCTION

PIN NO. SYMBOL FUNCTION

1 Vss Ground

2 Vop +3Vor+5V

3 Vo Contrast adjustment

- RS H/L register select signal

5 R/W H/L read/write signal

6 E H — L enable signal

T DBO H/L data bus line

8 DB1 H/L data bus line

9 DB2 H/L data bus line

10 DB3 H/L data bus line

H DB4 H/L data bus line

12 DB5 H/L data bus line

13 DB6 H/L data bus line

14 DB7 H/L data bus line

15 A Power supply for LED (4.2 V)
16 K Power supply for B/L (0 V)
17 NC/Vge NC or negative voltage output
18 NC NC connection

DIMENSIONS in millimeters

6.0
0.8 4.84
0.92
o
146.0+ 0.5 (s
6.0 134.0 S — oo
11.25 123.5 (VA) Dot Size
13.58 118.84 (AA)
E g § 18.0 43-1B(P2.54x;2 ol s 4 13.6Max.g.0 10.1|Max.55
e 1|IIIIIIIIIIIIIIIII1° g j@ [ ==_j E=|'j
o 1AL HOOOO0O000000a060a0a0| | | .
HEEEE RN HHHHDDHH I} {E P
2 ) wn [ ] )
R EENRR
N0000000000000000000] | [+l A
73.0 | ﬂ-——l'- 4x@25PTH LEDB!LLS EL orNO BTlf
3.50 139.0 4x@50PTH
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of
typical requirements that are often placed on Vishay products in generic applications. Such statements are not binding
statements about the suitability of products for a particular application. It is the customer's responsibility to validate that a
particular product with the properties described in the product specification is suitable for use in a particular application.
Parameters provided in datasheets and / or specifications may vary in different applications and performance may vary over
time. All operating parameters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product specifications do not expand or otherwise modify Vishay’s terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk.
Please contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for
such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document
or by any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

© 2017 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED

Revision: 08-Feb-17 1 Document Number: 91000
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

General Description

The MAX6675 performs cold-junction compensation
and digitizes the signal from a type-K thermocouple.
The data is output in a 12-bit resolution, SPI™-compati-
ble, read-only format.

This converter resolves temperatures to 0.25°C, allows
readings as high as +1024°C, and exhibits thermocou-
ple accuracy of 8LSBs for temperatures ranging from
0°C to +700°C.

The MAXB675 is available in a small, 8-pin SO package.

Applications

Industrial
Appliances
HVAC
Automotive

SPl is a trademark of Motorola, Inc.

Features

¢ Direct Digital Conversion of Type -K
Thermocouple Output

¢ Cold-Junction Compensation

+ Simple SPI-Compatible Serial Interface
¢ 12-Bit, 0.25°C Resolution

4 Open Thermocouple Detection

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX6675ISA -20°C to +85°C 8S0
Pin Configuration
TOP VIEW
GND 1] 8] NC.
- | E NI [7]
| maxes7s B
1[5 6] C3
Vg [4] 5] sck
SO

Typical Application Circuit

Vee

0.1pF

VAKXV

MAX6675
GND

S0

T+ SCK

MICROCONTROLLER
68HC11A8

MISO

SCK

SSB

VAKXV

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VEe 10 GND) .....oveviieiiirninisnns, -0.3V to +6V
S0, SCK, CS, T-, T+ to GND -0.3Vto Vg + 0.3V
SO CUITENE it 50mA
ESD Protection (Human Body Model) ......coocoovvvevvni +2000V
Continuous Power Dissipation (Ta = +70°C)

8-Pin SO (derate 5.88mW/°C above +70°C) .............. 471mwW
Operating Temperature Range .........c.ccocccooo..... -20°C to +85°C

Storage Temperature Range ...........c.ocoocoev... -65°C to +150°C
Junction TemMPeratire .. i +150°C
SO Package
Vapor Phase (B0S) . ..o +215°C
Infrared(158) cwnunmman oy i +220°C
Lead Temperature (soldering, 108) ...coovvvoveveeeeeieeen. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vcc = +3.0V to +5.5V, Ta = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
TTHERMOGOUPLE = +700°C, | Voe= +3.3V -5 +5
Ta=+25°C (Note 2) Voo = +5V -6 +6
TTHERMOCOUPLE = 0°C to Vec = +3.3v 8 +8
Temperature Error +700°C, Ta=+25°C (Note 2) | Vep = 45V 9 +9 LSB
TTHERMOCOUPLE = +700°C Ve = +3.3V -17 +17
t0 +1000°C, Ta = +25°C :
(Note 2) Voo = +5V -19 +19
Thermocouple Conversion 10.25 LV/LSB
Constant
Cold-Junction TA = -20°C to.+85°C | . Vcc = +3.3V -3.0 +3.0 oC
Compensation Error (Note 2) Vo = +5V -3.0 +3.0
Resolution 0.25 Qe
Thermocouple Input 60 kQ
Impedance
Supply Voltage Veo 3.0 55 Y
Supply Current lce 0.7 1.5 mA
Power-On Reset Threshold Ve rising 1 2 25 Vv
Power-On Reset Hysteresis 50 mV
Conversion Time (Note 2) 017 0.22 ]
SERIAL INTERFACE
0.3 x
Input Low Voltage vV \
p g IL Vs
- 0.7 x
Input High Voltage Vi v
P g g H Voo
Input Leakage Current ILEAK Vin = GND or Voo +5 pA
Input Capacitance CiN 5 pF

VAKXV




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

ELECTRICAL CHARACTERISTICS (continued)
(Ve = +3.0V to +5.5V, Ta = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
; _ Vee -

Output High Voltage VOoH ISOURCE = 1.6mA 04 v
Output Low Voltage VoL IsINK = 1.6mA 0.4 \
TIMING

Serial Clock Frequency fscL 4.3 MHz
SCK Pulse High Width tcH 100 ns
SCK Pulse Low Width tcL 100 ns
CSB Fall to SCK Rise tcss Cr = 10pF 100 ns
CSB Fall to Output Enable tov CL = 10pF 100 ns
CSB Rise to Output Disable TR CL = 10pF 100 ns
ngFall to Output Data A CL ="10pF 100 i

Note 1: All specifications are 100% tested at Ta = +25°C, Specification limits over temperature (Ta = TMIN to TmAx) are guaranteed
by design and characterization, not production tested:
Note 2: Guaranteed by design. Not production tested.

(Vee = +3.3V, Ta = +25°C, unless otherwise noted.)
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Pin Description

PIN NAME FUNCTION
1 GND | Ground
Alumel Lead of Type-K Thermocouple.
2 T- Should be connected to ground
externally.
3 T+ Chromel Lead of Type-K Thermocouple
Positive Supply. Bypass with a 0.1pF
V
3 e capacitor to GND.
5 SCK | Serial Clock Input
—== | Chip Select. Set CS low to enable the
6 CS 2 e
serial interface.
7 SO Serial Data Output
8 N.C No Connection

Detailed Description

The MAX6675 is a sophisticated thermocouple-to-digi-
tal converter with a built-in“12-bit analog-to-digital con-
verter (ADC). The MAX6675 also contains cold-junction
compensation sensing and correction, a digital con-
troller, an SPl-compatible interface, and associated
control logic.

The MAXB675 is designed to work in conjunction with an

external microcontroller (UC) or other-intelligence in ther-
mostatic, process-control, or monitoring applications.

Temperature Conversion
The MAXB675 includes signal-conditioning hardware to
convert the thermocouple’s signal into a voltage compat-
ible with the input channels of the ADC. The T+ and T-
inputs connect to internal circuitry that reduces the intro-
duction of noise errors from the thermocouple wires.

Before converting the thermoelectric voltages into
equivalent temperature values, it is necessary to com-
pensate for the difference between the thermocouple
cold-junction side (MAX6675 ambient temperature) and
a 0°C virtual reference. For a type-K thermocouple, the
voltage changes by 41pV/°C, which approximates the
thermocouple characteristic with the following linear
equation:

Vour = (41uV /°C) x (TR - TAMB)

Where:
Vourt is the thermocouple output voltage (uV).

TR is the temperature of the remote thermocouple junc-
tion (°C).
TaMB is the ambient temperature (°C).

Cold-Junction Compensation
The function of the thermocouple is to sense a differ-
ence in temperature between two ends of the thermo-
couple wires. The thermocouple's hot junction can be
read from 0°C to +1023.75°C. The cold end (ambient
temperature of the board on which the MAX6675 is
mounted) can only range from -20°C to +85°C. While
the temperature at the cold end fluctuates, the
MAXB675 continues to accurately sense the tempera-
ture difference at the opposite end.

The MAX6675 senses and corrects for the changes in
the ambient temperature with cold-junction compensa-
tion. The device converts the ambient temperature
reading into a voltage using a temperature-sensing
diode. To make the actual thermocouple temperature
measurement, the MAX6675 measures the voltage from
the thermocouple’s output and from the sensing diode.
The device's internal circuitry passes the diode's volt-
age (sensing ambient temperature) and thermocouple
voltage (sensing remole temperature minus ambient
temperature) to the canversion function stored in the
ADC to calculate the thermocouple's hot-junction tem-
perature.

Optimal performance from the MAX6675 is achieved
when the thermocouple cold junction and the MAX6675
are at the same temperature. Avoid placing heat-gener-
ating devices or components near the MAXB675
because this may produce cold-junction-related errors.

Digitization
The ADC adds the cold-junction diode measurement
with the amplified thermocouple voltage and reads out
the 12-bit result onto the SO pin. A sequence of all
Zzeros means the thermocouple reading is 0°C. A
sequence of all ones means the thermocouple reading
is +1023.75°C.

MKV




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

Applications Information

Serial Interface
The Typical Application Circuit shows the MAX6675
interfaced with a microcontroller. In this example, the
MAXB675 processes the reading from the thermocou-
ple and transmits the data through a serial interface.
Force CS low and apply a clock signal at SCK to read
the results at SO. Forcing CS low immediately stops
any conversion process. Initiate a new conversion
process by forcing CS high.

Force CS low to output the first bit on the SO pin. A
complete serial interface read requires 16 clock cycles.
Read the 16 output bits on the falling edge of the clock.
The first bit, D15, is a dummy sign bit and is always
zero. Bits D14-D3 contain the converted temperature in
the order of MSB to LSB. Bit D2 is normally low and
goes high when the thermocouple input is open. D1 is
low to provide a device ID for the MAX6675 and bit DO
is three-state.

Figure 1a is the serial interface protocol and Figure 1b
shows the serial interface timing. Figure 2 is the SO out-
put.

Open Thermocouple
Bit D2 is normally low and goes high if the thermocou-
ple input is open. In order to allow the operation of the
open thermocouple detector, T- must be grounded,
Make the ground connection as close to the GND pin
as possible.

Noise Considerations
The accuracy of the MAX6675 is susceptible to power-
supply coupled noise. The effects of power-supply
noise can be minimized by placing a 0.1uF ceramic
bypass capacitor close to the supply pin of the device.

Thermal Considerations
Self-heating degrades the temperature measurement
accuracy of the MAX6675 in some applications. The
magnitude of the temperature errors depends on the
thermal conductivity of the MAX6675 package, the

VAKXV

mounting technique, and the effects of airflow. Use a
large ground plane to improve the temperature mea-
surement accuracy of the MAX6675.

The accuracy of a thermocouple system can also be
improved by following these precautions:

* Use the largest wire possible that does not shunt
heat away from the measurement area.

 If small wire is required, use it only in the region of
the measurement and use extension wire for the
region with no temperature gradient.

» Avoid mechanical stress and vibration, which could
strain the wires.

¢ When using long thermocouple wires, use a twisted-
pair extension wire,

¢ Avoid steep temperature gradients.

e Try to use the thermocouple wire well within its tem-
perature rating.

¢ Use the proper sheathing material in hostile environ-
ments to protect the thermocouple wire.

e Use extension wire only at low temperatures and
only in regions of small gradients.

* Keep-an event log and a continuous record of ther-
mocouple resistance.

Reducing Effects of Pick-Up Noise
The input amplifier (A1) is a low-noise amplifier
designed to enable high-precision input sensing. Keep
the thermocouple and connecting wires away from
electrical noise sources.

Chip Information

TRANSISTOR COUNT: 6720
PROCESS: BiICMOS

AR B A AWm U AL B



AR AR AN R . . .~

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)
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Figure 1a. Serial Interface Protocol
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Figure 1b. Serial Interface Timing
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

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

Package Information

)

SOICN.EPS
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Al

NE

INCHES MILLIMETERS INCHES MILLIMETERS

MIN MAX | MIN [ MAX MIN MAX IMIN | MAX | N |MSOL2
A|0.0SNULOES| 1.Bo)1.Y5 D10.189 0,197 4.80(5.00'|8 A
A1/ 0.004 [0.010[:0.10 | 0:25 D40:337(0.344]| 85518.75(14| B
B|10.014 |0.0191.0.35(0.49 D 0:386{0,394| 9.8010.00(16| C
C[0.007 |0.010% 019./10.25
= 0.050 e NOTES:
E 10150 (0157 | 3.80]/ 4.00 1. -D&E DO NOT INCLUDE MOLD FLASH
H0.228[0.244] 5.80}6.20 © T0 EXCEED. i contsy s NOT
h{0.010 [0.020] 0.25/0.50 3. LEADS-TO BE COPLANAR WITHIN
L 10.016 |0.050 ] 0.40[1.27 . CONTROLLING DIMENSION: MILLIMETER

4

5. MEETS JEDEC MS012-XxX AS SHOWN
IN ABOVE TABLE

6. N = NUMBER OF PINS

J
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