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ABSTRACT

This project provides an equipment, - temperature. measurement. By using
thermocouple type K. The principte of this type of sensor is the output voltage of sensor
generate from the different temperature between measurement. point ant reference
point. The output voltage can be transmitted to a microcontroller. as analog voltage.
And then convert to digital. - The controller calculates. from: voltage to temperature

value. And displayed on the LCD display .
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Type AIUNTN
oc oF (mV)
UWanila-30 % st /
B @ - 0 - 1820 32 - 3310 0 - 13.814
UWayu-6 % 1sifsy
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R - -50 - 1768 -60 - 3210 -2.26 - 21.108
uwandy
wwayidy / 10 % lsifew
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K TAsiua / DRLNA =270 - 1372 -450 - 750 -6.458 - 54.872
T NOILAY / ADUALRNULALY =270 - 400 -450 - 750 -6.258 - 20.869
E 1AsWa / ARuaLAuLAY | 270 - 1000 | -450 - 1830 | -9.835 - 76.358
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2.2.3. ngmsvinauvaawmesluduila [3]
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vansyadonizdranglivifufasliianszualniinlve

2. nnvaslanzunsn(Law of Intermediate Matals)
dillavzuninegludiuniadiulaveansas wingungiives

qasiefivatslansunsniisaesiinduuds Tanzunsnidorlufinace

usapdoulnindiiAndu degud 2.8

T A, Tawst Ta: A

T e n

Tamep Taw B

JUN 2.8 uansgUvesnguadanzunsn

3. NYUBIYURYILNIN (Law of Intermediate Temperature)
wsuadeulnihiAntulasinesluduillanaragasefulad

ounndiennen1eiuIgda i fumaUInnI Wy A dne

usatpdeulniivsamesluduidamddy Fagudt 2.9

favza 72 Tau=a S

™ e
JAB
g g2

E1
fawes  ~  Taw=s

S5 E1+E2

U7 2.9 uansgUraIngvesgaumgiingsn

2.2.4 Auanviva e TluAUWauuuNImsgIu ( Characteristic of  Standard
Thermocouples ) [2]
1. auly ( Sensitivity )
MnesNLsIAdoulwiuans g e saadsunmesludUda
923AUB8NI100 mV Lwimmh‘ﬁLLﬁ%‘%unmﬂ%’m%x%uaEJﬁ'Uﬂ’lﬂ%"N%
YvanmdygnuaziivesuAlla
2. Tas9a514 (Construction)
Tssadrsveavesluduilaiidnumesssuil 210 Taodosiidnune

U
atife: fanudumueh Iduuss@vsaamgiias funudenisiinoenled

7
d. =% 1 9/ a:i' -] ;% =Y v d‘ 1 -:;
ngaumgiige) nusisdanzwindenmhluliiad uasidudadugiigawing
s dulUle filnuseviedestudruninazsynannuanuiaa anyliveanas
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Tuﬁ’uLTJa%uaq’ﬁ’wmwuwmviaﬁmﬁ'uﬂgqLa@iﬁuLﬁamms%ﬁﬂau%ﬁﬂﬁ
AuanTAnsiinmesludidnnindeldiuunnlugunsalviimnudy (peltier
element) wnniieldifumesludulatngungll  wunvesaeines
luAdadwvualdanmsldauuiasoge sasivunan #10 luanne

'
o

aly o = & v =
winaaulunen Adwuin # 30 wiaurinsesie 0.02 mm Faduatswuuly

'
o/

lashs(microwire) AlduNsIngamginisnaulunumadzinen

wwmad [wamlitlandans advaRbe

A H: i 1 \'
| | I A

35U 2.10 uanalassasrawesmesiuAuila

3. §1un151441u (Range)
grugungiinisldanuazanullunisiavesnesTudila udazn

aruanaeiusIuL A vanIaNayivus ludauididyfodwsundoud

8ONNNNUAAYEUNNT IADI81989 UMM IAININTE VD IUFAL AN AT

Tilgnseadutennimigitumniszuy

4. 1I81MaVUEAUDY (Time Response)
nmmauauawmmaﬂuﬁ'ﬂLﬂﬁ%U@QﬁuwuﬂmmaaawaLLaxﬁ‘aﬂﬁﬂﬁm

iveUasnumimasiuauila

5. MsUiuanmdryeyras (Signal Conditioning)
UnPussndouteuneiludtiaseiivuintosnndasndudeaiing

‘UEJ’]EJ??EQEU“’WI@EJI‘iT?JEJULLE]mj“UEﬂEJﬂ'J’W:J&Lﬁlﬂ&ﬁdﬁﬁﬁﬁ]i’]‘ﬂmaqaﬂ

2.2.5. nmsldaumesTuaviWaninsgiu ( Characteristic in Application of
Thermocouple Standard Type ) [2]

Tudaqiu wudiimesludulamasgued 7 wfin mumimsgiuues ANSI  uaw

ASTM Tagnisduunmuvssinnvesiagildvihdegy 2.1
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70

JUN 2.11 udpeissrulnianlaainmesluauilanmssaunuusig ¢

woslualilauuuk | smilsmiugwdmsunisadisie dniawnesludulayilni

Sundnliduinsgiuiusd e 1916 Tagiugunnswan damdszduiinfaniovude
a a ] a v a 14 =l | =l w Yo Y aa

svglilllvuddnsuniiatumalasifion wsrrlul a.e 1916 Selianunsaasneiifa

Uigvaladalalduanslauiamseng q ludunauuesiaquiln K uilutiagoulalinnsseinseta

=

drunanari AR livTansaana T i emaralu ST S INEzag U By
srewminesludvidasin K Atmunurninsguaslililansiauudiasiloy

naus AU oS UURnmn salstede e Tiveaa R an il ide
sz Tilumslfanuveswiia K fifed

Lirauveamesludiilan dutanuaslsiunufnuaniiduaswivin) 7
gaungiivies udilgaasesi (cure point Aogmmpififuudsusnasauifindnludy
wilndn) eglutieildmmuned MliAamsdruasisaniaunisersnmessiuiivile
Balunirdunuigamisinaieriueg furmuididunasangus JAastaziAunuanTH
nnwmeslududadmilifunasTufudadndnils snlufefamaasmnnisivdsuuas
usandeuitlinsiudn u gumnifialaimsauand

2.7igamglige 9 (e 200°C e 600°C )masTuduTaviin K 1eiinavesdaneiiva
LﬁﬂﬁummzﬁﬁuéﬂuﬁﬂLﬁaqquﬁLﬁwﬁuuaﬂw&wﬁammﬁamm Faduasitliauninae
mansiAB UL assaAdeuld

3igamgll 1000°C  daveameslududanin K amfneonled  Huwelidnig
WasuuUadusandoy

a.nmslilaveadidulansnandniuiveslufuilasiin K agiliAatymiluy
qnawnssudnades isluiiuiisu 4 AiWdndiansouas 9 smursieriulennisuanudes
Tindes Iniliasuuausaadounisduein
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grunisiuLazaukineveuvesludulalusugrainssu ’ﬁﬁmumima
UINIFIU IEC 584( wammm’mmamwuima’[mwaﬂmﬂlﬂa) P25 TngamgiivaLiles
voamesluduTaunuuiandy -270°C 81 +1 370°C

Tneilsdiununiveudaivuslasinnsgiu IEC 584 (m1519819Bedmiuwmed
TuAuDawunend ussi
1. Class 1 = -40°C fla +1,000'C +0.004xt w3s +1.5°C
2.Class 2 = -40°C i +1,200°C +£0.0075xt wia +25°C
3.Class 1 =-200°C 4 +40°C  +0015xt wia +£25°C

o t gaumgiia3eiivhnisin

siaddmivamemesludUilarivualaeuinsgiu BS 4937 part 30 ,199(sWadmu
mmmuaqﬂqwamwmwmwmmmmmmaﬂmﬂma) dwsuriin K Huonandudiden
maua%ﬂuam fnaenviasTasdiEiTen duaetmugdugnn (ela vx) Amilouiud
suvuinain Tngagy

UBAYDILUL K

1. Wulyuidelitwivarsinian

2. dmfumsingamnfivaedi 4 avialdann ~180°C fwsvanas 1,350°C

3. aunsoliinluamuniuiiseteandindy vigaomzuuuiEettner) 1éfniuuy
9
ansoldfvanImatuitnsussidaesoulsa
Wiénsinsiasuusedsuliiveanvnifinimuudu 4 (prwdufoudu 1)
uagienududidunnfigeluussnmesludt dadedy

S

YoIdUVILU K

1. Liomngfunsieiidesdudafuuiasesanduiazesndmdulnense

2. ldmnezfuauitlovesdamas

3. himngAvaawanuiniduaganme enduesldudsaadug)

4. wdmstiuluze U vilidunaumaeiindouly Adunayiliauaudives

usupdeulinaeuly
NN3UALYBYAB1984 (Reference Compensation) (3]
msziussadeuvennesTudulaiandudndiufiuainuunnmiasening

ammﬁﬁwi’maxammﬁﬁaﬂé’wﬁa ﬁqﬁumﬂammﬁmé’wﬁqm?{auuﬂadmaamnmﬁ%ﬁﬂ
’menmmwmwmmwmammﬂuﬂlumimwaammumqaqLwaiwmmmﬂwamwmm
Lﬂulﬂlmmmmwaﬂuwuﬁulmaaﬂu:uumﬁﬁmwwﬂmaaﬂm%ﬂa«a AD595 AMNageAs
a@ﬂLL‘UUI’e}FUELWJﬂ'ﬁ‘UWL°UEI"\J‘G}E]’N@JGI@H&JWN@QMM{]QJJV\FJIUGW’JE}UH?QELENLLasa?MWiﬂid A1
mmé"}umuﬂizﬂauﬁuqﬂn‘azﬁgﬁaﬁummﬂmauan%‘mé’f’m%aswasLﬁamwaa@ﬂﬂimﬂlﬁlaﬁ
TunPULINLA?

1uU%mmwﬁwuﬁﬁlﬁaaﬂLLUUTﬁﬁqmﬁ’ﬁmL%amfaﬁmumﬂmﬁﬁu microcontroller M1
wasn USB (Universal serial bus) Tmedyapadiuvandudeyauuuddneainddnns
Foysu1au(Signal conditioning) %gﬂa'ﬁLmuwﬂiuLf]umiam%'aﬁ?ﬁmmaaqﬂﬂiiﬁﬁﬂ’}m&iamﬂ
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2.3 szuudyyninaznisulas [4]

msdeansteyasuneuiuned annsadoastoyaldnnusann Usznause (e
(Voice) 9nvsztaninu (Text} 2% (Image) m‘ﬁauaﬂauﬂama% (Data) %"’amias%’a;ira il
dnwazanzvesdyyniuansiaiy LLUQﬂ']‘Sﬂﬁw‘M’UEN“Ue]JJdv]\W

1. Analog Computer

ﬁ’mzymamaaﬂﬁa ﬁzycywm%’auauw&imﬁaq (Continuouse Data) HUu1AV94
Foynaliag mﬁLUaEJuLLUaWU'Iﬂ‘UENﬂfQEyTﬂJLLUUﬂE]EMU‘LmBEJIULLUSNUWNL?EM Wy
Ty nuiuyssannsadudald FaguTl 2.12 1y usadureni

2. Digital Computer

deunuRdsa fe ﬁmmm%’agauuﬂﬂsﬁmﬁm (Discrete Data) fuuinvesdnyeyiu
Aefl Msdsundasunnvesdyaoadunuuiud Wil liwusdumung Judnyayrai
uyweliannsadudals faguil 212 1 degaradaily

Amplitude

m&/ ]

Amplitude
|

= |
Time

ma ]V

ﬂj %) s oy © o
JUN2.12 Uansnsnwanwagay I Analog wag Digital muanau

2.3.1 Msuwdasdyarnourasniludyyiuiinea
‘2 o v ol o 9 P fo v
Analog: to  Digital - Converter (A/D)yimniiluasdyanaoyanuywdiv]
dudald (Dudoganmdlni iedoudignmetseanana Faluvviummniwasnisiudeys
p & a & a 7 s (") | P e 1%
(InputUnithdunssuaumsaiannsellng Adgygaudsiusedios (analog) 95unsudasls
Dudyguiinea Tadlifinsaudoyadidnnadwsvoy ADC ddnwaiwasednn Ao fmun
ivmumaamuw Mmiavvadaazinanunisenidares 2 fla 2, 4, 8, 16 1udy Gt
ﬂamaawuﬁwum 2 @nurhazi3eniT binary mLaﬂumwmmm'iml,ﬂm'ﬁuiﬂﬁuaaluuﬁ Tugouy

D

£ 7

fomuves nilwazgud
v 2 aa P a @ v
N%ﬁ'l%"lummﬂmafgfgﬂmamaamﬂummaaumnmwmmium Tnemluudras

wlasdyineunasniluidnea (A/D converters) Hldanusgusvanm 7 liafe
1. Parallel Comparator, Simultaneous, #39 Flash A/D converter
2. Single - Ramp %38 Single - Slope A/D converter
3. Dual - Slope A/D converter
4. Charge balance A/D converter
5. A/D converters using Counters and D/A converters
6. Tracking A/D converters
7. Successive - Approximation A/D converters
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2.3.2. wlasdyyraeuzasndufdnoa 10 Tnves ATMega168 [5]
lulasmeulnsaiaesives ATMegal68 suilfiunn DIP 28 wuawise
UﬁzmawaéuwwﬁLﬂuﬁmuﬁyﬂmmwaanahmm‘m ADCO s ADC5 (sfaw1 PCO v PC5)
wind nﬁxmum'ﬁv‘ifl-zwwmmmﬂaaﬁwumyﬂmawusaaﬂLﬂu%’a%aﬁ%mamﬂuﬁagﬂﬁ 2.13

ADC Multiplexer Select

ADC Control and Status
Register

&

ADC Data Registers

— Y 17 aa
IUN 2.13 LLamn'rﬁLLUaaagyfg“lmmusaaﬂLﬂuwa;&ammaa

ey ATMegal68 iussiiuegauasdaeianeusaonduii TalieuAYALFET

Fatunssuaunis Senldeudeidunoudsd

1. Amuarilinuiafioaneesluidemsidyuinsumanla (ADCO.ADCS)
Uoudniuasasuuasdyanmn amsnandesgndaliiuin 3.0 vasidanes ADMUX

2. Zullamsldrunssudasdynyiam Tnedwaodn 1 1UDn ADEN (ADC Enable - On 7)
Y9953aM03 ADCSRA

3. dalihsesudasdyginm Sunsyuaunisutas lasdiaadn 1 1UfSa ADSC (ADC Start
Conversion - Un 6) Y8337dLn83 ADCSRA

4. 599unsEadn ADSC finduasingud thumnefenszurunasulasldiasaduud

5. wadnsvesn1suUasasgmiivlilusdewes ADCL (8 Tnen) uay ADCH (8 Tnga) tialims
swanululdoggniesmunalnvestilasreulnsames ArlusTamed ADCL LN
27U0BNUINBU ADCH

ﬁi'}ﬁlé}’aWﬂﬂmwawmﬂummqm

inX1024

ADC = Y (2.3)

Vref
lag vin feussiuiivueuzdonduwniigniden dw Vref Aoussdudneds Fus

annsadenuraInsatuldlaen1siariin 6 war 7 ve9Ssawes ADMUX shethaiaray
& i = 5 ] Y7 a v o o o -:45 1 v a =& o s [
ATUANANIFIVALTINUDN9D I TULSIRURUT AREF &asiaidniu VCC Sailuseaduwintu 5
Tan
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2.4 Microcontroller [6]

lulaseulnsaias ( Microcontroller ) snan 2 A1 Awdlsdelalas ( Micro )
wmaﬁwmmﬁﬂ wazA1I1 Aeulnsalaes ( controller ) mnefahmuaurdagunsalmuay
farfu lulnsmeulnsaaesimuneigunsalauauuunaidn Lm”lumaﬂﬂ‘amﬂwﬂmumaﬂu
”meiqmmawmiﬂwﬁmamammzwﬂaumLmai finulagdulngduinendnfenisly
lulaspoulnsaaes Wsamendily , mheanud uasnesndududuusenaundnddyues
szuunauimesitlidmedulasvhnisussquudlilusdudendu anvgwdndidesdd
lulasroulnsalaesifetinosnuuy Wauwdnsusinaenauinyssiuvgsamaiesamaniass
liléiasfiazdesofersasdidnnseindiinlufidauisadoslunisnivauuinduaces
§L§ﬂmaﬁnéﬁﬁmwfaaqﬂiuLﬁammmmiﬂﬁmﬁaam‘aﬁv’uﬁimyjimLﬁamﬁmﬁuamﬁau%
Toudsiuarufonisvesfuslon uasudnneenuuundndos fuiulilasreulnsaiaoiss
dunfeafeuiiesesiufuainsosnisulumuausstuimmaasnsaisdesmslaglid]
muﬂmLﬁﬂﬁ?jmLwiﬂﬁu'LﬁEJuwifummLﬁﬂLﬁﬂﬁuﬁuﬁaawmmﬂaummﬁ"ﬂﬁawm'ﬁm/‘f"mulc%’a&m
snludismesuuuunsBeulusunsinieisngeg muaiuatin

2.4.1 Tassadrslaemaluveddulasneulnsaiand
Inssatielnely vaslulnsreulnsaaefiuannsautseanulindy 5 dw
vy astaluil

L. vbeUssanananataviaedily (CPU.: Central Processing Unit)

2. vERINeT (Memory ) @nsaitsaanity 2 1w Aaviaenanusaidlidmsy
ivlusunsuman( Program Memory) Wisuiadlouansnfanuaunsosnosfiunoaslsy fe
foyalnqiigniiuliludagligameudlalifindes Sndauviledemhiomudifioya ( Data
Memory ) Tdtuwmilaunnsy mwwm’LumﬁmmmawwaLLauLUumwmamamﬂﬁwmv
91U LLG]W]ﬂhJi.IlWLﬁEIW@ﬂJaﬂﬁ]u‘Vi']EJl‘Uﬂa’ltm‘UifTU’JEJF’YJ”]EJLL?QJ (RAM) “lumiaaﬂaummai
mqlﬂ LmemU”LuImﬂauImaLaaiaua’fmwmEjmmmﬁuauaﬁ]uummﬂwmsmmmuﬁu
‘N‘EJE]JJEW“W]EJIULN@I?J&JIWL&EN waziludawsen (EEPROM.  Erasable Electrically Read-
Only Mempry ) %Qﬂ’]M‘iﬂLﬂU‘U’eﬁ&ﬁlﬂLmeﬂWLaEN

3. dhudnsianugunsalniguen.vzanasn (Port )T 2 dnunizfle wosnduwn (Input
Port ) uagweindsduguvionasaendnn ( Output Port ) duifodldlunsifoudedy
gunsalameuen ﬁa"hLﬂuéauﬁﬁﬁ@mﬂlﬂ?’iquﬁ’uismwwa‘%mﬁuwm Wiesudyans 8199y
sensnaainditoululssnanauazddlunadoonding  leuanmany  msinainees
waonlnidudy

4. desmafuvesdynyin vietd (BUS JAaidumensuanidsudygateya
381119 Filg mbeauduaswesndudnvugvesaedygyin Suaunnegnnglus
luiﬂiﬂauimmaaﬂmmmLﬂuﬁa‘t’iaaﬂa ( Data Bus ), Uaueaiasa ( Address Bus ) wazid
AUAL ( Control Bus ) Tadeyaifuaedaaraiiussydeyaiianisussananarionum vun
mawmvwaﬂﬂummmamamﬁﬂiumama"uawwaanww’tumumq W vwneesladoya

ﬁ]“‘L‘Uu 8 UmLLa“fLuﬁ%wuimmmiwmuwumﬂum 16,32 Wz 64 Un
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as

Uanesnsailuansdygrafiussyaimumisemihsanuslasnisindefuniisainus

5
o

i %ﬁgﬁaaﬁmuﬂﬁwLmﬁqﬁﬁaqmiéww‘%aLﬂ'ﬁaudauﬁqﬁ?uﬁﬂmumaé’zyfywmamammsaﬁa
Foafidruaumn Bannwilng fezfunisuanwuinvesmitheninusililasroulnsaaes
aunsadasald lnaannsomuinlin SuiuLenasausIiieAINs = 2 8nmde n (n
ADMUIUVDUEUN )
snfods lulasmoulnsamesdmidasuennsa 10 &y deiulilasaeulnsaaedsnd
aunsafnsafumeaudild 2 endnde 10 = 1,024 fumile WINABINITNTIUATINUDS
wmammmmwf]%vmaqmwmwmmwawmauaﬂamﬂmum'ﬂ,m winidu 8 Tnanugues
wheauNfansuenasa 10 iy 98winfU 8x1024 = 8,192 T uag 1 Alalus iy
1,024 Tus muuiﬂmﬂaﬂmaLaasmﬂmfmummqﬂuawmam’m&i’%ﬁwﬁu 8,192 U 30
1,024 lud w3e 1 Alalud damuauiunguuesaiedyyioimuaumsinderianunvasdy
Aumheaudwasneindmsuaredyyroadonatvaundnldun aedyyrondon-siu-
Wewmhemuimednidandonanadou feya fuwedn

5. 299N ipdyiuuIRng ‘ﬂfUL@uﬁ"mﬂ‘iuﬂﬂUﬁﬁWﬁﬂM?ﬂaﬂﬁ?u%ﬁﬂL‘ij@\‘l%’}ﬂﬂ'l’i
'vhqwﬁﬁmﬂumlmimﬂaulmaLaaﬁ avmuaEmumsmwumwaymﬂammmmmm

y
o

mmaaﬁqmvnﬁmmun%vawu'ﬁmwﬂwamuama’lﬁlu‘[mmau‘[maLaa'ﬁmuwmmﬁﬂu
nMsUszaanagenlusg

2.4.2 lulasreaulnsaiansgu ET-EASY168 STAMP [7]

ET-EASY168 STAMP muuasmmﬂmauimma%‘lumvﬂa AVRB u1ni8n3a
Tnefluiraaauasaiied 2¢m. x 5cm Whiy Sewsnauedn Ussnaifudidedled 28
DIP 300 Tnandionldlulasaaulnsiaasnavna AVRS as ATmegal68 vad ATMEL 1y McU
Uszdueda Inedanldmcu ﬁﬁgﬂ'ﬁwﬁfaﬁmuu 32 TQFP wiomnsassavvandisuiduegng
Oscillator wa "Reset. sl iFgnreluuesa. uandintudrmelusaueiasldsueled
USB Bridge ¥o4 FTDI wes FT232R iieldFasedomisiuuaynsushe RS232 funeufinmas
PC tiumnanesn USB llnemswinliiuasa ET-EASY168 STAMP 1iudeiannasstuindni
Lﬁauw%faulﬂﬁama%ﬁugmﬁﬁwL“ﬁum'aﬂ'rﬂst’fmuluiﬂmauimaLaaémsga AVR8 8t
Wivse Wisuiidsuany USB nwasnuse-veanissnesiiames PC Whiuta USB weq
UBsn ET-EASY168 STAMP Aanansavitnisideulusunsy uas Download Code THfu MCU
\ievhmsvaaedldviui
AnauURYaIUBsA

Lidenld MCU nszfa AVRS lUas ATmegal68 w84 ATMEL Run AuA 16.00 MHz
1.1 fvtheanudi Flash dwiudeulusunsy 16KByte dldmswamnlusunsusiy
TWUU AVRISP 30 14Kbyte laldniswaulusunsusiuszuy Boot Loader
RS232

1.2 1 SRAM 19uwunn 1KByte wag EEPROM ldauwunn 512 Byte

1.3 31 GPIO T¥ausiuiy 22 O

2.Digital GPIO 9147 14 U
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3.Analog Input (ADC) TuaANuazLden 1008 311U 8 94

aldufussiulpsamunn +5vC Tneldldtatuumassng +5VDC/500mA 910
woin USBuaranunasdie +5vDC annieuanléisng wiou LED Power wansdonugas
WNEITE

5417935 External Reset WUy RC Reset Wag Switch Reset wiauneluuats

6 Srseldumeiauy Pin Header seaeving 2.54mm(100mil) vu1m 28 Pin (Auay
14Pin)szaigying 600mil(1.5cm) desiensilusioUssgndldan uag 18187935 1/O a@unse
9 UProject Board way PCB lounyssasnlalagdny

7 fidda USB dwiuidensiedoasiuneuiinmesd PC ru USB Bridge @83 FTDI Tu
JukuUTaIMsAeaseynsy RS232 dwiuldnudoansuas Download Code iy MCU lu
uasa

8112 AVRISP wuu IDE-10PIN dwiduld Download Tsunsaliify MCU meluy
vesalunsdlufoimsldnrswaunlusunsuriunie Boot Loader

9.4 LED uansdnnuy lawsioriu PB5 w83 AVR (Digital-13 w84 Arduino Project)
dmiuldidugunsaimmasinmaihauegsie

AT 2.2 WERINFINATTUTRYYIUTDIUDSA ET-EASY168 STAMP

AVR |Arduino| Pin | ET-EASY168 STAMP Pin | Arduino AVR
PDO | Digital-0 1 28 | +5V(+Vin) | +5V(+Vin)
PD1 Digital-1 2 27 [+VCC(+5V) | +VCC(+5V)
PD2 Digital-2 3 26 RESET# RESET(PC6)
PD3 | Digital-3 | 4 25 |- Analog-0 | PCO/ADCO
PD4 | Digital-d | 5 24 | Analog-1 | PC1/ADC1
PD5 | Digital-5 6 23 Analog-2 PC2/ADC2
PD6 | Digital-6 7 22 | Analog-3 | PC3/ADC3
PD7 | Digital-7 8 21 Analog-4 | PC4/ADC4
PBO Digital-8 9 20 Analog-5 PC5/ADC5
PB1 | Digital-9 | 10 19 | Analog-6 ADC6
PB2 | Digital-10 | 11 18 Analog-7 ADCT
PB3 | Digital-11 | 12 17 | +VCC(+5V) | +VCC(+5V)
PB4 | Digital-12 | 13 16 +AREF +AREF

GND GND 14 15 Digital-13 PB5

wihfivesdgyaadunisldanunuy “Arduino Project”
1. +5V(+Vin) Lﬂu%nﬁm%’ﬂﬁﬂuw%’uLLﬁnﬁwmm +5VDC annneuanieldidulrasdne
Tasslviuuade
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2. +vCC5Y) Wurumasdigligaieafufuiiteuldiy +vcC ves McU Fagailassu
WSIAUNIDIN 2 WEd seiufe 215UNTIfy +5V(+Vin) 91021 28 Ya9UasA LAy 999N
+VUSB(+5V) 99147 USB wasueda Tneil Diode Uoafunistounduvewuseiuliudy
3. +AREF Wuwdmsusudyanusiudsda (Analog Reference) 1993 Analog Input
lunsdifasnslausaiugnadeainaieuen
4. RESET# (Juandyayiad RESET w89 CPU vinenufl Logic “0”
5. Digital[0..13] «fu1 /O uuv Digital anunsaldamudeusefudyain Logic TTL (5V)
F199)
6. Analog[0..7] tTuwn Input LUU Analog @111503U Input WuU Analog 0..+5V
N3ARIlUSUNSUYDIUDSA ET-EASY168 STAMP

TumsWanlusunsuvesuasn ET-EASY168 STAMP tiu Wl ¥aunsnidenlaisnig
Walusunsuls 2 suwuudeniu fe
1. AVR Micro Controller

Dumsiamnldsunsuniiguilyuaes AVR Wiero Controller Uanfigsanunsaidenld
Wsunsuawilagilefisassumsléyusaniu AVR 1was ATnecal68 é’f&@‘bﬁ'ﬂqmamﬁaﬂﬁ
Wsunsulunsimunlimuaanendn 1y Aawiudn’ BASCOM-AVRWS® Aw1d Wi Code
Vision az WinAVR 1Jufy
2. Arduino Project

Wumsaniusunsulasldldsunsutasgaardslunindeuivsunsudo niwnd
(C++) 993 “Arduino’. Project” 3o dulasenasmnnlilrsnouinsaidos AVR wuy Open
Source FadaldTuAMITENeE LAY Haseinilulnsenas A nwests Source Code
Tumsvamn Timmieeddfiosalnssmunsouiossunsu s vnaes §139UaNT8
Witfaulodnnldfinm Soudusznaasilons lasliderldaela g daulaamisodiludum
swazLBuasne9u83 Arduino Project g http://www.arduino.cc/

2.4.3. Iasea§191Usuasuvae Arduino [8]
lunmsi@eulUsunsudmduuesa  esaadaulusunsulasld nnwives
Arduino (Arduino programming language) FfIn1w1mes Arduino 1o thienleiiuged
alusiindide wiring immusen1sues Arduino wisld W 2 drumdnie
1. Tnsea$1an1w (structure) Fudsuazamei
2. #leridu (function)

N¥1909 Arduino 81BN C/C++ 39819na17 0 31msideulusunsy
dw5U Arduino i Aemsideulusunsuniw C laeSenld Hasdunaglausi3inig Arduino
IAwSouliliudndeazan LLa3ﬁﬂﬁ@'ﬁlﬁﬁmmi’é’f’mlﬂﬂsﬂauimaLaaé’ 0g198nTeaunsa
Weoulusunsudsauldlagazesuisislaseadralusunsunes Arduino damsudaudiitiy
ANg Aenffunw C
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2.4.3.1. Tassadelusunsuvas Arduino
TUsunsuves Arduino udsliifuaasdude void setup() wazvoid loop()

Tnoiladdu setupl) iilalusunsuvhauasyiidsveailaiduifiesndade 19luns
fvunA1EuiuTeInsYhey dauileddy loop() tludruvhaulusunsuvgviddduilasdu
tusiaideatiunasaiian Ingundldimvualuunnisiianuressnsieg fivuanis deaisuuy
auNSU 181 @704 loop()  1HulAAlUsunsUAYIIY WY S1uABuwn Ussianadse
1Rnn 1an lapdrufmunanSududuinlsasdeudouiidiuivedusunsunouies
Heridu uonantugossniliiaiafiont 10 lng vesiuusuasie Hardulignitas
1drurasilanidu setup)

ferdudazdouiiduduvetusunsy vhousielusunsududufonai 19 e
Muuarvewiauls Inuenmsheueesisieg Sususenld lausis mae
ot 1
int buttonPin = 31;
void setup()
{
Serial.begin(9600);
pinMode(buttonPin, INPUT);
}
void loop()
{
if (digitalRead(buttonPin) == HIGH)
Serial.printin('H’);
else
Serial.println('L!);
delay(1000);

2. d1uvasilerdu loop()

R niPsuilaidi setipl) AifavunansiiivoslusinTuuds dudauntoilaidy
loop() Fefimsvhnunssnutofia-esrameaierdil surtroidemasainan meluflerdu
ﬁu%sﬁiﬂmnimm;ﬁ%aﬁaé’uFi'mﬂwa%m Usvana udidaensneanuisingg Lilaaaununis
NNUTDIUDIA
fragafl 2
int buttonPin = 31;

// setup initializes serial and the button pin
void setup()

{

Serial.begin(9600);

pinMode(buttonPin, INPUT);

}
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2.5 ®aNN15M197UU89 LCD Module [9]

2.5.1 Inssadsloevialuves LCD

Tnssadreves LD Mluazysnautudisusuuta 2 uiusznuiuey Tng

VUt 3Inanld 6-10 lulaswns faduluvesuduuiiazindausiemidiiniwuula
dielduanaiadnes sssnanssersiliuuulatundnmansiiduresmsiildluana
vpsuanTmfiulufieniefiuasdesunnsenuidendt Alienment Layer uassdnimaniild
Tnentlazthuwuu Magnetic Tag LCD anunsauanssaliisiueadivlaianue 3 wuuseiu
Ao
1. wuuldmsazvioauas ( Reflective Mode ) LCD

LLUUﬁTﬁawsﬂismwiawmé’auagﬁmwé’wm LCD &3 LCD Ussiamilmunsfunns

vanldaulufinfiuasainafieane

2. wuuldmsderiu ( Transitive Mode ) LCD

wuuiinaasslwlidumsses evilvnse A Tiuanamarilidniou
3. wuvdesIukaziuUdEyion ( Transflective Mode ) LCD

wuuidunnsietanvesanansua LCD %19 2 Wuusauiu

ST 2.14 uangae LCD 16x2 Character (Parallel)

wuu Parallel §1 16 91 #ldlunsise

|

g‘dﬁ 2.15 WARIAIUUNTND8 LCD 16x2 (Parallel)
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m‘mﬁ 2.3 M1519EA9 Pin No. 999 LCD Module

Pin No. | Symbol Description

1 VSS/GND Ground

2 VDD +5VDC

3 VO/VEE LCD Control d@wm5uuumuLtuYafiisnys

q RS Register Select JuvBunndmiuidondeusudeyaly
Rawmes

5 RW Read/Write \Juvduwadmsuidonluunifouviesu

- Uaya
6 E/EN Enable (uwdunmdmdudyans Pulse iladanis
deuviesudoya

7 DBO

8 DB1

9 DB2

10 DB3

5 - Data Pin 8-Bit

12 DB5

il DB6

14 DB7

15 Ac Y (LCD+) (W1 Vee dwsU LED backlight (5V)

16 K (LCD+) 1luwn Gnd @Sy LED backlight (Gnd)

2.5.2 N19AUANNTISIEAINATEY LCD
Tunasmumuviedanu fae LD duidruaiuau (Controller)  saul4ludh

udy fléanunsodasiadadeniununisiiaiueeans LCD sou Controller  318pansld
uanswanesls wasvlumsitaudasywing LCO iy Mictocontroller fisai

1. GND 1Tunsnldnosening Ground veassuy Microcontroller fiu LCD

2. veC Hulwidpnsasitoulsifu LCD wun +5v0C

3. VO ltSumuainsvesniinee LCD

4. RS Tduenly LCD Controller n57u7 Code fidawnnieen Data Wusndmse

5. RW Tdimundnagsumiedsudeyariu LCD Controller

6. E 1lun Enable %3 Chips Select ermuanisviaulifuLco Controller 7-
14. DBO-DB7 Jundeyqyau Data e miuilunieswudoya/mds fu LCD Controller

FBnnsdanuazuandneiuly Tae LCD  Controller  @1snsaduswaridaann
Microcontroller e ndayqins RS RAW way DBO-DB7 luvaueideyayies £ fiA Logic 1
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'
o ] o o e/

an o -t 0 ar ol o [ o v} v o 1
17 gadyyrauvanilaglesnduneimunilusiardsdmiudanu LCD Tnavtinfivous

Qs

azdyanweazUladad

]
[ [

- E Judya s Enable Wefidndu
“1” \umsuenli LCD iudigunssimeuendeantifinresiuviedoudoya
“0” T LCD liauladtygyrod RS R/W wag DB7-DBO
- RS Wudyarudmuimualii LCD nswingunsalineuendesmsinseny LCD Tuvae
dulusiaddwmietoyn Tnuin
RS = “0” yunwile fd
RS = “1” il Toya

o Q

- RW Wudrygyrasdmiuuenl LCD nshuhgunsalneuendesniserunieileutu LCD

Toenn
R/W = “0” ueds 1 Wauy
RW = “1” nungi a7y
- DBO-DB7 \{udtygyrtuuuu 2 fieavns Tngazdusiusivdyan R/W Wdmiusuds Adauas

P93aT81I19 LCD Augunsainiewsn lasd RAW = “0” dyayras DB7-DBO 9vd1an
gunsalneueAunl LCDuAf RAW = 17 dryqyiod DB7-DBO 9¥7e97n LED lWéagunsal

q

AgUan



uni 3
35015 HUIUI

3.1 aunsal

L]

Feaunsal

3

UM

U

-IC AD595 717U 1 61

Linsevinguugil Fausenavluse

e

A3

WALUsey 0.1 pF F1wau 1

- FAUNIU 330 Q W 1 M
- s UATlA 10 ke duau
1 67
- Ialomasuas(LED) 3mm. $1uau
16

- Regulator LM7805 9971 1 A2
- LCD Display

- lulaspeulnsaaes gu ET-
EASY168

2. Power Supply

- Huva99ny +5 Volt

gﬂﬁ' 3.2 LAAILNEITNE +5 Volt




Fogun

&

T8

3. dauseiulniniuany

o

Nl

JUM 3.3 uamsirdnuseiulniniugam

=

RN

4. Thermocouple type k

U

3.4 uanaguimesluduila

5. Computer

=
N

3.5 wanaguninmeuiomes




25

L4

Yogunsal FUA N

6. uasiuingaumadl

gﬂﬁ 3.6 wetny3U Heater

7.5 luimas

5UR 3.7 uanamesludineiiu GTH1170

3.2 A5n15aiuau

s

msiuiluaAdeBunndnymguiiferdesiuuinuiingta gunsaifiarldlums
sankuuauaTosile Anwinisvhau Bnsdeu msmuauifgfululasaeulvsaians
wazsruumsiadinseideyanumdnnsiieairaedosingumni uasthdoyaildluniy
n1sulasdyananuuy suasn 1Wu Adnea lnedlulasaoulnsalass uazuananauy
N198

L = a o = aa s a Y A a ' a
IdpibnfniiazdinisAinenismsingunginig wesludula vila visgumgiily

N3l gaumgiivies - 300 °C
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fIdeled IC wad AD595 wunldeulursasee Fadu IC Andneanuuulianuisald

v =

9 ar oA =l ‘o’ [ 1 @ ° v o g g s [
nulaiu medluAuTalaedyndreduvuiiudiegnelus v Adusivegswasyfuuds
v v s 5 Qs ! v g
dygralimunzan wdndudyyiuszgndeesnludiiilulasneulvsaiass Ju ET-
EASY168 Mviwmiiwlasdysas auraen 1y Adnea (A/D) uanwauy LCD lngdoinnis
vaasaiiedrdeyanlaninmsiauieseidesenduasdndagy avldaunmmeadnemans

° &l al ) a a
ganu haunsilaluvsenevlumsifsulusunsy Tudlulasreulnsamaslneniwideu

uly C++

3.2.1 2995M1MAR0LATRINYNAN Laeilaulu Schematic

299308lUATIINYUUNINAAIAITUT 3.8

TR

;

R ST

30 3.8 wanInailieu Schematic Tuasesiaiesingnmgi

3.2.2 M5 Layout Tulusunsu eagle

M3y layout va9easmeluiaiasingaumaiianinagui 3.9

{1 8 0 1 R O R 2

U7 3.9 uansnsifurnsTulusunsy eacle
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3.2.3 nseuatenaUsu Tulusunsu eagle
WievihmaWieu Layout Tulusunsy eagle vhn1sadreanensasiiiotiun

fndSulunsiunosumssioll ievinduisaslumssesgunsel fagud 3.10

JUT 3.10 uwanea18299s7vztindavsuluidunaung

=
3.2.4 N15UTENDULATDNEID

1L ahgunsalangusznaudiseiulaeldiusdunistaniieeg wag Tael
i W <
eulsagunsel degua 3.11

a P ! 1 & ! ot
3U% 3.11 uamsmsiveuneseninsgunsniiaagi

2 shdhguniniusiagiuseneudnndesvuadnduidenarainlaeldansin

Ansgninsuesadunanafin faguil 3.12
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A b 1 U
JUN 3.12 uansirgunsalldadlundas

3s1n15naaesingungiiieitveyantaluimsigdiienidaunisnig

adinrans iethdeyaflldluussnavlumaideniusunsy AIUN 3.13

“

SLRUADTE)

Wgunsaliunauines

4.ﬁ’m’l§L%UuIU'§LLﬂ‘i§JIﬂﬂﬁﬂﬂiﬂﬂ%ﬂ%ﬁﬂ’ldﬁ?&j USB 5¢%319A0URLA9 S5 AU
smsoelle Taulalusunsuvad Arduino @eldniwn CH+ 'lumn%amﬂaiﬁ’%’azﬂauamwauu
LCD fagun 3.14

7 1ncomLagByte = O

setup() {

serfal,beqgin (9600);
toogf) {

1% (Serial
incouingByte =

serial. ("1 recetved: *);
ial {incomingByte, C€C):

UM 3.14 wansvtwinaweslusunsy Arduino



° = 4 A& o v X = o 9 a4 A da v
5. MMNTADUNEULATDIN DN AT NUULN PWDEDULNYUNULATDINEVIHNAIE Y Togla
=y & 1 s i
weslufimeiju GTH1170 AU 3.15

o l el A A a a 61
JUM 3.15 uanaATedlieRideuliiguvasludiviessu GTH1170
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NAN1528LazN159AUS19NE

4.1 uni
d‘ L =Y s L% v/ at ) -y = n‘j
TumiwmaaqLiaamsqmqmw{]mmuamamamm*saai’maﬂmﬂuﬂa“uummuu L‘f]u
d U 1 L7 Q‘ 1 1 = ﬂl g 4
nMseassiemAmANLsndnaliirewsazyIegunglaniwsfiadedun el

mamailalagthaunmsidmngiglunisiuugamaiilugusngg

4.2 N1TVNADILATHNANITNAGDY

o

vinmanaasdlagingaumgillumisessmieadoa  lnevhnsiiugumvgiitudesq i

NN EUVBIRUNIAUGA GUNINDI-300 °C

Y

) a Y i
4.2.1 mManpaesingamglifisuniuusandeului

U

a

- Y
3U% 4.1 nanInsIng Uyl

U

o a o o d o 1 ::: ! = a!
Tumsvhadselsiimsveaesfignmgfilurasiausgamaiivies - 300 *C 91n19as#
aisfu lagldimesluAulavin k vianisuesesinaamgiiiisuduusandoulniileld

. T - P o 3 A A o a
lUsunsy Labview Tunistuiinarfilanasiasaanlavinnisneassienazinaunisalaly

o

o al < o @ < '
Awunksuadeuliihiviimsinlauisudungamal

Y
kv o o o adva o v o £ - u’: af
Ingduneulumsvhanuvenniewsiingamgingidelivinnisasituunduasld
weasludularin k  Tdingaumglinuvasainuiou edilaeinnsinduavidudves
o ° = = 1 | i o =

wsmdeuld 1sdasinsuladusundeulniildlagldaunsnanaanldainnisneass

I 4 @ a o I al <3 a ¥ & o 1O
sewiausuedeulwihduguvgil Wemnlauanwwadugamgiuds Fadatunuaasuy

LCD



NNNMSAaIRBUN 1 finsdelmihnimeasuuaidu 3 A

o e moit = g 4
M 4.1 uansaflaannisvmeaswaanaslusilavin k( Ase 1)

31

geunni(*C) Voltage(Volt) gaumni(:0) Voltage(Volt)
40.3424 0.4395 200.8238 2.0743
49.6695 0.5526 210.3892 2.1823
60.5871 0.6554 220.6644 2.244
69.5187 0.7531 230.4006 2.3519
80.5293 0.8405 241.3955 2.4599
89.9704 0.969 251.3203 2.5576
99.6418 1.0821 260.6992 2.6501
108.3963 1.1284 270.7375 2.7652
120.1013 1.2569 279.9051 28455 |
129.3637 1.3546 290.4682 2.974
139.2543 1.4317 300.1471 3.0305
150.8183 e V@5 309.9014 3.1385
15002761 1.6425 319.7439 3.2362
169.4222 1.734 329.7786 3.3596
180.0555 1.8378 342.279 3.4572
1912414 1.9561 348.9977 3.5241

nsmliansnmduiussEnInusaadeulin(volt iugnmgii(cC)

namuansemELUS s eusamdaulvihvoldfuanmgii(eC)

400

350

300

250

200

geuvuii(eC)

150 |

100

50

y = 0.3439x2 + 98.984x - 4.6255

R? = 0.9998

2 25

wsapdaulviavolt)

35 4



o i M o v oa P o o
M5 IT 4.2 uaneAnlaannisvnassasneslusliastn k (A 2)

S

gaumnnii(*C) Voltage(Volt) 2eunni(*C) Voltage(Volt)
43.1696 0.5423 199.4608 2.1411
49.3067 0.6502 211.5267 2.2234
60.8938 0.7633 221.8782 2.3416
70.6969 0.8405 230.0985 2.4599
80.4682 0.9381 240.8788 2.5267
89.6475 1.0204 250.1264 2.6141
101.2732 1.1355 261.742 2.7221
109.7487 1.2363 271.6001 2.8557
120.5348 1,334 282.9364 29174
131.6648 B 1.4471 291.8399 3.0768
140.7552 1.5242 302.4924 3.1694
151.0092 1.6476 309.6748 3.2175%
159.7032 1.7864 318.2863 3.3699
170.9229 1.8481 330.5429 3.4315
180.0858 1.9458 340.855 3.5138
189.4553 2.0589 349.9288 3.6012

LT M N 1 P L5 =
NI TWUAR 9P WIENTUG M U IABU I (Volt)Tugamgi(eC)

nsmuanIn sy niusuadaulnihvoltiuanmgiicC)

400

350

300

250

200

uvmgiieC)

150

100

50 |

F
®
p
y = 0.1889x2 + 99.276x - 12.993 ..-c'
=
Rz = 0.9993 o®
...’
o®
2
o®
)
PRE
.D‘
e
®
@
o®
r
@
eo®
0.5 1 15 2 25 3 35

wsnadauliinvolt)
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s

A1SN 4.3 LERIAMEAAINNNSRaatYeaweslufullasin k ( ASIN 3 )

gamQii(*C) Voltage(Volt) gaunnii(*C) Voltage(Volt)
42.175 0.496 201.2372 2.1566
49.4758 0.568 210.4834 2.28
60.5567 0.7068 219.9703 23571
71.1372 0.8199 231.3028 2.4599
80.9702 0.933 239.9997 2 5421
90.6856 1.0358 252.4602 26604
101.5776 1.1695 261.7252 2.7735
109.1552 1.2055 268.3896 28763
119.494 1.3494 280.1889 2.9637
132.5916 1.4831 2918867  3.0665
141.0128 15139 301.8915 3.1694
150.8978 1.6682 309.4782 3.2156
161.2276 17761 319.9019 3.2927
171329 18532 330.8369 3.447
181.81 1.9664 340.0653 3.5035
1920521 20897 350.702 36835

nsMlanIIdITus sE s aaauliva(Volt iugamanii(eC)

nsmliansrudiudsyninusundoulwihveltiuanmaiicC)

400

350 BT
o

300 '
2= _.-.
£ 250 y = 2.0650x2 + 90.173x - 4.0755 .,.""
T [ 4
2 200 R? = 0.9995 " L4
(=1 -.
= &
£ 15 .—’.
= '
@’ = ' ¥

100 A

_...
.
50 e
0
0 05 1 1.5 2 25 3 35 4q

wsaedaulihivolt)
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4.22  nsmareuiienadauauwiuglunisinuveuaIesingunginuy
GHIE
lunisveaesazimsmaaouiadesiofngunnifiadduniiloasuiiiouiy
wrdoslotnenmnfifiunsgiulasldimesiududaria k lumsnasounmuuiud,
p39 4.4 uanmansasUisUsThaAiesiie Tagamgdfiaistuiniuieesiiodn
gumgifduinmsgu (asdl 1)

oaungdi(°C) 1ATDNATTIU amfi(°C) idosiiadnsiu

30 30

40 40

50 50

60 61

70 68

80 79

90 88

100 100
110 110
120 117
130 128
140 137
150 147
160 156
170 167
180 149
190 192
200 201
210 218
220 224
230 230
240 241
250 250
260 258
270 268
280 277
290 289
300 298




2
1 2 = s

A5NN 4.5 uansnansaauieuTsnituasslietnaamalinaiduniunieiietn
aa & Dg -
guniiluLnsgIu (AT 2)

9uMgiI(C) 1ATBaNIgIU amgii(-C) iaFesfladedu
30 30
a0 40
50 50
60 60
70 70
80 80
90 90
100 7 102
110 Iy %4
120 118
130 192
140 144
150 146
160 150
170 172
180 175
190 193
003 201
210 23
220 218
230 230
240 238
%30 249
260 27
270 ars
280 278
290 287
300 296




A5 4.6 wansransEaUTiBUsEIATale IngumgiiiassiuiniuinIedledn
gaumginiuunsgiu (a3 3)

9aunil(*C) m‘%‘laammﬁwu gauni(*0) daafiadnatu
30 30
40 40
50 50
60 60
70 70
80 82
90 92
100 104
110 11
120 120
130 123
140 140
150 149
160 160
170 170
180 >
190 191
200 199
210 209
220 219
230 227
240 239
250 248
260 260
270 271
280 280
290 291
300 301




a 3
4.3 N1FATICHRHNANITVIAaDY
4.3.1 NNSAATIZHNE

Aflsannsnaass—aAflaanngul

0N AIAINAANNLAADY ( Error ) = % 100%

I RRITTE
9N AIAIULIUET ( Accuracy ) = 100 - %Error

- o . _—
N AINUTALIRTS ( Precision ) = 1 — ‘ITEA
m

x 100%

I 1
AU Xm = B i=1 Xj
Xj = AIMTinksarAs
N = PIUIUASIVDINNTIA

mMyleseinan mnaadlugugunianigg
AT 4.7 UARINIFUATIEVIHANTUARDY Error Uag Accuracy luthuaamaiisingg

gaumngil ASyi Accuragy
('Q) W Py 7t G & (%)
30 30|30 730 |/ 30,00 0.00 100:00
40 40| 40| 40' | 40.00 0.00 100,00
50 50150 50 | 50,00 0.00 100.00
60 61160 | 60| 60.33 0.56 99.44
70 68| 70 |70 1 6933 0.95 99.05
80 79 4%80° (82 1| 80.33 0.42 99.58
90 88’ | 90 [-92' | 90.00 0.00 100:00
100 +| 100 [1102.{ 104"} 102,00 2,00 98.00
110 ) 140 1112911 41,00 0.91 99.09
120N Tl 18 | 1201 11833 1.39 98.61
130 4428 132|453 | 1 13100 0.77 99.23
140 | 137 | 144.] 14014033 0.24 99.76
150 | 147 | 146 | 149 | 147.33 1.78 98.22
160 | 156 | 159 | 160 | 158.33 1.04 98.96
170 | 167 | 172 | 170 | 169.67 0.20 99.80
180 [ 179 | 175 | 181 | 178.33 0.93 99.07
190 | 192|193 | 191 | 192.00 1.05 98.95
200 | 201 | 201 | 199 | 20033 0.17 99.83
210 | 212 | 212 | 209 | 211.00 0.48 99.52
220 | 224 | 218 | 219 | 22033 0.15 99.85
230 | 230 | 230 | 227 | 229.00 0.43 99.57
240 | 241 | 238 | 239 | 239.33 0.28 99.72

37



gl A Accuracy
Q) B WAy EonL (%)
250 250 | 249 | 248 | 249.00 0.40 99.60
260 209 | 257 | 260 | 258.67 0.51 99.49
270 268 | 273 | 271 | 270.67 0.25 99.75
280 277 | 278 | 280 | 278.33 0.60 99.40
290 289 | 287 | 291 | 289.00 0.34 99.66
300 298 | 296 | 301 | 298.33 0.56 99.44
Average 0.59 99.41

- = - ] a |
A13199 4.8 WANINTUATIEVHANTTNAADY Precision lugugamaiisingg

QRN adail Precision (%)
(e 1 2 3 iy i 2 3 Average
30 30750 30 30.00 100.00 100.00 100.00 100.00
a0 40 | 40 40 40,00 100.00 100.00 100.00 100.00
50 50 150 50 50.00 100.00 100.00 100.00 100.00
60 Sl 3460 SLET 60.33 98.90 99.45 99.45 99.26
70 68 70 70 69.33 98.08 99.04 99.04 98.72
80 79 |80 | 82 80.33 98.24 99.59 97.93 98.62
90 88 | 90 D2 90.00 97.78 100.00 97.78 98.52
100 100 | 102 | 104 | 102.00 98.04 100.00 98.04 98.69
110 H10=@ib2 Y 1Dt ¥ 4100 99.10 99.10 100.00 99.40
120 117 | 118 }.220+). 118.33 98.87 99.72 98.59 99.06
130 12871 132 | 133 | "131.00 97.71 99.24 98.47 98.47
140 137 | 144 | 140 | 140.33 97.62 97.39 99.76 98.26
150 147|146 | 149 | 147.33 99.77 99.10 98.87 99.25
160 156 | 159 | 160 | 158.33 98,53 99.58 98.95 99.02
170 167 | 172 | 170+|..169.:67 98.43 98.62 99.80 98.95
180 179 [ 175 | 181 | 178.33 99.63 98.13 98.50 98.75
190 192 1 193 | 191 | 192.00 100.00 99.48 99.48 99.65
200 201 | 201 | 199 | 200.33 99.67 99.67 99.33 99.56
210 212 | 212 | 209 | 211.00 59,55 99,53 99.05 99.37
220 224 | 218 | 219 | 220.33 98.34 98.94 99.39 98.89
230 230 | 230 | 227 | 229.00 99.56 99.56 9913 99.42
240 241 | 238 | 239 | 239.33 99.30 99.44 99.86 99.54
250 250 | 249 | 248 | 249.00 99.60 100.00 99.60 99.73
260 259 | 257 | 260 | 258.67 99.87 99.36 99.48 8957
270 268 | 273 | 271 | 270.67 99.01 99.14 99.88 99.34
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guugil Precision (%)
("0) 1| 2| 3 iy 1 2 3 Average
280 277 | 278 | 280 | 278.33 99,52 99.88 99.40 99.60
290 289 | 287 | 291 | 289.00 100.00 99.31 99.31 99.54
300 298 | 296 | 301 | 298.33 99.89 99,22 99.11 99.40
Average 99.24
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1- #include <LiquidCrystal.h>
2- LiquidCrystal lcd(12, 11, 5, 4, 3, 2);
3- #include <firFilter.h>

4- firFilter Filter;

5- int value;

6- int filtered;

7- int x,tempC,tempF ;

8- int pointer;

9- int weightNumber = 5;

10- float voltage;

11- int tempCAverage tempFAverage,tempCsum,tempksum;
12- void setup()

151

14- Serial.begin(9600);

15- Filter.begin();

16- lcd.begin(16, 2);

17- for (int run1=0;runl<=16;runl++)
18- {

19- lcd.setCursor(16-runl,0);

20- lcd.print(*Measurement for");
21- lcd.setCursor(runi, 1);

22- \cd.print("temperature");

23- lcd.display();

24- delay (400);

25- lcd.clear();

26- if(run1==16)

27-{

28- lcd.setCursor(0,0);

29- lcd.print("Measurement for");
30- lcd.setCursor(2,1);

31- led.print("temperature”);

32- led.display();

33- delay (2000);



34- lcd.clear();

35-}

36- }

37- led.setCursor(0,0);

38- lcd.print("celcius=");

39- lcd.setCursor(0,1);

40- lcd.print(“farenheit=");

41- int value;

42- float voltage;

43- int tempCAverage, tempFAverage,tempCsum,tempFsum=0;
44- int tempCArrfweightNumber],tempFArrfweightNumber];
45- for(pointer=0;pointer<weightNumber;pointer++)
46- {

47- value = analogRead(Ad);

48- voltage = value®(5.0/1023);

49- filtered= Filter.run(value);

50- tempC = (((0.3439*pow(voltage,2))+(98.984*(voltage)-4.6255))-4);
51- tempF = (1.8%empC)+32;

52- tempCArr[pointer] = tempC;

53- tempFArr[pointer] = tempF;

54- |cd.clear();

55- lcd.setCursor(0,0);

56- lcd.print("celcius=");

57- led.setCursor(0,1);

58- lcd.print("farenheit=");

59- lcd.setCursor(8,0);

60- lcd.print(tempCAverage);

61- lcd.setCursor(10,0);

62- lcd.print(tempFAverage);

63- lcd.display();

64- delay(2000);

65-}

66- }



67- void loop()

68- {

69- pointer=0;

70- tempCsum=0;

71- tempFsum=0;

72- tempCAverage=0;

73- tempFAverage=0;

74- int tempCArrfweightNumber],tempFArrweightNumber];
75- int value;

76- int filtered,;

77- int x,tempC,tempF ;

78- int pointer;

79- int weightNumber = 5;

80- float voltage;

81- int tempCAverage,tempFAverage,tempCsum,tempFsum;
82- for(pointer=0;pointer<weightNumber;pointer++)
83- {

84- if ((voltage>0.0)&&(voltage<0.41))

85~1

86- value = analogRead(A4);

87- voltage = value*(5.0/1023);

88- filtered= Filter.run(value);

89- tempC = (((0.3439*powl(voltage,2))+(98.984*(voltage)-4.6255))-4);

90- tempF = (1.8*tempC)+32;
91- tempCArr[pointer] = tempC;
92- tempFArr[pointer] = tempF;

93- tempCsum = tempCArrfweightNumber-5]+tempCArr[weightNumber-

4)+tempCArrfweightNumber-3]+tempCArrweightNumber-
2]+tempCArrfweightNumber-1];

94- tempFsum = tempFArweightNumber-5]+tempFArriweightNumber-

4)+tempFArrfweightNumber-3]+tempFArrfweightNumber-
2]+tempFArriweightNumber-1];
95- tempCAverage = tempCsum/weightNumber;



96- tempFAverage = tempFsum/weightNumber;
97- lcd.clear();
98- lcd.setCursor(0,0);

99- lcd.print("celcius="),

100-
101
102-
103-
104-
105-
106-
107-
108-
109-
110-
111-
112-
115
114-
115-
116-
117-

118-

118-
120~
121-
122-
123-
124-

lcd.setCursor(0,1); |

lcd.print("farenheit=");

lcd.setCursor(8,0);

lcd.print(tempCAverage);

lcd.setCursor(10,0);

lcd.print(tempFAverage);

delay(2000);

}

if ((voltage>0.41)&&(voltage<0.81))

{

value = analogRead(Ad);

voltage = value*(5.0/1023);

filtered= Filter.runlvatue);

tempC = (((0.3439*pow(voltage,2))+(98.984%(voltage)-4.6255))-7);
tempF = (1.8*tempC)+32;

tempCArr[pointer] = tempG;

tempFArr[pointer] = tempF;

tempCsum =tempCArrweightNumber-5]+tempCArrweightNumber-
4]+tempCArrweightNumber-3]+tempCArr[weightNumber-
2]+tempCArr{weightNumber-1];

tempFsum = tempFArrfweightNumber-5]+tempFArrweightNumber-
4]+tempFArrweightNumber-3]+tempFArrfweightNumber-
2]+tempFArrweightNumber-1];

tempCAverage = tempCsum/weightNumber;

tempFAverage = tempFsum/weightNumber;

lcd.clear();

led.setCursor(0,0);

led.print("celcius=");

lcd.setCursor(0,1);



125-
126-
127-
128-
129-
130-
131-
132-
133-
134-
135-
136-
137-
138-
159-
140-
141-

142-

143-
144-
145-
146-
147-
148-
149-
150-
151-
152-
153-

led.print(“farenheit="),

lcd.setCursor(8,0);

led. print(tempCAverage);

lcd.setCursor(10,0);

lcd.print(tempFAverage);

delay(2000);

}

if ((voltage>0.81)R&(voltage<1.18))

{

value = analogRead(Ad);

voltage = value*(5.0/1023);

filtered= Filter.run(value);

tempC = (((0.3439*pow(voltage,2))+(98.984*(voltage)-4.6255))-12);
tempF = (1.8*empC)+32;

tempCArr[painter] = tempC;

tempFArr[pointer] = tempkF;

temnpCsum = tempCArr[weightNumber-5]+tempCArriweichtNumber-
4l+tempCArr[weightNumber-3]+tempCArr[weightNumber-
2]+tempCArr[weightNumber-1];

tempFsum = tempFArriweightNumber-5]+tempFArriweightNumber-
4]+tempFArr[weigshtNumber-3l+tempFAr{weightNumber-
2]+tempFArriweightNumber-1];

tempCAverage = tempCsum/weightNumber;
tempFAverage = tempFsum/weightNumber;

lcd.clear();

lcd.setCursor(0,0);

led.print("celcius=");

lcd.setCursor(0,1);

lcd.print(“farenheit=");

lcd.setCursor(8,0);

lcd. print(tempCAverage);

led.setCursor(10,0);

led.print(tempFAverage);



154-
155-
156-
157
158~
159-
160-
161-
162-
163-
164-
165

166-

167-
168-
169-
170-
171-
112
173~
174-
175-
176-
177~
178-
179-
180-
181-
182-

delay(2000);

}

if ((voltage>1.18)&&(voltage<1.81))

{

value = analogRead(Ad);

voltage = value*(5.0/1023);

filtered= Filter.run(value);

tempC = (((0.3d439*pow(voltage,2))+(98.984%(voltage)-4.6255))-15);
tempF = (1.8*tempC)+32;

tempCArr[pointer] = tempG;

tempFArr{pointer} = tempF;

tempCsum = tempCArriweightNumber-5]+tempCArrfweightNumber-
4]+tempCArrfweightNumber-3]+tempCArrweightNumber-
2]+tempCArrfweightNumber-1];

tempFsum = tempFArr[weightNumber-5]+tempFArr[weightNumber-
4l+tempFArriweightNumber-3]+tempFArriweightNumber-
2]+tempFArr{weightNumber-1];

tempCAverage = tempCsum/weightNumber;
tempFAverage = tempFsum/weightNumber;

led.clear();

led.setCursor(0,0);

lcd. print("celcius="),

lcd.setCursor(0,1);

lcd.print("farenheit=");

lcd.setCursor(8,0);

lcd.print(tempCAverage);

lcd.setCursor(10,0);

lcd.print(tempFAverage);

delay(2000);

}

if (voltage>1.81)&&(voltage<2.35))

{

value = analogRead(A4);



185-
184-
185~
186-
187-
188-
189-

190-

191-
192-
193-
194-
195-
196-
197-
198-
199-
200-
201-
202-
203-
204-
205-
206-
207-
208-
209-
210-
11

voltage = value*(5.0/1023);

filtered= Filter.run(value);

tempC = (((0.3439*pow(voltage,2))+(98.984*(voltage)-4.6255))-25);
tempF = (1.8*tempQC)+32;

tempCArr[pointer] = tempC;

tempFArr[pointer] = tempF;

tempCsum = tempCArrfweightNumber-5]+tempCArr[weightNumber-
4l+tempCArrweightNumber-3]+tempCArr[weightNumber-
2]+tempCArr[weightNumber-1];

tempFsum = tempFArrweightNumber-5]+tempFArrfweightNumber-
4]+tempFArrweightNumber-3]+tempFArr[weightNumber-
2]+tempFArriweightNumber-1];

tempCAverage = tempCsum/weightNumber;

tempFAverage = tempFsum/weightNumber;

lcd.clear():

lcd.setCursor(0,0);

led. print("celcius=");

lcd.setCursor(0,1);

lcd.print("farenheit=");

lcd.setCursor(8,0);

lcd.print(tempCAverage);

lcd.setCursor(10,0);

lcd.print(tempFAverage);

delay(2000);

}

if ((voltage>2.35)&&(voltage<2.86))

{

value = analogRead(A4);

voltage = value*(5.0/1023);

filttered= Filter.run(value);

tempC = (((0.3439*pow(voltage,2))+(98.984*(voltage)-4.6255))-28);
tempF = (1.8*tempC)+32;

tempCArr[pointer] = tempC;



212
215~

214-

215-
216-
217-
218-
219~
220-
221-
222-
223~
224-
225-
226-
227-
228-
279-
230-
231~
232-
233-
234~
235-
236~
257~

tempFArr[pointer] = tempF;

tempCsum = tempCArrfweightNumber-5]+tempCArrfweightNumber-
4]+tempCArrweightNumber-3]+tempCArrfweightNumber-
2]+tempCArr[weightNumber-1];

tempFsum = tempFArr[weightNumber-5]+tempFArrweightNumber-
d]+tempFArrfweightNumber-3]+tempFArr[weightNumber-
2]+tempFArr[weightNumber-1];

tempCAverage = tempCsum/weightNumber;

tempFAverage = tempFsum/weightNumber;

lcd.clear();

lcd.setCursor(0,0);

led.print("celcius=");

lcd.setCursor(Q,1);

lcd.print("farenheit=");

lcd.setCursor(8,0);

lcd. print(tempCAverage),

lcd.setCursor(10,0);

led.print(tempFAverage);

delay(2000);

}

if ((voltage>2.86)&&(voltage<3.12))

{

value = analogRead(Ad);

voltage = value*(5.0/1023);

filtered= Filter.run(value),

tempC = (((0.3439*pow(voltage,2))+(98.984*(voltage)-4.6255))-34);
tempF = (1.8*tempC)+32;

tempCArr[pointer] = tempC;

tempFArr[pointer] = tempF,;

tempCsum = tempCArrweightNumber-5]+tempCArr[weightNumber-
4]+tempCArr[weightNumber-3]+tempCArr{weightNumber-
2]+tempCArr[weightNumber-1];



238-

239-
240-
241-
242-
243-
244-
245-
246-
247-
248-
249-
250-
251-
252-
253-
254-
255-
256-
257-
258-
259-
260-
261-

262-

263-
264-

tempFsum = tempFAm{weightNumber-5]+tempFArrweightNumber-
4]+tempFArriweightNumber-3]+tempFArrweightNumber-
2]+tempFArr{weightNumber-1];

tempCAverage = tempCsum/weightNumber;

tempFAverage = tempFsum/weightNumber;

lcd.clear();

lcd.setCursor(0,0);

lcd.print("celcius=")

lcd.setCursor(0,1);

led.print("farenheit=");

lcd.setCursor(8,0);

lcd.print(tempCAverage);

lcd.setCursor(10,0);

lcd.print(tempFAverage);

delay(2000);

}

else if ((voltage>3.12))

{

value = analogRead(Ad);

voltage = value*(5.0/1023);

filtered= Filter.run(value);

tempC = (((0.3439*pow(voltage,2))+(98.984%(voltage)-4.6255))-35);
tempF = (1.8*tempC)+32;

tempCArr[pointer] = tempC;

tempFArr[pointer] = tempF;

tempCsum = tempCArr[weightNumber-5]+tempCArr{weightNumber-
4]+tempCArr[weightNumber-3]+tempCArr[weightNumber-
2]+tempCArr[weightNumber-1];

tempFsum = tempFArrfweightNumber-5]+tempFArr[weightNumber-
4]+tempFArr{weightNumber-3]+tempFArrfweightNumber-
2]+tempFArriweightNumber-1];

tempCAverage = tempCsum/weightNumber;

tempFAverage = tempFsum/weightNumber,;



265-
266-
267-
268-
269-
270-
g
272-
273-
274-
275-
276-
27T

lcd.clear();
led.setCursor(0,0);
led.print(*celcius=");
led.setCursor(0,1);
lcd.print("farenheit=");
lcd.setCursor(8,0);

lcd. print(tempCAverage);
lcd.setCursor(10,0);
lcd.print(tempFAverage);
delay(2000);

}

}

}
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ANALOG
DEVICES

Monolithic Thermocouple Amplifiers
with Cold Junction Compensation

AD394/AD395

FEATURES
Pretrimmed for Type J (AD594) or

Type K (AD595) Thermocouples
Can Be Used with Type T Thermocouple Inputs
Low Impedance Voltage Output: 10 mV/°C
Built-In Ice Point Compensation
Wide Power Supply Range: +5 V to =15V
Low Power: <1 mW typical
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Setpolnt Mode Operation
Self-Contained Celsius Thermometer Operation
High Impedance Differential Input
Side-Brazed DIP or Low Cost Cerdip

PRODUCT DESCRIPTION

The AD594/AD595 is a complete instrumentation amplifier and
thermocouple cold junction compensator on a monolithic chip.
It combines an ice point reference with a precalibrated amplifier
to produce a high level (10 mV/°C) output directly from a ther-
mocouple signal. Pin-strapping options allow it to be used as a
linear amplifier-compensator or as a switched output setpoint
controller using either fixed or remote setpoint control. It can
be used to amplify its compensation voltage directly, thereby
converting it to a stand-alone Celsius transducer with a low
impedance voltage output.

The AD594/AD595 includes a thermocouple failure alarm that
indicates if one or both thermocouple leads become open. The
alarm output has a flexible format which includes TTL drive
capability.

The AD594/AD595 can be powered from a single ended supply
(including +5 V) and by including a negative supply, tempera-
tures below 0°C can be measured. T'o minimize self-heating, an
unloaded AD594/AD595 will typically operate with a total sup-
ply current 160 pA, but is also capable of delivering in excess of
+5 mA to a load.

The AD594 is precalibrated by laser wafer trimming to match
the characteristic of type ] (iron-constantan) thermocouples and
the AD595 is laser trimmed for type K (chromel-alumel) inputs.
The temperature transducer voltages and gain control resistors

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM
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95

DETECT

AD594/ADS

ICE
POINT
COMP, |-TC

are available at the package pins so that the circuit can be
recalibrated for the thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications.

The AD594/AD595 is available in two performance grades, The
C and the A versions have calibration accuracies of +1°C and
+3°C, respectively. Both are designed to be used from 0°C to
+50°C, and are available in 14-pin, hermetically sealed, side-
brazed ceramic DIPs as well as low cost cerdip packages.

PRODUCT HIGHLIGHTS
1. The AD594/AD595 provides cold junction compensation,
amplification, and an output buffer in a single IC package.

2. Compensation, zero, and scale factor are all precalibrated by
laser wafer trimming (LWT) of each IC chip.

3. Flexible pinout provides for operation as a setpoint control-
ler or a stand-alone temperature transducer calibrated in
degrees Celsius.

4, Operation at remote application sites is facilitated by low
quiescent current and a wide supply voltage range +5 V to
dual supplies spanning 30 V.

5. Differential input rejects common-mode noise voltage on the
thermocouple leads.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999



AD394/AD395-SPECIFICATIONS

(@ +25°C and Vs = 5V, Type J (AD594), Type K (AD595) Thermocouple,
unless otherwise noted)

Model ADS94A AD594C ADS9SA ADS95C
Min Typ Max Min Typ  Max Min Typ Max Min Typ Max Units
ABSOLUTE MAXIMUM RATING
+Vs 1o -V 36 36 36 36 Volts
Common-Mode Input Voltage -Vs-0.15 +Vs -Vg-0.15 +Vg -Vs-0.15 +Vg -Vg - 0.15 +Vg Volts
Differential Input Voltage -Vg +Vg -Vs +Vs -Vg +Vg -Vg +Vg Volts
Alarm Voltages
+ALM -Vs -Vs+36 | -Vs -Vs+36 |-Vs -Vs+36 | -Vs Vs + 36 Volts
-ALM -Vs +Vs -Vs +Vs -Vs +Vs -Vs +Vs Volts
Operating Temperature Range -55 +125 -55 +125 -55 +125 -55 +125 °C
Qutput Short Circuit to Common | Indefinite Indefinite Indefinite Indefinite
TEMPERATURE MEASUREMENT
(Specified Temperature Range
0°C to +50°C)
Calibration Error at +25°C' *3 *1 +3 =1 ]
Stability vs. Temperature? +0.05 +0.025 *0.05 +0.025 °Ci"C
Gain Error *1.5 +0.75 *1.5 +0.75 %
Nominal Transfer Function 10 10 10 10 mV/°C
AMPLIFIER CHARACTERISTICS
Closed Loop Gain® 193.4 193.4 247.3 247.3
Input Offset Voltage (Temperature in °C) x (Temperature in °C) x (Temperature in °C) x (Temperature in °C) x
51.70 pV/°C 51,70 pVRC 40.44 pvVIeC 40.44 uV/°C Y
Input Bias Current 0.1 0.1 0.1 0.1 HA
Differential Input Range -10 +50 -10 +50 -10 +50 mV
Common-Mode Range =Vg=0.15 -Vs-4 -VY5-0.15 -Vs-4 -Vg—-0.15 -Vs-4 -Vs-0.15 -Vs-4 Volis
Common-Mode Sensitivity - RTO 10 10 10 10 mV/V
Power Supply Sensitivity - RTO 10 10 10 10 mV/V
Output Voltage Range
Dual Supply Vs +2.5 +¥g=2 | ~Vg+2.5 AVg-2 Vg k25 +Vg=2 | -Vg#25 +Vg-2 Volts
Single Supply 0 +Vg-2 0 ~Vs=2 0 +Vs+2 0 +Vs-2 Volts
Usable Output Current® £5 t5 £5 +5 mA
3 dB Bandwidth 15 L5 15 15 kHz
ALARM CHARACTERISTICS
Versan at 2 mA 0.3 0.3 03 0.3 Volts
Leakage Current &1 *1 *1 +1 HA max
Operating Voltage at - ALM +Vs-4 +Vg-4 +Vs-4 +Vs-4 Volis
Short Circuit Current 20 20 20 20 mA
POWER REQUIREMENTS
Specified Performance +Vg=5,-Vs=0 +Vg=15,-Vs=10 +Vs=5,-Vs=0 +Vs=5,-Vs=0 Volts
Operating® +Vsto Vs < 30 +Vsto V5= 30 +Vg 1o -Vg £30 +Vg 10 -Vs <30 Volts
Quiescent Current (No Load)
+Vs 160 300 160 300 160 300 160 300 pA
Vg 100 100 100 100 PA
PACKAGE OPTION
TO-116 (D-14) AD594AD AD594CD AD3595AD AD595CD
Cerdip (Q-14) AD594AQ AD594CQ AD595AQ AD595CQ

NOTES

'Calibrated for minimum error at +25°C using a thermocouple sensitivity of 51,7 gV/°C. Since a J type thermocouple deviates from this steaight line approximation, the AD594 will normally
read 3.1 mV when the measuring junction is at 0°C. The AD595 will similarly read 2.7 mV at 0°C.
*Defined as the slope of the line connecting the AD594/AD595 errors measured at 0°C and 50°C ambient temperature.

Pin 8 shorted to Pin 9.

Current Sink Capability in single supply configuration is limited to current drawn to ground through a 50 kQ resistor at output voltages below 2.5 V.

5_Vs must not exceed -16.5 V.,

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels, All min and max specifications

are guaranteed, although only those shown in boldface are tested on all production units.
Specifications subject to change without notice,

INTERPRETING AD594/AD595 OUTPUT VOLTAGES

To achieve a temperature proportional output of 10 mV/°C and
accurately compensate for the reference junction over the rated
operating range of the circuit, the AD594/AD595 is gain trimmed
to match the transfer characteristic of ] and K type thermocouples
at 25°C, For a type J output in this temperature range the TC is
51.70 pV/°C, while for a type K it is 40.44 uV/°C. The resulting
gain for the AD594 is 193.4 (10 mV/°C divided by 51.7 uV/°C)
and for the AD595 is 247.3 (10 mV/°C divided by 40.44 pV/°C).
In addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16 UV for the AD594 and
11 pV for the AD595. This offset arises because the AD594/
ADS595 is trimmed for a 250 mV output while applying a 25°C
thermocouple input.

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD594/AD595 linearly amplifies the

-

compensated signal, the following transfer functions should be
used to determine the actual output voltages:
AD59%4 outpur = (Type J Voltage + 16 pl) x 193.4
AD595 outpur = (Type K Voltage + 11 pV) x 247.3 or conversely:
Type J voltage = (AD594 ourpur/193.4) — 16 pV/
Type K voltage = (AD595 outpur/247.3) — 11 pV

Table I lists the ideal AD594/AD595 output voltages as a func-
tion of Celsius temperature for type ] and K ANSI standard
thermocouples, with the package and reference junction at
25°C. As is normally the case, these outputs are subject to cali-
bration, gain and temperature sensitivity errors. Output values
for intermediate temperatures can be interpolated, or calculated
using the output equations and ANSI thermocouple voltage
tables referred to zero degrees Celsius, Due to a slight variation
in alloy content between ANSI type ] and DIN FE-CUNI
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Table I. Output Voltage vs. Thermocouple Temperature (Ambient +25°C, Vg ==3V, +15 V)
Thermocouple Type ] ADS59%4 Type K ADS95 Thermocouple Type ] AD59%4 Type K ADS595
Temperature Voltage Output Voltage Output Temperature Voltage Output Voltage Qutput
Lo} mV mV mV mV °C mV mV mV mV
-200 ~7.890 ~-1523 -5.891 -1454 500 27.388 5300 20.640 5107
-180 -7.402 -1428 -5.550 -1370 520 28.511 5517 21.493 5318
-160 -6.821 -1316 =5.141 -1269 540 29.642 5736 22.346 5529
-140 -6.159 -1188 -4,669 -1152 560 30.782 5956 23,198 5740
-120 -5.426 -1046 -4.138 -1021 580 31.933 6179 24,050 5950
-100 -4,632 -893 -3.553 -876 600 33.096 6404 24.902 6161
-80 -3.785 -729 -2,920 =719 620 34,273 6632 25.751 6371
-60 -2.892 -556 -2.243 =552 640 35.464 6862 26.599 6581
-40 -1.960 -376 -1.527 -375 660 36.671 7095 27.445 6790
-20 -.995 -189 =777 -189 680 37.893 7332 28.288 6998
-10 -.501 -94 -.392 -94 700 39.130 7571 29.128 7206
0 0 3.1 0 Liarle 720 40.382 7813 29.965 7413
10 .507 101 397 101 740 41,647 8058 30.799 7619
20 1.019 200 798 200 750 42.283 8181 31.214 7722
25 1.277 250 1.000 250 760 - - 31.629 7825
30 1.536 300 1.203 300 780 = - 32.455 8029
40 2.058 401 1611 401 800 - - 33.277 8232
50 2.585 503 2.022 503 820 - - 34,095 8434
60 3.115 606 2.436 605 840 - - 34,909 8636
80 4,186 813 3.266 810 860 - - 35718 8836
100 5.268 1022 4.095 1015 880 - - 36,524 9035
120 6.359 1233 4.919 1219 900 - - 37.325 9233
140 7.457 1445 5.733 1420 920 - — 38.122 9430
160 8.560 1659 6.539 1620 940 - - 38.915 9626
180 9.667 1873 7.338 1817 960 - - 39,703 9821
200 10.777 2087 8.137 2015 980 - - 40.488 10015
220 11.887 2302 8.938 2213 1000 - - 41.269 10209
240 12.998 2517 9.745 2413 1020 -y - 42,045 10400
260 14,108 2732 10.560 2614 1040 - - 42.817 10591
280 15.217 2946 11.381 2817 1060 - - 43.585 10781
300 16.325 3160 12.207 3022 1080 = - 44,439 10970
320 17.432 3374 13.039 8007 1100 - - 45,108 11158
340 18.537 3588 13.874 3434 1120 = - 45.863 11345
360 19,640 3801 14.712 3641 1140 - - 46.612 11530
380 20,743 4015 15.552 3849 1160 - - 47.356 11714
400 21.846 4228 16.395 4057 1180 - - 48.095 11897
420 22.949 4441 17.241 4266 1200 - - 48.828 12078
440 24,054 4655 18.088 4476 1220 - - 49,555 12258
460 25.161 4869 18.938 4686 1240 = - 50.276 12436
480 26.272 5084 19.788 4896 1250 - - 50.633 12524

thermocouples Table I should not be used in conjunction with SINGLE AND DUAL SUPPLY CONNECTIONS
European standard thermocouples. Instead the transfer function The AD594/AD595 is a completely self-contained thermocouple

given previously and a DIN thermocouple table should be used. conditioner. Using a single +5 V supply the interconnections
ANSI type K and DIN NICR-NI thermocouples are composed shown in Figure 1 will provide a direct output from a type J
thermocouple (AD594) or type K thermocouple (AD595) mea-
CONSTANTAN i ° o
iy +5V e suring from 0°C to +300°C.
oo o Any convenient supply voltage from +5 V to +30 V may be

used, with self-heating errors being minimized at lower supply
levels. In the single supply configuration the +5 V supply con-

OVERLOAD
DETECT

N ﬁgggg’ nects to Pin 11 with the V- connection at Pin 7 strapped to
\ D<o e power and signal common at Piln 4. Tl'lle thermocouple wire ig—
1 o7 r{cour [T puts connect to Pins 1 and 14 either directly from the measuring
| RoN [ i point or through intervening connections of similar thermo-
I_(rﬁRﬂMEL)_H_-_jJ LI L ‘T‘ (L couple wire type. When the alarm output at Pin 13 is not used it
3 4 COMMON | should be connected to common or —V. The precalibrated feed-
. . ) . . back network at Pin 8 is tied to the output at Pin 9 to provide a
Figure 1. Basic Connection, Single Supply Operation 10 mV/°C nominal temperature transfer characteristic.

of identicgl ellllo‘ys and exhibit similar behavior. The upper tem- By using a wider ranging dual supply, as shown in Figure 2, the
perature limits in Table I are tho'se .recommended for type J and AD594/AD595 can be interfaced to thermocouples measuring
type K thermocouples by the majority of vendors. both negative and extended positive temperatures.
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AD594/AD595

_ 5V TO +30V

CONSTANTAN
~ (ALUMEL)
[l (5] [E] 9 [Ge] [s] [o]
AD594/
3 ADS95 SPAN OF
N o] = 5V TO 30V
e
1 r_;mb—
1 IRON CT [ ] LT [ [ ™
LL{CHROMEL) T
S oo e
: COMMON
0V TO ~25V

Figure 2. Dual Supply Operation

With a negative supply the output can indicate negative tem-
peratures and drive grounded loads or loads returned to posirive
voltages. Increasing the positive supply from 5V to 15 V ex-
tends the output voltage range well beyond the 750°C
temperature limit recommended for type J thermocouples
(AD594) and the 1250°C for type K thermocouples (AD595).

Common-mode voltages on the thermocouple inputs must remain
within the common-mode range of the AD594/AD595, with a
return path provided for the bias currents. If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1 and 2 are recommended. A resistor may be needed in
this connection to assure that common-mode voltages induced
in the thermocouple loop are not converted to normal mode,

THERMOCOUPLE CONNECTIONS

The isothermal terminating connections of a pair of thermo-
couple wires forms an effective reference junction. This junction
must be kept at the same temperature as the AD594/AD595 for
the internal cold junction compensation to be effective.

A method that provides for thermal equilibrium is the printed
circuit board connection layout illustrated in Figure 3.

7
¢4 CONSTANTAN
(ALUMEL)

+ALM

|

COMMON — -T -c V- Vour v+

Figure 3. PCB Connections

Here the AD594/AD595 package temperature and circuit board
are thermally contacted in the copper printed circuit board
tracks under Pins 1 and 14, The reference junction is now com-
posed of a copper-constantan (or copper-alumel) connection
and copper-iron (or copper-chromel) connection, both of which
are at the same temperature as the AD594/AD595,

The printed circuit board layout shown also provides for place-
ment of optional alarm load resistors, recalibration resistors and
a compensation capacitor to limit bandwidth.

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior to soldering. Noncorrosive
rosin flux is effective with iron, constantan, chromel and alumel
and the following solders: 95% tin-5% antimony, 95% tin-5%
silver or 90% tin-10% lead.

FUNCTIONAL DESCRIPTION

The AD594 behaves like two differential amplifiers. The out-
puts are summed and used to control a high gain amplifier, as
shown in Figure 4.

COMP VO FB

[s] [s]

—IN -ALM  +ALM V+

[1a] [3s] [12] [31] [1o]

! OVERLOAD
AD594/AD595

DETECT

e
ICE
anv— POINT
COMP, [-TC
+TC[

—
Vil NFehoyind T[4 1 "15Y §[6] [7]

+IN +C +T COM =T -C V-
Figure 4. AD594/AD595 Block Diagram

In normal operation the main amplifier output, at Pin 9, is con-
nected to the feedback network, at Pin 8. Thermocouple signals
applied to the floating input stage, at Pins 1 and 14, are ampli-
fied by gain G of the differential amplifier and are then further
amplified by gain A in the main amplifier. The output of the
main amplifier is fed back to a second differential stage in an in-
verting connection. The feedback signal is amplified by this
stage and is also applied to the main amplifier input through a
summing circuit, Because of the inversion, the amplifier causes
the feedback to be driven to reduce this difference signal to a
small value, The wwo differential amplifiers are made to match
and have identical gains, G. As a result, the feedback signal that
must be applied to the right-hand differential amplifier will pre-
cisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback network is trim-
med so that the effective gain to the output, at Pins 8 and 9, re-
sults in a voltage of 10 mV/°C of thermocouple excitation.

In addition to the feedback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
temperature of the AD594/AD595. This signal disturbs the dif-
ferential input so that the amplifier output must adjust to restore
the input to equal the applied thermocouple voltage.

The compensation is applied through the gain scaling resistors
so that its effect on the main output is also 10 mV/°C. As a
result, the compensation voltage adds to the effect of the ther-
mocouple voltage a signal directly proportional to the difference
between 0°C and the AD594/AD595 temperature, If the thermo-
couple reference junction is maintained at the AD594/AD595
temperature, the output of the AD594/AD595 will correspond
to the reading that would have been obtained from amplification
of a signal from a thermocouple referenced to an ice bath.
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The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms.

The ice point compensation network has voltages available with
positive and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point com-
pensation and recalibrate the AD594/AD595 as described in the
next column.

The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with an external
resistor between Pins 5 and 9. External availability of the feedback
resistor allows gain to be adjusted, and also permits the AD594/
AD595 to operate in a switching mode for setpoint operation.

CAUTIONS:

The temperature compensation terminals (+C and —C) at Pins 2
and 6 are provided to supply small calibration currents only. The
AD594/AD595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/AD595 is internally frequency compensated for feed-
back ratios (corresponding to normal signal gain) of 75 or more.
If a lower gain is desired, additional frequency compensation
should be added in the form of a 300 pF capacitor from Pin 10
to the output at Pin 9. As shown in Figure 5 an additional 0.01 UF
capacitor between Pins 10 and 11 is recommended.

Figure 5. Low Gain Frequency Compensation

RECALIBRATION PRINCIPLES AND LIMITATIONS

The ice point compensation network of the AD594/AD595
produces a differential signal which is zero at 0°C and corre-
sponds to the output of an ice referenced thermocouple at the
temperature of the chip. The positive TC output of the circuit is
proportional to Kelvin temperature and appears as a voltage at
+T. It is possible to decrease this signal by loading it with a
resistor from +T to COM, or increase it with a pull-up resistor
from +T to the larger positive TC voltage at +C. Note that
adjustments to +7T should be made by measuring the voltage which
tracks it at =T To avoid destabilizing the feedback amplifier the
measuring instrument should be isolated by a few thousand
ohms in series with the lead connected to -T.

"" AD594/ T ‘
-IN AD595
FB com(4)
B ol

Figure 6. Decreased Sensitivity Adjustment

Changing the positive TC half of the differential output of the
compensation scheme shifts the zero point away from 0°C. The
zero can be restored by adjusting the current flow into the nega-
tive input of the feedback amplifier, the —T pin. A current into
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this terminal can be produced with a resistor between —C and
~T to balance an increase in +T, or a resistor from -T to COM
to offset a decrease in +T.

If the compensation is adjusted substantially to accommodate a
different thermocouple type, its effect on the final output volt-
age will increase or decrease in proportion. To restore the
nominal output to 10 mV/°C the gain may be adjusted to match
the new compensation and thermocouple input characteristics.
When reducing the compensation the resistance between —T
and COM automatically increases the gain to within 0.5% of the
correct value, If a smaller gain is required, however, the nominal
47 kQ internal feedback resistor can be paralleled or replaced
with an external resistor,

Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration accuracy, so
long as the procedure is done at a fixed temperature using the
factory calibration as a reference. It should be noted that inter-
mediate recalibration conditions may require the use of a
negative supply.

EXAMPLE: TYPE E RECALIBRATION—AD594/AD595
Both the AD594 and AD595 can be configured to condition the
output of a type E (chromel-constantan) thermocouple, Tem-
perature characteristics of type E thermocouples differ less from
type ], than from type K, therefore the AD594 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common-mode potential) and connecting FB to VO. The AD59%4
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial output VO
is 240 mV. Check the output at VO to verify that it corresponds
to the temperature of the device.

Next, measure the voltage —T at Pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals), At 24°C the T voltage
will be about 8.3 mV. To adjust the compensation of an AD59%4
to a type E thermocouple a resistor, R1, should be connected
between +T and +C, Pins 2 and 3, to raise the voltage at -T by
the ratio of thermocouple sensitivities. The ratio for converting a
type ] device to a type E characteristic is:

r (AD594) =(60.9 p°C)/(51.7 ul/°C)=1.18

Thus, multiply the initial voltage measured at -T by r and ex-
perimentally determine the R1 value required to raise -T to that
level. For the example the new —T voltage should be about 9.8 mV.
The resistance value should be approximately 1.8 kQ.

The zero differential point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
VO by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between —~C and -T,
Pins 5 and 6. The target output value in this case should be
about 283 mV. The resistance value of R2 should be approxi-
mately 240 kQ.

Finally, the gain must be recalibrated such that the output VO
indicates the device’s temperature once again, Do this by adding
a third resistor, R3, between FB and -T, Pins 8 and 5. VO should
now be back to the initial 240 mV reading. The resistance value
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of R3 should be approximately 280 kQ. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2.

com (4)

+T

AD594/
AD595 +C
-c
€
-T
AN
R3

Figure 7. Type E Recalibration

When implementing a similar recalibration procedure for the
ADS595 the values for R1, R2, R3 and r will be approximately
650 Q, 84 kQ, 93 kQ and 1.51, respectively. Power consump-
tion will increase by about 50% when using the AD595 with
type E inputs.

Note that during this procedure it is crucial to maintain the
AD594/AD595 at a stable temperature because it is used as the
temperature reference. Contact with fingers or any tools not at
ambient temperature will quickly produce errors. Radiational
heating from a change in lighting or approach of a soldering iron
must also be guarded against,

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity of thermal EMFs in the 0°C to +50°C
range between type K and type T thermocouples, the AD595
can be directly used with both types of inputs, Within this ambi-
ent temperature range the AD595 should exhibit no more than
an additional 0.2°C output calibration error when used with
type T inputs. The error arises because the ice point compensa-
tor is trimmed to type K characteristics at 25°C. To calculate
the AD595 output values over the recommended -200°C to
+350°C range for type T thermocouples, simply use the ANSI
thermocouple voltages referred to 0°C and the output equation
given on page 2 for the AD595. Because of the relatively large
nonlinearities associated with type T thermocouples the output
will deviate widely from the nominal 10 mV/°C. However, cold
junction compensation over the rated 0°C to +50°C ambient
will remain accurate,

STABILITY OVER TEMPERATURE

Each AD594/AD595 is tested for error over temperature with
the measuring thermocouple at 0°C. The combined effects of
cold junction compensation error, amplifier offset drift and gain
error determine the stability of the AD594/AD595 output over
the rated ambient temperature range. Figure 8 shows an AD594/
ADS595 drift error envelope. The slope of this figure has units
of °C/°C.

+0.6°C

DRIFT ERROR
o

-0.6°C

TEMPERATURE OF AD594C/AD595C

Figure 8. Drift Error vs. Temperature

THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to am-
bient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 800 UW the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°C/watt, resulting in a self-
heating error of about 0.032°C.

SETPOINT CONTROLLER
The AD594/AD595 can readily be connected as a setpoint
controller as shown in Figure 9.

HEATER LOW =>T < SETPOINT

— DRIVER | TEMPERATURE HIGH => T > SETPOINT
COMPARATOR OUT

CONSTANTAN — SETPOINT

|HEATER| (ALUMEL) +5V " V%IDT_'rAGE
—']1— TN

| | Ml f6 [ G0 Mmoo
l | OVERLOAD 20M
| DETECT $ (OPTIONAL)
| | AD594/ FOR
I N\ | AD595 i HYSTERESIS
| [ Daig  Wsw
|__ L +TC ([ COMP.| =

IRON |

L(CHROMEL) Ei T BT GO [ T

— ey o = NI W V- —
TEMPERATURE i COMMON
CONTROLLED
REGION

Figure 9. Setpoint Controller

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF to the input of the AD594/AD595.
The signal is cold junction compensated, amplified to 10 mV/ °C
and compared to an external setpoint voltage applied by the
user to the feedback at Pin 8. Table I lists the correspondence
between setpoint voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the setpoint
temperature range is within the operating range (-55°C to
+125°C) of the AD594/AD595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the nominal calibration of 10 mV/°C. This is the centi-
grade thermometer configuration as shown in Figure 13.

In operation if the setpoint voltage is above the voltage corre-
sponding to the temperature being measured the output swings
low to approximately zero volts. Conversely, when the tempera-
ture rises above the setpoint voltage the output switches to
the positive limit of about 4 volts with a +5 V supply. Figure
9 shows the setpoint comparator configuration complete with a
heater element driver circuit being controlled by the AD594/
AD595 toggled output. Hysteresis can be introduced by inject-
ing a current into the positive input of the feedback amplifier
when the output is toggled high. With an AD594 about 200 nA
into the +7T terminal provides 1°C of hysteresis. When using a
single 5 V supply with an AD594, a 20 MQ resistor from Vg to
+T will supply the 200 nA of current when the output is forced
high (about 4 V). To widen the hysteresis band decrease the
resistance connected from VO to +T.

-6- REV. C



AD394/AD3935

ALARM CIRCUIT

In all applications of the AD594/AD595 the ~ALM connection,
Pin 13, should be constrained so that it is not more positive
than (V+) — 4 V. This can be most easily achieved by connect-
ing Pin 13 to either common at Pin 4 or V- at Pin 7. For most
applications that use the alarm signal, Pin 13 will be grounded
and the signal will be taken from +ALM on Pin 12. A typical
application is shown in Figure 10.

In this configuration the alarm transistor will be off in normal
operation and the 20 k pull up will cause the +ALM output on
Pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the +ALM pin will be driven low. As shown in Fig-
ure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

+5V
20k0S ALARM
CONSTANTAN ACARM ouT TIL GATE
(ALUMEL) D”
[ 5 [ GO (@ (6 [6] 1mvec
T
Apsaar ¥, X
N AD595
‘ DGy} v g:‘:’:‘ET ~TC
I +Tcr MP.
I?éSEDMEL] KO N X [ [ KW ) % W
L ey o e
1 + +—GND

Figure 10. Using the Alarm to Drive a TTL Gate
(“Grounded'’ Emitter Configuration)

Since the alarm is a high level output it may be used to directly
drive an LED or other indicator as shown in Figure 11,

V+

CONSTANTAN 2700

_ (ALUMEL) 10mVi°C

8 i N B e Bl [

AD594/
N AD595

o ICE

\ :®—< 8,| WA POINT| _rc
+TC - COMP.

I =r]

| SN [ IEE [ 5 I I o W ) I

IRON
uCHROMEL]

s e i i

| COMMON

Figure 11. Alarm Directly Drives LED

A 270 Q series resistor will limit current in the LED to 10 mA,
but may be omitted since the alarm output transistor is current
limited at about 20 mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensa-
tion will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.
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The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The collector and emit-
ter of the output transistor can be used in any normal switch
configuration. As an example a negative referenced load can be
driven from ~ALM as shown in Figure 12,

CONSTANTAN oV
(ALUMEL)
6] (5] A [ [w] [s] [&] 10mViC
OVERLOAD
DETECT
AD594/ 7,
AN AD595
b :1}—0-@ ] st 1
| I_Iﬁ_l‘m L
I iRoN T G T [T [
Ufhowey | _| e eT
' GND
N L
| '—I
ALARM | F
RELAY | : ~12v
|
\
i _

Figure 12. =ALM Driving A Negative Referenced Load

The collector (+ALM) should not be allowed to become more
positive than (V=) +36 V, however, it may be permitted to be
more positive than V+. The emitter voltage (-ALM) should be
constrained so that it does not become more positive than 4
volts below the V+ applied to the circuit.

Additionally, the AD594/ADD595 can be configured to produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided. A +IN to common
connection creates a downscale output if the thermocouple opens,
while connecting ~IN to common provides an upscale output,

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone Celsius
thermometer as shown in Figure 13.

+5V TO +15V
— L% ouTPUT
73 I 3 M I |l| [ol _[v] [ 10mVIFG
AD594/
AD595
o<l
+TC 3
r______;:J__
51,\ I3 I X LIJ LT LT T
& * GND
L— < oTO-15v

Figure 13. AD594/AD595 as a Stand-Alone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (Pins 1
and 14) to common. The output now will reflect the compensa-
tion voltage and hence will indicate the AD594/AD595
temperature with a scale factor of 10 mV/°C. In this three termi-
nal, voltage output, temperature sensing mode, the AD594/
ADS595 will operate over the full military -55°C to +125°C tem-
perature range.
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THERMOCOUPLE BASICS

Thermocouples are economical and rugged; they have reason-
ably good long-term stability. Because of their small size, they
respond quickly and are good choices where fast response is im-
portant. They function over temperature ranges from cryogenics
to jet-engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal de-
pends on both temperature and composition of the metal, two
pieces of dissimilar metal in isothermal and contact will exhibit
a potential difference that is a repeatable function of tempera-
ture, as shown in Figure 14. The resulting voltage depends on
the temperatures, T1 and T2, in a repeatable way.
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Figure 14. Thermocouple Voltage with 0°C Reference

Since the thermocouple is basically a differential rather than
absolute measuring device, a know reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively character-
ized in terms of voltage versus temperature compared to primatry
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.

An alternative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards. The reference
junction temperature is allowed to change with the environment
of the measurement system, but it is carefully measured by some
type of absolute thermometer, A measurement of the thermo-
couple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, is to use a convenient
thermoelectric method to measure the reference temperature

and to arrange its output voltage so that it corresponds to a ther-
mocouple referred to 0°C. This voltage is simply added to the
thermocouple voltage and the sum then corresponds to the stan-
dard voltage tabulated for an ice-point referenced thermocouple.
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Figure 15. Substitution of Measured Reference
Temperature for Ice Point Reference

The temperature sensitivity of silicon integrated circuit transis-
tors 1s quite predictable and repeatable. This sensitivity is
exploited in the AD594/AD595 to produce a temperature re-
lated voltage to compensate the reference of “cold” junction of a
thermocouple as shown in Figure 16.
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Figure 16. Connecting Isothermal Junctions

Since the compensation is at the reference junction temperature,
it is often convenient to form the reference “junction” by connect-
ing directly to the circuit wiring. So long as these connections
and the compensation are at the same temperature no error will
result.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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CDIL N

Continental Device India Limited ab;;‘o &“f\q;’” DRI
An ISO/TS 16949, 1SO 9001 and ISO 14001 Certified Company &
3-TERMINAL POSITIVE VOLTAGE REGULATOR LM7805
TO-220
BRD Plastic Package

INPUT
GND
OUTPUT

The Voltages Available allow these Regulators to be used in Logic Systems, Instrumentation, Hi-Fi Audio
Circuits and other Solid State Electronic Equipment

ABSOLUTE MAXIMUM RATINGS

DESCRIPTION SYMBOL VALUE UNIT
Input Voltage Vin 35 \%
Continuous Total Dissipation at T,=25°C Pp 518 "
free air Temperature '

Continuous Total Dissipation at T.=25°C Pp 1B -

case Temperature

Operating free-air, case, or Virtual

T o
Junction Temperature Range : OPR 0to 150 C
Storage Temperature Range Tl _ 65 to +150 oC
Lead Temperature 1.6mm (1/16 inch) T, Ieo -

from Case for 10 seconds

ELECTRICAL CHARACTERISTICS (T;=25°C unless specified otherwise)
V=10V, 15=500mA

DESCRIPTION SYMBOL TEST CONDITION MIN | TYP | MAX UNIT
Output Voltage Vo ' T;=25°C 4.80 5.20 V
RUAY, T=0 ~126°C | 4.75 5.25 v
V=7V ~ 20V, P< 15W
Line Regulation Reav V=7.0 ~ 25V T=25°C 100 mV
V|=8.0 ~ 12V 50 mV
Ripple Rejection R |V,=8.0 ~ 18V, =120Hz T=0~125°C | 62 dB
Load Regulation ReaL loc=5mA ~ 1.5A T=25°C 100 mV
| [0=250mA ~ 750mA 50 mV
Output Resistance Ro f=1KHz T=0 ~125°C 0.017 Q
Qutput Voltage Drift AVG/AT lo=5mA T=0 ~ 125°C -1 mV/°C
Output Noise Voltage Vi f=10Hz ~ 100KHz T=25°C 40 v
Dropout Voltage Vy lo=1A T=25°C 2.0 \
Quiescent Current lo T=25°C 8.0 mA
Quiescent Current Change Alg Vi=7.0 ~ 26V T=0 ~ 125°C 1.3 mA
lo=5mA ~ 1A 05 mA
Short Circuit Output Current Isc T=28°C 750 mA
Pleak Output Current lok T;=25°C 2.2 A

LJMTBOSReVJ 180805E
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32.85
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LM7805

TO-220
Plastic Package

F e DM | Min | Max DM | Min | Max
‘I A | 1442 | 1651 H | 254 | 343
B 963 | 1067  J | 036 | 061
=S | 356 | 483 K [ 1200 | 1473
i b | — [os L | 280 | 635
. A E | 115 | 150 M | 200 | 292
F | 383 | a0 N | — 3124
G | 220 | 279 R e
Pin Configurations o
T - Regulators Pin1:In Pin 2: Ground  Pin 3: Out
i
S

Packaging dimensions, tube dimensions and quantity/tube are approximate and subject to change.

(Qty: 50 Pcs/Tube

... Packaging Specifications

T & A: Tepe and Ammo Pack; T & R: Taps ard Real; Bulk: Loossin Paly Bagz; Tube: Tube ard Carton; K: 1,000

Package / Case Type Packaging Type §td. Packing Inner Carton Outer Carton
(ty Oty SizeLxWxH | Gross Weight Oty SieLxWxH | Gross Weight
________ {em) (k) fem iKa)
[Q-220 Bulk 1,000 1K 19x10x8 20 10K d6x 38 x 22 21.6
Tuba 1,000 50 pestube) 1K G5x8x10 28 10K 55% 35 % 27 7.3
M7805Rev_1 180805E
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ustomer Notes LM7805

TO-220
Plastic Package

Component Disposal Instructions

1. CDIL Semiconductor Devices are RoHS compliant, customers are requested to please
dispose as per prevailing Environmental Legislation of their Country.

2. In Europe, please dispose as per EU Directive 2002/96/EC on Waste Electrical and
Electronic Equipment (WEEE).

Disclaimer

The product information and the selection guides facilitate selection of the CDIL's Semiconductor Device(s) best suited for
application in your product(s) as per your requirement. It is recommended that you completely review our Data Sheet(s) so as to
confirm that the Device(s) meet functionality parameters for your application. The information furnished in the Data Sheet and on
‘he CDIL Web Site/CD are believed to be accurate and reliable. CDIL however, does not assume responsibility for inaccuracies or
ncomplete information. Furthermore, CDIL does not assume liability whatsoever, arising out of the application or use of any
CDIL product; neither does it convey any license under its patent rights nor rights of others. These products are not designed for
Jse in life saving/support appliances or systems. CDIL customers selling these products (either as individual Semiconductor
Jevices or incorporated in their end products), in any life saving/support appliances or systems or applications do so at their own
‘isk and CDIL will not be responsible for any damages resulting from such sale(s).

ZDIL strives for continuous improvement and reserves the right to change the specifications of its products without prior notice.

CDIL

CDIL is a registered Trademark of
Continental Device India Limited
C-120 Naraina Industrial Area, New Delhi 110 028, India.
Telephone + 91-11-2579 6150, 4141 1112 Fax + 91-11-2579 5290, 4141 1119
email@cdil.com www.cdilsemi.com
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ET-EASY168 STAMP hiuesinlulnsmaulnsiaeslumszgs AVRS mndnas Tneiduun
YoaLeFALREN 2cm x Som Wi Ssmunaueda szanauwihiusadeesled 28 DIP 300 Tnenden’s
Tulnsmpulnaiaeimozga AVRS 1waf ATmegal68 184 ATMEL 1Hu MCU Uszanuadfn Tnendanld
MCU #ifigiwsiaiausi 32 TQFP whnmnsassauueniidnifiuating Oscillator uaz Reset 323/lidae)
reluiea uananiudannelusauasadsldsmenled USE Bridge 1184 FTDI 1§ FT232R 1ile
URmsinAnansuLLoynTung RS232 fupeuRawas PC tiuntawadm USB 1Tnssas

yinlifuad ET-EASY168 STAMP ifhuuafavenasmunmdniieuniar i daensmsiug i
Auusienmslieuluinsreuiniaiaesmesna AVRS. atiauiiase enusilAeLUA: USB annesn
USB 1eusinsnaniamed PC Wi USB vesweds ET-EASY168 STAMP fansnsmvinmaiie

ar AJ o ar
11911n93 WAz Download Code Wiry MCU WaNINITNAAe Lo

AAN1IRUBILaTA
= Aol MCU mstga AVRE ins ATmega168 483 ATMEL Run Aaudl 16.00 MHz
O HAndieimanan Flash @ miuidenidsinss 16KByte tihldn1eafmun T unsueinu
T2UL AVRISP 178 14Kbyte ol immTLsunsaNaLs£ 1 Boot Loader RS232
O # SRAM Tdeiuunm 1KByte uaz EEPROM 1fanuntiam 512 Byte
O #GPIO THanuauIu 22 1l
B Digital GPIO a11uU 14 LI
= Analog Input (ADC) 2unAR9sazides 100m aT11au 8 Tev
" TewAulsssnnsaiuna +5vDC Tagllaiuiase +5VDC/500mA anwasn USB
UAZANUUANEE +5VDC anniauantsising Wian LED Power LARSANNUZIDIUNAIENS
® {97 External Reset Wil RC Reset uax Switch Reset wiaun e luveass
daste 1% 11995 Pin Header 35gizing 2.54mm(100mil) 2UA 28 Pin (ANUaZ14Pin)
geeiz1ina 600mil(1.5¢cm) desamstinlusalszensldau uay aeneq9as 110 aunenldiy
Project Board Waz PCB taunuszaas A lnesne
= sl USB dwiLidensiedeansiunesiames PC 1y USB Bridge 184 FTDI Tugtluuy
yansAnanzoynTy RS232 AL ldeudeansuaz Download Code 1L MCU Tuunsn
® i1 AVRISP WL IDE 10PIN & w31 Download Ssunssiliiu MCU nnefluuedialunsel
Taigiaanis 1N sWmun TusunsssEinune Boot Loader
" LED uamanuz lngsianu PB5 164 AVR (Digital-13 984 Arduino Project) & wdu il

gUNIAREINIINNILEEN e
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ETT

AVR | Arduino Pin ET-EASY168 STAMP Pin Arduino AVR
PDO Digital-0 1 28 +5V(+Vin) +5V(+Vin)
PD1 Digital-1 ? o7 +VCC(+6V) | +VCC(+5V)
PD2 Digital-2 3 26 RESET# | RESET(PC6)
PD3 Digital-3 4 25 Analog-0 PCO/ADCO
PD4 Digital-4 5 1 e "'-‘ 24 Analog-1 | PC1/ADC1
PD5 Digital-5 6 ' Hy: 4 29 Analog-2 PC2/ADC2
PD6 | Digital-6 7 E 22 | Analog-3 | PC3/ADC3
PD7 Digital-7 8 l: 21 Analog-4 PC4/ADC4
PBO Digital-8 9 : 20 Analog-5 PC5/ADC5H
PB1 Digital-9 10 : 19 Analog-6 ADC6
PB2 Digital-10 11 18 Analog-7 ADCY
PB3 Digital-11 12 17 | *VCC(+5V) | +VCC(+5V)
PB4 Digital-12 13 16 +AREF +AREF
GND GND 14 15 | Digita-13 | PB5
A1TIUARS NMTIRATTINN Y IUAILATA ET-EASY168 STAMP
¥ 8 H BE 8 §F B B 2 B.. +VCC
Gt By wr e e o 0 B et 4 A L GND
1 GND
f[ ! GND
% GND
AVR Arduino Pin AVRISP Pin Arduino AVR
PB3 Digital-11 MOSI +VCC +VCC +VCC
- - NC EII E GND GND GND
RES# | RES# RES# ] [ GND GND GND
PB5 Digital-13 |  SCK L O GND GND GND
PB4 Digital-12 | MISO U O GND GND GND
ETT CO.,LTD 4- WWW.ETT.CO.TH
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¥ = o 4 . . n
wu e dy Il lga ULy “Arduino Project
e +5V(+Vin) Hhindwiulfifluasiuussduawa +5vDC annieuenive Mitiumnasang
I@ealiiuuess
3| ] 1 =l o o dl Y ar -é g ar
e CC(+5V) Hhuvasanglqaipeniuiuntlewliiu +VvCC 189 MCU Beqeaziu
WSIATUNNATN 2 UWVAY FREfuAe An5ULG +5V(+Vin) anan 28 UBNUBTA Las aIndn

v
+VUSB(+5V) a1nda USB we9uafm 1ned Diode Hasiunistiounduaaaussiiliuda

® +AREF hunnd@uiufudnyny niusasunnead (Analog Reference) l1iL4as Analog Input

lunstisiaanisldusaugnedeainniauan
| o o A:I
® RESET# Whuudntunns RESET 218 CPU M Logic “0”
3| F2 d: 1 s ar ]
® Digital[0..13] \{u1 I/O Wil Digital anxnsnlavuimansAaiudnynns Logic TTL (5V) BN

® Analogl[0..7] iuan Input KLU Analog @187905L Input LY Analeg 0..+5V

Y [ v 4 .
ninArasan F oy alunislaeruuay “AVR Micro Controller
" = o as Y G as as dl Y @ 1 1
e +5V(+Vin) hndmivliidiuqaiiuseduaunn +5vDC A nniguenive liiThiumnaasene
R lviiuLass
o +vee(+5V) ihmnunasaneiwasiaenduiunileuliiu +VCC 189 MCU Gvqmtiaziy
WRAUNNAIN 2 UWNAY nefiuAe ANFUNTIAUY +5V(+Vin) a1NTn 28 UdLede ey |aIndn

+VUSB(+5V) a4 USB 1paUe5a el Diode tlasriunisdiaunavunausamdliudn

® +AREF (WutnduiUFudnininiusasiugn9d (Analog Reference) Wiriingas Analog Input

lunsalfinen s ldusasiugBernnniguen
® RESET# {luandtyny i RESET 284 CPU 119 il Logic “0”
e PB[0.5] \uan I/0 Wl Digital mu"ﬁnlﬂiﬁmuﬁﬂmﬂﬁuﬁmmﬂm Logic TTL (5V) 614"]
e PD0.7] Whitn /0wl Digital aunsaldenudeusiaridtunnn Logic TTL (5V) BN
e PCl0..5] fluan 1/0 Feansnsnrinvunlsf 1A Digital WAz Analog Input

® ADC6,ADC7 ({11 Input UL Analog @1319050 Input WL Analog 0..+5V
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® AVR Micro Controller {luniswimunlsunssusuguunues AVR Micro Controller wsni
Sagnunsn Lﬁfaﬂ’lfﬂﬂ?Lm‘:?umwﬂmﬁ‘lﬁ'ﬁ?m%’umﬁ*‘l%’muﬁ*wﬁu AVR lLaF ATmega168 &4
Hldarnnsadanldlusunsdlunisimun lFmiuaanndn i nneiuan BASCOM-AVR
Wi N41d 11U Code Vision Laz WinAVR (Thishy
® Arduino Project {fhunasiamuntisunsateeldlsunsnuazgaidalunie Gaulsunsudos
NENT (C++) 84 “Arduino Project” Faflulasamsimun i lasmeunsaias AVR Wi
Open  Source  aarnAdlsumBEet s vans iesannihulrsannsiidlnmeia
Source - Code- nsimulitammauazfiifetnlasauniansnetllsunssms
nanewsieanailigauladiunldfdne Buufuaznaaes 6w Ineld@uinldanalan

Q’ﬂu’hmmsnLﬁ'h”l,ﬂﬁ’ummm:Lﬁamﬁh\ajmm Arduino Project Hlg http://www .arduino.cc/

Fhkkhkhkhkkhkkkhhrdkhhrdhkrhrhhhdhhbrdhdrkrhdhdhrhhhhkhdbrrhrrrhhdrhhdhrrhrhdbrrhhhbrrhdrr

ETTCO,LTD -6- WWW.ETT.CO.TH



> L

J0A

Agumeq | qpa 1S8ITASTI-LI\SRIISLI-19D £
Jo 134 | 800T-AON-01 2eq
Y
UOISIATY Jaqunp G
annL
TEd4DL-891VDINLY
mn |* ¥
A =
4 /v =
a ] £5n8J aNDV
5 (A : 3 e, s
T ] (1Nviead 1 0snEd ano —
= 5a of (YOJ0ONIVI9Ad - (TTVIXZISOLEd 3 ano 5
L T = (20007 Lsad 1o = 2N anp —
id vl t1 wa CLxnUad [ +—ON =
i €l It AT 3 (922071 LNDEAd N:z_ .m ) 0350 57
poAF==2— u Fad a h 7 (o1nDzad G 7] +sN€D
™ 11 1 T WG i (axpiad o sngn 1250 yT3 vog =
ol 01 @anead UTVIX/12S0198d = = T =
[ 5a X¥/0a 0 T [
6 6 T #1353 ano
v [l 012 9 6l <
o E] 8 o v = L2av = ] #aa T a tHS —
o L L o 5 —1 92av T . #uSa 4agsn — o e
.< 9 9 B o o (125/62aV)$Dd aNDV T #La waasn ol z -a THS 7
v 3 3 o W 7 (vas#avledd _ : : #S1D T SNEA 1HS —¢
) I (£2av)EDd Gasivov| o] #SL3 1NOEAE =
v a £V 9 62 = : Ll upl =— 4S8N ININ
o £ £ . o2 . @Dav)Tdd fore| OIDOA —¥ 1 TN
poAl T z TG v 5 (12a¥)124 ATAV o7 Eori axy 20A 3 |
E [l ! una v £ | 020004 w01 _ PTizaE] DA o1 =
E u ! T .QHJE - _ = " _
5} = OSIN)+8d DAV B
|
g | X e (VI0SON) S84 L u%..; 13500803d .
= e (SS/E100)78d = = 1a
ALs
30A LD 60 [y
[ 7l Ac.mm.b_xE 6T 13534 .
o 48~.m_2w 20N
€1a 1353y
o ol L= T ks il
_m = | w001 a3t
o
’'es | | 30A
a3 AN », 1
20A adf ) 30A
o
DA






