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ABSTRACT

This project presents the type of thermocouple test equipment in the range
of low temperature by using microcontroller. The principle is to bring the unknown
types of thermocouple to connect with amplifier for expanding the voltage that
comes from the thermocouple which has low voltage to have higher voltage make it
easy to measure. After that the Analog to Digital will get the voltage from the
amplifier by different type of thermocouple will send the unequal voltage. The
voltage that occur will vary according to the different of two pole. Then the
microcontroller that receive the signal from the Analog to Digital circuit will bring the
value to compare with the reference value by bring the value from Digital
Thermometer (DS1820) 2 unit by the first measure the temperature in the room and
the second measure the temperature of hot pole by receive the same temperature
as thermocouple which brought to be test to processing the evaluation for
evaluating that the thermocouple which measure at each temperature are which
kind and display through the LCD display.



ARNANSSUUSENA

ﬂ‘%z‘umﬂwuéaﬂ’uﬁﬁwL%ﬂﬁfiwlﬁé’wﬁ LW‘mlﬁ%'Uﬂammmmnsmmavaﬂuauumﬂ

[ v}
|

a’l'i]’l'iEJE’{ﬁ'i‘ilJ dvsssuana wlﬁ"lwmuuvmmeammmaamnm anmmamwaaﬂnmuav
\n3esdlosinag Tunsvilaseany mammwnmu%& WAL UBNITUTDUNTEAMDENG
aaansyezialunsiavilasamsiaud VONTIVVOUNTEAMTAT 115A w%’ﬂﬁmm
‘sn ANILUARN m’mmd‘[a wae Lﬂumaﬂ,’ﬂ'ﬁwnumﬂm‘[ﬂsamswama UATUDUBUNTAN
fiq o1 q suiuiiey 7 nnAuliala wammiﬂ'ﬁdmﬁanmusmluwsvﬂmamaaammﬂ
voslasemsaiail mauamﬂumsawmum 11507 LLauuswmsawnmuﬁlﬂmvamﬂi“mw

mmgmegmmiﬂsqmsaummsmrlﬂﬂsmmauulﬂmmqmemam

1l



Win

UNARGBATHVINIE oo s seesessesesssessssssssssesessasessesssssessses s se s seenns I

UNARGBNTENDIN G v vevverrenseceseeeseereeseeseessesesseessesesessemsensasesessessesssssssssssasesessssssesesssees I
RPN TTHUTENN vt eesessssssessseeseses e seesesesseeesssese s sssns s sesessessnsseees If
BTTUDY oo rereeereeeessseesssessese s sessmssss s s ssssss s e e ssse s st e \Y
L Vi
VTR T 5 ssnrsu s oSS nsasmsiasatrpens s o sssmnpmre s T ATRASSS Vil

UVIT 1 UV eeeeees s seeeee s e eeseeseeeeee e eeeeeeee e 1

1.1 AU AN SAUETATI M oo 1

1.2 I0QUIEAIRUBIUSQYQITINUS ... 1

1.3 YBULURUDAUTEYQYITWUS ...ooooeeeoeeeeeeermeesesee e ees e 1

18 FURBUNASTIO e 1

1.5 UseloriAan e I U AT e g

IR, e (e O X S 3

2.1 WBSTUAUTR. ..o 3

20 LT oK TS 3

2.1.2 B UNITIIITU e oo ee s q

T R S — 4

2.1.8 ATUTUBN T IO oo sesss e 4

2.1.5 YUAVDUNOTIUAULR e e, 4

2.1.5.1 INOTIUAVUAUEN Seorroreeeeeeeeeeeeeeeee e 5

2.1.5.2 WDTIUAUUATIA R..oooooooooooeee e ]

2.1.5.3 WOTIUAUTATTR B.oooovoooeooeeeeereereeeeeee e 6

2.1.5.8 WOTIUAUUAUTA ... e 6

2.1.5.5 WOSIUAUUATER Ke.....ooooooeee oo iy

2.1.5.6 WDTIAUYAYTN Torrorroroeooeoeoeereeneeeseeeeeee oo 7

2.1.5.7 WOTIUAUTATTA E..oooooeeeveeeeeeeeeeeees oo 8

2.1.6 AUAVTWTWTUINTY e s 8



#15Uey(si0)

W

2.2 lassaduazaninenssuveslulasnoulnsaiaes PICLEF8TTA .. 9

2.2.1 anaudRvedlulATABUINTAIADT. oo 9
2.2.2 MUYV PICLEFETTA oo 10
2.2.3 1A59@3MNNGTUTN PICLEFBTTA. ..o i5

2.3 NOUHRUYDTUNYT DS1820.......oroooooeroooessseeseeeeeeoese e 16
2.3.1 AUANURAUYDL DSI820.. . v 16
2.3.2 UaARAlADYULATUNEIUYDY DS1820 ... oo 17
2B PG IO ATV s essmnmissssiamsssisssoses i S s 18
2.3.0 MIANIUYDITEYY IR, oo e 19
2.3.5 UMAIDOTION.....oooooeeeeeeeeeeeeeeeeeeeeeeeee e eeeees e e ses oo 20
2.3.6 MITABWABNTIEIN oo oo 20

2.8 VTVEVUUUTIAGUING oo 21
25 LSRRI EED. o s s s S i i et 22
2.5.1 T0auBuAALITUTNQAVBIDUARIKA LD 22
UNTL 3 BB EA TN e 24
3L UMM et eeesess e s s 24
5.2 RO IV s o s s 24
3.3 WUTVYNYFTYYIUUTINU.ooeveveeeseeeeseesesee e ssess s esesesssseensssssessnsennen 25
3.4 NTDNUUUAIUUTENIANANA N coooovveeeeeeereee e oo 25
3.5 VUITBUARINAUUY LCD....ooroeeereeeocereseeeeseees oo oo 26
3.6 NWTIUNITOONUUURBEATUAN....cooooooeecrevemmmrnsssnnsssssesss s sssssssssesessesesnnnons 26
3.7 WU IR UNUTDUATOINAAEUTIAUDUNDSTUAUTA ) 27
UNT 4 N1TNARDIUAZHANTTVINRD .o 29
VY OSSOSO 29
4.2 ASVNAADILATHANTINARBY. oo e 29
421 manaeesmequivesuazAiildnnmsdsuasesgamai.... 29
422 f‘l’liﬂﬂﬁ'rNLﬁﬂwﬂﬁ'ﬂUﬂ'ﬂuLL&.i'uUa’l.[,uﬂ’liﬁ']d’luﬂ’aﬁLﬂ“%a\ﬂ‘ﬂﬂﬁa‘u .......... 32

flnvaunasluslilla



#7150y (si0)

wUn

= v
UNN 5 AUNANTTNARDILAEUBLEIUBIUL covveveeeeises et sesee st saaeens 34
O T 1 34
8.2 VBUAUBDMUL oo 34
UTTOUMUNTU ettt st s s et s st ss st se s sesens 35
AVVABU AN ottt eee ettt s s ese s et eseseseesesaassaseses s e eseseesses e e s e eaesseseeseseesesseeeeeees 36

Vi



A13UYA91

PRERRE Wi
2.1 whivasnduygrumemasn A vadlulasaoulnsaiaes PICLEFSTTA ... 10
2.2 wihivesnndyauvewesn B vaslulasaoulnsaiaos PICLEFSTTA .o 11
2.3 ihflvesnduygavemesa C veslulasmoulnsaiass PICL6FSTTA .o 12
2.4 whilvesndygrasmesa D veslulasaoulnsaians PICI6FSTTA oo 13
2.5 wihiveadygiueswasa E veshilasnoulniaians PICI6FSTTA .o 14
2.6 ANUFUNUSYDIRUNYTAUTOUARTRDBDING. oo 20
4.1 51U AlENNTNAR0a WO TTUAUDAYTR Jorrooeoooo 30
4.2 A1TRNAMIAT LN 59089 TUAUTAUIN Koo 30
4.3 ATUARATINNI 5PN TUFUDAYEN Eeooeoeooo 31
4.4 MINUERIAITLEIINNISNAADIVBUNOTIUAUTAUTEA N oo 31
4.5 MITNUEMINANITNAARINTTATI9a0UTTAU UMD STUAUTIAYTRN Jorreeee 32
4.6 ANTUAMINANTITNAABINITNTIEDUTTAV0 I B STUAUTAUTN Koo 32
4.7 AITNUEAAIHANITNAGDINITN TV UTLAVDANDSTTUAUTATIA Eovernee. 33
4.8 MTNLAAINANITNAGINT1TNTI3d0UTTAV UMD SIUAUTAVTIN Novvrev 33

Vil



gﬂﬁ YN
2.1 WAAINAYDITUDR. ..o oo 3

2.2 WaARlATIATNUBUNDT AU oo 4

2.3 GWMUSUNYDY PIC LEFBTTA oo e 14
2.8 UARILASIATINIEIU PIC 16FBTTA oo 15
2.5 108 DSIB20. ..o oo 16
2.6 UABALADZUNTUATETUYS DSI820. oo 17
2.7 URRAlRBEUATUNITIAANGEMGI. oo 19
2.8 WARAIAT -25 DA UTGAITUR......ooocoeoeoeeeeeeeeeeeeeeeeeeeeeeeeoee oo 19
2.9 uamINTIAMUNETE ALY DS1820 T 1-WIre oo 21
2.10 uanansdauvasinglwnieuenuasn s unefinasIuues DS1820. ..o 21

anemuula 1-wire

2.11 29959880 DNUDUTUUUTUNEUWR ..o 22
3.1 AMUAUIYIVDE DSI820..eoooooeeeees oo 24
3.2 UTDALADLUNTUYBY TLC2272CP..oooeooeeeeeeeeeee oo 25
3.3 ANYAUENITABITIIU PIC LOFBTTA ...oooi oo 25
3.4 UGBAlABLUNTUYBY ABCOTE002A07-GHY oo 26
3.5 DINTIUNITODNMUUMAYATURAL oo e 26
4.1 LL'U'U'Nﬂsﬁv‘i’lmsmaaqmguma% ...................................................................................... 29

VIl



UNN 1

UNUI

1.1 anudusuazdanyuzesslasseu
Tulagdugnamnssusneqludsuelve  finsuvesluddila  unlddugunsaily

msingamgiilunsrurumsnangmamnssuatiaunivaty uazmesluduilatiuffiogdodu
vanesin  awnsadenlildmuanummzaniunssuiumsndn wienszuiunisly
goanmnssutug  Iaslumsnadeuiessysiavesmeslududaty  exduvaaoulugag
aumglinge  Wewnauandivestumeslududa  Almnunanndougdludegumaiin
vildnsmadauroudhegisnn  uimniannsaihnimeaoumesTuduilafigumgiian uay
annsoduunvienenuezsinveamesluduidaldiandudsdlon  Tassowilfainaue
gunsaivageuviinveamesluduila

1.2 InguszasAvasdiyyiinus
1) Anwimsvinuvaavesiuduila
2) AnwIN1IvinuuwarAUANUY PIC Micro Controller
3) AnwIN1sinaueesTeedyae
4) fnwinsvineniesidneameslufives DS1820
5) Anwimsdsulusunsumuny PIC fon1wd Wothdeyaluuansuusonaniua

'}

1.3 vaulwnvasUTeygyrtinusg
1) awsasualauanmesluAUarueasvensLazsuA1IInAInea
wolufimes DS1820 LUt PIC 16
2) awnsnaiaaiswadeuiinveaneslufuila Invansauonuinuosnes
TufuDaleduin JKNE uasamnsouanssaituvtnasnanuale

v
1.4 YURBUNITANEN
-1 P P P
5'18\1'IUQUUUL{‘JN7'1EJ\TIUN?\ﬂ"l?ﬂﬂ‘b"ll,l,ﬁﬂﬂﬁﬂaﬁﬂaﬂﬂﬂ’lﬂﬂ"l'ﬁﬂﬂ‘l:}'}l.wa PRI

\n3oandeuvinveaesludida Futunaunsinuuudld fi
1) Anwanuduinuazdnvurredasanu
2) Anwaulsenauuasuanmsvheureavesusuila
3) AnwrdulsEnoukarnann1IinauLes PIC
4) Anwimadigulusunsufnnesevning Adneamesluiiines DS1820 way PIC
5) An¥IN15¥1191U1999935 Analog To Digital avelu PIC
6) Anw1vsvenedygyin
7) fimnnsdeulusunsumuau PIC fenwd



8) vinmsnaassvaniethlUldluaunisnsivasuriinveanesiuduila

1.5 Uszlewiifiamnadnazldsuainlasesu
1) gsoadruniomeasuriavoavasluduida  Tnsuenviaveanesluduila
1§83y JKNE uazansauanimaniuninssnansuald
2) Isudmsvlassnuvdedsuseig Tnedimsvihaudundy
3) Wusdamagousinvoaeslusuilaruwuuiiansathluldouuas wanneeld



UNN 2

= s = Y
WQ@QLLﬂﬁVIﬁﬂﬂTﬁWLﬂﬂQ%@Q

2.1 wasluavila (Thermocouple)

wesludula Ae aunsaiingamgiilaglivannisiabunlasgumgiinienuiou
Huusuadeulnih (emf) wosluduilaviunanlangdhisaeindu 2 61 (Wandrefunis
Tssatavasermen) Ynideudeuaesvisaesindesuiivaiodumils Sond gn¥agamai
duvanedndundeldendnli Bond1 gadeBe mnningumniuaranssdaiignugd
safufsshliinmsinszualunsesmeiluduidavisansdts Usngnisaifindnildunulae
Thomus Seebeck Wnineneansyiwesiulull a.m 1821 Tusudl 2.1 Whnsesildesursna
vaafudadanann

-

Metal A g 1 Metal A

mx&{ Xc’?al

A ,
b %, PP _,/:-/ (¢
i i S RN
Metal B e
(n) mizerluanesiln
Relfercnce ynfissa
p LRRIEE
kamettan Megsuremen: i
{ s (gnian
et Seal A JER T
M o
_',1“ . ' .‘ .r‘ i
foxal 'T, ¢ - AL
Cagl Ty Viwry ]
1 AR

o i L ST et Pt e

Metal B e

< - s .
(%) RPN ANATOUITE TS

JUT 2.1 uananavesdudn

2.1.1 1ps9a319 (Construction)
lassasreveunesluAuUalidnumsdaguil 2.2 Tnedosdlidnuaeel Ao dnny
v s o a £ = ! a cal = '

aumuen - Widuuss@nsgungiige  dumudentsiineenlusneamgiae) vuseanz
v - o vo 1 & a v < 1 oal e v oo - v °
windeuhWlidnduazludaudugaigaviiiandulule sailnvieviedesiudiumnnasii
nnuaauaa  AnuhiveanesludUlatusgiuaumnvesietiosfwinsesiuilon  uay
Faneuszihliguaudansiiameludidnvindaldiunnnlugunsalviaundu (peltier

1 A ko4 L2 - e b

element) snnniieslHidumesTuduilaingunail



nivtet rertinloafaar -
winmed e ndlo 3 [T

~ % i T :**{ ‘rf-“-i Y e
tee teal i i oy | b e
! L
Avin {:‘:.,"'
1 _:_/ i
\_/

< v w -
JU 2.2 uandlassainsveameslunuila

yurnvasanewmasiuaUlanvualaainnislduniazesn  wardawinain #10 luaniiy

v Il aJ = = v q.') t:l" &
WnaoNAldnen  uderuIn #30  useuwdingzvia 0.02 mm  Fadvuatswuululasiag
(microwire) AldiUMsTngamgfinandulumumadainen

2.1.2 g1un1slgeu (Range)
grugamninmislinuuazanubilunisiavesnesludlda uiavi avuansing
AUALUARE AN ANITAINUA 'Lua’mwammﬁamLmLﬂaauwaanmmmmavamwnu WA
91984 U NAMINTEIUTBIUA AL LAY m’ﬂ‘ﬁﬂﬂfv’ladLUULBHH’]WL@U’JHU%&JGMGS“UU

2.1.3 1amaudues (Time Response)
Lr o J 1 as s CJ o o 1
LnampuaussvaunesiuAYlatuetiuruinuesany UAZIAANUINIYITND

U

Uaanuaumasiuaulla

2.1.4 madFuanwdyeyes (Signal Conditioning)
Unausimdouvaanasiunlilasvilvuintosun Fadndusoaiinisveney
dryey wm‘[ma’lmwwmammLLmnmmuamswmaaﬂ

2.1.5 viavaunadluauida
Tutlagiu wuiimesTudulaunsguey 7 wiianuinasgiuves ANSI uae
ASTM Tmamﬁmunmuﬂizmmaﬁaﬂﬂﬁﬁﬂﬁud



LAUFL

2.1.5.1 westuauwawuy S
Uszivglauune Le Chatelier Tul 1886
- JafURIUU S

1)

mnznunsltanuluanneiiaujizenaiivuvesndlaga

(oxidizing)
winngnunsieauluaniizauides (inert) Aaeunly
wWaguulasujisen Tagladnes

fouldfvanutasudsifigumgiias Wy wvasumdn
fngampdroidodldaintis 0 fis 1550 esmnwalduauay
pruvndvasduldnntisssana  —508wszana 1700 89
CRIGHE
mnagngliannefivmnzansrlirmiismsegeiign
THlunsaeuiioy dausgaudeiuesueudluil (630.740 peen
walded) uigaudeiavememens (1064.430 s waldea)
ANULIATFIY PTS 68

- Y2LALUDINUY S

1)
)
3)
)
)

)

AosldvioUasiulunnanizusseanie

2) 1 mmvnumumﬂgmmLLUUimm (reduzing)

1ummvnumumﬂuacymmﬂ(vacuum)
a) limngdunuidlelane Wy dingd ash

IiJLﬁﬂJ’luﬂU\i’IUV]ﬂEJ“UENE]Iﬁw“ Wy 9wan austin daves

W

pavleda mszavilegnisldnuduag

2.1.5.2 wasludAuilauuu R
LfJuLLUU'?"immxﬁumsi’ﬂqmingq 9
- UafvBauuy R
1) Wusuedoumeiuewinnganiiuuy S
2) Yngamgiidaiifedldaindas 0 s 1600 ssmiwaiiea

'
=Y

WBUNI]

1

s

3) Jngamgiivasduldainds -50 feUsvanas 1700 ssreaifoa

4) wnziumsingumniige wu lumvasuwin gaavmnssuumn

5) wumusemsimnseunarliadiosnmuesgumgiiia
dufnvasdododudioaiuuy S uidwifiudude Wanududs

1
o

1A1n71 5400 aeAsaldya



2.1.5.3 wasluavilawuu B
nanATILsNEIal 1954 Tulseineieasiiy
- UYDRAUDILUU B

1)

Tguvnidneiliaclnainyislssunas 100 falseunm 1600 aeen

CRIGHG

Togauniivaedulaningaslszana 50 faUszana 1750 99

R RGREG

[ 1

WYSINTIMUY S wazluu R

v dal jaaa a a

wnzAumslinuluanmeniufisewuusendleds  wavaniie

|

s

= £ e = 2 i . =
\2es Iarududaduvosdyyiau (linearity) &

3/ =
- UBLHYUDILUY B

1)

=Y

Wusandouvadlviindesniuuvdy  q  ileinguugiifitouls
Il

LivnzrivanneneliAnfidewuuiaibs
11.immxﬁuamwﬁﬂuqmmmﬂ
limungivanwnuiilevedavsuazelansiduidioaiuuuy - R
waz S

IAusamdeulnihasd (double value region)angaun)il
Tude 042 evewaloa  hlildansansiuléing
wsuadoulriiniuil guugiidustila  Wuilgamgd 0 pam
walsanzusadoulihiiy 42 ssrivaidua
'lﬁmm“ﬁ'u(nﬁL‘Uﬁ'auLLanLLiaLﬂé"auw{aqquﬁ) yaadEyeh

NIUUAY 9

2.1.5.4 wmasludulauuy J
wurmalfunafituvindumesludula  muduyuianaddufaiy
‘J ‘4 i v U - =t 1/ as ﬂl ! 1 o s
wenzibimesludulasagnas  al¥ingomduiidinaignniwmaunuunaity  lag

a

sadnmunsgu BS Jaail drdavananiude dravasdudvn veasdude

Y o
- UVDAVDILUY J

1)

5)
6)

Wishsimsasuwausandeulmihregumgilia
fisrmgnninuuuivhansinuians

PILLATEIY BS 7937 Part 30 awnsaingamgilddeiiioann
TUsTn 210 fv 1200 srniwaldua
wnzivanmauitfugyyimeanui auiineliiAnuiizeneen
Flads wazewiegluanwidon degumgiliiiu 760 e
walded

Heultlugeanwnssunanadin

Wuuuuifenld sl



=

- UaldEyUBanuY J

1

N

)
)
3)

a)

as al

Tagaumgiilanmniwuy T
Limuzauundniunundoumgiianni 0 swiwadua

L Cj < 1 = - =Y
vwnTaNgunaigndt 538 ewmwaldva wiaufiseieendle
Fafieedinnmindisdnigs

winlauuIuute 20 U diunauviand Ao wusnndaly

win  amdiedu 05%  hilvRuaudRvesusandeulni
o v
Wasuwlasaulunie

2.1.5.5 wasludliUauuu K
spileiidugudmunsain fo dnifa wesludUTavilnilizunde
Wdunesgiudust  aa 1916 Tnsfugiumsedn  tmissduinfaiifovuss
avgiliilovdandnduildoludelandon msreilud ae. 1916 Sildanusoasrediiaay
Uigns IddaldAuansliviavionag ludunauvasianuiln K wiludagdulaiinssednsya
a'mwauﬁazv?w’l.ﬁtﬁmm’mlﬂu%zjw%fé’ma'mﬁams!ma'lumsﬂﬁa%’nmuazaamﬁa‘u

- YpRUDILUU K

1)
2)

[ = a £ ] |
duwvunieuldunsvareuinian
dmiumringuugidasdug agdalaain -180 & 1,350 @3
\walgya

s da aaan =) a <4 <
aunsaldialununiuiiseeendleds vwie annmzuuudes
g el -
(inert) TeiAnIuuuduY

e A T =i v el
ansaldivanmanundnisudsidanusoulas
v < = ' ad d
Tignsinsivasunsaunioulwihdegamafiinduuudug (A
fufeudu 1) warieanududadusnniigaluussames
luAularmenuy

- 9iAUUDILUU K

1)

1 L L2 A:IIJ o L s - aa ala o =) -
himungdumsinidesdudanuufiseniaibe  uazosndlade
TngnTa

| ) o @ ¢
TdwmungAvanuniilovosdaines

] s -:J ), v 1 5
Livaneivanmauiuagygyinmea (enduagldlutanandus)

L7 =" [] v = 4 o v
waansigauly 30 U vilvdunaumaeailiudsuly Wunayinl

wa - pu]

AuaudRveLsuAdaulHEsulY

2.1.5.6 waslwauWauuu T
- JaRvBaLuy T

1)

2)

3)

finduuy K asslannsaiagamgiilddng dufemngiuns
Fagamglishniafonudenir Wy luioudu  Fududs
Iiaruiusulumsiafindiuuy K (dafsndn 1000 eaen
walded Auuiueuszly 1%)

fiafosnmlunsingamaiia
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4)  mseanmaunilugyymanuinilfisewuveendlages-

o

'
aaa P

a3 uavewTuFATeuuudesasvinlda

5) Jeenvpliedsoidesldnnin -185 v 300 esmiwaidua
uaringamgiivuutasdug Idngas -250 1 400 aemn
\waldee

6)  wusausIIIMATINIAANToUlHR

- dodyvosuuy T

1) uwuuiieeamgiivisuinlddesniuuudug

2 winl¥ingamgifigenin 370 ssmueadiva awvliiineenls
N

3)  llwmngfumsingumgifidudatunisudisdanuseulagnse
(v ldunanvesTaniliviiuasuluauautiGvmalwidould
M)

4) deldanliumg luths 20 9 dunauvesiifiauardangd s
Widsznn 10% vilinaaudAmslifdsuuadluuiy

5 pantivewsuadeusegumgilifudadundfuiudseld
NNITUTUAN WAy YU

2.1.5.7 wasluduUavia £
- Uafupdluy E
v < A o o el o =
1 Wusundoulwihgsanletagumpiifioutuwuudug  Tu
ANIzAgIY
2) Yagamgiseiiioalaainge 0 fis 800 e waldua
wa )
3)  ANANUADUY ARNENUKUU K

=
2.1.6 d@un1susuadaaulnii
A e‘a = .;‘ s - = v e 4
usandeulnindindulaemeslusuilaaunsadouduaunisias

V= f;f SAT = S(T, — Ty) (11)

S = Sasmsiiuvesnsauadionanuasulumy/ ©)

T, = quwgiidasou (©

Ty = gaumpidudu (©

Fin S IINAUMTMINNITABUAIIINATIAIATEIUYDS ANS
2.2 lassasnuazanrlnenssuvedlulasroulnsaiass PIC16F877A

lilasmoulvsaedinszna  PIC wosudtmlulasin  (Microship) Ineawiziued

PIC16F877A  ulilasreulvsamesimasldsuauiouetaunsvans  iflessnidy
lulnsroulnsamesuuuusngfifinisussnanauuy RISC Processor ( RISC : Reduced



Instruction Set Computer ) laglddsnisussnanaiios 33-35 mdwarldinanlunis
Uszanasaddaiies 1 30 2 machine cycle samdarindunisysynanaddafudnuns
Pipe Line wmzUszsnanardausn asviinmsivandddaluynsionsold vilvnisvieu
s annuenaniulushlasadedasenaudae aw%mm%ﬁqﬁ‘ﬁ’u‘lm%}aﬁm%’u‘lﬁ’muﬂmw
Fequnueleun Iu@a Analog to Digital Converter,USART,Time/Counter,SPl,Compar,
/Capture/PWM  Tudu quaLwéwﬁﬁautﬁu%mm’mmmmlﬁﬁﬂmﬂ%’mu‘tﬁwawrwima
Usznauduilirdesdiolunmswauniifisunton
2.2.1 guautAvedlulasroulnsaiaas PIC 16F877A Hidisil

1) ffdslunivueaduud 35 fd

2) Wenwieeadaaimesldgean 20 MH

3) dvaeanudilusunsuy Flash Memory vu1a 8 K word (14-bit word)

4) fimheanutoyauuu RAM 369 Byte

5) dimheanudttayauuy EEPROM 256 Byte
fimsnouauaBunoiswinmun 14 una

)

7) awnsaidenszaunistlesiudaya (Code Protection) It

) dlmuausgndandinu (Sleep Mode)

) awnsaidenuvadyyImuinlavatelvun  XT RC uavesadaiainas

WA

10) fifeddunsinwnaiesawnsvieulaun POR,PWRT,OST,BOR  uay
WDT

11) mslUsunsudaTn ICSP (ICSP : In-Circuit Serial Programming) 14156
yilWdeaiesaud 2.0 vV &9 5.5 v

12) vmasn /O udasuanniuuarUdeenssualdgean 26 mA

13) filuga Timer/Counter T¥ausianun 3 & Timer 0,Timer 1 Way
Timer 2

14) iiluga CCP (CCP : Compare/Capture/PWM ) §7u7u 2 Y

15) iiluga Analog to Digital Converter AvNazIBEA VUM 8 T way 10
Un 917U 8 993 ANlufdw

16) muqaﬁaaﬁuuuwn'sml,w USART ( USART : Universal Synchronous

Asynchronous Receiver/Transmitter )

17) fiwasa /O 372 5 wasm AB.CD uax E ilvn /O shufu 33 1ssiae
PORTA i 5 a1 RAO 14 RAS

PORTA i 8 1 RBO i RB7
PORTC i 8 91 RCO B9 RC7
PORTD i 8 %1 RDO  fis RD7
PORTE & 3 9 REO 4 RE2
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2.2.2 wiiflurdeyayeusingg vas PICI6F8TTA
lulasmoulnsalaed PIC wes 16F877A Tv1a1uau 40 mm"qgﬂﬁ 2.3 whilvos
Y1998l il
1) MCLR/VPP (Master Clear Reset/Programming Voltage Input) Vimthil
Ju
- 9 3wandn (Reset) ioniiléfuaourasin “0” lulaseeulnsaaaday
gn‘%wmmﬁﬂnﬁwﬁamuzaa%n “1” Qnsim‘ﬁ"ulw@wummu%'%ama{
- MBuNRTULSIRUgedmTunsusunsy
2) VDD wselvliEsauan +3 fia +5.5V.
3) VSS sioaans1m
4) OSC1/CLKIN (Oscillator Crystal/ External Clock Source)
- vdunadygruuidnmdndeniavlulvan EC
- asumuitervuasiaualulvun ER
- gsen3anea Wevneluluue LP, XT waz HS
5) OSC2/CLKOUT (Oscillator Crystal/ External Clock Source)
- wimadygraninman Wevhewluluue EC arwdviiu 1% ves
Auiiv 0SC1
- yendanea Wevivewlulvue LP, XT uay HS
6) VINOINIIUIL 5 weim Al wesm A B, C, D uaswesm E wesw
vodilasaoulnsaiaes PIC16F877A HuldvisBunanainuazioninanedn
\Juwasauwuvaesfiemia  (Bi Directional Input Output Port)  14lunnsiu
uazds dayausnaniduliviniidug femnsiil 2.1 - 2.5

A v !4 s ¢ (3
A9 2.1 MNveandynnveaweain A vadlulasaaulnsalaes PICI6F877A

wosn AU AU 318a8L9YAN1TNU
- YIWSA RAO
RAO/ANO 2 dunn/lovinm | - BunmsesiTeuiiio
WS UNADNTDY 0
- UINBSA RA1
RAL/AN1 3 dunA/DiNA | - BunwmssTeuiioy

LSIAUDTUNRDNTDY 1

- YDA RA2

- Bunmesiisuiiey
USINUBUNABNYD 2

- [DIANAL ST DAY

RA2/AN2/VREF- 4 BUNA/DWINA
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A15799 2.1 nihAvesdgyauvemesn A vedlulpsneulnsaiass PIC16F877A (fa)

«

WoIA

AU

YUAVDIV

SHALLDYANITINGIY

RA3/AN3/VREF+

BUNA/LDWING

- YINBSAH RA3
a = o
- BuWANITIIULYY
LSAAUDEUIADNYDY 3
- LOFNARTIAUD D

uIn

RA4/TOCK1

(7]
=

UNA/BYINR

- uMasH RAG nIaildy
nudunasaasing
- BunAdTY QIR
L
vealnwes 0

RA5/ANA/SS

a (3
DUNA/LDIVING

- U MBsH RAS

- BunmRTIguLiisy
WSAUBYUIADNYDY 4

- Bunmdtyeyau Slave
Select wasnoynsu

CJ v s L2 L2
a151971 2.2 wihilvesudyanuomesa B vaslulasreulnsaass PIC16FB77A

NO35M RV IRETY EDELNETS! 18aZBEANITYINNU
- 97msm RBO
RBO/INT 38 SuWR/DWNe | - BunmaasBumeiius
1NNWUDN
il 34 Buna/iavium | - vimedn RB1
FEe 35 dunm/lovinm | - viwadn RB2
- 1MasA RB3
RES/FGM 36 UNR/LD1YINA - Buwpusaduslunis
Guinlusunsy
R 37 Bunwe/lowinm | - vmedn RBd
RES 38 Suwn/loinm | - vwedn RBS
- YWa$n RB6
RB6/PGC 39 Suna/loming | - ndyganniinives
nslusunsy
- ¥Wein RB7
RB7/PGD 40 Buns/191vine - dgygnudeyavas

nslUsunsy
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NOIR

AL

$UAVDIUN

S1UALLUANITNINIU

RCO/T10S0/
T1CKI

15

dunn/Loving

- 9IMD3H RCO

- VIFY LD IANAVDA
1995008805 U4
Iniwes 1

- VIAYYIUDUNATDI
dyaaudnilnmed
1

RC1/T10sI/
CCP2

16

DUNA/LD VNG

- YIDsR RC1

- YR ITUNATDY
295
apadiamaslnmes 1

- VA YYD IANAVDS
luga CCP2

RC2/CCP1

17

= &
DUNA/LDINNA

- YIWBiA RC2
- YYD INNATDS
luga CCP1

RC3/5CK/SCL

18

a ¢
BUNR/ALDINNA

- 9IWe5n RC3

- FRYEYIUUNENYD
2995 SPI

- VIFYYIUUIRNVDY
A5 12C

RC4/SDI/SDA

25

UNR/DTYINA

- 9WsA RC4

- VIR YIUBUNR Serial
Data 9933 SPI

- 170YAYBIINAS [2C

RC5/SDO

24

BuUNR/ADvINe

- YIMe3A RC5
- ARy WHA
SerialData 2495 SPI

RC6/TX/CK

25

BUNR/ADMING

- 1Wa3n RC6

- dsleyauvunein
auNsY

- MFYYIUUIRNIULUY
FeAlatia

RC7/RX/DT

26

(2]
=

UNA/L8YINA

- 9 wasA RCT

- niuteyauvunesn
GIGEH

- doyauuudlenla




o v oo W ¢ I3
A19199 2.4 e dygnvamesn D vaslulasreulnsalass PICI6F8TTA

13

NasH

ALY

FUAVDIVU

1UaziduANITNNIU

RDO/PSPO

19

DUNA/ADIMNA

- 97 masA RDO
- yrgedyyunein
LUULLIY UR 0

RD1/PSP1

20

BUNA/LD YN

- 91Me%R RD1
- YL dYy U TN
wuvruny Un 1

RD2/ PSP2

21

BUWR/LYIN

- ¥NBsA RD2
- WU AYYIUNDSA
wuuruIy On 2

RD3/ PSP3

22

DUNA/LDIMNA

- UWOSA RD3
- YU YIUWD SR
wuuvuu Un 3

RD4/ PSP4

27

BUNR/DMING

- 9e5n RD4
- PEedyyIunesn
WUUTRIU Om 4

RD5/ PSP5

28

BUNA/LD VN

- 95 RDS
- YPEBFYYIUNDIN
wuvuu Um 5

RD6 PSP6

29

a g
BUNR/DIMNA

- 9Ia%n RD6
- Mvsdygunein
WUUTLIU UR 6

RD7/ PSP7

30

BUNA/D1VINA

- 9 Ma$A RD7
- PIVYIBFYYIUND IR
WUUTLIY UR 7
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Wosn ALY YUAVBIVN SWALLDYANITYINGTU
- 9 WeSm REQ
- Bunmsasilvuimisy
- . WSIAUBEUNADNTDY 5
REQ/ANS/RD 8 DUNA/LDT1INA & ¢
i \ - U F YR IUNDIR
WUUTUTUATUANNTS
27U
- YINBSH RE1
- BuwmslSyuidieuy
2 ¢ LSUDYLIaaNYDY 6
RE1/AN6/WR 9 DUNA/LDINNG & .
: \ - YPIEILAYYIUNDIA
WUUTUIUATUANNTS
Weu
- WM RE2
- BunmITUTUiBy
- 3 USIANDZUNADNYDY 7
RE2/ ANT7/CS 10 DUNH/LDIVING P
\ L - PIUeed Yy INaIn
WUUTUIUAIUANNTS
\iengunsal
PDIP (40 pin)
MCTRVer —e 1 S\’ 40 <—e RB7PGD
RAO/AND —s-[] 2 ]~ RBEPGC
RA1/AN1 e—s[]3 H «—s RBS5
RA2/ANZIVREF-ICVREF w—[] 4 [] ~—= RB4
RAS/ANNREF+ «—w [ 5 ) «—s RBIPGM
RA4TOCKICIOUT =—e[] 6 F}-a—» REZ
RAS/AN4/SSIC20UT ~—-[] 7 ] «— RB1
REO/RD/ANS =[] 8 (] =t— RBOANT
RE1/WR/ANG =—»[] 9 ] ~— VDD
RE2/CSIAN? ~—s[] 10 ] «— Vss

VDD —— [

Vss c

OSCA/CLKIN — [
OSC2ACLKOUT [
RCIT10SOM1CKI g [
RCU/T10SVCCF2 w—[]
RC2/CCP1 a—w[]
RC3/SCKISCL =[]
RDO/PSPO w—~ [:‘
RO1/PSP1 vt

[] =— RD7/PSPT
[]-=—= RDG/PSPE

] «+— RDS/PSP5

] 4—s- RD4/PSP4

] w—e- RCT/RXDT
] =—+s RCB/TX/CK
] «— RCSSDO

[] =— RC4/SDI'SDA
[] «— RO3/PSP3

] e RO2PSP2

PIC16F877A
HRBNRENIBBRLLRRLE8YRE A

3Ul 2.3 siumisnives PIC16F8TTA
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2.2.3 lassadreneludw PIC16F8TTA
ﬁagﬂﬁ 2.4 9¢d Register ddeyq fo W Fadu Register AlHlun1sviudu Input
Ty ALU uasiludfiunadngonnsieiuess ALU, STATUS {lu Register #ldifiu
anuy Tauvesdds Tullemdwihouasaudninerlstunnte Failuselonilunns
Feuldsunsuuuudidouly, PC wia Program Counter 1y Register Sndavilsfifianuddny
iosanlddmsudusai ﬁwﬁaﬁwﬂwmﬂwmamaﬁaﬂ U AL LAl URLIEALEN

[
} Program Data
Devi ta M
| s FLASH | DA Memeny | eeppnom
| PIC16FBT4 4K 192 Bytes 128 Byles
QO Tl O ORI . SN 0
PIC16FB77 | BK 363 Bytes 256 Byles
i
i " 1 Data Bis 8‘ PCRTA
FLASH / RANAND
RATIANY
if'::: HAZANZAREF -
5] RANAMINRIF
RALTOCKL
-t RAYANASS
Progrdm. 44 & PoaTH
Bus i
15 I+ RBOINT
Instruction reg | i RB1
W.,m‘_m_i‘:?_. i ==X RD2
. i - 4 RBAPGAM
; ? T | e e
[ 2 . RES
H 1 4 RB&PGC
i A STATUS reg fo 4 RBTPGD
: ’ 7
L ,7.7, — VPRI 'i..i my ’L, —— PORTC
i " P, B \ j - RCOTI QSOTICK
Power. d] MUK = RCATIOSLCCP2
Tmee || ol T ‘ B RCACCP
Nyl N7 ! IS
Instioction | Oscdlod o | bt : :“5Dc“mséL
Oecods & [5.7.7] | Startap Timer | U 1
Cortrot i ALY ! B HCHSEO
Paower.on | A —— § RCETX/CK
Reset /8 £
Tising Wacha . 2 RCIRXDT
B Genscmion [ s ! [ Wrea ] ! PORTD
O6C1/CLKIN Brown.oul At i =[] ROOPSPO
OSC2CLROUT Resest i = RON/PSP
In.Cireuit b4 RO2PSP2
Debigoee | - H ROXPSP3
Lowv. o M- RADAPSFY
Programming Pavailel $lave Port 5 ) AOYPSPY
I~ RDGPSPS
RO7PSPT
PCRTE
WMCIR Voo, vss | H—-[X] REWANSRO
. d~=f] REVANEGANR
| H—e[X] REZANTICS
TamerQ Timer Times2 100t ATD !
! Y A
L ]fi & it
s S et e e v ——
!, 'y T X
1 Synchironous
Dals EEPRCM [o{e -1 ] Seclal Porl USART
Note 1: Higher order bils are from the STATUS register

gﬂﬁ 2.4 wanalpseasanielu PIC16F8TTA
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=Y

2.3 vquivuiwasaumugll DS1820

YU

051820 avlidyarnuowinreenunduiuuiineas  waausafiasyiins
Tsunsudhludambheanudwasmunuitsidunmelule@ld  Feiwdsanudisennely
wn 64 On wuulawesson M %’dmmmﬁ'%:ﬁwnﬁdmuaxﬁawﬁ'm&aoﬁwq \Agau
wihfinsienlaglugul 25 Ae DS1820 Tumsesramgamaildeseuinineniunis
Usginanavaslulaslusigaiges  uenanduudrdannsofinde  DS1820 emsasiath
aungillalunanednuoe LagMagANILAm UM SRnAIAAILANAE 1N Y
gunsaihql Lidesdumsfindanmelueins gunsaindeddmeg wio meluadosins
waziewinaiiueynsudiauues DS1820 ausarelMWAVUA YA dGEld

1 kg o lv [ o/ L3 s 4
wnane 9 ‘qﬂiﬂaluauau"uagamnuuaznu anwrgunInl DS1820 UAAIAIFUN 2.5

-

5U#t 2.5 107 DS1820

2.3.1 AuUANURALYDY DS1820

1) duwmeimadyguiuriewinaifivmeiadsiuuy 1 aedeya(l - wire)

2) weeyansdugumpiilivane yauuaedeyaiios 1 aedoya

3) lusiesldgunsalmeusnuisosu

4) aunsamuaunsiumIneieaulaluvaeteya

5) wneirnraunusuidurud

6) thumsingumgidust -55 ssrneaiduais +125 ewnwaduad 0.5
owrwadeareaiiu vienusey -67 ssmmisuledis +2570mvisy
lg71 0.9 ammusuleraadiy

7) gampilazgneuesnundudmieidnea 9 On

8) dnmauilunsudasingamgiinuudiiarmiineaidy 200
Hadiuni

9) glénuannsafmunnisigaduiougugamgiildluuuy non - volatile
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10) mstieugugmgituainsivuasihy Msdinisuazionuasd
yosgUnsalldnnnsueniuiings inguugiisunisiusunsuniuen

1) mnefunsUssgnaldnunsiaingumgll warfndalilugunsainunau
wasluauafin szuulsanugaamngsy wdadun mesluliees  vie
spuudu Aldunsaduguugivhausiueg

2.3.2 vdenlaazunsunieluvesDS1820

luguil 26  wansudenlnezunsudiudsznauvosmsvhaudng  aelui
DS1820 fldwUsznoundneg 3 dumeiufs wlgaNuILawesTeNwuIn 64 In @u
Buweoigungiuazdiunsesuiieugamafiuuu non - volatile (TH uaz TU) Tnogunsed
anvinguupiiargnauauannynsnineseey Lagiwesaavinnlatdayaliies
1 aedoyavinmisifiuinumdanudisediludifvdsraneluy Tudszwineunaile
dyaransluladfianiuaiu high uavazvhaudeidedubesq waznmaganisiaufiay
Antusinmangaseuvassrslutassswindaaniudy  low vaslmidoyauazzvynay
wutusundwladtoyaesndusndy  hish  8ne%  wasundssrglvivaniifesldenn
wiasaelv +5 hadneuennishededeyany DS1820 axfnderuneinfisameiniuife
1 - Wire wasn ngluwasn 1 - wire ﬁluﬁawawmammﬁwLLaxmuquﬁaﬁ%’u‘[ﬂﬂmﬂaa
vaasanvggnimsendndoniou  ludiuddyveamsinuiandudusuusndadunilui
Suveamsdansitaituluseuiifonissu

1) AN

2) YIMsuuaTTau

3) AuNISau

4) nselamtusou

5) HaUNITAUVI

DQ‘. CONTHC!TL‘;‘(?K:

!

fe———s| TEMPERATUNE SENSOR

| scaATcHPAD
HIGH TEMPERATURE
TRIGGER. TH

I - ‘ o| tow TEmPERATURE

B-8(T CAC 1 TRIGGER. TL
GENERATOR

Vpp

sUT 2.6 vdenlmezunsunieluves DS1820

k4 Q') d.’ - ﬂ‘l d ' ° <
NITINNIUYDITEUY ﬂﬂiﬂ\?ﬂquQSWWQWUUUWUWﬂUQEJﬂ"J'WiJT\]’ILﬂL‘UEJé'iGJJ‘UU’W} 64 Un
1 -l I ar v L3 a‘ d‘ [J s @
Hunesaledusiasiuararunsoliieninapeuionsimunguanifvesguniningady
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grumgiiivanes fivinldlnedimsiuladdoya 1- wire § waannilaiduluseugnaaunis
vy Avdeudlargnldon  wazanuseisdhienisiengluialedldimun
wiheamiuazgaunuauilidufiszgnidtam sl uasdudnfuaienlfaunse
mmﬁulﬂwﬁuﬁ 1 dwaniomn 6 dauresihoanusiuas dumunuiteidunisdanig
dumuauitiifunsdinsvilsdiuazgnimunnaandives DS1820 IaglugUuuuresnis
TaA1veguugl mwmmmimumanuuwﬂﬂu DS1820 Iumumawuwmmmmwua
(scratchpad) wazundsfiageusennldanarssarsdyemhonusiilaidunsdans
Faudunserusenunams ghdofigniufintilumiaeninush  scratchpad doyeyunseau
Wourngrmgiiguiuuasiiu (TH wae TU) azUsznaude 1 Tud EEPROM dndtyanainns
wounsAuviligniedilds 051820  FFamesvariunndiazgldliediaty 1an
mhepsfgewimunld  msdeudiluluduvesmadios TH ey TLorlld
whaudfleidunisdins uarnsdn Ui Samesiersurumiaeainush scratchpad

1 2 < v ' = o a
LLﬁS‘UE]J‘.IJﬁEIU"] mmaom‘imuuaswau%mwﬂﬁluwLﬁﬂmaa LSB

2.3.3 15NNl
DS1820 azvinmsinAringumpiilaserduimadamsinuuuesuueinfitauds
<, a 9] & o < o w
Wumaliansinlaganvvasgunsaiviaid  lusul 27 uassudenlaozunsuvesine
] Efl s @ = L% o s o d
guuQNues  DS1820  ¥vvzeAumsingumnilagnistuduiunseuesdyaauinig

= £ o a’f‘ 1 as - = a a n:lfl

DRATALALNDSHANTULN -zmL'ammmmamqmmwmmaaﬁaLamai'wam'uumi}wﬂumi
mwum‘l,mmn‘m\amunammauﬂsvawﬁamwﬂumam IUaummauUsuamamwnm Fagedl

q
'

ARty auniinaildvihmy memm‘auumawvLsuuuwmammumamwugm D
-55 aqmwamaa mmsuuammmummmmmﬂuanaumammmvmum awmos
gumniifezuaninaian 55 pwrwaldea mmnmamwnmwmu NILARINATDIgIMYTl
wmsﬁunmaamw -55 aammawaa’iumummenuu n1sReFvaINsTiuaT i muslan
nmw'ummamawanwsuu ‘Uﬁiﬁi}?umadﬂﬁﬂ’l‘i‘ﬁﬂL'UEJﬁ’lW‘SUﬂ’]'SLLﬂﬂQﬂmE‘IJJUGI‘UENﬁ’JU
IﬂwmaaafvaLamaimamwnuummum st iudyananninidnasaauniniuayle
Andugud mmuL’Jmmmaa'luamavawuqluumsUﬁUu,manavmmiu's-‘mawalwuaﬂma
wilmsrwndnely  DS1820  aglmanden 0.5 DIANTATARDYNUBINTT
L'LJaUuLLUaaamwnummwuﬁiﬂamwnﬁa ggnimualinely 16 Onleeiideddy 2
duysznaunisenu 'lu'stl-n 2.9 uanIAMAN YL swavmammmauwuﬁwawauawmamwm
MM sdngaumgil 'uauaﬂvﬂﬂaqaanmLUuaunmwmsaumasMﬁnumwaua 1- wire &2
DS1820 mu'ﬁn'mms?mmamwﬂulﬂmumumum -55 §i9 +125 aamwawaaw 0.5 mmma
190 Agamgingminsusuddlily 051820 luvewves 1/ 2 esnieaifea LSB dse
Wuluauguuuvvesdoya 9 v 7 Msg Indugitsudisuiunninlu MSB geqnues
Hawmeigumalivum 2 lud 'lwmEJmmmmﬂﬁmumamwnuuuu 16 On ludnwiug

d1Atysineg uamdlilusuit 2.8
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SLOPE ACCUMULATOR

PRESET | compare
LOW TEMPERATURE SET/CLEAR
> T
COEFFICIENT OSCILLATOR RIS S LSB

IN
=0 C“' TEMPERATURE REGISTER
R ,
HIGH TEMPERATURE | COUNTER
COEFFICIENT OSCILLATOR }

STOP

=0

=

A s i
E‘U‘VI 2.7 Uﬁaﬂlmammmmsammqm‘wﬂu

u

MSB LSB

1 1Tjtrjojojr{1)1y] 0

14 1 -l
UV 2.8 wansn -25 periealtud

2.3.4 ANTINNUYBSAY YLD

wdndl  DS1820  fnmsnnaingampiifntuudamvasguugiifazyins
Wisuidisudevinidudygunssdu msSeuiisurvesgumgiissisuiisususiiign
tufinvSerfmunlivesrgumgiigegn (TH) wavAngumgiidnan (TL) naendugumaiifiin
1 Togarldiuiidawmes 8 On dwiumsvhenillu MSB wes TH ude TL finsefufiasgn
dsluds B vesidawnasanmgiivunn 16 Ov dnavesnsingumgiifidngadundt TH wies
N TL dviudyaraidieunelugunsaiiazgnion %aﬁwﬁuwaaé’m_,mwmﬁauﬁ%gné’wmmnﬂ
ﬂ%v'qﬁﬁm'ii'ﬂthquﬁ Lﬁaﬁwﬁuﬁmmmﬁaugnwm DS1820 awiin1snevausailugnis
Aumdyananioumsdnmsuasaseonlivhnisse 051820  ludnwasauuiunanedsléd

ﬂ‘ o o o ' - o d' 1 U ty.l Iy.l =l 5 ot
LWE]V]']ﬂ']'i?}’#ﬁBQﬂ']3?5]ﬂ?QWﬁQMLLﬁ?UWM’]LQﬁUﬂWWQQﬂ'ﬁ')ﬂiﬂﬂiduu@ﬂ'ﬂum'ﬂuﬁuq
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P v v o« ! a o
R8N 2.6 ﬂ'JWiJﬁQJWUﬁ“UBQﬂTE}EUV]ﬂNﬂU“U@iJﬁﬂimaaL@’TWWﬁl

GRDRIVHEY RGBT AIMDAL VNG

SRR RIGER (Binary) (Hex)
+125 00000000 11111010 00FA
+25 00000000 00110010 0032h
+0.5 00000000 00000001 0001h

+0 00000000 00000000 0000h

0.5 i e A W B FFFFh
25 TITTI1TT 11001110 FFCEh

=30 11111111 10010010 FF92h

2.3.5 Iniaweisey
Tu DS1820 tuavUsynaudedusssanthomsiseniiiauenis 64
Unlaglus dvusnazlusiaszunszna (family code) 1 - Wire o1 DS1820 (DS1820 fiswa
v 10n) uazdn 48 dnsendudgiuszysynsuday (serial number) wagdn 8 dvnanvhe
AadIuTUTin CRC ¥B9 56 Tnusn mieanudsauwuin 64 O LLa“aaumUﬂuﬁaﬂ%usauu
aveeuld DS1820 awnsavhnubugunsaidumasivauuu 1 - Wire 16 uasilswazidun
muluslompavasssuuta 1 - Wire‘%qﬁaﬂ'ﬁ'j'uuasai';uﬂ'mﬂmi'mq'l.u DS1820 azdalyaunsa
Mmauvsaittielnauniasdnsweswlusinreaiendulumbsanudnseudeneny  Tagly
nsdumefinaludrundnvesiliddunisdenslumieanusisenasdoslidwuitadiduiiae
1) n1s9umiyAININseY
2) yinmsuuadseu
3) AuUmTeY
4) nsslandnusou
5) HouMIAUM
y&nfiimsigadduileidusouddneduaiaud Hartud199 vo9 DS1820
Aavannsanfale

2.3.6 n1nauvaszelu

lugudl 2.10 Wunnssie DS1820 saurulalaslusiwaises ilon1smuRIIN
svorlng 9¢ dunaiuiiiiensulidee VDD wee DS1820 duassefunsid LLsiﬂJﬁ%’U
Wiz 1/ 0 tayalunuy 1 - Wire annszuumvauvanlulasTusivawosunu & Fa
1511%“'l°zra'lwium'iﬂ1UﬂumnsxaulnauavlmawmmLmadmulwmauan'lwﬂu DS1820 1w
geennmsizlunsdumeiinauuy 1 - wire danwrsafiesyhnsimuanisiau (power
on) vetleFWidelnAsnwsnigluiled wmu dnluguil 211 Dunstaundsngin
muuenliiu DS1820 w  yafindeldan  warnisdimsanlalaslusiwaweidahauld
wilouAuuazansaiagde DS1820 vunuiulasldn1sdumesinaruda 1 - Wire Wiy
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lomange Tamneduiunsasetngumpiivatsaaiimuauldansseylnaiiuszuy

lulaslusiwawos

+5V
°| I:T DS1820
+5V
uP
4.7k GND¢ *VDD
) R

U 2.9 uanansdavunassrelidsslatiu 051820 Tu 1 - wire

ginfiu DS1820

rinldvaiuge
DS1820
+5V
uP {
‘f-'f'k aNDY [ LYPD o jidsianlvl +5lank
10 muuan

= LY ! ! a 3 ]
JUN 2.10 uamamsdauvasnglnnieuenuazn1sdunesinasiuees DS1820
wamuula 1 - wire

2.4 299359818uuulinduind
::Ir.’ =l q" 4!—’ [ =l s a 5
wesvengtiiluinsvenednuuunisinasnisalunisuenedumaifeonsy  fFadu
o a o v I "W = o < ¢ v
nsteudygrasunvisiestoudrinuduwmlindua (+) FallovenganiominauaIve
Widygnaewiwniliwawidowdy  dguil 212 defuluasssvonsuuulindumaing
s &J o/ e s - fnau dl vV o s 2/
Usunduiteandnsimsveneedinssastoulufmwndunesie () eliiAnniswnarees
dypraunmeluitledesueud lasaunsomdnsimsvensvesnesldoingns

AV = Rz +1 (1.2)
Rq
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JUN 2.12 asvseeavuauduuulinduima

2.5 auanINawuy LCD

oUEARIWNALUY LCD (Liquid Crystal Display) %’mﬂuaauammaﬁngﬂmeﬁa Fadu
ﬁﬁHnﬁmﬂ‘ffmuﬁ'uaemLLW%Mﬂﬂﬂ&JWﬂ%ﬂlu{Jaqﬁu Fevoudnmauuy  LCD  Hiwauuud
wamsnailusnuseifissothadien (Character LCD) LLamLuuﬁmmmLLamNaLfJugUnwww%
Fydnwaiduq muanudeanisld (wiheensiiin LCD) Tasssuananauuy LCD Amuiiiuriy
Taeiae hﬂu%ﬁmﬂsxmi’uﬁmﬂﬁagwawuw vsiafdunuuiiimsdw@atuanizay
lnofiguuvuuargusamts Wy seuanwa  LCD  Mmnluliluwiinidefiowuudines
\nTpnaINY 1SasRnaY visonthiainguuusing udu uiluiidsznaniisamwy Dot
Matrix LCD fifhnamtheiuig Wilawsedomanldeouiuldieg Tnsfinudiutuily
Idudvuin 16 fdnwsluaufe 40 fdhvs waslonuussiadus 1 ussialuaude 4
Ui (Mdpormannndnty) Tasreuanana LCD mehffawﬁwaw@'wﬁm UFAIUNINULAIVZE]
Taseademsmaunazgamdimilousuiounnlssns  o1efiuandreiudsludeves
A32lunseuATley (Access Time)

251 swandeaieafulugavesoudaiua LCD
Tuluga LCD vsffduusznaundng 3 daudail
- fuanwa  (display) meluidusdnanfiannsauansalifulasaide
WARINATBUDN ﬁaﬁuﬁqﬁaaﬁqu’tumsum%’agaﬁuamwauuﬂa LCD
- fhmuAn (controller)  WWudhudeyavsngunsalmeusninaiuaunis
viauveddugate LCD 1y auvenm uanaiisnys wiaidounaiives
Wusiu damuauilldnmunslaoian:  dwitedldfiowes  HDA4780
way HD61830 Ty HD44780 TdAuANse LCD uuudnuse @ HD61830
lgAruAuae LCD n31fin
- fdu (driver) uhSudygumndnuguundulifuanssauansdoya
muAifundwildnmiiduiaduildun e HDAA100H , MSM5259

Wiy
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flénulianunsasrenssualninsdiiuee LD Adlinaennanfiolive
LCD wanawamuiiFasnsldidosanagmliifnuinsorlinaituuazasmlfornisldoy
%8 LCD duas Momaidwndudostoudyyaadussuinatafuda (SCAN) Fropmuill
found1 30 @sed  uieliliviheensenduae  LCD  Taevhldazfunuuiiiduauny
(Controller) s2Milushogudr fldnuiisdesviadadmiumuaunisiauvesns LCD
Wiusnuguiwesnslivhauedisls  Fednlnaudmeuaueeidyginlunadeuss

581771998 LCD Aululasaaulvsaians mail

1)

91 1 GND tWunsne ldseszwinnsmavesseuululasnaulnsaaesiu
2 LCD

11 2 veC Hulionsasiidestlaul¥ivee LCD Tawslvinseuanss 5
Tas

91 3 VO Wurdmsuliuaiuainmesmiinge LCD

1 4 RS Midmvvenliiemuguae LCD nsuinlén dsiniann deya
uddwiedoya

91 5 RW lddwiuimundnarsuviodeudeyaduiauaues LCD
91 6 £ 10u11 Enable w30 Chips Select ermuanisyiauliius
AIUALIL LCD

91 7 v 14 0B0-DB7 Huwdygyraudoya MWdmsuduuvdes udoya
frds fusmuRuee LCD
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3.3 NITVYIYRUYIUUTIAU

luniseanuuuisasveisussiuarlyssuusudives TLC2272CP ﬁdgﬂﬁ 32 aduy
s veedygrauseuildmnaemeluduila Wommnuseiudldanaiomes
Tududativnadosinn Taglddnswersi 3333 wh nseonuuvissivlneseaiswmes
Tuduarthiulsassenefivimifveedyyio LLaxﬁLa’Mwmwawws‘ua’mfmmaﬁﬁu
2995 Analog to Digital ¥u1% 10 Unuas PIC16F877A

10UT [] 1 g ] Vop +
1IN- ] 2 7[] 20uT
1N+ ] 3 6] 2IN-

Vpp-/GND (] 4 5[] 2IN+

U7 3.2 dumsnnes TLC2272CP

3.4 n1seanLUUdIUUIELIaNaNaIq

n1soBnuUUAINUsEInaNanatty asinsldlulasaoulnsaiaes PICI6F8TTA @4
PIC \e$iiinas Analog to Digital vun 10 9w Tusavhliainsaumanis suensusasy
wazUszaianauaudnan1mioe LCD lapan 1 dolW 5V DC 91 3 dofuiasuensw
13,14 sefudnuladyginuiRnien 15,16,19-22,27-30 18auiuae LCD 21 31 #ansm
91 32 @l 5V DC 11 33 defuiineameslufives 1 (Tadufu) v 34 deduidnea
woslufimes 2 (Fath¥ou) 11 40 sefuaing Reset

O ® U |

L}z X

Os 3

(m a

s *

Os %

Or 'l

Oe - <

[mi] = 2

On > 3

On § ®

O = -]

> .

—u i

= | %

b ] 18 ..

iy X

(i z

— " hrd

e W . il
TOP VIEW

D2(LCD)

Ul 3.3 dnuiznssoldern PICI6FS77A



26

3.5 MUNIBUAAINALUY LCD

lulassouiildidenldaauanma LCD Ju  ABCO16002A07-GHY  uamsiasnus
MwSIngy v 16 Msnws 2 usiin dadufilvufueduunamiumslduansua
inFesilawnadldnneg seilosniiaumnzalumansq du wu mslénssuamldivies
fiufl ROM lululasmaulnsamesiosnnlideafueyavesiidnus aunsaduansidnus
ladradannsiaueaiuariiufenlaszunsuduandusud 3.4

Y J— comlé
VoD = —— LCD Panel VDD(+5.0V)
Vo i} CONTROL
S ] so LCD N
E — seg80 VR(0-20K)
RW = MODULE
neOR7 Sy VSS(ov

] -7 A
tigﬁ ; Backlight e LEDK(OV

sU# 3.4 ufenlnozunsuues ABCO16002A07-GHY

3.6 NINTIUNITIDNUUULATAIUAY

PNFUA 35 LEMININTIINSDDNLULLAZAIUANTBNATBIRADUTTinTE INDS
Tuduida Taefinesluduila wuwesinguuaiivies uasiwuesinguvgiinuaisveues
luduida nmesTudUilladudyralnihdnasmsvets (Op-Amp) Weverodygin iy
druuszulananans (PIC) wazlaninananwiinaslL.CD

Sensor 1

+ Thermocouple  |_ 5, Op-Amp S PIC — Display

Sensor 2

<
JUN 3.5 MWTINNTTOBNLUUKAYATUAY
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Reset j«

Type JKNE = 0
No
/ Read Temp. /

Reset
Temp. < 30° bl
Please wait 30°¢
No :
((T-R)*41.07+14.3)+((T-R)*3) bl
=dflldan Apc R
T J+1
s YPEI
((T-R)* 32.40425.9)+((TR)*3) Yes
=Aaflléan ADC v
TypeK+ 1
No I
((TR*19.14+31.8)£((TR)*3) Yes
=anifldan ADC '1’
T N+1
i )’pel
((TR)*49.70+26.2)+((TR)*3) Yes
=Anilldan ADC J!
TypeE + 1
No :

&
<
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Yes
Kt Yes
Typel>E Yes
P No
Type J
Yes
No Yes
Type K> E Tes
& NO 4
Type K
Yes
No Yes
TypeN>E LS
- No
TypeN
Yes
No Yes
. Yes
P No r
Type E
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4.2 NSYIARDILATNANIINARDY
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Temperature
Sensor 1 (R)

Thermocouple OP-AMP ]-»{ ADC }—»| PIrC I—~—~>LLCD|

Temperature
Sensor 2 (T)
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AN9197 4.1 uansAmiaanniITaaasvaunesiualllavin J

ASai R T (T-R) | ADC | Tuner | Temp. | ADC/1%

! 275 | 345 7 268 15 26 36.14
2 275 | 345 7 287 15 27,5 38.86
3 27.5 34 6.5 271 15 STE 39.38
4 a7.5 34 83 269 7 275 40.31
5 275 33 55 257 7 27 45.45

6 27 30 3 159 15 24.5 48
7 %5 | 325 55 254 24 25.5 41.82

8 27 33 6 255 15 o7 40
9 27 34 7 285 15 g 38.57
10 905 | 35S 6 268 15 26.5 42,17
\nae 14.3 41.07

ﬁ']S'N‘ThJ 4.2 LLﬂGNﬂl']ﬁ\lﬁ’]’ﬂ"InﬂqsﬂﬂaﬂﬂﬂﬂﬁLwaﬂuﬁULﬂaﬂﬁﬂ K
Asait R T (TR) | ADC | Tumer | Temp. | ADC/1%

1 265 | 32 5.5 195 28 25.5 30.36
2 265 | 34 8.5 255 31 26 26.35
3 265 | 34 8.5 271 28 26 28.59
4 21 | 335 | 65 242 31 26 32.46
5 27 | 385 | 65 240 15 25.5 34.61

6 21 | 325 | 55 224 15 25 38
7 275 | 335 6 234 31 oy 33,83
8 g5 | 25 6 231 25 26.5 33.23
9 215 | 34 6.5 240 24 27.5 33.23
10 | 275 | 34 6.5 248 31 27 33.38
\de 25.9 32,40




A157199 4.3 wansARbnINNIInassvaawesluAliUaviia E

afaii R T (T-R) | ADC | Tumer | Temp. | ADC/1°
1 26.5 34 7.5 322 31 25 38.8
2 26.5 34 7.5 386 31 27 47.33
3 27 35 8 385 31 26.5 44.25
4 27 33 6 309 15 26.5 49
5 27 335 6.5 351 24 26.5 50.31
6 27 32.5 5.5 334 15 25.5 58
7 26.5 33 6.5 384 30 25 56.77
8 27 34 7 384 30 26.5 50.57
9 27 33 6 361 24 26 56.17
10 27.5 34,5 7 352 31 27.5 45.86
Wi 26.2 49.70
A157971 4.4 ugnsAfldnnisaassveumedludUDavia N
adait R T (T-R) | ADC | Tumer | Temp. | ADC/1°c
1 27.5 34 6.5 159 31 27.5 19.69
2 26 34 8 192 31 25.5 20.12
3 26 33 7 159 39 25 17.14
q 26 33 7 159 31 25 18.28
5 26 34.5 8.5 192 31 26 18.94
6 26 34.5 8.5 192 31 26.5 18.94
7 26 325 6.5 143 31 26.5 17.23
8 26.5 33 6.5 159 31 26,5 19.69
9 26.5 32 5.5 158 31 26 23.09
10 26.5 335 7 159 31 26.5 18.28
Wiy | 318 19.14
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422 msveasaienagouauiudlunsinuveAIomaauTinves
woasluaUila
Tunsvnassasynsvageunismadeuriaveanasludiidla  diaw

wiusunndendiods Tnensiweslududavin JKEN dadhiuwedes sniuiunes
Tufdafuddneamesluived 1 Whdetu wanhddnoamesTufines 2 Yagnugiifita
Fuoavesluduila anifunatididadneliiunthoouans “I Reset I’ soauguMgii
wanain9ensi wadufingaumgiuazeilnvaunesludilaainiss

:‘ = af -, =
A1919N 4.5 LaAIHanIsNAaadn1sasdevrinveunesiualilasin J

asaii R T yilafuans
1 27 34 J
2 27 335 i
3 27 34 J
4 27 34 J
5 2 34 J
6 27 34.5 J
7 27 32.5 J
8 27,5 35 J
9 27.5 23.5 J
10 27.5 33.5 J

d - af -y ]
A151991 4.6 WEAYNANTITNIARRININSIVERUTHATRUVaT WAUUavin K

Avai R by winfiuang
1 27.5 33 K
2 27 31 K
3 21 30.5 K
q 27 30 K
5 27 30 K
6 27 31 K
7 27 30.5 K
8 27 30.5 K
9 27 30.5 K
10 27.5 30.5 K




AN9199 4.7 LERNANISNARDINISASINFIVTEAvaunasualasiin E

b

=L

Afadl R Ny YUANUEAS
1 27.5 32 E
2 27.5 32.5 E
3 27.5 33 E
q 27.5 33 E
5 27.5 32 E
6 27 31 E
7 27 33 E
8 215 32 E
9 27.5 32 E
10 27 34 E

A15197 4.8 WAASHANITVARDINISASIVdEVYInYe uasludUiUavda N

A% R T YanTuan
1 2.5 30 N
2 2F.5 31 N
3 27.5 31 N
4 205 21,5 N
5 27.5 30.5 N
6 27.5 31.5 N
7 275 31.5 N
8 27.5 215 N
9 2105 315 N
10 25 2 N
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1 void main(void)
2{

3 init_a2d();
5 initial_Llcd();

6 TRISB7 = 1;

7 while(1)

8 {

9 while(RB7 == 0)

10 {

) delay_ms(10);

12 while(RB7 == 0)
13 {

14 addr_led xy(1,2);
15 sprintf(buffer,"  Reset! ")
16 string_lcd(buffer);
i7 =0;

18 N =0;

19 R=0

20 E=0;

21 }

22 }

23 readtemp();

24 if((flagl == 0) && (flag2 == 0))

25 {

26 addr_lcd xy(1,1);

27 sprintf(buffer1,"R[%2u.0] T(%2u.0] "temp_fl0l,temp_f[1]);
28 string_lcd(buffer1); :

29 }
30 ifl(flagl == 1) && (flag2 == 0))
31 {

32 addr_lcd xy(1,1);
33 sprintf(buffer1,"R[%2u.5] T[9%2u.0] "temp_fl0],temp_f[1]);
34 string_lcd(buffer1);

55 }
36 if((flagl == 0) && (flag2 == 1))
37 {

38 addr_lcd xy(1,1);
39 sprintf(buffer1,"R[%2u.0] T[%2u.5] "temp_fl0],temp fI1]);
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

string_lcd(bufferl);

}

ifl(flagl == 1) && (flag2 == 1))

{

addr_led xy(1,1);
sprintf(buffer1,"R[%2u.5] T[%2u.5] "temp fl0],temp f[1]));
string_lcd(bufferl);

}

data a = 0;
for(int i = 0; i< 40 ; i++)

{

data_a += read_a2d(1),

}

data_a /= 40;
ifttemp_f[1] < 30)

{

else

addr_led xy(1,2);
sprintf(bufferl,” WAIT FOR 30'C ");
string_lcd(buffer1);

data_a =read a2d(1),
ifl(data_a >= ((temp_t{1]-temp_t[0]) * 41.07)+15) - ((temp_t[1]-
temp_t[0D)*2.5)) && (data_a <= ((temp_t[1]-temp_t[0]) * 43.5)+tuner) +
((temp_t[1)-temp_t[01)*3)))
{
J++;
}
if((data_a >= ((temp_t[1]-temp_t[0]) * 32.4)+28) - ((temp_t[1]-
temp_t[0])*2.5)) && (data_a <= ((temp_t{1]-temp_t[0]) * 38.25)+tuner)
+ ((temp_t[1]-temp_t[0])*3)))
{
K++;
}
if((data_a >= ((temp_t[1]-temp_t[0]) * 19.34)+31) - ((temp_t[1]-
temp_t[0])*2.5)) && (data_a <= (((temp_t[1]-temp_t[0]) * 23.75)+tuner)
+ ((temp_t[1]-temp_t[0])*3)))



79
80
81
82
83
84
85
86
87
88
89
90
g1
92
93
94
g5
96
7
98
99
100
101
102
103
104
105
106
107
108
109
110
11
112
115
114
115

{

N++;

}

if(data_a >= (((temp_t{1)-temp_t[0]) * 49.9)+31) - ((temp_t[1]-
temp_t[0))*2.5)) && (data_a <= (((temp_t[1]-temp_t[0]) * 59.75)+tuner)
+ ((temp_t[1]-temp_t[0])*3)))

{
E++;
}

if(U>E) && (U > N)&& (J > K))

{

addr_lcd xy(1,2);
sprintf(buffer,"ll J TYPE III");
string_lcd(buffer);

}

if((K > J) && (K > N) && (K > E))
{

addr_lcd xy(1,2);
sprintf(buffer,"lll K TYPE 1lI");
string_lcd(buffer);

}

if((N > E) && (N > J) && (N > K))
{

addr_led_xy(1,2);
sprintf(buffer,"ll’ N TYPE 1I");
string_lcd(buffer);

}

if((E > J) && (E > N) && (E > K))
{

addr_lcd xy(1,2);
sprintf(buffer,"lll E TYPE 1II");
string_lcd(buffer);

}

delay_ms(1000);

}
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10
20
30
40

50
60
70
80
90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
41C
420
430
440

450
460
470
480
490

°C

0.000
-0.002
-0.003
-0.002

0.000

0.002
0.006
0.011
0.017
0.025

0.033
0.043
0.053
0.065
0.078

0.092
0.107
0.123
0.141
0.159

0.178
0.189
0.220
0.243
0.267

0.291
0.317
0.344
0.372
0.401

0.431
0.462
0.494
0.627
0.561

0.596
0.632
0.669
0.707
0.746

0.787
0.828
0.870
0.913
0.957

1.002
1.048
1.095
1.143
1.192

0

TABLE 3 Type B Thermocouple — thenmoelectric voltage as a function of

0.000
-0.002
-0.003
-0.002

0.000

0.003
0.007
0.012
0.018
0.026

0.034
0.044
0.055
0.066
0.079

0.094
0.109
0.125
0.142
0.161

0.180
0.201
0.222
0.245
0.269

0.294
0.320
0.347
0.375
0.404

0.434
0.4865
0.497
0.530
0.564

0.599
0.636
0.673
0.711
0.750

0.791
0.832
0.874
0.917
0.961

1.007
1.053
1.100
1.148
1.197

(s\) puromalionz

0.000
-0.002
-0.003
-0.002

0.000

0.003
0.007
0.012
0.019
0.026

0.035
0.045
0.056
0.068
0.081

0.095
0.110
0.127
0.144
0.163

0.182
0.203
0.225
0.248
0.271

0.296
0.322
0.349
0.377
0.407

0.437
0.468
0.500
0.533
0.568

0.603
0.639
0.677
0.715
0.754

0.795
0.836
0.878
0.922
0.966

1.011
1.057
1.106
1.153
1.202
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-0.001
-0.002
-0.003
-0.002

0.000

0.003
0.008
0.013
0.020
0.027

0.036
0.046
0.057
0.069
0.082

0.096
0.112
0.128
0.146
0.165

0.184
0.205
0.227
0.250
0.274

0.299
0.325
0.352
0.380
0.410

0.440
0.471
0.503
0.537
0.571

0.607
0.643
0.680
0.719
0.758

0.799
0.840
0.883
0.926
0.970

1.016
1.062
1.109
1.158
1.207

-0.001
-0.002
-0.003
-0.002

0.000

0.004
0.008
0.014
0.020
0.028

0.037
0.047
0.058
0.070
0.084

0.098
0.113
0.130
0.148
0.166

0.186
0.207
0.229
0.252
0.276

0.301
0.328
0.355
0.383
0.413

0.443
0.474
0.507
0.540
0.575

0.610
0.647
0.684
0.723
0.762

0.803
0.844
0.887
0.930
0.975

1.020
1.067
1.114
1.163
1.212

-0.001
-0.002
-0.002
-0.001

0.001

0.004
0.009
0.014
0.021
0.029

0.038
0.048
0.059
0.072
0.085

0.089
0.115
0.132
0.150
0.168

0.188
0.209
0.231
0.255
0.279

0.304
0.330
0.358
0.386
0.416

0.446
0.478
0.510
0.544
0.578

0.614
0.650
0.688
0.727
0.766

0.807
0.849
0.891
0.935
0.979

1.025
1.071
1.119
1.167
1.217

-0.001
-0.002
-0.002
-0.001

0.001

0.004
0.009
0.015
0.022
0.030

0.038
0.049
0.060
0.073
0.086

0.101
0.117
0.134
0.151
0.170

0.190
0.212
0.234
0.257
0.281

0.307
0.333
0.360
0.389
0.419

0.449
0.481
0.513
0.547
0.582

0.617
0.654
0.692
0.731
0.770

0.811
0.853
0.896
0.939
0.984

1.030
1.076
1.124
1.172
1.222

-0.001
-0.002
-0.002
-0.001

0.001

0.005
0.010
0.015
0.022
0.031

0.040
0.050
0.062
0.074
0.088

0.102
0.118
0.135
0.153
0.172

0.192
0.214
0.236
0.259
0.284

0.309
0.336
0.363
0.392
0.422

0.452
0.484
0.517
0.550
0.585

0.621
0.658
0.696
0.735
0.774

0.815
0.857
0.900
0.944
0.988

1.034
1.081
1.129
1177
1.227

-0.002
-0.003
-0.002
-0.001

0.002

0.005
0.010
0.016
0.023
0.031

0.041
0.051
0.063
0.075
0.08¢

0.104
0.120
0.137
0.185
0.174

0.195
0.216
0.238
0.262
0.286

0.312
0.338
0.366
0.395
0.425

0.455
0.487
0.520
0.554
0.589

0.625
0.662
0.700
0.738
0.778

0.819
0.861
0.904
0.948
0.993

1.039
1.086
1.133
1.182
1.232

-0.002
-0.003
-0.002
-0.001

0.002

0.006
0.011
0.017
0.024
0.032

0.042
0.052
0.064
0.077
0.091

0.106
0.122
0.139
0.167
0.176

0.197
0.218
0.241
0.264
0.289

0.314
0.341
0.369
0.398
0.428

0.458
0.490
0.523
0.557
0.592

0.628
0.665
0.703
0.742
0.782

0.824
0.866
0.909
0.953
0.997

1.043
1.080
1.138
1.187
1.237
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-0.002
-0.003
-0.002
0.000
0.002

0.006
0.011
0.017
0.025
0.033

0.043
0.053
0.065
0.078
0.092

0.107
0.123
0.141
0.1589
0.178

0.199
0.220
0.243
0.267
0.291

0.317
0.344
0.372
0.401
0.431

0.462
0.494
0.527
0.561
0.596

0.632
0.669
0.707
0.746
0.787

0.828
0.870
0.913
0.957
1.002

1.048
1.095
1.143
1.192
1.242

10

°C

10
20
30
40

50
60
70
80
90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

o€«



°C

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

°c

1.242
1.293
1.344
1.397
1.451

1.505
1.561
1.617
1.675
1.733

1,792
1.852
1.913
1.975
2.037

2.101
2.165
2.230
2.296
2.363

2.431
2.499
2.569
2.639
2.710

2.782
2.854
2.928
3.002
3.078

3.154
3.230
3.308
3.386
3.466

3.5646
3.626
3.708
3.790
3.873

3.957
4.041
4127
4.213
4.299

4.387
4.475
4,564
4.653
4.743

TABLE 3 Type B Thermocouple — thermoelectric voltage as a function of

1.247
1.298
1.350
1.402
1.456

1.511
1.566
1.623
1.680
1,439

1.798
1.858
1.919
1.981
2.043

2.107
2,171
2.237
2.303
2.370

2.437
2.506
2.576
2.646
2.7

2.789
2.862
2.935
3.010
3.085

3.161
3.238
3.316
3.394
3.474

3.554
3.634
3.716
3.798
3.882

3.965
4.050
4.135
4.221
4.308

4.396
4.484
4.573
4.662
4.753

1.262
1.303
1.355
1.408
1.462

1.516
1.572
1.629
1.686
1.745

1.804
1.864
1.925
1.0987
2.050

2.113
2178
2.243
2.309
2.376

2.444
2.513
2.583
2.653
2.724

2.796
2.869
2.943
3.017
3.093

3.169
3.246
3.324
3.402
3.482

3.662
3.643
3.724
3.807
3.890

3.974
4.058
4.144
4.230
4.317

4.404
4.493
4.582
4.671
4.762

3
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6

temperature (°C), reference junctions at 0 °C

7

Thermoelectric Voltage in Millivolts

1.257
1.308
1.360
1.413
1.467

1.522
1.578
1.634
1.692
1.750

1.810
1.870
1.931
1.993
2.056

2.120
2.184
2.250
2.316
2.383

2.451
2.520
2.590
2.660
2.731

2.803
2.876
2.950
3.025
3.100

3177
3.254
3.331
3.410
3.490

3.570
3.651
3.732
3.815
3.898

3.982
4.067
4.152
4.239
4.326

4413
4.501
4.5691
4.680
4.771

1.262
1.313
1.365
1.418
1.472

1.527
1.583
1.640
1.698
1.756

1.816
1.876
1.937
1.999
2.062

2.126
2.191
2.256
2.323
2.390

2.458
2.527
2.597
2.667
2.738

2.811
2.884
2.958
3.032
3.108

3.184
3.261
3.338
3.418
3.498

3.578
3.659
3.741
3.823
3.907

3.991
4.075
4.161
4.247
4.334

4.422
4.510
4.599
4.689
4.780

1.267
1.318
1.371
1.424
1.478

1.633
1.589
1.646
1.704
1.762

1.822
1.882
1.944
2.006
2.069

2.133
2.197
2.263
2.329
2.397

2.465
2.534
2.604
2.674
2.746

2.818
2.891
2.965
3.040
3.116

3.192
3.269
3.347
3.426
3.506

3.586
3.667
3.749
3.832
3.915

3.999
4.084
4170
4.256
4.343

4.431
4.519
4.608
4.698
4.789

1272
1.324
1.376
1.429
1.483

1.539
1.595
1.652
1.709
1.768

1.828
1.888
1.950
2.012
2.075

2.139
2.204
2.270
2.336
2.403

2.472
2.541
2.611
2.681
2.753

2.825
2.898
2.973
3.047
3.123

3.200
3.277
3.355
3.434
3.514

3.594
3.675
3.757
3.840
3.923

4.008
4.093
4.178
4.265
4.352

4.440
4,528
4617
4.707
4.798

127
1.329
1.381
1.435
1.489

1.544
1.600
1.657
1.715
1.774

1.834
1.894
1.956
2.018
2.082

2.146
2.210
2.276
2.343
2.410

2.479
2.548
2.618
2.688
2.760

2.833
2.906
2.980
3.055
3.131

3.207
3.285
3.363
3.442
3.522

3.602
3.683
3.765
3.848
3.932

4.016
4.101
4,187
4.273
4.360

4.448
4.537
4.626
4.716
4.807

1.282
1.334
1.387
1.440
1.494

1.550
1.606
1.663
1.721
1.780

1.840
1.901
1.962
2.025
2.088

2.152
2217
2.283
2.350
2.417

2.485
2.555
2.625
2.696
2.767

2.840
2.913
2.987
3.062
3.138

3.215
3.292
3.371
3.450
3.530

3.610
3.692
3.774
3.857
3.940

4.024
4.110
4.195
4.282
4.369

4.457
4.546
4.635
4725
4.816

1.288
1.339
1.392
1.445
1.500

1.655
1.612
1.669
1.727
1.786

1.846
1.907
1.968
2.031
2.094

2.158
2,224
2.289
2.356
2.424

2.492
2.562
2.632
2.703
2.775

2.847
2.921
2.995
3.070
3.146

3.223
3.300
3.379
3.458
3.538

3.618
3.700
3.782
3.865
3.949

4.033
4118
4.204
4.291
4.378

4.466
4.555
4,644
4.734
4.825
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1.293
1.344
1.397
1.451
1.505

1.561
1.617
1.675
1.733
1.792

1.852
1.913
1.975
2.037
2.101

2.165
2.230
2.296
2.363
2.431

2.499
2.569
2.639
2.710
2.782

2.854
2.928
3.002
3.078
3.154

3.230
3.308
3.386
3.466
3.546

3.626
3.708
3.790
3.873
3.957

4.041
4.127
4.213
4.299
4.387

4.475
4.564
4.653
4.743
4.834

10

Bec

°Cc

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990
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3°C

°C

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

°C

4.834
4.926
5.018
5111
5.205

5.299
5.394
5.489
5.585
5.682

5.780
5.878
5.976
6.075
6.175

6.276
6.377
6.478
6.580
6.683

6.786
6.890
6.995
7.100
7.205

7.311
7.417
7.524
7.632
7.740

7.848
7.957
8.066
8.176
8.286

8.397
8.508
8.620
8.731
8.844

8.956
9.069
9.182
9.296
9.410

9.5624
9.639
9.7583
9.868
9.984

0

TABLE 3 Type B Thermocouple — thermoelectric voltage as a function of

4.843
4.935
5.027
5.120
5.214

5.308
5.403
5.499
5.595
5.692

5.789
5.887
5.986
6.085
6.185

6.286
6.387
6.488
6.591
6.693

6.797
6.901
7.005
7.110
7.216

7.322
7.428
7.535
7.643
7.751

7.859
7.968
8.077
8.187
8.298

8.408
8.519
8.631
8.743
8.855

8.967
9.080
9.194
9.307
9.421

9.536
9.650
9.765
9.880
9.995

& puromation

4.853
4.944
5.037
5.130
5.223

5.318
5.413
5.508
5.605
5.702

5.799
5.897
5.996
6.095
6.195

6.296
6.397
6.499
6.601
6.704

6.807
6.911
7.016
7. 121
7.226

7.332
7.439
7.546
7.653
7.761

7.870
7.979
8.088
8.198
8.309

8.419
8.530
8.642
8.754
8.866

8.979
9.092
9.205
9.319
9.433

9.547
9.662
9.776
9.891
10.007
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4.862
4,954
5.046
5.139
5.233

5.327
5.422
5.518
5.614
5.711

5.809
5.907
6.006
6.105
6.205

6.306
6.407
6.509
6.611
6.714

6.818
6.922
7.026
7131
7.237

7.343
7.449
7.557
7.664
7.772

7.881
7.990
8.099
8.209
8.320

8.430
8.542
8.653
8.765
8.877

8.990
9.103
9.216
9.330
9.444

9.558
9.673
9.788
9.903
10.018

4.871
4.963
5.055
5.148
5.242

5.337
5.432
5.528
5.624
5.721

5.819
5.917
6.016
6.115
6.215

6.316
6.417
6.519
6.621
6.724

6.828
6.932
7.037
7.142
7.247

7.353
7.460
7.567
7.675
7.783

7.892
8.001
8.110
8.220
8.331

8.441
8.553
8.664
8.776
8.889

9.001
9.114
9.228
9.342
9.456

9.570
9.684
9.799
9.914
10.030

4.880
4,972
5.065
5.158
5.252

5.346
5.441
5.537
5.634
5.731

5.828
5.927
6.026
6.125
6.225

6.326
6.427
6.529
6.632
6.735

6.838
6.942
7.047
152
7.258

7.364
7.471
7.578
7.686
7.794

7.903
8.012
8.121
8.231
8.342

8.453
8.564
8.675
8.787
8.900

9.013
9.126
9.239
9.353
9.467

9.581
9.696
9.811
9.926
10.041

4.889
4.981
5.074
5.167
5.261

5.356
5.451
5.547
5.643
5.740

5.838
5.937
6.036
6.135
6.235

6.336
6.438
6.539
6.642
6.745

6.849
6.953
7.058
7.163
7.269

7.375
7.482
7.589
7.697
7.805

7.914
8.023
8.132
8.242
8.353

8.464
8.575
8.687
8.799
8.911

9.024
9.137
9.251
9.364
9.478

9.593
9.707
9.822
9.937
10.063

4.898
4.990
5.083
5.176
5.270

5.365
5.460
5.556
5.653
5.750

5.848
5.947
6.046
6.145
6.245

6.346
6.448
6.550
6.652
6.755

6.859
6.963
7.068
7.173
7.279

7.385
7.492
7.600
7.707
7.816

7.924
8.034
8.143
8.253
8.364

8.475
8.586
8.698
8.810
8.922

9.035
9.148
9.262
9.376
9.490

9.604
9.719
9.834
9.949
10.064

4.908
5.000
5.092
5.186
5.280

5.375
5.470
5.566
5.663
5.760

5.858
5.956
6.055
6.155
6.256

6.356
6.458
6.560
6.663
6.766

6.869
6.974
7.079
7.184
7.290

7.396
7.503
7.610
7.718
7.827

7.935
8.045
8.154
8.264
8.375

8.486
8.597
8.709
8.821
8.934

9.047
9.160
9.273
9.387
9.501

9.616
9.730
9.845
9.961
10.076

4.917
5.009
5.102
5.195
5.289

5.384
5.480
5.576
5.672
5.770

5.868
5.966
6.065
6.165
6.266

6.367
6.468
6.570
6.673
6.776

6.880
6.984
7.089
7.194
7.300

7.407
7.514
7.621
7.729
7.837

7.946
8.056
8.165
8.275
8.386

8.497
8.608
8.720
8.832
8.945

9.058
9.171
9.285
9.398
9.513

9.627
9.742
9.857
9.972
10.088

10

4.926
5.018
5411
5.206
5.299

5.394
5.489
5.585
5.682
5.780

5.878
5.976
6.075
6.175
6.276

6.377
6.478
6.580
6.683
6.786

6.890
6.995
7.100
7.205
7.311

7.417
7.524
7.632
7.740
7.848

7.957
8.066
8.176
8.286
8.397

8.508
8.620
8.731
8.844
8.956

9.069
9.182
9.296
9.410
9.524

9.639
9.753
9.868
9.984
10.099

10

°C

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

°C



°c

1500
1510
1520
1630
1540

1550
1560
1570
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760
1770
1780
1790

1800

1810
1820

°C

10.099
10.215
10.331
10.447
10.563

10.679
10.796
10.913
11.029
11.146

11.263
11.380
11.497
11.614
11.731

11.848
11.965
12.082
12.199
12.316

12.433
12.549
12.666
12.782
12.898

13.014
13.130
13.246
13.361
13.476

13.591
13.706
13.820

TABLE 3 Type B Thermocouple — thermoelectric voltage as a function of

10.111
10.226
10.342
10.458
10.575

10.691
10.808
10.924
11.041
11.1568

11.:275
11.392
11.509
11.626
11.743

11.860
11.977
12.094
12.211
12.327

12.444
12.561
12.677
12.794
12.910

13.026
13.142
13.257
13.373
13.488

13.603
13.717

10.122
10.238
10.354
10.470
10.586

10.703
10.819
10.936
11.053
11.169

11.286
11.403
11.520
11.637
11.754

11.871
11.988
12.105
12.222
12.339

12.456
12.572
12.689
12.805
12.921

13.037
13.153
13.269
13.384
13.499

13.614
13.729

temperature (°C); reference junctions at 0 C
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4

5

6

7
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10.134
10.249
10.365
10.482
10.598

10.714
10.831
10.948
11.064
11.181

11.298
11.415
11.632
11.649
11.766

11.883
12.000
12.117
12.234
12.351

12.468
12.584
12,701
12.817
12.933

13.049
13.165
13.280
13.396
13.511

13.626
13.740

10.145
10.261
10.377
10.493
10.609

10.726
10.843
10.958
11.076
11.193

11.310
11.427
11.544
11.661
11.778

11.895
12.012
12.129
12.246
12.363

12.479
12.596
12.712
12.829
12.945

13.061
13.176
13.292
13.407
13.522

13.637
13.752

10.157
10.273
10.389
10.505
10.621

10.738
10.854
10.971
11.088
11.205

11.321
11.438
11.555
11.673
11.790

11.907
12.024
12.141
12.257
12.374

12.491
12.607
12.724
12.840
12.956

13.072
13.188
13.304
13.419
13.534

13.649
13.763

10.168
10.284
10.400
10.516
10.633

10.749
10.866
10.983
11.099
11.216

11.333
11.450
11.567
11.684
11.801

11.918
12.035
12.162
12.269
12.386

12.503
12.619
12.736
12.852
12.968

13.084
13.200
13.315
13.430
13.545

13.660
13.775

10.180
10.296
10.412
10.528
10.644

10.761
10.877
10.994
11.111
11.228

11.345
11.462
11.579
11.696
11.813

11.930
12.047
12.164
12.281
12.398

12.514
12.631
12.747
12.863
12.980

13.095
13.211
13.327
13.442
13.557

13.672
13.786

10.192
10.307
10.423
10.540
10.656

10.773
10.889
11.006
11.123
11.240

11.357
11.474
11.591
11.708
11.825

11.942
12.059
12.176
12.292
12.409

12.526
12.642
12.759
12.875
12.991

13.107
13.223
13.338
13.453
13.568

13.683
13.797

10.203
10.319
10.435
10.551
10.668

10.784
10.901
11.018
11.134
11.251

11.368
11.485
11.602
11.719
11.836

11.853
12.070
12.187
12.304
12.421

12.538
12.654
12.770
12.887
13.003

13.119
13.234
13.350
13.465
13.580

13.694
13.809

10

10.215
10.331
10.447
10.563
10.679

10.796
10.913
11.029
11.146
11.263

11.380
11.497
11.614
11.731
11.848

11.965
12.082
12.199
12.316
12.433

12.549
12.666
12.782
12.898
13.014

13.130
13.246
13.361
13.476
13.591

13.706
13.820

10

B°c

°C

1500
1510
1520
1530
1540

1550
1560
1570
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760
1770
1780
1790

1800

1810
1820

°C

@ puromation:



°C

-270
-260
-250

-240
-230
-220
-210
-200

-180
-180
-170
-160
-150

-140
-130
-120
-110
-100

-80
-80
-70
-60
-50

-30

100
110
120
130
140

150
160
170
180
190

°C

-9.835
-9.797
-9.718

-9.604
-9.455
-9.274
-9.063
-8.825

-8.561
-8.273
-7.963
-7.632
-7.279

-6.907
-6.516
-6.107
-5.681
-5.237

-4.777
-4.302
-3.811
-3.306
-2.787

-2.256
-1.709
-1.152
-0.582

0.000

0.000
0.591
1.192
1.801
2.420

3.048
3.685
4.330
4.985
5.648

6.319
6.998
7.685
8.379
9.081

9.789
10.503
11.224
11.951
12.684

TABLE 5 Type E Thermocouple — thermoelectric voltage as a function of

-9.802
-9.728

-9.617
-9.471
-9.293
-9.085
-8.850

-8.588
-8.303
-7.995
-7.666
-7.315

-6.945
-6.556
-6.149
-5.724
-5.282

-4.824
-4.350
-3.861
-3.367
-2.840

-2.309
-1.765
-1.208
-0.639
-0.059

0.059
0.651
1.252
1.862
2.482

311
3.749
4.395
5.051
5.714

6.386
7.066
7.754
8.449
9.151

9.860
10.575
11.297
12.024
12.7567

-9.808
-8.737

-9.630
-9.487
-9.313
-9.107
-8.874

-8.616
-8.333
-8.027
-7.700
-7.351

-6.983
-6.596
-6.191
-5.767
-5.327

-4.871
-4.398
-3.911
-3.408
-2.892

-2.362
-1.820
-1.264
-0.697
-0.117

0.118
0.711
1.313
1.924
2.545

3.174
3.813
4.460
5.117
5.781

6.454
7.135
7.823
8.519
9.222

9.931
10.647
11.369
12.097
12.831

temperature (°C); reference junctions at 0 C
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-9.813
-9.746

-9.642
-9.503
-9.331
-9.129
-8.899

-8.643
-8.362
-8.059
-7.733
-7.387

-7.021
-6.636
-6.232
-5.810
-5.372

-4.917
-4.446
-3.960
-3.459
-2.944

-2.416
-1.874
-1.320
-0.754
-0.176

0.176
0.770
1.373
1.986
2.607

3.238
3.877
4.526
5.183
5.848

6.522
7.203
7.892
8.589
9.292

10.003
10.719
11.442
12.170
12.904

-9.817
-9.754

-9.654
-9.519
-9.350
-9.151
-8.923

-8.669
-8.391
-8.090
-7.767
-7.423

-7.058
-6.675
-6.273
-5.853
-5.417

-4.963
-4.494
-4.009
-3.510
-2.996

-2.469
-1.928
-1.376
-0.811
-0.234

0.235
0.830
1.434
2.047
2.670

3.301
3.942
4.591
5.249
5.915

6.590
7.272
7.962
8.659
9.363

10.074
10.791
11.514
12.243
12.978

-9.821
-9.762

-9.666
-9.534
-9.368
-9.172
-8.947

-8.696
-8.420
-8.121
-7.800
-7.458

-7.096
-6.714
-6.314
-5.896
-5.461

-5.009
-4.542
-4.058
-3.561
-3.048

-2.523
-1.984
-1.432
-0.868
-0.292

0.294
0.890
1.495
2.109
2.733

3.365
4.006
4.656
5.315
5.982

6.658
7.341
8.031
8.729
9.434

10.145
10.863
11.587
12.317
13.052

13

-9.825
-9.770

-8.677
-9.548
-9.386
-9.193
-8.971

-8.722
-8.449
-8.152
-7.833
-7.493

-7.133
-6.753
-6.355
-5.939
-5.505

-5.055
-4.589
-4.107
-3.611
-3.100

-2.576
-2.038
-1.488
-0.925
-0.350

0.354
0.950
1.556
2171
2.795

3.429
4.071
4,722
5.382
6.049

6.725
7.409
8.101
8.799
9.505

10.217
10.935
11.660
12.390
13.126

-9.828
-9.777

-9.688
-9.563
-9.404
-9.214
-8.994

-8.748
-8.477
-8.183
-7.866
-7.528

-7.170
-6.792
-6.396
-5.981
-5.549

-5.101
-4.636
-4.156
-3.661
-3.152

-2.629
-2.093
-1.543
-0.982
-0.408

0.413
1.010
1.617
2.233
2.858

3.492
4.136
4.788
5.448
6.117

6.794
7.478
8.170
8.869
9.576

10.288
11.007
11.733
12.463
13.199

-9.831
-9.784

-9.698
-9.577
-9.421
-9.234
-9.017

-8.774
-8.505
-8.213
-7.899
-7.563

-7.206
-6.831
-6.436
-6.023
-5.593

-5.147
-4.684
-4.205
-3.711
-3.204

-2.682
-2.147
-1.599
-1.039
-0.466

0.472
1.071
1.678
2.295
2.921

3.556
4.200
4.853
5.514
6.184

6.862
7.547
8.240
8.940
9.647

10.360
11.080
11.805
12.637
13.273

-9.833
-9.790

-9.709
-9.591
-9.438
-9.254
-9.040

-8.799
-8.533
-8.243
-7.931
-7.597

-7.243
-6.869
-6.476
-6.065
-5.637

-5.192
-4.731
-4.254
-3.761
-3.255

-2.735
-2.201
-1.654
-1.095
-0.624

0.5632
1.131
1.740
2.3567
2.984

3.620
4,265
4919
5.581
6.251

6.930
7.616
8.309
9.010
9.718

10.432
11.152
11.878
12.610
13.347
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-9.835
-9.797

-9.718
-9.604
-9.455
-9.274
-9.063

-8.825
-8.561
-8.273
-7.963
-7.632

-7.279
-6.907
-6.516
-6.107
-5.681

-5.237
-4.777
-4.302
-3.811
-3.306

-2.787
-2.255
-1.709
-1.162
-0.582

0.591

1.192

1.801
2.420
3.048

3.685
4.330
4.985
5.648
6.319

6.998
7.685
8.379
9.081
9.789

10.503
11.224
11.951
12.684
13.421

10

E°C

"G

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90
-80
-70
-60
-50

-30

100
110
120
130
140

150
160
170
180
190

°C

@ pyramalion:



=oC

°C

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

°C

13.421
14.164
14.912
15.664
16.420

17.181
17.945
18.713
19.484
20.259

21.036
21.817
22.600
23.386
24.174

24.964
25.757
26.552
27.348
28.146

28.946
29.747
30.550
31.354
32.159

32.965
33.772
34.579
35.387
36.196

37.005
37.815
38.624
39.434
40.243

41.053
41.862
42.671
43.479
44,286

45.093
45.900
46.705
47.509
48.313

49.116
49.917
50.718
51.517
52.315

0

TABLE 5 Type E Thermocouple — thermoelectric voltage as a function of

13.495
14.239
14.987
15.739
16.496

17.257
18.021
18.790
19.561
20.336

21.114
21.895
22.678
23.464
24,253

25.044
25.836
26.631
27.428
28.226

29.026
29.827
30.630
31.434
32.239

33.045
33.852
34.660
35.468
36.277

37.086
37.896
38.705
39.515
40.324

41.134
41.943
42.751
43.560
44367

45.174
45.980
46.785
47.590
48.393

49.196
49.997
50.798
51.597
52.395

(s\) pyromation:

13.569
14.313
15.062
15.815
16.572

17.333
18.098
18.867
19.639
20.414

21.192
21.973
22,757
23.543
24,332

26123
25.916
26.711
27.507
28.306

29.106
29.908
30.711
31.515
32.320

33.126
33.933
34.741
35.549
36.358

37.167
37.977
38.786
39.596
40.405

41.215
42,024
42,832
43.640
44.448

45.255
46.061
46.866
47.670
48.474

49.276
50.077
50.878
51.677
52.475

temperature (°C); reference junctions at 0 °C
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7

Thermoelectric Voltage in Millivolts

13.644
14.388
15.137
156.890
16.648

17.409
18.175
18.944
19.716
20.492

21.270
22.051
22.835
23.622
24.411

25.202
25.995
26.790
27.587
28.386

29.186
29.088
30.791
31.595
32.400

33.207
34.014
34.822
35.630
36.439

37.248
38.058
38.867
39.677
40.486

41.296
42,105
42913
43.721
44,529

45.335
46.141
46.946
47.751
48.554

49,356
50.157
50.958
51.757
52.555

13.718
14.463
18:212
15.966
16.724

17.486
18.252
19.021
19.794
20.569

21.348
22,130
22.914
23.701
24.490

25.281
26.075
26.870
27.667
28.466

29.266
30.068
30.871
31.676
32.481

33.287
34.095
34.902
35.711
36.520

37.329
38.139
38.948
39.758
40.567

41.377
42.185
42.994
43.802
44,609

45.416
46.222
47.027
47.831
48.634

49.436
50.238
51.038
51.837
52.634

13.792
14.537
15.287
16.041
16.800

17.562
18.328
19.098
19.871
20.647

21.426
22.208
22.993
23.780
24.569

25.360
26.154
26.950
27.747
28.546

29.346
30.148
30.952
31.756
32.562

33.368
34.175
34.983
35.792
36.601

37.410
38.220
39.029
39.839
40.648

41.457
42.266
43.075
43.883
44,690

45.497
46.302
47.107
47.911
48.715

49.517
50.318
51.118
51.916
52,714
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13.866
14.612
15.362
16.117
16.876

17.639
18.405
19.175
19.948
20.725

21.504
22.286
23.071
23.858
24.648

25.440
26.233
27.029
27.827
28.626

29.427
30.229
31.032
31.837
32.642

33.449
34.256
35.064
35.873
36.682

37.491
38.300
39.110
39.920
40.729

41.538
42.347
43.156
43.963
44,771

45.577
46.383
47.188
47.992
48.795

49.597
50.398
51.197
51.996
52.794

13.941
14.687
15.438
16.193
16.952

17.715
18.482
19.252
20.026
20.803

21.582
22.365
23.150
23.937
24.727

256.519
26.313
27.109
27.907
28.706

29.507
30.309
31.112
31.917
32.723

33.529
34.337
36.145
35.954
36.763

37.572
38.381
39.191
40.001
40.810

41.619
42.428
43.236
44.044
44,851

45.658
46.463
47.268
48.072
48.875

49.677
50.478
51.277
52.076
52.873

14.015
14.762
15.513
16.269
17.028

17.792
18.559
19.330
20.103
20.880

21.660
22.443
23.228
24.016
24.806

25.598
26.392
27.189
27.986
28.786

29.587
30.389
31.193
31.998
32.803

33.610
34.418
35.226
36.034
36.843

37.653
38.462
39.272
40.082
40.891

41.700
42.509
43.317
44,125
44.932

45.738
46.544
47.349
48.152
48.955

49.757
50.558
51.357
52.156
52.953

14.090
14.837
15.588
16.344
17.104

17.868
18.636
19.407
20.181
20.958

21.739
22.522
23.307
24.095
24.885

25.678
26.472
27.268
28.066
28.866

29.667
30.470
31.273
32.078
32.884

33.691
34.498
35.307
36.115
36.924

37.734
38.543
39.353
40.163
40.972

41.781
42.590
43.398
44,206
45.013

45.819
46.624
47.429
48,233
49.035

49.837
50.638
51.437
52.236
53.033

10

14.164
14.912
15.664
16.420
17.181

17.945
18.713
19.484
20.259
21.036

21.817
22.600
23.386
24174
24.964

25.757
26.552
27.348
28.146
28.946

29.747
30.550
31.354
32.159
32.965

33.772
34.579
35.387
36.196
37.006

37.815
38.624
39.434
40.243
41.053

41.862
42.671
43.479
44.286
45.093

45.900
46.705
47.509
48.313
49.116

49.917
50.718
51.517
52.315
53.112

10

°C

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

°C



Go

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000

°C

53.112
53.908
54.703
55.497
56.289

57.080
57.870
58.659
59.446
60.232

61.017
61.801
62.583
63.364
64.144

64.922
65.698
66.473
67.246
68.017

68.787
69.554
70.319
71.082
71.844

72.603
73.360
74.115
74.869
75.621

76.373

TABLE 5 Type E Thermocouple — thermoelectric voltage as a function of

53.192
53.988
54,782
55.576
56.368

57.159
57.949
58.738
59.5625
60.311

61.096
61.879
62.662
63.442
64.222

65.000
65.776
66.550
67.323
68.094

68.863
69.631
70.396
71.159
71.920

72.678
73.435
74.190
74.944
75.696

53.272
54.067
54.862
55.655
56.447

57.238
58.028
58.816
59.604
60.390

61.174
61.958
62.740
63.520
64.300

65.077
65.853
66.628
67.400
68.171

68.940
69.707
70.472
71.235
71.996

72.754
73.511
74.266
75.019
75.771

temperature (°C); reference junctions at 0 C
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4

5

6

7

Thermoelectric Voltage in Millivolts

53.351
54.147
54.941
55.734
56.526

57.317
58.107
58.895
59.682
60.468

61.253
62.036
62.818
63.598
64.377

65.155
65.931
66.705
67.478
68.248

69.017
69.784
70.548
71.311
72.072

72.830
73.586
74.341
75.095
75.847

53.431
54.226
55.021
55.814
56.606

57.396
58.186
58.974
59.761
60.547

61.331
62.114
62.896
63.676
64.455

65.233
66.008
66.782
67.555
68.325

69.094
69.860
70.625
71.387
72.147

72.906
73.662
74.417
75.170
75.922

53.510
54.306
55.100
55.893
56.685

57.475
58.265
59.0563
59.839
60.625

61.409
62.192
62.974
63.754
64.533

65.310
66.086
66.860
67.632
68.402

69.171
69.937
70.701
71.463
72,223

72.981
73.738
74.492
75.245
75.997

15

53.580
54.385
556.179
55.972
56.764

57.554
58.343
59.131
59.918
60.704

61.488
62.271
63.052
63.832
64.611

65.388
66.163
66.937
67.709
68.479

69.247
70.013
70.777
71.539
72.299

73.057
73.813
74.567
75.320
76.072

53.670
54.465
55.259
56.051
56.843

57.633
58.422
59.210
59.997
60.782

61.566
62.349
63.130
63.910
64.689

65.465
66.241
67.014
67.786
68.556

69.324
70.090
70.854
71.615
72.375

73.133
73.889
74.643
75.395
76.147

53.749
54.544
55.338
56.131
56.922

57.712
58.501
59.289
60.075
60.860

61.644
62.427
63.208
63.988
64.766

65.543
66.318
67.092
67.863
68.633

69.401
70.166
70.930
71.692
72.451

73.208
73.964
74.718
75.471
76.223

53.829
54.624
55.417
56.210
57.001

57.791
58.580
59.367
60.154
60.939

61.723
62.505
63.286
64.066
64.844

65.621
66.396
67.169
67.940
68.710

69.477
70.243
71.006
71.768
72.527

73.284
74.040
74.793
765.546
76.298

10

53.908
54.703
55.497
56.289
57.080

57.870
58.659
59.446
60.232
61.017

61.801
62.583
63.364
64.144
64.922

65.698
66.473
67.246
68.017
68.787

69.554
70.319
71.082
71.844
72.603

73.360
74.115
74.869
75.621
76.373

10

E-c

°C

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000

°C

(® pyromalion=



°C

-210
-200

-1€0
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90
-80
-70

-50

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

°C

-8.095
-7.890

-7.659
-7.403
-7.123
-6.821
-6.500

-6.159
-5.801
-5.426
-5.037
-4.633

-4.215
-3.786
-3.344
-2.893
-2.431

-1.961
-1.482
-0.995
-0.501

0.000

0.000
0.507
1.019
1.537
2.059

2.585
3.116
3.650
4.187
4.726

5.269
5.814
6.360
6.909
7.459

8.010
8.562
9.115
9.669
10.224

10.779
11.334
11.889
12.445
13.000

TABLE 7 Type J Thermocouple — thermoelectric voltage as a function of

-7.912

-7.683
-7.429
-7.152
-6.853
-6.533

-6.194
-5.838
-5.465
-5.076
4674

-4.257
-3.829
-3.389
-2.938
-2.478

-2.008
-1.530
-1.044
-0.550
-0.050

0.050
0.558
1.071
1.589
2411

2.638
3.169
3.703
4.240
4.781

5.323
5.868
6.415
6.964
7.514

8.065
8.618
9.171
9.725
10.279

10.834
11.389
11.945
12.500
13.056

-7.934

-7.707
-7.456
-7.181
-6.883
-6.566

-6.229
-5.874
-5.503
-5.116
4.714

-4.300
-3.872
-3.434
-2.984
-2.524

-2.055
-1.578
-1.093
-0.600
-0.101

0.101
0.609
1.122
1.641
2.164

2.691
3.222
3.757
4.294
4.835

5.378
5.923
6.470
7.019
7.569

8.120
8.673
9.226
9.780
10.335

10.890
11.445
12.000
12.556
13.111

temperature (°C); reference junctions at 0 °C

3

4

5

6

7

Thermoelectric Voltage in Millivolts

-7.955

2,781
-7.482
-7.209
-6.914
6.598

-6.263
-5.810
-5.541
-5.155
-4.755

-4.342
-3.916
-3.478
-3.029
-2.571

-2.103
-1.626
-1.142
-0.650
-0.151

0.151
0.660
1.174
1.693
2.216

2.744
3.275
3.810
4.348
4.889

5.432
5.977
6.525
7.074
7.624

8.175
8.728
9.282
9.836
10.390

10.945
11.501
12.056
12.611
13.167

-7.976

-7.755
-7.508
-7.237
-6.944
-6.631

-6.298
-5.946
-5.578
-5.194
-4.796

-4.384
-3.959
-3.522
-3.075
-2.617

-2.150
-1.674
-1.190
-0.699
-0.201

0.202
0.711
1.226
1.745
2.269

2.797
3.329
3.864
4.402
4.943

5.487
5.032
6.579
7.129
7.679

8.231
8.783
9.337
9.891
10.446

11.001
11.556
12.111
12.667
13.222

-7.996

-7.778
-7.534
-7.265
-6.975
-6.663

-6.332
-5.982
-5.616
-5.233
-4.836

-4.425
-4.002
-3.566
-3.120
-2.663

-2.197
-1.722
-1.239
-0.749
-0.251

0.253
0.762
1.277
1.797
2.322

2.850
3.382
3.918
4.456
4.997

5.541
6.087
6.634
7.184
7.734

8.286
8.839
9.392
9.947
10.501

11.056
11.612
12.167
12.722
13.278

21

-8.017

-7.801
-7.559
-7.293
-7.005
-6.695

-6.366
-6.018
-5.653
-6.272
-4.877

-4.467
-4.045
-3.610
-3.165
-2.709

-2.244
-1.770
-1.288
-0.798
-0.301

0.303
0.814
1.329
1.849
2.374

2.903
3.436
3.971
4.510
5.062

5.595
6.141
6.689
7.239
7.789

8.341
8.894
9.448
10.002
10.5657

11.112
11.667
12.222
12.778
13.333

-8.037

-7.824
-7.585
-7.321
-7.035
-8.727

-6.400
-6.054
-5.690
-5.311
-4.917

-4.508
-4.088
-3.654
-3.210
-2.755

-2.291
-1.818
-1.336
-0.847
-0.351

0.354
0.865
1.381
1.902
2.427

2.956
3.489
4.025
4.564
5.106

5.650
6.196
6.744
7.294
7.844

8.396
8.949
9.503
10.057
10.612

11.167
11.723
12.278
12.833
13.389

-8.057

-7.846
-7.610
-7.348
-7.064
-6.759

-6.433
-6.089
-5.727
-5.350
-4.957

-4.550
-4.130
-3.698
-3.255
-2.801

-2.338
-1.865
-1.385
-0.896
-0.401

0.405
0.916
1.433
1.954
2.480

3.009
3.543
4.079
4618
5.160

5.705
6.251
6.799
7.349
7.900

8.452
9.005
9.559
10.113
10.668

11.223
11.778
12.334
12.889
13.444

-8.076

-7.868
-7.634
-7.376
-7.094
-6.790

-6.467
-6.124
-5.764
-5.388
-4.997

-4.591
-4.173
-3.742
-3.300
-2.847

-2.385
-1.913
-1.433
-0.946
-0.451

0.456
0.968
1.485
2.006
2.532

3.062
3.596
4.133
4.672
5.215

5.759
6.306
6.854
7.404
7.955

8.507
9.060
9.614
10.168
10.723

11.278
11.834
12.389
12,944
13.500

9

10

-8.095

-7.890
-7.659
-7.403
-7.123
-6.821

-6.500
-6.159
-5.801
-5.426
-5.037

-4.633
-4.215
-3.786
-3.344
-2.893

-2.431
-1.961
-1.482
-0.995
-0.501

0.507
1.019
1.537
2.059
2.585

3.116
3.650
4.187
4726
5.269

5.814
6.360
6.909
7.459
8.010

8.562
9.115
9.669
10.224
10.779

11.334
11.888
12.445
13.000
13.555

10

J°c

°C

-210
-200

-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-80
-80
-70
-60
-50

-40
-30
-20
-10

10
20
30

50
60

80
90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

°C

@ pyromalion



Joc

&

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

°C

13.555
14.110
14.665
16.219
15.773

16.327
16.881
17.434
17.986
18.538

19.090
19.642
20.194
20.745
21.297

21.848
22.400
22.952
23.504
24.057

24,610
25.164
25.720
26.276
26.834

27.393
27.953
28.516
29.080
29.647

30.216
30.788
31.362
31.939
32.519

33.102
33.689
34.279
34.873
35.470

36.071
36.675
37.284
37.896
38.512

39.132
39.755
40.382
41.012
41.645

0

TABLE 7 Type J Thermocouple — thermoelectric voltage as a function of
temperature (°C), reference junctions at 0 C

13.611
14.166
14.720
15.275
15.829

16.383
16.936
17.489
18.041
18.594

19.146
19.697
20.249
20.800
21.3562

21.903
22.455
23.007
23.559
24,112

24,665
25.220
25.775
26.332
26.889

27.449
28.010
28.572
29.137
29.704

30.273
30.845
31.419
31.997
32.577

33.161
33.748
34.338
34.932
35.530

36.131
36.736
37.345
37.958
38.574

39.194
39.818
40.445
41.075
41.708

@) puromalion

13.666
14.221
14.776
15.330
15.884

16.438
16.991
17.544
18.097
18.649

19.201
19.763
20.304
20.855
21.407

21.958
22.510
23.062
23.614
24.167

24721
25.275
25.831
26.387
26.945

27.505
28.066
28.629
29.194
29.761

30.330
30.902
31.477
32.055
32.636

33.219
33.807
34.397
34.992
35.590

36.191
36.797
37.406
38.019
38.636

39.256
39.880
40.508
41.138
41.772

3

4

5

6

7
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13.722
14.277
14.831
15.386
15.940

16.493
17.046
17.599
18.152
18.704

19.256
19.808
20.359
20.911
21.462

22.014
22.565
23.117
23.670
24.223

24.776
25.331
25.886
26.443
27.001

27.561
28.122
28.685
29.250
29.818

30.387
30.960
31.635
32.113
32.694

33.278
33.866
34.457
35.051
35.650

36.252
36.858
37.467
38.081
38.698

39.318
39.943
40.570
41.201
41.835

13777
14.332
14.887
16.441
15.995

16.549
17.102
17.655
18.207
18.759

19.311
19.863
20.414
20.966
21517

22.069
22.620
23.172
23.725
24.278

24.832
25.386
25.942
26.499
27.057

27.617
28.178
28.741
29.307
20.874

30.444
31.017
31.592
32171
32.752

33.337
33.925
34.516
35.111
35.710

36.312
36.918
37.528
38.142
38.760

39.381
40.005
40.633
41.265
41.899

13.833
14.388
14.942
15.496
16.050

16.604
17.157
17.710
18.262
18.814

19.366
19.918
20.469
21.021
21.572

22.124
22.676
23.228
23.780
24.333

24.887
25.442
25.998
26.555
27.113

27.673
28.234
28.798
29.363
29.931

30.502
31.074
31.650
32.229
32.810

33.395
33.984
34.575
35.171
356.770

36.373
36.979
37.590
38.204
38.822

39.443
40.068
40.696
41.328
41.962

22

13.888
14.443
14.998
16.552
16.106

16.659
17.212
17.765
18.318
18.870

19.422
19.973
20.525
21.076
21.627

22179
22,731
23.283
23.835
24.389

24.943
25.497
26.053
26.610
27.169

27.729
28.291
28.854
29.420
29.988

30.559
31.132
31.708
32.287
32.869

33.454
34.043
34.635
35.230
35.830

36.433
37.040
37.651
38.265
38.884

39.505
40.131
40.759
41.391
42.026

13.944
14.499
15.053
15.607
16.161

16.715
17.268
17.820
18.373
18.925

19.477
20.028
20.580
21131
21.683

22.234
22.786
23.338
23.891
24.444

24.998
25.553
26.109
26.666
27.225

27.785
28.347
28.911
29.477
30.045

30.616
31.189
31.766
32.345
32.927

33.513
34.102
34.694
35.290
35.890

36.494
37.101
37.712
38.327
38.946

39.568
40.193
40.822
41.455
42.090

13.999
14.554
15.109
15.663
16.216

16.770
17.323
17.876
18.428
18.980

19.532
20.083
20.635
21.186
21.738

22.289
22.841
23.393
23.946
24.499

25.053
25.608
26.165
26.722
27.281

27.841
28.403
28.967
29.634
30.102

30.673
31.247
31.823
32.403
32.985

33.571
34.161
34,754
35.350
35.950

36.554
37.162
37.773
38.389
39.008

39.630
40.256
40.886
41.518
42.153

14.055
14.609
15.164
156.718
16.272

16.825
17.378
17.931
18.483
19.035

19.587
20.139
20.690
21.241
21.793

22.345
22.896
23.449
24.001
24.555

25.109
25.664
26.220
26.778
27.337

27.897
28.460
29.024
29.590
30.159

30.730
31.304
31.881
32.461
33.044

33.630
34.220
34.813
35.410
36.010

36.615
37.223
37.835
38.450
39.070

39.693
40.319
40.949
41.581
42.217

10

14.110
14.665
156.219
15.773
16.327

16.881
17.434
17.986
18.538
19.090

19.642
20.194
20.745
21.297
21.848

22.400
22.952
23.504
24.057
24.610

25.164
25.720
26.276
26.834
27.393

27.953
28.516
29.080
29.647
30.216

30.788
31.362
31.938
32.519
33.102

33.689
34.279
34.873
35.470
36.071

36.675
37.284
37.896
38.512
39.132

39.755
40.382
41.012
41.645
42.281

10

°C

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

°C



°C

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200

°C

42.281
42.919
43.559
44,203
44.848

45,494
46.141
46.786
47.431
48.074

48.715
49.353
49.989
50.622
51.251

51.877
52.500
53.119
53.736
54,347

54.956
55.561
56.164
56.763
57.360

57.953
58.545
59.134
59.721
60.307

60.890
61.473
62.054
62.634
63.214

63.792
64.370
64.948
65.525
66.102

66.679
67.255
67.831
68.406
68.980

69.553

TABLE 7 Type J Thermocouple— thermoelectric voltage as a function of

42.344
42,983
43.624
44.267
44,913

45,559
46.205
46.851
47.495
48.138

48.779
49.417
50.052
50.685
51.314

51.940
52.562
53.181
53.796
54.408

55.016
55.622
56.224
56.823
57.419

58.013
58.604
59.193
59.780
60.365

60.949
61.531
62.112
62.692
63.271

63.850
64.428
65.006
65.583
66.160

66.737
67.313
67.888
68.463
69.037

42.408
43.047
43.688
44.332
44.977

45.624
46.270
46.915
47.560
48.202

48.843
49.481
50.116
50.748
51.377

52.002
52.624
53.243
53.857
54.469

55.077
55.682
56.284
56.883
57.479

58.072
58.663
59.252
59.838
60.423

61.007
61.589
62.170
62.750
63.329

63.908
64.486
65.064
65.641
66.218

66.794
67.370
67.946
68.521
69.095

temperature (°C); reference junctions at 0 C

3

4

5

6

7

Thermoelectric Voltage in Millivolts

42.472
43.111
43.752
44.396
45.042

45.688
46.334
46.980
47.624
48.267

48.907
49.5644
50.179
50.811
51.439

52.064
52.686
53.304
53.919
54.530

55.138
55.742
56.344
56.942
57.538

58.131
58.722
59.310
59.897
60.482

61.065
61.647
62.228
62.808
63.387

63.966
64.544
65.121
65.699
66.275

66.852
67.428
68.003
68.578
69.152

42.536
43.175
43.817
44.461
4£.107

45.753
46.399
47.044
47.688
48.331

48.971
49.608
50.243
50.874
51.502

52.127
52.748
53.366
53.980
54.591

55.198
55.803
56.404
57.002
57.597

58.190
58.781
59.369
59.956
60.540

61.123
61.705
62.286
62.866
63.445

64.024
64.602
65.179
65.756
66.333

66.910
67.486
68.061
68.636
69.209

42.599
43.239
43.881
44.525
45.171

45.818
46.464
47.109
47.753
48.395

49.034
49.672
50.306
50.937
51.565

52.189
52.810
53.427
54.041
54.652

55.259
55.863
56.464
57.062
57.657

58.249
58.840
59.428
60.014
60.599

61.182
61.763
62.344
62.924
63.503

64.081
64.659
65.237
65.814
66.391

66.967
67.543
68.119
68.693
69.267

23

42.663
43.303
43.945
44.590
45.236

45.882
46.528
47.173
47.817
48.459

49.098
49.735
50.369
51.000
51.627

52.251
52.872
53.489
54.102
54.713

55.319
55.923
56.524
57.121
57.716

58.309
58.899
50.487
60.073
60.657

61.240
61.822
62.402
62.982
63.561

64.139
64.717
65.295
65.872
66.448

67.025
67.601
68.176
68.751
69.324

42.727
43.367
44.010
44.655
45.301

45.947
46.593
47.238
47.881
48.523

49.162
49.799
50.432
51.063
51.690

52.314
52.934
53.550
54.164
54.773

55.380
55.983
56.584
57.181
5§7.776

58.368
58.957
59.545
60.131
60.715

61.298
61.880
62.460
63.040
63.619

64.197
64.775
65.352
65.929
66.506

67.082
67.658
68.234
68.808
69.381

42.791
43.431
44.074
44719
45.365

46.011
46.657
47.302
47.946
48.587

49.226
49.862
50.495
51.126
51.752

52.376
52.996
53.612
54.225
54.834

55.440
56.043
56.643
57.240
57.835

58.427
59.016
59.604
60.190
60.774

61.356
61.938
62.518
63.098
63.677

64.255
64.833
65.410
65.987
66.564

67.140
67.716
68.291
68.865
69.439

42.855
43.485
44,139
44.784
45.430

46.076
46.722
47.367
48.010
48.651

49.290
49.926
50.559
51.188
51.815

52.438
53.0567
53.673
54.286
54.895

56.501
56.104
56.703
57.300
57.894

58.486
59.075
59.663
60.248
60.832

61.415
61.996
62.576
63.156
63.734

64.313
64.890
65.468
66.045
66.621

67.198
67.773
68.348
68.923
69.496

10

42.919
43.559
44.203
44.848
45,494

46.141
46.786
47.431
48.074
48.715

49.353
49.989
50.622
91251
51.877

52.500
53.119
53.735
54.347
54.956

56.561
56.164
56.763
57.360
57.953

58.545
59.134
59.721
60.307
60.890

61.473
62.054
62.634
63.214
63.792

64.370
64.948
65.525
66.102
66.679

67.255
67.831
68.406
68.980
69.553

10

Jec

°C

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200

°C

(5\) pyromalionz



KeC

°C

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90
-80
-70
-60
-50

-40
-30
-20
-10

10
20
30
40

50
60
70

90

100
110
120
130
140

150
160
170
180
190

(0

-6.458
-6.411
-6.404

-6.344
-6.262
-6.158
-6.035
-5.891

-5.730
-5.550
-5.354
-5.141
-4.913

-4.669
-4.411
-4.138
-3.852
-3.654

-3.243
-2.920
-2.587
-2.243
-1.889

-1.527
-1.156
-0.778
-0.392

0.000

0.000
0.397
0.798
1.203
1.612

2.023
2.436
2.851
3.267
3.682

4.096
4.509
4.920
5.328
5.735

6.138
6.540
6.941
7.340
7.739

0

TABLE 9 Type K Thermocouple— thermoelectric voltage as a function of

-6.444
-6.408

-6.351
-6.271
-6.170
-6.048
-5.907

-5.747
-5.569
-5.374
-5.163
-4.936

-4.694
-4.437
-4.166
-3.882
-3.584

-3.274
-2.953
-2.620
-2.278
-1.925

-1.564
-1.194
-0.816
-0.431
-0.039

0.039
0.437
0.838
1.244
1.653

2.064
2.478
2.893
3.308
3.723

4.138
4.550
4.961
5.369
5.775

6.179
6.580
6.981
7.380
7.779

@) puromalion:

-6.446
-6.413

-6.358
-6.280
-6.181
-6.061
-5.922

-5.763
-5.588
-5.395
-5.185
-4.960

-4.719
-4.463
-4.194
-3.911
-3.614

-3.306
-2.986
-2.654
-2.312
-1.961

-1.600
-1.231
-0.854
-0.470
-0.079

0.079
0.477
0.879
1.285
1.694

2.106
2.519
2.934
3.350
3.765

4.179
4.591
5.002
5.410
5.815

6.219
6.620
7.021
7.420
7.819

temperature (°C), reference junctions at 0 C
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4

5

6
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-6.448
-6.417

-6.364
-6.289
-6.192
-6.074
-5.936

-5.780
-5.606
-5.415
-5.207
-4.983

-4.744
-4.490
4.924
-3.939
-3.645

-3.337
-3.018
-2.688
-2.347
-1.996

-1.637
-1.268
-0.892
-0.508
-0.118

0.119
0.517
0.919
1.326
1.735

2.147
2.561
2.976
3.391
3.806

4.220
4.633
5.043
5.450
5.856

6.269
6.660
7.060
7.460
7.859

-6.450
-6.421

-6.370
-6.297
-6.202
-6.087
-5.951

-5.797
-5.624
-5.435
-5.228
-5.006

-4.768
-4.516
-4.249
-3.968
-3.675

-3.368
-3.050
-2.721
-2.382
-2.032

-1.673
-1.306
-0.930
-0.547
-0.157

0.158
0.557
0.960
1.366
1.776

2.188
2.602
3.017
3.433
3.848

4.262
4.674
5.084
5.491
5.896

6.299
6.701
7.100
7.500
7.899

-6.452
-6.425

-6.377
-6.306
-6.213
-6.099
-5.965

-5.813
-5.642
-5.454
-5.250
-5.029

-4.793
-4.542
-4.276
-3.997
-3.705

-3.400
-3.083
-2.755
-2.416
-2.067

-1.709
-1.343
-0.968
-0.586
-0.197

0.198
0.597
1.000
1.407
1.817

2.230
2.644
3.059
3.474
3.889

4.303
4.715
5.124
5.632
5.937

6.339
6.741
7.140
7.540
7.939

30

-6.453
-6.429

-6.382
-6.314
-6.223
-6.111
-5.980

-5.829
-5.660
-5.474
-5.271
-5.052

-4.817
-4.567
-4.303
-4.025
-3.734

-3.431
-3.115
-2.788
-2.450
-2.103

-1.745
-1.380
-1.006
-0.624
-0.236

0.238
0.637
1.041
1.448
1.858

2.271
2.685
3.100
3.516
3.931

4.344
4.756
5.165
5.572
5.977

6.380
6.781
7.180
7.579
7.979

-6.455
-6.432

-6.388
-6.322
-6.233
-6.123
-5.994

-5.845
-5.678
-5.493
-5.292
-5.074

-4.841
-4.593
-4.330
-4.054
-3.764

-3.462
-3.147
-2.821
-2.485
-2.138

-1.782
-1.417
-1.043
-0.663
-0.275

0.277
0.677
1.081
1.489
1.899

2.312
2,727
3.142
3.557
3.972

4.385
4.797
5.206
5613
6.017

6.420
6.821
7.220
7.619
8.019

-6.456
-6.435

-6.393
-6.328
-6.243
-6.135
-6.007

-5.861
-5.695
-5.512
-5.313
-5.097

-4.865
-4.618
-4.357
-4.082
-3.794

-3.492
-3.179
-2.854
-2.519
-2.173

-1.818
-1.453
-1.081
-0.701
-0.314

0.317
0.718
1.122
1.630
1.941

2.354
2.768
3.184
3.599
4.013

4.427
4.838
5.247
5.653
6.058

6.460
6.861
7.260
7.659
8.059

-6.457
-6.438

-6.399
-6.337
-6.252
-6.147
-6.021

-5.876
-5.713
-5.531
-5.333
-6.119

-4.889
-4.644
-4.384
-4.110
-3.823

-3.623
-3.211
-2.887
-2.553
-2.208

-1.854
-1.490
-1.119
-0.739
-0.353

0.357
0.758
1.163
1.571
1.982

2.395
2.810
3.225
3.640
4.055

4.468
4.879
5.288
5.694
6.098

6.500
6.901
7.300
7.699
8.099

10

-6.458
-6.441

-6.404
-6.344
-6.262
-6.158
-6.035

-5.891
-5.730
-5.550
-5.354
-5.141

-4.913
-4.669
-4.411
-4.138
-3.852

-3.554
-3.243
-2.920
-2.587
-2.243

-1.889
-1.527
-1.156
-0.778
-0.392

0.397
0.798
1.203
1.612
2.023

2.436
2.851
3.267
3.682
4.096

4.509
4.920
5.328
5.735
6.138

6.540
6.941
7.340
7.739
8.138

10

°C

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90
-80
-70
-60
-50

-30

°C



°C

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

°C

8.138
8.539
8.940
9.343
9.747

10.153
10.561
10.971
11.382
11.795

12.209

T 12.624

13.040
13.457
13.874

14.293
14.713
15.133
15.554
16.975

16.397
16.820
17.243
17.667
18.091

18.516
18.941
19.366
19.792
20.218

20.644
21.071
21.497
21.924
22.350

22.776
23.203
23.629
24.055
24.480

24,905
25.330
25,755
26.179
26.602

27.025
27.447
27.869
28.289
28.710

TABLE 9 Type K Thermocouple— thermoelectric voltage as a function of

8.178
8.579
8.980
9.383
9.788

10.194
10.602
11.012
11.423
11.836

12.250
12.665
13.081
13.498
13.916

14.335
14.755
156.175
15.596
16.017

16.439
16.862
17.285
17.709
18.134

18.558
18.983
19.409
19.835
20.261

20.687
21.113
21.540
21.966
22.393

22.819
23.245
23.671
24.097
24.523

24.948
25.373
25797
26.221
26.644

27.067
27.489
27.911
28.332
28.752

8.218
8.619
9.020
9.423
9.828

10.235
10.643
11.053
11.465
11.877

12,291
12.707
13.123
13.540
13.958

14.377
14.797
16.217
15.638
16.059

16.482
16.904
17.328
17.762
18.176

18.601
19.026
19.451
19.877
20.303

20.730
21.156
21.582
22.009
22.435

22.862
23.288
23.714
24.140
24.565

24.990
25.415
25.840
26.263
26.687

27.109
27.531
27.953
28.374
28.794

3

4

5

6

temperature (°C); reference junctions at 0 “C

7
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8.258
8.659
9.061
9.464
9.869

10.276
10.684
11.094
11.506
11.919

12.333
12.748
13.165
13.582
14.000

14.419
14.839
15.259
15.680
16.102

16.524
16.947
17.370
17.794
18.218

18.643
19.068
19.494
19.920
20.346

20,772
21.199
21.625
22.052
22.478

22.904
23.331
23.757
24,182
24,608

25.033
25.458
25.882
26.306
26.729

27.162
27.574
27.995
28.416
28.835

8.298
8.699
9.101
9.504
9.909

10.316
10.725
11.135
11.547
11.960

12.374
12.790
13.206
13.624
14.042

14,461
14.881
15.301
15.722
16.144

16.566
16.989
17.413
17.837
18.261

18.686
19.111
19.537
19.962
20.389

20.815
21.241
21.668
22.094
22.521

22.947
23.373
23.799
24,225
24.650

25.075
25.500
25.924
26.348
26.771

27.194
27616
28.037
28.458
28.877

8.338
8.739
9.141
9.545
9.950

10.357
10.766
11.176
11.588
12.001

12.416
12.831
13.248
13.665
14.084

14.503
14.923
16.343
15.764
16.186

16.608
17.031
17.455
17.879
18.303

18.728
19.154
19.579
20.006
20.431

20.857
21.284
21.710
22137
22.563

22.990
23.416
23.842
24267
24,693

25.118
25.543
25.967
26.390
26.814

27.236
27.658
28.079
28.500
28.919

31

8.378
8.779
9.181
9.585
9.991

10.398
10.807
e ek
11.630
12.043

12.457
12.873
13.290
13.707
14.126

14.545
14.965
15.385
15.806
16.228

16.651
17.074
17.497
17.921
18.346

18.771
19.196
19.622
20.048
20.474

20.900
21.326
21.7583
22.179
22.606

23.032
23.458
23.884
24.310
24735

25.160
25.585
26.008
26.433
26.856

27.278
27.700
28.121
28.542
28.961

8.418
8.819
9.222
9.626
10.031

10.439
10.848
11.259
11.671
12.084

12.499
12.915
13.331
13.749
14.167

14.587
15.007
16.427
15.849
16.270

16.693
17.116
17.540
17.964
18.388

18.813
19.239
19.664
20.090
20.516

20.943
21.369
21.796
22222
22.649

23.075
23.501
23.927
24.353
24,778

25.203
25.627
26.052
26.475
26.898

27.320
27.742
28.163
28.584
29.003

8.458
8.860
9.262
9.666
10.072

10.480
10.889
11.300
11.712
12.126

12.540
12.956
13.373
13.791
14.209

14.629
15.049
16.469
156.891
16.313

16.735
17.158
17.582
18.006
18.431

18.856
19.281
19.707
20.133
20.559

20.985
21.412
21.838
22.265
22.691

23.117
23.544
23.970
24.395
24,820

25.245
25.670
26.094
26.517
26.940

27.363
27.784
28.205
28.626
29.045

8.499
8.900
9.302
8.707
10.113

10.520
10.930
11.341
11.753
12.167

12.582
12.998
13.415
13.833
14.251

14.671
15.091
15.511
15.933
16.355

16.778
17.201
17.624
18.049
18.473

18.898
19.324
19.750
20.175
20.602

21.028
21.454
21.881
22.307
22.734

23.160
23.586
24.012
24,438
24.863

25.288
25.712
26.136
26.560
26.983

27.405
27.826
28.247
28.668
29.087

10

8.639
8.940
9.343
9.747
10.153

10.561
10.971
11.382
11.795
12.209

12.624
13.040
13.457
13.874
14.293

14.713
15.133
15.554
16.975
16.397

16.820
17.243
17.667
18.091
18.516

18.941
19.366
19.792
20.218
20.644

21.071
21.497
21.924
22.350
22.776

23.203
23.629
24.055
24.480
24.905

25.330
25.755
26.179
26.602
27.025

27.447
27.869
28.289
28.710
29.129

10

Kec

°C

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

°C

@) pyromalion



CeC

°C

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

°C

29.129
29.548
29.965
30.382
30.798

31.213
31.628
32.041
32.453
32.865

33.275
33.685
34.093
34.501
34.908

35.313
35.718
36.121
36.524
36.925

37.326
37.725
38.124
38.522
38.918

39.314
39.708
40.101
40.494
40.885

41.276
41.665
42.053
42.440
42.826

43.211
43.595
43.978
44,359
44.740

45.119
45.497
45873
46.249
46.623

46.995
47.367
47.737
48.105
48.473

0

TABLE 9 Type K Thermocouple — thermoelectric voltage as a function of

29.171
29.589
30.007
30.424
30.840

31.255
31.669
32.082
32.495
32.906

33.316
33.726
34.134
34.542
34.948

35.354
35.758
36.162
36.564
36.965

37.366
37.765
38.164
38.561
38.958

39.353
39.747
40.141
40.533
40.924

41.315
41.704
42.092
42.479
42.865

43.250
43.633
44.016
44,397
44.778

45.157
45.534
45.911
46.286
46.660

47.033
47.404
47.774
48.142
48.509

) puromations

29.213
29.631
30.049
30.466
30.881

31.296
31.710
32.124
32.536
32.947

33.357
33.767
34,175
34,582
34.989

35.394
35.798
36.202
36.604
37.006

37.406
37.805
38.204
38.601
38.997

39.393
39.787
40.180
40.572
40.963

41.354
41.743
42.131
42.518
42.903

43,288
43,672
44.054
44.435
44.816

45.194
45,572
45.948
46.324
46.697

47.070
47.441
47.811
48.179
48.546

temperature (°C); reference junctions at 0 C
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4

5

6
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29.255
29.673
30.080
30.507
30.923

31.338
31.752
32.165
32.577
32.988

33.398
33.808
34.2186
34.623
35.029

35.435
35.839
36.242
36.644
37.046

37.446
37.845
38.243
38.641
39.037

39.432
39.826
40.219
40.611
41.002

41,393
41.781
42.169
42.556
42.942

43.327
43.710
44.092
44.473
44.853

45.232
45610
45.986
46.361
46.735

47.107
47.478
47.848
48.216
48.582

29.297
29.715
30.132
30.549
30.964

31.379
31.793
32.206
32.618
33.029

33.439
33.848
34.257
34.664
35.070

35.475
35.879
36.282
36.685
37.086

37.486
37.885
38.283
38.680
39.076

39.471
39.866
40.259
40.651
41.042

41.431
41.820
42.208
42.595
42.980

43.365
43.748
44.130
44,512
44.891

45.270
45.647
46.024
46.398
46.772

47.144
47.515
47.884
48.252
48.619

29.338
29.757
30.174
30.590
31.006

31.421
31.834
32.247
32.659
33.070

33.480
33.889
34.297
34.704
35.110

35.516
35.920
36.323
36.725
37.126

37.526
37.925
38.323
38.720
39.116

39.511
39.905
40.298
40.690
41.081

41.470
41.859
42.247
42.633
43.019

43.403
43.787
44.169
44,550
44.929

45.308
45.685
46.061
46.436
46.809

47.181
47.552
47.921
48.289
48.656

32

29.380
29.798
30.216
30.632
31.047

31.462
31.876
32.289
32.700
33.111

33.521
33.930
34.338
34.745
35.151

35.556
35.960
36.363
36.765
37.166

37.566
37.965
38.363
38.760
39.155

39.550
39.944
40.337
40.729
41.120

41.509
41.898
42.286
42.672
43.057

43.442
43.825
44,207
44.588
44967

45.346
45.723
46.099
46.473
46.847

47.218
47.589
47.958
48.326
48.692

29.422
29.840
30.257
30.674
31.089

31.504
31.917
32.330
32.742
33.152

33.562
33.971
34.379
34.786
35.192

35.596
36.000
36.403
36.805
37.206

37.606
38.0056
38.402
38.799
39.195

39.590
39.984
40.376
40.768
41.159

41.548
41.937
42.324
42.711
43.096

43.480
43.863
44,245
44.626
45.005

45.383
45.760
46.136
46.511
46.884

47.256
47.626
47.995
48.363
48.729

29.464
29.882
30.299
30.715
31.130

31.545
31.958
32.371
32.783
33.193

33.603
34.012
34.420
34.826
356.232

36.637
36.041
36.443
36.845
37.246

37.646
38.044
38.442
38.839
39.235

39.629
40.023
40.415
40.807
41.198

41.587
41.976
42.363
42.749
43.134

43.518
43.901
44.283
44.664
45.043

45.421
45.798
46.174
46.548
46.921

47.293
47.663
48.032
48.399
48.765

29.506
29.924
30.341
30.757
31.172

31.586
32.000
32.412
32.824
33.234

33.644
34.053
34.460
34.867
35.273

35.677
36.081
36.484
36.885
37.286

37.686
38.084
38.482
38.878
39.274

39.669
40.062
40.455
40.846
41.237

41.626
42.014
42.402
42.788
43.173

43.557
43.940
44.321
44,702
45.081

45.459
45,836
46.211
46.585
46.958

47.330
47.700
48.069
48.436
48.802

10

29.548
29.965
30.382
30.798
31.213

31.628
32.041
32.453
32.865
33.275

33.685
34.093
34.501
34.908
35.313

35.718
36.121
36.524
36.925
37.326

37.725
38.124
38.522
38.918
39.314

39.708
40.101
40,494
40.885
41.276

41.665
42.053
42.440
42.826
43.211

43.595
43,978
44.359
44,740
45.119

45.497
45.873
46.249
46.623
46.995

47.367
47.737
48.105
48.473
48.838

10

G

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

°C



°C

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350

1360
1370

°C

48.838
49.202
49.565
49.926
50.286

50.644
51.000
51.355
51.708
52.060

52.410
52.759
53.106
53.451
53.785

54.138
54.479
54.819

TABLE 9 Type K Thermocouple — thermoelectric voltage as a function of

48.875
49.239
49.601
49.962
50.322

50.680
51.036
51.391
51.744
52.095

52.445
52.794
53.140
53.486
53.830

54.172
54.513
54.852

48.911
49.275
49.637
49.998
50.358

50.715
51.071
51.426
51.779
52.130

52.480
52.828
53.175
53.520
53.864

54.206
54.547
54.886

temperature (°C); reference junctions at 0 °C
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5

6
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48.948
49.311
49.674
50.034
50.393

50.751
51.107
51.461
51.814
52.165

52.515
52.863
53.210
53.555
53.898

54,240
54.581

48.984
49.348
49.710
50.070
50.429

50.787
51.142
51.497
51.849
52.200

52.550
52.898
53.244
53.589
53.932

54.274
54.615

49.021
49.384
49.746
50.106
50.465

50.822
51.178
51.532
51.885
52.235

52.585
52.932
53.279
53.623
53.967

54.308
54.649

33

49.057
49.420
49.782
50.142
50.501

50.858
51.213
51.567
51.920
52.270

52.620
52.967
53.313
53.658
54.001

54,343
54.683

49.093
49.456
49.818
50.178
50.537

50.894
51.249
51.603
51.955
52.305

52.654
53.002
53.348
53.692
54.035

54.377
54.717

49.130
49.493
49.854
50.214
50.572

50.929
51.284
51.638
51.980
52.340

52.689
53.037
53.382
53.727
54.069

54.411
54.751

49.166
49.529
49.890
50.250
50.608

50.965
51.320
51.673
52.025
52.375

52.724
53.071
53.417
53.761
54.104

54,445
54.785

9

10

49.202
49.565
49.926
50.286
50.644

51.000
51.355
51.708
52.060
52.410

52.759
53.106
53.451
53.795
54.138

54.479
54.819

10

Kec

°C

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350

1360
1370

°C

@ pyromalionz



\°C

SC

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140

-120

-30

100
110
120
130
140

150
160
170
180
190

°C

-4.345
-4.336
-4.313

-4.277
-4.226
-4.162
-4.083
-3.990

-3.884
-3.766
-3.634
-3.491
-3.336

-3.171
-2.994
-2.808
-2.612
-2.407

-2.193
-1.972
-1.744
-1.509
-1.269

-1.023
-0.772
-0.518
-0.260

0.000

0.000
0.261
0.525
0.793
1.065

1.340
1.619
1.902
2.189
2.480

2.774
3.072
3.374
3.680
3.989

4.302
4,618
4.937
5.259
5.585

0

TABLE 11 Type N Thermocouple— thermoelectiic voltage as a function of

-4.337
-4.316

-4.281
-4,232
-4.169
-4.091
-4.000

-3.896
-3.778
-3.648
-3.506
-3.352

-3.188
-3.012
-2.827
-2.632
-2.428

-2.215
-1.995
-1.767
-1.533
-1.293

-1.048
-0.798
-0.544
-0.286
-0.026

0.026
0.287
0.552
0.820
1.092

1.368
1.647
1.930
2.218
2.509

2.804
3.102
3.405
3.711
4.020

4,333
4.650
4.969
5.292
5.618

@) pyromation’z

-4.339
-4.319

-4.285
-4.238
-4.176
-4.100
-4.010

-3.907
-3.790
-3.662
-3.521
-3.368

-3.205
-3.030
-2.846
-2.652
-2.448

-2.237
-2.017
-1.790
-1.557
-1.317

-1.072
-0.823
-0.569
-0.312
-0.052

0.052
0.313
0.578
0.847
1.119

1.395
1.675
1.959
2.247
2.538

2.833
3.133
3.435
3.742
4.051

4.365
4.681
5.001
5.324
5.650

3

4

5

6

temperature (°C); reference junctions at 0 C
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-4.340
-4.321

-4.289
-4.243
-4.183
-4.108
-4.020

-3.918
-3.803
-3.675
-3.535
-3.384

-3.221
-3.048
-2.865
-2.672
-2.469

-2.258
-2.039
-1.813
-1.580
-1.341

-1.097
-0.848
-0.595
-0.338
-0.078

0.078
0.340
0.605
0.874
1.147

1.423
1.703
1.988
2.276
2.568

2.863
3.163
3.466
3.772
4.083

4.396
4.713
5.033
5.357
5.683

-4.341
-4.324

-4.293
-4.248
-4.189
-4.116
-4.029

-3.928
-3.815
-3.688
-3.550
-3.400

-3.238
-3.066
-2.883
-2.691
-2.490

-2.280
-2.062
-1.836
-1.604
-1.366

-1.122
-0.873
-0.620
-0.364
-0.104

0.104
0.366
0.632
0.901
1.174

1.451
1.732
2.016
2.305
2.597

2.893
3.193
3.496
3.803
4.114

4.428
4.745
5.066
5.389
5.716

-4.342
-4.326

-4.297
-4.254
-4.196
-4.124
-4.038

-3.939
-3.827
-3.702
-3.564
-3.415

-3.265
-3.084
-2.902
-2.711
-2.510

-2.301
-2.084
-1.859
-1.627
-1.390

-1.146
-0.898
-0.646
-0.390
-0.131

0.130
0.393
0.659
0.928
1.202

1.479
1.760
2.045
2.334
2.626

2.923
3.223
3.627
3.834
4.145

4.459
4777
5.098
5.422
5.749

40

-4.343
-4,328

-4,300
-4.258
-4.202
-4.132
-4.048

-3.950
-3.838
-3.715
-3.578
-3.431

-3.271
-3.101
-2.921
-2.730
-2.531

-2.322
-2.106
-1.882
-1.651
-1.414

-1.171
-0.923
-0.671
-0.415
-0.1567

0.156
0.419
0.685
0.955
1.229

1.507
1.788
2.074
2.363
2.656

2.953
3.2583
3.557
3.865
4176

4.491
4.809
5.130
5.454
5.782

-4,344
-4.330

-4.304
-4.263
-4.209
-4.140
-4.057

-3.960
-3.850
-3.728
-3.593
-3.446

-3.288
-3.119
-2.939
-2.750
-2.551

-2.344
-2.128
-1.906
-1.674
-1.438

-1.195
-0.948
-0.696
-0.441
-0.183

0.182
0.446
0.712
0.983
1.257

1.635
1.817
2.102
2.392
2.685

2.983
3.283
3.588
3.896
4.208

4.523
4.841
5.162
5.487
5.815

4,344
-4.332

-4.307
-4.268
-4.215
-4.147
-4.066

-3.970
-3.862
-3.740
-3.607
-3.461

-3.304
-3.136
-2.958
-2.769
-2.571

-2.365
-2.150
-1.927
-1.698
-1.462

-1.220
-0.973
-0.722
-0.467
-0.209

0.208
0.472
0.739
1.010
1.284

1.663
1.845
2.131
2.421
2.715

3.012
3.314
3.619
3.927
4.239

4.554
4.873
5.195
5.520
5.847

-4.345
-4.334

-4.310
-4.273
-4.221
-4.154
4,074

-3.980
-3.873
-3.763
-3.621
-3.476

-3.320
-3.153
-2.976
-2.789
-2.592

-2.386
-2.172
-1.950
-1.721
-1.485

-1.244
-0.998
-0.747
-0.492
-0.234

0.235
0.499
0.766
1.037
1.312

1.591
1.873
2.160
2.450
2.744

3.042
3.344
3.649
3.958
4.270

4.586
4.905
5.227
5.552
5.880

10

-4.345
-4.336

-4.313
-4.277
-4.226
-4,162
-4.083

-3.990
-3.884
-3.766
-3.634
-3.491

-3.336
-3.171
-2.994
-2.808
-2.612

-2.407
-2.193
-1.972
-1.744
-1.509

-1.269
-1.023
-0.772
-0.518
-0.260

0.261
0.525
0.793
1.065
1.340

1.619
1.902
2.189
2.480
2.774

3.072
3.374
3.680
3.989
4.302

4.618
4.937
5.259
5.585
5.913

10

o

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90
-80
-70

-50

°C



°C

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630

650
660
670
680
690

°C

5.913
6.245
6.579
6.916
7.255

7.597
7.941
8.288
8.637
8.988

9.341
9.696
10.054
10.413
10.774

11.136
11.501
11.867
12.234
12.603

12.974
13.346
13.719
14.094
14.469

14.846
16.225
15.604
15.984
16.366

16.748
17.131
17.515
17.800
18.286

18.672
19.059
19.447
19.835
20.224

20,613
21.003
21.393
21.784
22.175

22.566
22,958
23.350
23.742
24,134

TABLE 11 Type N Thermocouple — thermaelectric voltage as a function of
temperature (°C); reference junctions at 0 °C

5.946
6.278
6.612
6.949
7.289

7.631
7.976
8.323
8.672
9.023

9.377
9.732
10.089
10.449
10.810

11.173
11.537
11.903
12.271
12.640

13.011
13.383
13.756
14.131
14.507

14.884
15.262
15.642
16.022
16.404

16.786
17.169
17.554
17.938
18.324

18.711
19.098
19.485
19.874
20.263

20.652
21.042
21.432
21.823
22.214

22.605
22.997
23.389
23.781
24.173

5.979
6.311
6.646
6.983
7.323

7.666
8.010
8.358
8.707
9.068

9.412
9.768
10.125
10.485
10.846

11.209
11.574
11.940
12.308
12.677

13.048
13.420
13.794
14.169
14.545

14.922
156.300
15.680
16.060
16.442

16.824
17.208
17.592
17.977
18.363

18.749
19.136
19.524
19.913
20.302

20.691
21.081
21.471
21.862
22.253

22.644
23.036
23.428
23.820
24.213
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6.013
6.345
6.680
7.017
7.357

7.700
8.045
8.392
8.742
9.094

9.448
9.803
10.161
10.521
10.882

11.245
11.610
11.977
12.345
12.714

13.085
13.457
13.831
14.206
14.582

14.960
15.338
15.718
16.099
16.480

16.863
17.246
17.630
18.016
18.401

18.788
19.175
19.563
19.952
20.341

20.730
21.120
21.510
21.901
22.292

22,684
23.075
23.467
23.860
24.252

6.046
6.378
6.713
7.051
7.392

7.734
8.080
8.427
8.777
9.129

9.483
9.839
10.197
10.557
10.918

11.282
11.647
12.013
12.382
12.751

13.122
13.495
13.869
14.244
14.620

14,998
16.376
156.756
16.137
16.518

16.901
17.285
17.669
18.054
18.440

18.827
19.214
19.602
19.980
20.379

20.769
21.159
21.549
21.940
22.331

22.723
23.115
23.507
23.899
24.291

6.078
6.411
6.747
7.085
7.426

7.769
8.114
8.462
8.812
9.164

9.519
9.875
10.233
10.593
10.955

11.318
11.683
12.050
12.418
12.788

13.159
13.532
13.906
14.281
14,658

15.035
15.414
15.794
16.175
16.557

16.939
17.323
17.707
18.093
18.479

18.865
19.253
19.641
20.029
20.418

20.808
21.198
21.588
21.979
22.370

22.762
23.154
23.546
23.938
24.330

41

6.112
6.445
6.781
7.119
7.460

7.803
8.149
8.497
8.847
9.200

9.554
9.910
10.269
10.629
10.991

11.355
11.720
12.087
12.455
12.825

13.197
13.569
13.944
14.319
14.695

15.073
15.452
15.832
16.213
16.595

16.978
17.361
17.746
18.131
18.517

18.904
19.292
19.680
20.068
20.457

20.847
21.237
21.628
22.018
22.410

22.801
23.193
23.585
23.977
24,370

6.145
6.478
6.814
7.153
7.494

7.838
8.184
8.532
8.882
9.235

9.590
9.946
10.305
10.665
11.027

11.391
11.757
12.124
12.492
12.862

13.234
13.607
13.981
14.356
14.733

16.111
15.490
16.870
16.251
16.633

17.016
17.400
17.784
18.170
18.556

18.943
19.330
19.718
20.107
20.496

20.886
21.276
21.667
22.058
22.449

22.840
23.232
23.624
24.016
24.409

6.178
6.512
6.848
7.187
7.5628

7.872
8.218
8.567
8.918
9.270

9.625
9.982
10.341
10.701
11.064

11.428
11.793
12.160
12.529
12.899

13.271
13.644
14.019
14.394
14.771

15.149
15.528
15.908
16.289
16.671

17.054
17.438
17.823
18.208
18.595

18.982
19.369
19.757
20.146
20.535

20.925
21.316
21.706
22.097
22.488

22.879
23.271
23.663
24,056
24.448

6.211
6.545
6.882
7.221
7.563

7.907
8.253
8.602
8.953
9.306

9.661
10.018
10.377
10.737
11.100

11.464
11.830
12.197
12.566
12.937

13.308
13.682
14.056
14.432
14.809

15.187
15.566
15.946
16.327
16.710

17.093
17.477
17.861
18.247
18.633

19.020
19.408
19.796
20.185
20.574

20.964
21.354
21.745
22.136
22.527

22.919
23.311
23.703
24.095
24.487

10

6.245
6.579
6.916
7.255
7.597

7.941
8.288
8.637
8.988
9.341

9.696
10.054
10.413
10.774
11.136

11.501
11.867
12.234
12.603
12.974

13.346
13.719
14.094
14.469
14.846

15.225
15.604
15.984
16.366
16.748

17.131
17.5615
17.900
18.286
18.672

19.059
19.447
19.835
20.224
20.613

21.003
21.393
21.784
22.175
22.566

22.958
23.350
23.742
24134
24.527

10

Nec

°C

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

°C

@) puromalionz



N°eC

°C

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

°C

24,527
24.919
25.312
25.705
26.098

26.491
26.883
27.276
27.669
28.062

28.455
28.847
29.239
29.632
30.024

30.416
30.807
31.199
31.590
31.981

32.371
32.761
33.151
33.541
33.930

34.319
34.707
35.095
35.482
35.869

36.256
36.641
37.027
37.411
37.795

38.179
38.562
38.944
39.326
39.706

40.087
40.466
40.845
41.223
41.600

41.976
42.352
42,727
43.101
43.474

0

TABLE 11 Type N Thermocouple— thenmoelectric voltage as a function of

24.566
24959
25.351
25.744
26.137

26.530
26.923
27.316
27.708
28.101

28.494
28.886
29.279
29.671
30.063

30.455
30.846
31.238
31.629
32.020

32.410
32.800
33.190
33.580
33.969

34.358
34.746
35.134
35.521
35.908

36.294
36.680
37.065
37.450
37.834

38.217
38.600
38.982
39.364
39.744

40.125
40.504
40.883
41.260
41.638

42.014
42.390
42.764
43.138
43.511

(s\) pyromation

24.605
24.998
25.391
25.783
26.176

26.569
26.962
27.355
27.748
28.140

28.533
28.926
29.318
29.710
30.102

30.494
30.886
31.277
31.668
32.059

32.449
32.839
33.229
33.619
34.008

34.396
34.785
35.172
35.560
35.946

36.333
36.718
37.104
37.488
37.872

38.256
38.638
39.020
39.402
39.783

40.163
40.542
40.920
41.298
41.675

42.052
42.427
42.802
43.176
43.549

3

4

5

6

temperature (°C); reference junctions at 0 C

T

Thermoelectric Voltage in Millivolts

24.644
25.037
25.430
25.823
26.216

26.608
27.001
27.394
27.787
28.180

28.572
28.965
20.357
29.749
30.141

30.533
30.925
31.316
31.707
32.098

32.488
32.878
33.268
33.658
34.047

34.435
34.823
35.211
35.598
35.985

36.371
36.757
37.142
37.527
37.911

38.294
38.677
39.059
39.440
39.821

40.201
40.580
40.958
41.336
41.713

42.089
42.465
42.839
43.213
43.586

24.684
25.076
25.469
25.862
26.255

26.648
27.041
27.433
27.826
28.219

28.612
29.004
29.396
29.789
30.181

30.572
30.964
31.355
31.746
32.137

32.527
32.917
33.307
33.697
34.086

34.474
34.862
35.250
35.637
36.024

36.410
36.796
37.181
37.565
37.949

38.332
38.715
39.097
39.478
39.859

40.238
40.618
40.996
41.374
41.751

42127
42.502
42.877
43.250
43.623

24.723
25116
25.508
25.901
26.294

26.687
27.080
27.473
27.866
28.258

28.651
29.043
29.436
29.828
30.220

30.611
31.003
31.394
31.785
32.176

32.566
32.956
33.346
33.736
34.124

34.513
34,901
35.289
35.676
36.062

36.449
36.834
37.219
37.603
37.987

38.370
38.763
39.135
39.516
39.897

40.276
40.655
41.034
41.411
41,788

42.164
42.540
42.914
43.288
43.660

42

24.762
25.165
25.548
25.941
26.333

26.726
27.119
27.512
27.905
28.297

28.690
29.083
29.475
29.867
30.259

30.651
31.042
31.433
31.824
32.215

32.605
32.995
33.385
33.774
34.163

34.552
34.940
35.327
35.714
36.101

36.487
36.873
37.258
37.642
38.026

38.409
38.791
39.173
30.554
39.935

40.314
40.693
41.072
41.449
41.826

42.202
42.577
42.951
43.325
43.698

24.801
25.194
25.587
25.980
26.373

26.766
27.168
27.551
27.944
28.337

28.729
29.122
29.514
29.906
30.298

30.690
31.081
31.473
31.863
32.254

32.644
33.034
33.424
33.813
34.202

34.591
34.979
35.366
35.763
36.140

36.526
36.911
37.296
37.680
38.064

38.447
38.829
39.211
39.592
39.973

40.352
40.731
41.109
41.487
41.864

42.239
42.614
42.989
43.362
43.735

24.841
25.233
25.626
26.019
26.412

26.805
27.198
27.591
27.983
28.376

28.769
29.161
29.553
29.945
30.337

30.729
31.120
31.512
31.903
32,293

32.683
33.073
33.463
33.852
34.241

34.629
35.017
35.405
35.792
36.178

36.564
36.950
37.334
37.719
38.102

38.485
38.868
39.249
39.630
40.011

40.390
40.769
41.147
41.525
41.901

42.277
42.652
43.026
43.399
43.772

24.880
25.273
25.666
26.058
26.451

26.844
27.237
27.630
28.023
28.415

28.808
29.200
29.592
29.985
30.376

30.768
31.160
31.551
31.942
32.332

32.722
33.112
33.502
33.891
34.280

34.668
35.056
35.444
35.831
36.217

36.603
36.988
37.373
37.757
38.141

38.524
38.906
39.287
39.668
40.049

40.428
40.807
41.185
41.562
41,939

42.314
42.689
43.064
43.437
43.809

10

24919
25.312
25.705
26.098
26.491

26.883
21.276
27.869
28.062
28.455

28.847
29.239
29.632
30.024
30.416

30.807
31.199
31.590
31.981
32.371

32.761
33.151
33.541
33.930
34.319

34.707
35.095
35.482
35.869
36.256

36.641
37.027
37.411
37.795
38.179

38.562
38.944
39.326
39.706
40.087

40.466
40.845
41.223
41.600
41.976

42.352
42.727
43.101
43.474
43.846

10

°C

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

°C



°C

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300

°C

43.846
44.218
44.588
44.958
45.326

45.694
46.060
46.425
46.789
47.1562

47.513

TABLE 11 Type N Thermocouple — thermoelectric voltage as a function of

43.884
44.255
44.625
44,995
45.363

45.731
46.097
46.462
46.826
47.188

43.921
44.292
44,662
45.032
45.400

45.767
46.133
46.498
46.862
47.224

3

4

]

6

temperature (<C); reference junctions at 0 °C

7

Thermoelectric Voltage in Millivolts

43.958
44.329
44.699
45.069
45.437

45.804
46.170
46.535
46.898
47.260

43.985
44,366
44.736
45.105
45.474

45.841
46.207
46.571
46.935
47.296

44,032
44.403
44773
45.142
45.510

45.877
46.243
46.608
46.971
47.333

43

44.069
44.440
44810
45.179
45.547

45.914
46.280
46.644
47.007
47.369

44,106
44.477
44.847
45.216
45.584

45,951
46.316
46.680
47.043
47.405

44.144
44514
44.884
45.253
45.621

45.987
46.353
46.717
47.079
47.441

44.181
44.551
44.921
45.290
45.657

46.024
46.389
46.753
47.116
47.477

9

10

44.218
44.588
44.958
45.326
45.694

46.060
46.425
46.789
47.152
47.513

10

Nec

°C

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300

°C

@) pyromalionz



ReC

°C

-40
-30
-20
-10

10
20

40
50

70
80
90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330

350
360
370
380
390

°C

-0.226

-0.188
-0.145
-0.100
-0.051

0.000

0.000
0.054
0.111
0.171
0.232

0.296
0.363
0.431
0.501
0.573

0.647
0.723
0.800
0.879
0.959

1.041
1.124
1.208
1.294
1.381

1.469
1.558
1.648
1.739
1.831

1.923
2.017
2.112
2.207
2.304

2.401
2.498
2.597
2.696
2,796

2.896
2.997
3.099
3.201
3.304

0

TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of

-0.192
-0.150
-0.106
-0.056
-0.005

0.005
0.060
0.117
0.177
0.239

0.303
0.369
0.438
0.508
0.581

0.655
0.731
0.808
0.887
0.967

1.049
1.132
1.217
1.303
1.389

1.477
1.567
1.657
1.748
1.840

1.933
2.027
2.121
2.217
2.313

2.410
2.508
2.607
2.706
2.806

2.906
3.007
3.109
3.212
3.315

@ puromation’s

-0.186
-0.154
-0.109
-0.061
-0.011

0.011
0.065
0.123
0.183
0.245

0.310
0.376
0.445
0.516
0.588

0.662
0.738
0.816
0.895
0.976

1.058
1.141
1.225
1.311
1.398

1.486
1.675
1.666
1.757
1.849

1.942
2.036
2.131
2.226
2.323

2.420
2.518
2.617
2.716
2.816

2.916
3.018
3.119
3.222
3.325

3

4

5

6

temperature (°C); reference junctions at 0 C

7

Thermoelectric Voltage in Millivolts

-0.200
-0.158
-0.114
-0.066
-0.016

0.016
0.071
0.129
0.189
0.251

0.316
0.383
0.452
0.523
0.595

0.670
0.746
0.824
0.903
0.984

1.066
1.149
1.234
1.320
1.407

1.495
1.584
1.675
1.766
1.858

1.951
2.046
2.140
2.236
2.333

2.430
2.528
2.626
2.726
2.826

2.926
3.028
3.130
3.232
3.335

-0.204
-0.163
-0.119
-0.071
-0.021

0.021
0.077
0.135
0.195
0.258

0.323
0.390
0.459
0.530
0.603

0.677
0.754
0.832
0.911
0.992

1.074
1.158
1.242
1.329
1.416

1.504
1.5693
1.684
1.775
1.868

1.961
2.065
2.1580
2.246
2.342

2.440
2.538
2.636
2.736
2.836

2.937
3.038
3.140
3.242
3.346

-0.208
-0.167
-0.123
-0.076
-0.026

0.027
0.082
0.141
0.201
0.264

0.329
0.397
0.466
0.537
0.610

0.685
0.761
0.839
0.919
1.000

1.082
1.166
1.251
1.337
1.425

1.513
1.602
1.693
1.784
1.877

1.970
2.064
2.1569
2.255
2.352

2.449
2.547
2.646
2.746
2.846

2.947
3.048
3.150
3.263
3.356

50

-0.211
-0.171
-0.128
-0.081
-0.031

0.032
0.088
0.147
0.207
0.271

0.336
0.403
0.473
0.544
0.618

0.693
0.769
0.847
0.927
1.008

1.091
1.175
1.260
1.346
1.433

1.522
1.611
1.702
1.794
1.886

1.980
2.074
2.169
2.265
2.362

2.459
2.557
2.656
2.756
2.856

2.957
3.058
3.160
3.263
3.366

-0.215
-0.175
-0.132
-0.086
-0.036

0.038
0.094
0.153
0.214
0.277

0.343
0.410
0.480
0.552
0.625

0.700
0.777
0.855
0.935
1.016

1.099
1.183
1.268
1.355
1.442

1.531
1.620
1711
1.803
1.895

1.989
2.083
2.179
2.275
2.371

2.469
2.567
2.666
2.766
2.866

2.967

3.068
3.171
3.273
3.377

-0.219
-0.180
-0.137
-0.091
-0.041

0.043
0.100
0.169
0.220
0.284

0.349
0.417
0.487
0.559
0.632

0.708
0.785
0.863
0.943
1.025

1.107
1.191
1.277
1.363
1.451

1.540
1.629
1.720
1.812
1.906

1.998
2.093
2.188
2.284
2.381

2.479
2,577
2.676
2,776
2.876

2.977
3.079
3.181
3.284
3.387

-0.223
-0.184
-0.141
-0.095
-0.046

0.049
0.105
0.165
0.226
0.290

0.356
0.424
0.494
0.566
0.640

0.715
0.792
0.871
0.951
1.033

1.116
1.200
1.285
1.372
1.460

1.549
1.639
1.729
1.821
1.914

2.008
2.102
2.198
2.294
2.391

2.488
2.587
2.686
2.786
2.886

2.987
3.089
3.191
3.294
3.397

10

-0.226
-0.188
-0.145
-0.100
-0.051

0.054
0.111
0.171
0.232
0.296

0.363
0.431
0.501
0.573
0.647

0.723
0.800
0.879
0.969
1.041

1.124
1.208
1.294
1.381
1.469

1.558
1.648
1.739
1.831
1.923

2.017
2142
2.207
2.304
2.401

2.498
2.597
2.696
2.796
2.896

2.997
3.099
3.201
3.304
3.408

10

Lo

-40
-30
-20
-10

10
20
30
40

50
60
70
80

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

°C



°C

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

°C

3.408
3.512
3.616
3.721
3.827

3.933
4.040
4147
4.255
4.363

4.471
4.580
4.690
4.800
4.910

5.021
5.133
5.245
5.357
5.470

5.583
5.697
5.812
5.926
6.041

6.157
6.273
6.390
6.507
6.625

6.743
6.861
6.980
7.100
7.220

7.340
7.461
7.583
7.705
7.827

7.950
8.073
8.197
8.321
8.446

8.571
8.697
8.823
8.950
9.077

TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of

3.418
3.622
3.627
3.732
3.838

3.944
4.050
4.158
4.265
4.373

4.482
4.591
4.701
4.811
4,922

5.033
5.144
5.256
5.369
5.481

5.595
5.709
5.823
5.938
6.053

6.169
6.285
6.402
6.519
6.636

6.755
6.873
6.992
7142
7.232

7.352
7.473
7.595
7.717
7.839

7.962
8.086
8.209
8.334
8.459

8.584
8.710
8.836
8.963
9.090

3.428
3.533
3.637
3.742
3.848

3.954
4.061
4,168
4.276
4.384

4.493
4.602
4,712
4.822
4.933

5.044
5.155
5.267
5.380
5.493

5.606
5.720
5.834
5.949
6.065

6.180
6.297
6.413
6.531
6.648

6.766
6.885
7.004
7.124
7.244

7.364
7.485
7.607
7.729
7.851

7.974
8.098
8.222
8.346
8.471

8.597
8.722
8.849
8.975
9.103

temperature (°C); reference junctions at 0 °C
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4

5

6
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3.439
3.543
3.648
3.763
3.859

3.965
4.072
4179
4.287
4.395

4.504
4.613
4.723
4.833
4.944

5.065
5.166
5.279
5.391
5.504

5618
5.731
5.846
5.961
6.076

6.192
6.308
6.425
6.542
6.660

6.778
6.897
7.016
7.136
7.256

7.376
7.498
7.619
7.741
7.864

7.987
8.110
8.234
8.359
8.484

8.609
8.735
8.861
8.088
9.115

3.449
3.553
3.658
3.764
3.869

3.976
4.083
4.190
4.298
4.406

4.515
4.624
4.734
4.844
4.955

5.066
5.178
5.290
5.402
5.515

5.629
5.743
5.857
5.972
6.088

6.204
6.320
6.437
6.554
6.672

6.790
6.909
7.028
7.148
7.268

7.389
7.510
7.631
7.753
7.876

7.999
8.123
8.247
8.371
8.496

8.622
8.748
8.874
9.001
9.128

3.460
3.564
3.669
3.774
3.880

3.986
4.093
4.201
4.309
4.417

4.526
4.635
4.745
4.855
4.966

5.077
5.189
5.301
5.414
5.627

5.640
5.754
5.869
5.984
6.099

6.215
6.332
6.448
6.566
6.684

6.802
6.921
7.040
7.160
7.280

7.401
7.522
7.644
7.766
7.888

8.011
8.135
8.259
8.384
8.509

8.634
8.760
8.887
9.014
9.141

51

3.470
3.574
3.679
3.785
3.891

3.997
4.104
4.211
4.319
4.428

4.537
4.646
4.756
4.866
4.977

5.088
5.200
5.312
5.425
5.538

5.652
5.766
5.880
5.995
6.111

6.227
6.343
6.460
6.578
6.695

6.814
6.933
7.052
TAT2
7.292

7.413
7.534
7.656
7.778
7.901

8.024
8.147
8.272
8.396
8.521

8.647
8.773
8.899
9.026
9.154

3.480
3.585
3.690
3.795
3.901

4.008
4.115
4.222
4.330
4,439

4.548
4,657
4.767
4.877
4.088

5.099
5.211
5.323
5.436
5.549

5.663
5.777
5.892
6.007
6.122

6.238
6.355
6.472
6.589
6.707

6.826
6.945
7.064
7.184
7.304

7.425
7.546
7.668
7.790
7.913

8.036
8.160
8.284
8.409
8.534

8.659
8.785
8.912
9.039
9.167

3.491
3.595
3.700
3.806
3.912

4.018
4.125
4.233
4.341
4.449

4.558
4.668
4778
4.888
4.999

5.1
5.222
5.335
5.448
5.561

5.674
5.789
5.903
6.018
6.134

6.250
6.367
6.484
6.601
6.719

6.838
6.956
7.076
7.196
7.316

7.437
7.558
7.680
7.802
7.925

8.048
8.172
8.296
8.421
8.546

8.672
8.798
8.925
9.052
9.179

3.501
3.606
i !
3.816
3.922

4.029
4.136
4.244
4.352
4.460

4.569
4.679
4.789
4.899
5.010

5.122
5.234
5.346
5.459
5.572

5.686
5.800
5.915
6.030
6.146

6.262
6.378
6.495
6.613
6.731

6.849
6.968
7.088
7.208
7.328

7.449
7.570
7.692
7.815
7.938

8.061
8.185
8.309
8.434
8.559

8.685
8.811
8.937
9.065
9.192

10

3.512
3.616
3.721
3.827
3.933

4.040
4.147
4.255
4.363
4.471

4.580
4.690
4.800
4.910
5.021

5.133
5.245
5.357
5.470
5.583

5.697
5.812
5.926
6.041
6.157

6.273
6.390
6.507
6.625
6.743

6.861
6.980
7.100
7.220
7.340

7.461
7.583
7.705
7.827
7.950

8.073
8.197
8.321
8.446
8.571

8.697
8.823
8.950
9.077
9.205

10

Rec

°C

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

°C

@ pyromalionz



ReC

°C

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

°C

9.205
9.333
9.461
9.590
9.720

9.850
9.980
10.111
10.242
10.374

10.506
10.638
10.771
10.905
11.039

11.173
11.307
11.442
11.578
11.714

11.850
11.986
12.123
12.260
12.397

12.635
12.673
12.812
12.950
13.089

13.228
13.367
13.507
13.646
13.786

13.926
14.066
14.207
14.347
14.488

14.629
14.770
14.911
15.062
15.193

16.334
15.475
15.616
15.758
15.899

0

TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of

9.218
9.346
9.474
9.603
9.733

9.863
9.993
10.124
10.255
10.387

10.518
10.652
10.785
10.918
11.0562

11.186
11.321
11.456
11.591
11.727

11.863
12.000
12.137
12.274
12.411

12.549
12.687
12.825
12.964
13.103

13.242
13.381
13.521
13.660
13.800

13.940
14,081
14.221
14,361
14.502

14.643
14.784
14.925
15.066
15.207

15.348
15.489
15.630
15.772
15.913

@) pyromalion

9.230
9.359
9.487
9.616
9.746

9.876
10.006
10.137
10.268
10.400

10.532
10.665
10.798
10.932
11.065

11.200
11.334
11.469
11.605
11.741

11.877
12.013
12.150
12.288
12.425

12.563
12.701
12.839
12.978
13.117

13.256
13.395
13.5635
13.674
13.814

13.954
14.095
14,235
14.375
14.516

14,657
14,798
14.939
15.080
15.221

16.362
15.503
15.645
15.786
15.927

temperature (°C); reference junctions at 0 <C
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4

5

6

7

Thermoelectric Voltage in Millivolts

9.243
9.371
9.500
9.629
9.759

9.889
10.0189
10.150
10.282
10.413

10.546
10.678
10.811
10.945
11.079

11.213
11.348
11.483
11.618
11.754

11.891
12.027
12.164
12.301
12.439

12.577
12.715
12.853
12.992
13.131

13.270
13.409
13.549
13.688
13.828

13.968
14.109
14.249
14.390
14.530

14.671
14.812
14.953
15.084
15.235

156.376
16.517
15.659
15.800
15.941

9.256
9.384
9.513
9.642
9.772

9.902
10.032
10.163
10.295
10.427

10.559
10.692
10.825
10.958
11.092

11.227
11.361
11.496
11.632
11.768

11.904
12.041
12.178
12.315
12.453

12.580
12.729
12.867
13.006
13.145

13.284
13.423
13.563
13.702
13.842

13.982
14.123
14.263
14.404
14.544

14.685
14.826
14.967
15.108
156.249

15.390
15.531
15.673
15.814
15.955

9.269
9.397
9.526
9.655
9.785

9.915
10.046
10.177
10.308
10.440

10.572
10.705
10.838
10.972
11.106

11.240
11.375
11.510
11.646
11.782

11.918
12.054
12.191
12.329
12.466

12.604
12.742
12.881
13.019
13.158

13.298
13.437
13.577
13.716
13.856

13.986
14.137
14.277
14.418
14.558

14.699
14.840
14.981
15.122
15.263

15.404
15.546
15.687
15.828
16.969

52

9.282
9.410
9.539
9.668
9.798

9.928
10.069
10.190
10.321
10.453

10.585
10.718
10.851
10.985
11.119

11.253
11.388
11.524
11.659
11.795

11.931
12.068
12.205
12.342
12.480

12.618
12.756
12.895
13.033
13.172

13.311
13.451
13.590
13.730
13.870

14.010
14.151
14.291
14.432
14.572

14.713
14.854
14.995
15.136
15.277

156.419
156.560
15.701
15.842
15.984

9.294
9.423
9.552
9.681
9.811

9.941
10.072
10.203
10.334
10.466

10.599
10.731
10.865
10.998
11.132

11.267
11.402
11.637
11.673
11.809

11.945
12.082
12.219
12.356
12.494

12.632
12.770
12.909
13.047
13.186

13.325
13.465
13.604
13.744
13.884

14.024
14.165
14.305
14.446
14.586

14.727
14.868
15.009
15.150
15.291

15.433
15.574
15.715
15.856
15,998

9.307
9.436
9.565
9.694
9.824

9.954
10.085
10.216
10.347
10.480

10.612
10.745
10.878
11.012
11.146

11.280
11.415
11.551
11.686
11.822

11.959
12.096
12.233
12.370
12.508

12.646
12.784
12.922
13.061
13.200

13.339
13.479
13.618
13.758
13.898

14.038
14,179
14.319
14.460
14.601

14.741
14.882
16.023
15.164
15.306

15.447
15.588
15.729
15.871
16.012

9.320
9.449
9.578
9.707
9.837

9.967
10.098
10.229
10.361
10.493

10.625
10.758
10.891
11.025
11.159

11.294
11.429
11.564
11.700
11.836

11.972
12.109
12.246
12.384
12.521

12.659
12.798
12.936
13.075
13.214

13.353
13.493
13.632
13.772
13.912

14.0562
14.193
14.333
14.474
14.615

14,755
14.896
15.037
15.179
15.320

15.461
15.602
15.743
15.885
16.026

10

9.333
9.461
9.590
9.720
9.850

9.980
10.111
10.242
10.374
10.506

10.638
10.771
10.905
11.039
11.173

11.307
11.442
11.5678
11.714
11.850

11.986
12.123
12.260
12.397
12.535

12.673
12.812
12.950
13.089
13.228

13.367
13.507
13.646
13.786
13.926

14.066
14.207
14.347
14.488
14.629

14.770
14.911
15.052
15.193
15.334

15.475
15.616
15.758
15.899
16.040

10

°c

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1180

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

°C



°C

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

1500
1510
1520
1630
1540

1550
1560
1570
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760

°C

16.040
16.181
16.323
16.464
16.605

16.746
16.887
17.028
17.169
17.310

17.451
17.591
17.732
17.872
18.012

18.152
18.292
18.431
18.571
18.710

18.849
18.988
19.126
19.264
19.402

19.540
19.677
19.814
19.951
20.087

20.222
20.356
20.488
20.620
20.749

20.877
21.003

TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of

16.054
16.196
16.337
16.478
16.619

16.760
16.901
17.042
17.183
17.324

17.465
17.605
17.746
17.886
18.026

18.166
18.306
18.445
18.585
18.724

18.863
19.002
19.140
19.278
19.416

19.554
19.691
19.828
19.964
20.100

20.235
20.369
20.502
20.633
20.762

20.890
21.015

16.068
16.210
16.351
16.492
16.633

16.774
16.915
17.056
17.197
17.338

17.479
17.619
17.760
17.900
18.040

18.180
18.320
18.459
18.599
18.738

18.877
19.015
19.154
19.292
19.430

19.567
19.705
19.841
19.978
20.114

20.249
20.382
20.515
20.646
20.775

20.902
21.027

3

4

5

6

temperature (°C); reference junctions at 0 C

T

Thermoelectric Voltage in Millivolts

16.082
16.224
16.365
16.506
16.647

16.789
16.930
17.071
17.211
17.352

17.493
17.633
17.774
17.914
18.054

18.194
18.334
18.473
18.613
18.752

18.891
19.029
19.168
19.306
19.444

19.5681
19.718
19.855
19.992
20127

20.262
20.396
20.528
20.659
20.788

20915
21.040

16.097
16.238
16.379
16.520
16.662

16.803
16.944
17.085
17.225
17.366

17.507
17.647
17.788
17.928
18.068

18.208
18.348
18.487
18.627
18.766

18.904
19.043
19.181
19.319
19.457

19.595
19.732
19.869
20.005
20.141

20.275
20.409
20.541
20.672
20.801

20.928
21.052

16.111
16.252
16.393
16.534
16.676

16.817
16.958
17.099
17.240
17.380

17.521
17.661
17.802
17.942
18.082

18.222
18.362
18.501
18.640
18.779

18.918
19.057
19.195
19.333
19.471

19.609
19.746
19.882
20.019
20.154

20.289
20.422
20.554
20.685
20.813

20.840
21.065

53

16.125
16.266
16.407
16.549
16.690

16.831
16.972
17.113
17.254
17.394

17.535
17.676
17.816
17.956
18.096

18.236
18.376
18.515
18.654
18.793

18.932
19.071
19.209
19.347
19.485

19.622
18.759
19.896
20.032
20.168

20.302
20.436
20.567
20.698
20.826

20.953
21.077

16.139
16.280
16.422
16.563
16.704

16.845
16.986
17.127
17.268
17.408

17.549
17.690
17.830
17.970
18.110

18.250
18.390
18.529
18.668
18.807

18.946
19.085
19.223
19.361
19.499

19.636
19.773
19.910
20.046
20.181

20.316
20.449
20.581
20.711
20.839

20.965
21.089

16.153
16.294
16.436
16.577
16.718

16.859
17.000
17.141
17.282
17.423

17.563
17.704
17.844
17.984
18.124

18.264
18.404
18.543
18.682
18.821

18.960
19.098
19.237
19.375
19.512

19.650
19.787
19.923
20.060
20.195

20.329
20.462
20.594
20.724
20.852

20,978
21.101

16.167
16.309
16.450
16.591
16.732

16.873
17.014
17.156
17.296
17.437

17.577
17.718
17.858
17.998
18.138

18.278
18.417
18.557
18.696
18.835

18.974
19.112
19.250
19.388
19.526

19.663
19.800
18.937
20.073
20.208

20.342
20.475
20.607
20.736
20.864

20.990

9

10

16.181
16.323
16.464
16.605
16.746

16.887
17.028
17.169
17.310
17.451

17.591
17.732
17.872
18.012
18.152

18.292
18.431
18.571
18.710
18.849

18.988
19.126
19.264
19.402
19.540

19.677
19.814
19.951
20.087
20.222

20.356
20.488
20.620
20.749
20.877

21.003

10

Rec

°C

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

1500
1510
1520
1530
1540

1550
1560
1570
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760

°C

@) pyromalionz



°©

-50

-40
-30
-20
-10

10
20
30
40

50
60
70

90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

°C

-0.236

-0.194
-0.150
-0.103
-0.053

0.000

0.000
0.055
0.113
0.173
0.235

0.299
0.365
0.433
0.502
0.573

0.646
0.720
0.795
0.872
0.950

1.029
1.110
1.191
1.273
1.357

1.441
1.526
1.612
1.698
1.786

1.874
1.962
2.052
2.141
2.232

2.323
2.415
2.507
2.589
2.692

2.786
2.880
2.974
3.069
3.164

TABLE 15 Type S Thermocouple — thermoelectric voltage as a function of

-0.199
-0.155
-0.108
-0.058
-0.005

0.005
0.061
0.119
0.179
0.241

0.305
0.372
0.440
0.509
0.580

0.653
0.727
0.803
0.880
0.958

1.037
1.118
1.199
1.282
1.365

1.449
1.634
1.620
1.707
1.794

1.882
1.971
2.061
2.151
2.241

2,332
2.424
2.516
2.609
2.702

2.795
2.889
2.983
3.078
3.173

-0.203
-0.159
-0.113
-0.083
-0.011

0.011
0.067
0.125
0.185
0.248

0.312
0.378
0.446
0.516
0.588

0.661
0.735
0.811
0.888
0.966

1.045
1.126
1.207
1.280
1.373

1.458
1.543
1.629
1.716
1.803

1.891
1.980
2.070
2.160
2.250

2.341
2.433
2.525
2,618
2.711

2.805
2.899
2.993
3.088
3.183

3

4

5

6

temperature (°C); reference junctions at 0 <C

7

Thermoelectric Voltage in Millivolts

-0.207
-0.164
-0.117
-0.068
-0.016

0.016
0.072
0.131
0.191
0.254

0.319
0.385
0.453
0.523
0.595

0.668
0.743
0.818
0.896
0.974

1.063
1.134
1.216
1.298
1.382

1.466
1.551
1.638
1.724
1.812

1.900
1.989
2.078
2.169
2.259

2.350
2.442
2.534
2.627
2.720

2.814
2.908
3.002
3.097
3.192

-0.211
-0.168
-0.122
-0.073
-0.021

0.022
0.078
0.137
0.197
0.260

0.325
0.392
0.460
0.530
0.602

0.675
0.750
0.826
0.903
0.982

1.061
1.142
1.224
1.307
1.390

1.475
1.560
1.646
1.733
1.821

1.909
1.998
2.087
2.178
2.268

2.360
2.451
2.544
2.636
2.730

2.823
2.917
3.012
3.107
3.202

-0.215
-0.173
-0.127
-0.078
-0.027

0.027
0.084
0.143
0.204
0.267

0.332
0.399
0.467
0.538
0.609

0.683
0.758
0.834
0.911
0.990

1.069
1.150
1.232
1.315
1.399

1.483
1.569
1.655
1.742
1.829

1.918
2.007
2.096
2.187
2.277

2.369
2.461
2.553
2.646
2.739

2.833
2.927
3.021
3.116
3.212

61

-0.219
-0.177
-0.132
-0.083
-0.032

0.033
0.080
0.149
0.210
0.273

0.338
0.405
0.474
0.545
0.617

0.690
0.765
0.841
0.919
0.998

1.077
1.1568
1.240
1.323
1.407

1.492
1.577
1.663
1.751
1.838

1.927
2.016
2.105
2.196
2.287

2.378
2.470
2.562
2.655
2.748

2.842
2.936
3.031
3.126
3.221

-0.224
-0.181
-0.136
-0.088
-0.037

0.038
0.095
0.155
0.216
0.280

0.345
0.412
0.481
0.552
0.624

0.698
0.773
0.849
0.927
1.006

1.085
1.167
1.249
1.332
1.415

1.500
1.586
1.672
1.769
1.847

1.936
2.025
2.114
2.206
2.296

2.387
2.479
2.571
2.664
2.758

2.851
2.946
3.040
3.135
3.231

-0.228
-0.186
-0.141
-0.093
-0.042

0.044
0.101
0.161
0.222
0.286

0.352
0.419
0.488
0.559
0.631

0.705
0.780
0.857
0.935
1.013

1.094
1.175
1.257
1.340
1.424

1.509
1.594
1.681
1.768
1.856

1.944
2.034
2123
2.214
2.305

2.396
2.488
2.581
2.674
2.767

2.861
2.955
3.050
3.145
3.240

-0.232
-0.190
-0.146
-0.098
-0.048

0.050
0.107
0.167
0.229
0.292

0.358
0.426
0.495
0.566
0.639

0.713
0.788
0.865
0.942
1.021

1.102
1.183
1.265
1.348
1.432

1.517
1.603
1.690
1.777
1.865

1.953
2.043
2.132
2.223
2.314

2.405
2.497
2.590
2.683
2.776

2.870
2.965
3.059
3.154
3.250

10

-0.236
-0.194
-0.150
-0.103
-0.053

0.055
0.113
0.173
0.235
0.299

0.365
0.433
0.502
0.573
0.646

0.720
0.795
0.872
0.950
1.029

1.110
1.191
1.273
1.357
1.441

1.526
1.612
1.698
1.786
1.874

1.962
2.052
2.141
2.232
2.323

2.415
2.507
2.599
2.692
2.786

2.880
2.974
3.069
3.164
3.259

10

Sec

°C

-30

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

°C

6\) pyromationz



y°C

°C

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

°C

3.259
3.355
3.451
3.548
3.645

3.742
3.840
3.938
4.036
4.134

4.233
4.332
4.432
4.532
4.632

4,732
4.833
4.934
5.035
5.137

5,239
5.341
5.443
5.546
5.649

5.753
5.857
5.961
6.065
6.170

6.275
6.381
6.486
6.593
6.699

6.806
6.913
7.020
7.128
7.236

7.345
7.454
7.563
7.673
7.783

7.893
8.003
8.114
8.226
8.337

0

TABLE 15 Type S Thermocouple — thermoelectric voltage as a function of

3.269
3.365
3.461
3.558
3.655

3.752
3.850
3.947
4.046
4.144

4.243
4.342
4.442
4.542
4.642

4,742
4.843
4,944
5.045
5.147

5.249
5.351
5.454
5.5567
5.660

5.763
5.867
5.971
6.076
6.181

6.286
6.391
6.497
6.603
6.710

6.817
6.924
7.031
7.139
7.247

7.356
7.465
7.574
7.684
7.794

7.904
8.014
8.125
8.237
8.348

@) pyromalion

3.279
3.374
3.471
3.567
3.664

3.762
3.859
3.957
4.056
4.154

4.253
4.352
4.452
4.552
4.652

4.752
4.853
4.954
5.055
5.157

5.259
5.361
5.464
5.567
5.670

5.774
5.878
5.982
6.086
6.191

6.296
6.402
6.508
6.614
6.720

6.827
6.934
7.042
7.150
7.258

7.367
7.476
7.585
7.695
7.805

7.915
8.026
8.137
8.248
8.360

temperature (°C); reference junctions at 0 <C

3

4

5

6

7

Thermoelectric Voltage in Millivolts

3.288
3.384
3.480
3.577
3.674

3.771
3.869
3.967
4.065
4.164

4.263
4.362
4.462
4.562
4.662

4.762
4.863
4.964
5.066
5.167

5.269
5.372
5.474
5.577
5.680

5.784
5.888
5.992
6.097
6.202

6.307
6.412
6.518
6.624
6.731

6.838
6.945
7.053
7.161
7.269

7.378
7.487
7.596
7.706
7.816

7.926
8.037
8.148
8.259
8.371

3.298
3.394
3.490
3.587
3.684

3.781
3.879
3.977
4.075
4.174

4.273
4.372
4472
4.572
4.672

4,772
4.873
4.974
5.076
5.178

5.280
5.382
5.485
5.588
5.691

5.794
5.898
6.003
6.107
6.212

6.317
6.423
6.529
6.635
6.742

6.849
6.956
7.064
7172
7.280

7.388
7.497
7.607
7.717
7.827

7.937
8.048
8.159
8.270
8.382

3.307
3.403
3.500
3.596
3.694

3.791
3.889
3.987
4.085
4.184

4.283
4.382
4.482
4.582
4.682

4.782
4.883
4.984
5.086
5.188

5.290
5.382
5.485
5.598
5.701

5.805
5.909
6.013
6.118
6.223

6.328
6.434
6.539
6.646
6.752

6.859
6.967
7.074
7.182
7.291

7.399
7.508
7.618
7.728
7.838

7.948
8.059
8.170
8.281
8.393

62

3.317
3.413
3.509
3.606
3.703

3.801
3.898
3.997
4.095
4.194

4.293
4,392
4.492
4,592
4.692

4,793
4.893
4.995
5.096
5.198

5.300
5.402
5.505
5.608
5.712

5.815
5.919
6.024
6.128
6.233

6.338
6.444
6.550
6.656
6.763

6.870
6.977
7.085
7.193
7.302

7.410
7.519
7.629
7.739
7.849

7.959
8.070
8.181
8.293
8.404

3.326
3.423
3.519
3.616
3.713

3.810
3.908
4.006
4,105
4.204

4.303
4.402
4.502
4.602
4.702

4.803
4,904
5.005
5.106
5.208

5.310
5.413
5.5616
5618
5.722

5.826
5.930
6.034
6.139
6.244

6.349
6.455
6.561
6.667
6.774

6.881
6.988
7.096
7.204
7.312

7.421
7.530
7.640
7.750
7.860

7.970
8.081
8.192
8.304
8.416

3.336
3.432
3.529
3.626
3.723

3.820
3.918
4.016
4.115
4.213

4.313
4.412
4.512
4.612
4.712

4.813
4.914
5.015
5.116
5.218

5.320
5.423
5.526
5.629
5.732

5.836
5.940
6.044
6.149
6.254

6.360
6.465
6.571
6.678
6.784

6.892
6.999
7.107
7.215
7.323

7.432
7.541
7.651
7.761
7.871

7.981
8.092
8.203
8.315
8.427

3.346
3.442
3.538
3.635
3.732

3.830
3.928
4.026
4125
4.223

4.323
4,422
4.522
4.622
4.722

4.823
4.924
5.025
5.127
5.228

5.331
5.433
5.536
5.639
5.743

5.846
5.950
6.055
6.160
6.265

6.370
6.476
6.582
6.688
6.795

6.902
7.010
7.117
7.226
7.334

7.443
7.552
7.662
7.772
7.882

7.992
8.103
8.214
8.326
8.438

10

3.355
3.451
3.548
3.645
3.742

3.840
3.938
4.036
4.134
4.233

4.332
4.432
4,532
4.632
4,732

4.833
4.934
5.035
5.137
5.239

5.341
5.443
5.546
5.649
5.753

5.857
5.961
6.065
6.170
6.275

6.381
6.486
6.593
6.699
6.806

6.913
7.020
7.128
7.236
7.345

7.454
7.563
7.673
7.783
7.893

8.003
8.114
8.226
8.337
8.449

10

°C

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

780
760
770
780
790

800
810
820
830
840

850
860
870
880
890

°C



°C

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

°C

8.449
8.562
8.674
8.787
8.900

9.014
9.128
9.242
9.357
9.472

9.587
9.703
9.819
9.935
10.051

10.168
10.285
10.403
10.520
10.638

10.757
10.875
10.994
11.113
11.232

11.351
11.471
11.590
11.710
11.830

11.961
12.071
12.191
12.312
12.433

12.554
12.675
12.796
12.917
13.038

13.159
13.280
13.402
13.623
13.644

13.766
13.887
14.009
14.130
14.251

TABLE 15 Type S Thermocouple — thermoelectric voltage as a functiori of

8.460
8.573
8.685
8.798
8.912

9.025
9.139
9.254
9.368
9.483

9.699
9.714
9.830
9.946
10.063

10.180
10.297
10.414
10.532
10.650

10.768
10.887
11.006
11.125
11.244

11.363
11.483
11.602
11.722
11.842

11.963
12.083
12.203
12.324
12.445

12.566
12.687
12.808
12.929
13.050

13.171
13.292
13.414
13.535
13.657

13.778
13.899
14.021
14.142
14.263

8.472
8.584
8.697
8.810
8.923

9.037
9.151
9.265
9.380
9.495

9.610
9.726
9.842
9.958
10.075

10.191
10.309
10.426
10.544
10.662

10.780
10.899
11.017
11.136
11.256

11.375
11.495
11.614
11.734
11.854

11.975
12.095
12.216
12.336
12.457

12.578
12.699
12.820
12.941
13.062

13.183
13.305
13.426
13.547
13.669

13.790
13.911
14.033
14.154
14.276

temperature (°C); reference junctions at 0 <C

3

4

5

6

7

Thermoelectric Voltage in Millivolts

8.483
8.595
8.708
8.821
8.935

9.048
9.162
8.277
9.391
9.506

9.622
9.737
9.853
9.970
10.086

10.203
10.320
10.438
10.556
10.674

10.792
10.911
11.028
11.148
11.268

11.387
11.507
11.626
11.746
11.866

11.987
12.107
12.228
12.348
12.469

12.590
12.711
12.832
12.953
13.074

13.195
13.317
13.438
13.559
13.681

13.802
13.924
14.045
14.166
14.288

8.494
8.607
8.719
8.832
8.946

9.060
9.174
9.288
9.403
9.518

9.633
9.749
9.865
9.981
10.098

10.215
10.332
10.450
10.567
10.686

10.804
10.922
11.041
11.160
11.280

11.399
11.519
11.638
11.758
11.878

11.999
12.119
12.240
12.360
12.481

12.602
12.723
12.844
12.965
13.086

13.208
13.329
13.450
13.572
13.693

13.814
13.936
14,057
14.178
14.300

8.505
8.618
8.731
8.844
8.957

9.071
9.185
9.300
9.414
8.529

9.645
9.761
9.877
9.993
10.110

10.227
10.344
10.461
10.579
10.697

10.816
10.934
11.053
11.172
11.291

11.411
11.531
11.650
11.770
11.890

12.011
12.131
12.252
12.372
12.493

12.614
12.735
12.856
12.977
13.098

13.220
13.341
13.462
13.584
13.705

13.826
13.948
14.069
14.191
14.312

63

8.517
8.629
8.742
8.855
8.969

9.082
9.197
9.311
9.426
9.541

9.656
9.772
0.888
10.006
10.121

10.238
10.356
10.473
10.591
10.709

10.828
10.946
11.065
11.184
11.303

11.423
11.542
11.662
11.782
11.902

12.023
12.143
12.264
12.384
12.505

12.626
12.747
12.868
12.989
13.111

13.232
13.353
13.474
13.596
13.717

13.839
13.960
14.081
14.203
14.324

8.528
8.640
8.753
8.866
8.980

9.094
9.208
9.323
9.437
9.652

9.668
9.784
9.900
10.016
10.133

10.250
10.367
10.485
10.603
10.721

10.839
10.958
11.077
11.196
11.315

11.435
11.554
11.674
11.794
11.914

12.035
12.155
12.276
12.397
12.517

12.638
12.759
12.880
13.001
13.123

13.244
13.365
13.487
13.608
13.729

13.851
13.972
14.094
14.215
14.336

8.539
8.652
8.765
8.878
8.991

9.105
9.219
9.334
9.449
9.564

9.680
9.795
9.911
10.028
10.145

10.262
10.379
10.497
10.615
10.733

10.851
10.970
11.089
11.208
11.327

11.447
11.566
11.686
11.806
11.926

12.047
12.167
12.288
12.409
12.529

12.650
12.771
12.892
13.014
13.135

13.256
13.377
13.499
13.620
13.742

13.863
13.984
14,106
14.227
14.348

8.550
8.663
8.776
8.889
9.003

8.117
9.231
9.345
9.460
9.576

9.691
9.807
9.923
10.040
10.156

10.273
10.391
10.509
10.626
10.745

10.863
10.982
11.101
11.220
11.339

11.459
11.578
11.698
11.818
11.939

12.059
12.179
12.300
12.421
12.542

12.662
12.783
12.905
13.026
13.147

13.268
13.390
13.511
13.632
13.754

13.875
13.996
14.118
14.239
14.360

10

8.562
8.674
8.787
8.900
9.014

9.128
9.242
9.357
9.472
9.587

9.703
9.819
9.935
10.051
10.168

10.285
10.403
10.520
10.638
10.757

10.875
10.994
11.113
11.232
11.351

11.471
11.590
11.710
11.830
11.951

12.071
12.191
12.312
12.433
12.554

12.675
12.796
12.917
13.038
13.159

13.280
13.402
13.523
13.644
13.766

13.887
14.009
14.130
14.251
14.373

10

Sec

°C

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1060
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280

,1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

°C

@) pyromalionz



A4 4

°C

°C

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

1500
1510
1520
1630
1540

1550
1560
1570
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760

°C

14.373
14.494
14.615
14.736
14.857

14.978
16.099
15.220
15.341
15.461

156.582
16.702
15.822
15.942
16.062

16.182
16.301
16.420
16.539
16.658

16.777
16.895
17.013
17.131
17.249

17.366
17.483
17.600
17.717
17.832

17.947
18.061
18.174
18.285
18.395

18.503
18.609

0

TABLE 15 Type S Thermocouple — thermoelectric voltage as a function of
temperature (°C); reference junctions at 0 <C

1 2 3 4 5 6 7 8 9
Thermoelectric Voltage in Millivolts

14,385 14.397 14.409 14.421 14.433 14.445 14457 14470 14.482
14506 14.518 14530 14.542 14.554 14.567 14.579 14.591 14.603
14.627 14.639 14651 14.664 14676 14.688 14700 14.712 14.724
14,748 14,760 14.773 14.785 14.797 14.809 14.821 14.833 14.845
14.869 14.881 14.894 14.906 14.918 14.930 14.942 14.954 14.966

14.990 15.002 15.015 15.027 15.039 15.051 15.063 15.075 15.087
15.111 15.123 15135 15.148 15,160 15.172 15.184 15.196 15.208
15.232 15.244 15256 15268 15.280 15.292 15.304 15.317 15.329
15.353 15.365 15.377 15.389 15401 15413 15.425 15.437 15.449
15.473 15485 15497 15509 15521 15534 15546 15558 15.570

15.594 15606 15618 15630 15642 15654 15666 15678 15.690
15.714 15726 15738 15750 15.762 15.774 15786 15.798 15.810
15.834 15846 15.858 15.870 15.882 15.894 15.906 15.918 15.930
15.954 150966 15978 15990 16.002 16.014 16.026 16.038 16.050
16.074 16.086 16.098 16.110 16.122 16.134 16.146 16.158 16.170

16.194 16.205 16.217 16.229 16.241 16.253 16.265 16.277 16.289
16.313 16.325 16.337 16.349 16.361 16.373 16.385 16.396 16.408
16.432 16.444 16.456 16.468 16.480 16.492 16.504 16.516 16.527
16.551 16.563 16.575 16.587 16.599 16.611 16.623 16.634 16.646
16.670 16.682 16.694 16.706 16.718 16.729 16.741 16.753 16.765

16.789 16.801 16.812 16.824 16.836 16.848 16.860 16.872 16.883
16.907 16.919 16.931 16.943 16.954 16.966 16.978 16.990 17.002
17.025 17.037 17.049 17.061 17.072 17.084 17.096 17.108 17.120
17.143 17.155 17.167 17.178 17.190 17.202 17.214 17.225 17.237
17.261 17.272 17.284 17.296 17.308 17.319 17.331 17.343 17.355

17.378 17.390 17.401 17.413 17.425 17.437 17.448 17.460 17.472
17.495 17.507 17.518 17.530 17.542 17.553 17.565 17.577 17.588
17.612 17.623 17.635 17.647 17.658 17.670 17.682 17.693 17.705
17.728 17.740 17.751 17.763 17.775 17.786 17.798 17.809 17.821
17.844 17.855 17.867 17.878 17.890 17.901 17.913 17.924 17.936

17.959 17.970 17.982 17.993 18.004 18.016 18.027 18.039 18.050
18.073 18.084 18.095 18.107 18.118 18.129 18.140 18.152 18.163
18.185 18.196 18.208 18.219 18.230 18.241 18.252 18.263 18.274
18.297 18.308 18.319 18.330 18.341 18.352 18.362 18.373 18.384
18.406 18.417 18.428 18.439 18.449 18.460 18.471 18.482 18.493

18.514 18.525 18.535 18.546 18.557 18.567 18.578 18.588 18.599
18.620 18.630 18.641 18.651 18.661 18.672 18.682 18.693
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14.494
14.615
14.736
14.857
14.978

15.099
15.220
15.341
15.461
15.582

16.702
15.822
15.942
16.062
16.182

16.301
16.420
16.539
16.658
16.777

16.895
17.013
17.131
17.249
17.366

17.483
17.600
i i T4
17.832
17.947

18.061
18.174
18.285
18.395
18.503

18.609

10

°C

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

1500
1510
1520
1530
1540

1550
1560
15670
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760

°C



°C

°C

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90
-80
-70

-50

°C

-6.258
-6.232
-6.180

-6.105
-6.007
-5.888
-5.753
-5.603

-5.439
-5.261
-5.070
-4.865
-4.648

-4.419
-4.177
-3.923
-3.657
-3.379

-3.089
-2.788
-2.476
-2.1563
-1.819

-1.475
-1.121
-0.757
-0.383

0.000

0.000
0.391
0.790
1.196
1.612

2.036
2.468
2.909
3.358
3.814

4.279
4.750
5.228
5.714
6.206

6.704
7.209
7.720
8.237
8.759

0

TABLE 17 Type T Thermocouple — thermoelectric voltage as a function of

-6.236
-6.187

-6.114
-6.017
-5.901
-5.767
-5.619

-5.456
-5.279
-5.089
-4.886
-4.671

-4.443
-4.202
-3.949
-3.684
-3.407

-3.118
-2.818
-2.507
-2.186
-1.853

-1.510
-1.167
-0.794
-0.421
-0.039

0.039
0.431
0.830
1.238
1.654

2.079
2.512
2.953
3.403
3.860

4.325
4,798
5.277
5.763
6.255

6.754
7.260
7.771
8.289
8.812

@) pyromalion

-6.239
-6.193

-6.122
-6.028
-5.914
-5.782
-5.634

-5.473
-5.297
-5.109
-4.907
-4.693

-4.466
-4.226
-3.975
-3.711
-3.435

-3.148
-2.849
-2.539
-2.218
-1.887

-1.545
-1.192
-0.830
-0.459
-0.077

0.078
0.470
0.870
1.279
1.696

2.122
2.556
2.998
3.448
3.907

4.372
4.845
5.325
5.812
6.305

6.805
7.310
7.823
8.341
8.865

3

4

5

6

temperature (C); reference junctions at 0 C
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-6.242
-6.198

-6.130
-6.038
-5.926
-5.795
-5.650

-5.489
-5.316
-5.128
-4.928
-4.715

-4.489
-4.251
-4.000
-3.738
-3.463

-3.177
-2.879
-2.571
-2.251
-1.920

-1.579
-1.228
-0.867
-0.496
-0.116

0.117
0.510
0.911
1.320
1.738

2.165
2.600
3.043
3.494
3.953

4.419
4.893
5.373
5.861
6.355

6.855
7.361
7.874
8.393
8.917

-6.245
-6.204

-6.138
-6.049
-5.938
-5.809
-5.665

-5.506
-5.334
-5.148
-4.949
-4.737

-4.512
-4.275
-4.026
-3.765
-3.491

-3.206
-2.910
-2.602
-2.283
-1.954

-1.614
-1.264
-0.904
-0.534
-0.154

0.156
0.549
0.951
1.362
1.780

2.208
2.643
3.087
3.539
3.999

4.466
4.941
5.422
5.910
6.404

6.905
7.412
7.926
8.445
8.970

-6.248
-6.209

-6.146
-6.059
-5.950
-5.823
-5.680

-5.523
-5.351
-5.167
-4.969
-4.759

-4.535
-4.300
-4.052
-3.791
-3.519

-3.235
-2.940
-2.633
-2.316
-1.987

-1.648
-1.299
-0.940
-0.571
-0.193

0.195
0.589
0.992
1.403
1.823

2.251
2.687
3.132
3.5685
4,046

4.513
4.988
5.470
5.959
6.454

6.956
7.463
7.977
8.497
9.023

72

-6.251
-6.214

-6.153
-6.068
-5.962
-5.836
-5.695

-5.539
-5.369
-5.186
-4.989
-4.780

-4.558
-4.324
-4.077
-3.818
-3.547

-3.264
-2.970
-2.664
-2.348
-2.021

-1.683
-1.335
-0.976
-0.608
-0.231

0.234
0.629
1.033
1.445
1.865

2.294
2.732
3.177
3.631
4.092

4.561
5.036
5.519
6.008
6.504

7.006
7.515
8.029
8.550
9.076

-6.253
-6.219

-6.160
-6.078
-5.973
-5.850
-5.710

-5.5565
-5.387
-5.205
-5.010
-4.802

-4.581
-4.348
-4.102
-3.844
-3.574

-3.293
-3.000
-2.695
-2.380
-2.054

-1.717
-1.370
-1.013
-0.646
-0.269

0.273
0.669
1.074
1.486
1.908

2.338
2.776
3.222
3.677
4.138

4.608
5.084
5.567
6.057
6.554

7.057
7.566
8.081
8.602
9.129

-6.255
-6.223

-6.167
-6.087
-5.985
-5.863
-5.724

-5.571
-5.404
-5.224
-5.030
-4.823

-4.604
-4.372
-4.127
-3.871
-3.602

-3.322
-3.030
-2.726
-2.412
-2.087

-1.751
-1.405
-1.049
-0.683
-0.307

0.312
0.709
1.114
1.528
1.950

2.381
2.820
3.267
3.722
4,185

4,655
5.132
5.616
6.107
6.604

7.107
7.617
8.133
8.654
9.182

-6.256
-6.228

-6.174
-6.096
-5.996
-5.876
-5.739

-5.587
-5.421
-5.242
-5.050
-4,844

-4.626
-4.395
-4.152
-3.897
-3.629

-3.350
-3.059
-2.757
-2.444
-2.120

-1.785
-1.440
-1.085
-0.720
-0.345

0.352
0.749
1.1585
1.570
1.993

2.425
2.864
3.312
3.768
4.232

4.702
5.180
5.665
6.156
6.654

7.158
7.668
8.185
8.707
9.235

10

-6.258
-6.232

-6.180
-6.105
-6.007
-5.888
-5.753

-5.603
-5.439
-5.261
-5.070
-4.865

-4.648
-4.419
-4.177
-3.923
-3.657

-3.379
-3.089
-2.788
-2.476
-2.163

-1.819
-1.475
-1.121
-0.757
-0.383

0.391
0.790
1.196
1.612
2.036

2.468
2.909
3.358
3.814
4,279

4,750
5.228
5.714
6.206
6.704

7.209
7.720
8.237
8.759
9.288

10

°C

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90

-50

°C



°C

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400

°C

9.288
9.822
10.362
10.907
11.458

12.013
12.574
13.139
13.709
14.283

14.862
16.445
16.032
16.624
17.219

17.819
18.422
19.030
19.641
20.255

20.872

TABLE 17 Type T Thermocouple — thermoelectric voltage as a function of

9.341
9.876
10.417
10.962
11.513

12.069
12.630
13.196
13.766
14.341

14.920
15.503
16.091
16.683
17.279

17.879
18.483
19.091
19.702
20.317

9.395
9.930
10.471
11.017
11.569

12.125
12.687
13.253
13.823
14.399

14.978
15.562
16.150
16.742
17.339

17.939
18.543
19.162
19.763
20.378

3

4

5

6

temperature (°C); reference junctions at 0 °C
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9.448
9.984
10.525
11.072
11.624

12.181
12.743
13.310
13.881
14.456

15.036
15.621
16.209
16.802
17.399

17.999
18.604
19.213
19.825
20.440

9.501
10.038
10.580
11.127
11.680

12.237
12.799
13.366
13.938
14.514

16.095
15.679
16.268
16.861
17.458

18.060
18.665
19.274
19.886
20.502

9.555
10.092
10.634
11.182
11,735

12.293
12.856
13.423
13.995
14.572

15.153
15.738
16.327
16.921
17.518

18.120
18.725
19.335
19.947
20.563

73

9.608
10.146
10.689
11.237
11.791

12.349
12.912
13.480
14.063
14.630

15.211
16.797
16.387
16.980
17.578

18.180
18.786
19.396
20.009
20.625

9.662
10.200
10.743
11.292
11.846

12.406
12.969
13.537
14.110
14.688

16.270
15.856
16.446
17.040
17.638

18.241
18.847
19.457
20.070
20.687

9.715
10.254
10.798
11.347
11.902

12.461
13.026
13.595
14.168
14,746

15.328
15.914
16.505
17.100
17.698

18.301
18.908
19.5618
20.132
20.748

9.769
10.308
10.853
11.403
11.958

12.518
13.082
13.652
14.226
14.804

15.386
15.973
16.564
17.169
17.769

18.362
18.969
19.579
20.193
20.810

10

9.822
10.362
10.907
11.458
12.013

12.574
13.139
13.709
14.283
14.862

15.445
16.032
16.624
17.219
17.819

18.422
19.030
19.641
20.255
20.872

10

TecC

°c

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400

°C
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10

30
40

50
60
70
80

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430

450
460
470
480
490

°Cc

0.000
0.135
0.273
0.413
0.555

0.699
0.846
0.994
1.145
1.297

1.451
1.608
1.766
1.926
2.087

2.251
2.415
2.582
2.750
2.919

3.090
3.262
3.436
3.610
3.786

3.963
4.141
4.321
4.501
4.682

4.865
5.048
5.232
5.417
5.603

5.789
5.976
6.164
6.353
6.542

6.732
6.922
7.113
7.306
7.497

7.689
7.882
8.075
8.269
8.463

TABLE 21 Type C Thermocouple— thermoelectric voltage as a function of
temperature (°C); reference junctions at 0 <C

0.013
0.149
0.287
0.427
0.569

0.714
0.860
1.009
1.160
1.312

1.467
1.624
1.782
1.942
2.104

2.267
2.432
2.599
2.767
2.936

3.107
3.279
3.453
3.628
3.804

3.981
4.159
4.339
4.519
4.701

4.883
5.066
5.250
5.435
5.621

5.808
5.995
6.183
6.372
6.561

6.751
6.941
7.132
7.324
7.516

7.708
7.901
8.095
8.288
8.482

0.027
0.163
0.301
0.441
0.583

0.728
0.875
1.024
1.175
1.328

1.483
1.639
1.798
1.958
2.120

2.283
2.449
2.615
2,784
2.953

3.124
3.297
3.470
3.645
3.821

3.999
4.177
4.357
4.537
4,719

4.901
5.085
5.269
5.454
5.640

5.827
6.014
6.202
6.391
6.580

6.770
6.961
7.162
7.343
7.535

7.728
7.921
8.114
8.308
8.502

3

4

5

6
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0.040
0.176
0.315
0.455
0.598

0.743
0.890
1.039
1.190
1.343

1.498
1.655
1.814
1.974
2.136

2.300
2.465
2.632
2.800
2.970

3.141
3.314
3.488
3.663
3.839

4.017
4.195
4.375
4.555
4.737

4.920
5.103
5.287
5.473
5.658

5.845
6.033
6.221
6.410
6.599

6.789
6.980
7.171
7.362
7.554

7.747
7.940
8.133
8.327
8.521

0.054
0.190
0.329
0.469
0.612

0.757
0.905
1.054
1.205
1.359

1.514
1.671
1.830
1.990
2.152

2.316
2.482
2.649
2.817
2.987

3.159
3.331
3.505
3.680
3.857

4.034
4.213
4.393
4.573
4.755

4.938
5.121
5.306
5.491
5.877

5.864
6.051
6.240
6.429
6.618

6.808
6.999
7.190
7.382
7.574

7.766
7.959
8.153
8.346
8.540

0.067
0.204
0.342
0.483
0.627

0772
0.920
1.069
1.221
1.374

1.529
1.687
1.846
2.006
2.169

2.333
2.498
2.666
2.834
3.004

3.176
3.349
3.523
3.698
3.875

4.052
4.231
4.411
4.592
4.773

4.956
5.140
5.324
5.510
5.696

5.883
6.070
6.259
6.447
6.637

6.827
7.018
7.209
7.401
7.583

7.786
7.979
8.172
8.366
8.560

77

0.081
0.218
0.356
0.498
0.641

0.787
0.934
1.084
1.236
1.389

1.545
1.702
1.862
2.023
2.185

2.349
2.515
2.682
2.851
3.021

3.193
3.366
3.540
3.716
3.892

4.070
4.249
4.429
4.610
4,792

4.974
5.158
5.343
5.5628
5.714

5.901
6.089
6.277
6.466
6.656

6.846
7.037
7.228
7.420
7.612

7.805
7.998
8.191
8.385
8.579

0.094
0.231
0.370
0.512
0.656

0.801
0.949
1.099
1.251
1.405

1.561
1.718
1.878
2.039
2.201

2.366
2.532
2.699
2.868
3.039

3.210
3.383
3.558
3.733
3.910

4.088
4.267
4.447
4.628
4,810

4.993
5177
5.361
5.547
5.733

5.920
6.108
6.296
6.485
6.675

6.865
7.056
7.247
7.439
7.631

7.824
8.017
8.211
8.404
8.599

0.108
0.245
0.385
0.526
0.670

0.816
0.964
1.114
1.266
1.420

1.576
1.734
1.894
2.055
2.218

2.382
2.548
2.716
2.885
3.056

3.228
3.401
3.575
3.751
3.928

4.106
4.285
4.465
4.646
4.828

5.011
5.195
5.380
5.565
5.752

5.939
6.127
6.315
6.504
6.694

6.884
7.075
7.267
7.458
7.651

7.843
8.037
8.230
8.424
8.618

0.122
0.259
0.399
0.540
0.685

0.831
0.979
1.129
1.282
1.436

1.692
1.750
1.910
2.071
2.234

2.399
2.565
2.733
2.902
3.073

3.245
3.418
3.693
3.768
3.945

4.124
4.303
4.483
4.664
4.846

5.030
5.214
5.398
5.584
5.770

5.958
6.145
6.334
6.523
6.713

6.903
7.094
7.286
7.478
7.670

7.863
8.056
8.249
8.443
8.637

9

10

0.135
0.273
0.413
0.555
0.699

0.846
0.994
1.145
1.297
1.451

1.608
1.766
1.926
2.087
2.251

2.415
2.582
2.750
2.919
3.090

3.262
3.436
3.610
3.786
3.963

4.141
4.321
4.501
4,682
4.865

5.048
5.232
5.417
5.603
5.789

5.976
6.164
6.353
6.542
6.732

6.922
7.113
7.305
7.497
7.689

7.882
8.075
8.269
8.463
8.657

10

C-c

°C

10
20
30
40

50
60
70
80
90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

oG
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2
»°C

°C

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

°C

8.657
8.851
9.046
9.241
9.436

9.631
9.827
10.022
10.218
10.413

10.609
10.804
10.999
11.195
11.390

11.585
11.780
11.974
12.169
12.364

12.559
12.753
12.947
13.141
13.335

13.529
13.728
13.916
14.109
14.301

14.494
14.686
14.878
15.069
15.260

15.451
15.641
156.831
16.021
16.210

16.398
16.587
16.775
16.962
17.149

17.335
17.521
17.707
17.892
18.076

0

TABLE 21 Type C Thermocouple — thermoelectric voltage as a function of
temperature (°C); reference junctions at 0 <C

8.676
8.871
9.066
9.261
9.456

9.651
9.846
10.042
10.237
10.433

10.628
10.824
11.019
11.214
11.409

11.604
11.799
11.994
12.189
12.383

12.578
12.772
12.967
13.161
13.355

13.548
13.742
13.935
14.128
14.321

14.513
14.705
14.897
15.088
15.279

15.470
15.660
16.850
16.040
16.229

16.417
16.606
16.793
16.981
17.167

17.354
17.540
17.725
17.910
18.095

) puromationz

8.696
8.890
9.085
9.280
9.475

9.670
9.866
10.061
10.257
10.452

10.648
10.843
11.038
11.234
11.429

11.624
11.818
12.013
12.208
12.403

12.597
12.792
12.986
13.180
13.374

13.568
13.761
13.954
14.147
14.340

14.532
14.724
14.916
15.107
16.298

15.489
15.679
15.869
16.058
16.248

16.436
16.624
16.812
16.999
17.186

17.373
17.558
17.744
17.929
18.113

3

4

5

6
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8.715
8.910
9.105
9.300
9.495

9.690
9.885
10.081
10.276
10.472

10.667
10.863
11.058
11.253
11.448

11.643
11.838
12.033
12.228
12.422

12.617
12.811
13.006
13.200
13.393

13.587
13.781
13.974
14.167
14.359

14.551
14.743
14.935
15.126
16.317

15.508
15.698
15.888
16.077
16.266

16.455
16.643
16.831
17.018
17.205

17.391
17.577
17.762
17.947
18.131

8.735
8.929
9.124
9.319
9.514

9.710
9.905
10.100
10.286
10.491

10.687
10.882
11.077
11.273
11.468

11.663
11.857
12.052
12.247
12.442

12.636
12.831
13.025
13.219
13.413

13.606
13.800
13.993
14.186
14.378

14.571
14,763
14.954
15.146
15.336

15.527
15.717
15.907
16.096
16.285

16.474
16.662
16.850
17.037
17.223

17.410
17.595
17.781
17.966
18.150

8.754
8.949
9.144
9.339
9.534

9.729
9.925
10.120
10.316
10.511

10.706
10.902
11.097
11.292
11.487

11.682
11.877
12.072
12.267
12.461

12.656
12.850
13.044
13.238
13.432

13.626
13.819
14.012
14.205
14.398

14.590
14.782
14.973
15.165
15.356

15.546
15.736
15.926
16.115
16.304

16.493
16.681
16.868
17.055
17.242

17.428
17.614
17.799
17.984
18.168

78

8.774
8.968
9.163
9.358
9.563

9.749
9.944
10.140
10.335
10.531

10.726
10.921
11417
11.312
11.507

11702
11.896
12.091
12.286
12.481

12.675
12.870
13.064
13.258
13.452

13.645
13.839
14.032
14.224
14.417

14.609
14.801
14.993
15.184
15.375

15.565
15.755
15.945
16.134
16.323

16.511
16.699
16.887
17.074
17.261

17.447
17.633
17.818
18.002
18.187

8.793
8.988
9.183
9.378
9.573

9.768
9.964
10.159
10.355
10.550

10.746
10.941
11.136
11.331
11.626

11.721
11.916
12.111
12.306
12.500

12.695
12.889
13.083
13.277
13.471

13.665
13.858
14.051
14.244
14.436

14.628
14.820
15.012
15.203
16.394

15.584
15.774
15.964
16.153
16.342

16.530
16.718
16.906
17.093
17.279

17.465
17.651
17.836
18.021
18.205

8.812
9.007
9.202
9.397
9.592

9.788
9.983
10.179
10.374
10.570

10.765
10.960
11.156
11.351
11.546

11.741
11.935
12.130
12.325
12.520

12.714
12.908
13.103
13.297
13.490

13.684
13.877
14.070
14.263
14.455

14.647
14.839
15.031
16.222
16.413

15.603
16.793
15.983
16.172
16.361

16.549
16.737
16.924
17.111
17.298

17.484
17.670
17.855
18.039
18.223

8.832
9.027
9.222
9.417
9.612

9.807
10.003
10.198
10.394
10.589

10.785
10.980
11.175
11.370
11.565

11.760
11.955
12.150
12.344
12.539

12.734
12.928
13.122
13.316
13.510

13.703
13.896
14.089
14.282
14.475

14.667
14.858
15.050
15.241
15.432

15.622
15.812
16.002
16.191
16.380

16.568
16.756
16.943
17.130
17.317

17.503
17.688
17.873
18.058
18.242

10

8.851
9.046
9.241
9.436
9.631

9.827
10.022
10.218
10.413
10.609

10.804
10.999
11.185
11.390
11.585

11.780
11.974
12.169
12.364
12.559

12.753
12.947
13.141
13.335
13.529

13.723
13.916
14.109
14.301
14.494

14.686
14.878
15.069
15.260
15.451

15.641
15.831
16.021
16.210
16.398

16.587
16.775
16.962
17.149
17.335

17.521
17.707
17.892
18.076
18.260

10

°C

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

°C



°C

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

°C

18.260
18.444
18.627
18.809
18.991

19.172
19.363
19.533
19.713
19.892

20.071
20.249
20.426
20.603
20.779

20.955
21.130
21.305
21.479
21.652

21.825
21.997
22.169
22.340
22.510

22.680
22.849
23.018
23.186
23.353

23.520
23.686
23.852
24.017
24.181

24.345
24.508
24,671
24.833
24.994

25,155
25.315
25.475
25.633
25.792

25.949
26.107
26.263
26.419
26.574

TABLE 21 Type C Thermocouple — thermoelectric voltage as a function of

18.279
18.462
18.645
18.827
19.009

19.190
19.371
19.551
19.731
19.910

20.089
20.267
20.444
20.621
20.797

20.973
21.148
21.322
21.496
21.670

21.842
22.014
22.186
22.357
22.527

22.697
22.866
23.035
23.203
23.370

23.537
23.703
23.868
24.033
24.198

24.361
24.524
24 687
24.849
25.010

25.171
25.331
25.490
25.648
25,808

25.965
26.122
26.279
26.435
26.590

18.297
18.480
18.663
18.845
19.027

19.208
19.389
19.569
19.749
19.928

20.106
20.284
20.462
20.638
20.815

20.990
21.165
21.340
21.514
21.687

21.859
22.032
22.203
22.374
22.544

22.714
22.883
23.052
23.219
23.387

23.553
23.719
23.885
24,050
24.214

24.378
24.541
24.703
24.865
25.026

25.187
25.347
25.506
25.665
25.823

25.981
26.138
26.294
26.450
26.605

3

4

5

6

temperature (°C); reference junctions at 0 °C

7
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18.315
18.499
18.681
18.864
19.045

18.227
19.407
19.587
19.767
19.946

20.124
20.302
20.479
20.656
20.832

21.008
21.183
21.357
21.531
21.704

21.877
22.049
22.220
22.391
22.561

22.731
22.900
23.068
23.236
23.403

23.570
23.736
23.901
24.066
24.230

24,394
24,557
24,719
24,881
25.042

25.203
25.363
25.522
25.681
25.839

25.997
26.154
26.310
26.466
26.621

18.334
18.517
18.700
18.882
19.064

19.245
19.425
19.605
19.785
19.964

20.142
20.320
20.497
20.674
20.850

21.025
21.200
21.375
21.548
21.721

21.894
22.066
22.237
22.408
22.578

22,748
22.917
23.085
23.253
23.420

23.587
23.753
23.918
24.083
24.247

24.410
24,573
24.736
24,897
25.058

25.219
25.379
25.538
25.697
25.855

26.012
26.169
26.326
26.481
26.636

18.352
18.535
18.718
18.900
19.082

19.263
19.443
19.623
19.803
19.982

20.160
20.338
20.515
20.691
20.867

21.043
21.218
21.392
21.566
21.739

21.911
22.083
22.254
22.425
22.595

22.765
22,934
23.102
23.270
23.437

23.603
23.769
23.934
24.099
24.263

24.427
24.590
24.752
24913
25.075

25.235
25.395
25.554
25.713
25.871

26.028
26.185
26.341
26.497
26.652

79

18.370
18.553
18.736
18.918
19.100

19.281
19.461
19.641
19.821
19.999

20.178
20.355
20.532
20.709
20.885

21.060
21.235
21.409
21.583
21.756

21.928
22.100
22.271
22.442
22.612

22.782
22.950
23.119
23.286
23.453

23.620
23.786
23.951
24,116
24.280

24.443
24.606
24.768
24.930
25.091

25.251
25.411
25.570
25.729
25.886

26.044
26.201
26.357
26.512
26.667

18.389
18.572
18.754
18.936
19.118

19.299
19.479
19.659
19.839
20.017

20.195
20.373
20.550
20.727
20.902

21.078
21.253
21.427
21.600
21.773

21.946
22117
22.289
22.459
22.629

22.799
22.967
23.136
23.303
23.470

23.636
23.802
23.967
24,132
24.296

24.459
24.622
24,784
24,946
25.107

25.267
25.427
25.586
25.744
25.902

26.060
26.216
26.372
26.528
26.683

18.407
18.590
18.773
18.955
19.136

19.317
19.497
19.677
19.856
20.035

20.213
20.391
20.568
20.744
20.920

21.095
21.270
21.444
21.618
21.790

21.963
22.135
22.306
22.476
22.646

22.815
22.984
23.152
23.320
23.487

23.653
23.819
23.984
24.148
24.312

24.476
24.638
24.800
24.962
25123

25.283
25.443
25.602
25.760
25.918

26.075
26.232
26.388
26.543
26.698

18.425
18.608
18.791
18.973
19.154

19.335
19.515
19.695
19.874
20.053

20.231
20.409
20.585
20.762
20.938

21.113
21.287
21.461
21.635
21.808

21.980
22,152
22.323
22.493
22.663

22.832
23.001
23.169
23.337
23.503

23.670
23.835
24.000
24.165
24.329

24.492
24.655
24817
24,978
25.139

25.299
25.459
25.618
25.776
25,934

26.091
26.248
26.403
26.559
26.714

10

18.444
18.627
18.809
18.991
19.172

19.363
19.533
19.713
19.892
20.071

20.249
20.426
20.603
20.779
20.955

21.130
21.305
21.479
21.652
21.825

21.997
22.169
22.340
22.510
22,680

22.849
23.018
23.186
23.353
23.520

23.686
23.852
24.017
24,181
24.345

24.508
24.671
24,833
24.994
25.155

25.3156
25.475
25.633
25.792
25.949

26.107
26.263
26.419
26.574
26.729

10

Cec

°C

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1160
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

°C

@ pyromalionz



v°C

°C

1500
1510
1520
15630
1540

15650
1560
1570
1680
1690

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760
1770
1780
1790

1800
1810
1820
1830
1840

1850
1860
1870
1880
1890

1900
1910
1920
1930
1940

1950
1960
1970
1980
1990

°C

26.729
26.883
27.037
27.190
27.342

27.493
27.645
27.795
27.945
28.094

28.243
28.391
28.538
28.685
28.831

28.977
29.122
29.266
29.410
29.553

29.696
20.838
29.979
30.120
30.260

30.399
30.538
30.676
30.813
30.950

31.087
31.222
31.357
31.491
31.625

31.758
31.890
32.022
32.153
32.283

32.413
32.542
32.670
32.797
32.924

33.050
33.175
33.300
33.424
33.547

0

TABLE 21 Type C Thermocouple — thermoelectric voltage as a function of

26.744
26.899
27.052
27.205
27.357

27.509
27.660
27.810
27.960
28.109

28.258
28.406
28.553
28.700
28.846

28.991
29.136
29.281
29.424
29.567

29.710
29.852
29.993
30.134
30.274

30.413
30.552
30.690
30.827
30.964

31.100
31.236
31.371
31.505
31.638

31.771
31.903
32.035
32.166
32,296

32.426
32.554
32.683
32.810
32.937

33.063
33.188
33.312
33.436
33.559

@) pyromations

26.760
26.914
27.067
27.220
27.372

27.524
27.675
27.825
27.975
28.124

28.272
28.420
28.568
28.714
28.860

29.006
29.151
29.295
29.439
29.582

29.724
29.866
30.007
30.148
30.288

30.427
30.565
30.704
30.841
30.978

31.114
31.249
31.384
31.518
31.652

31.784
31.917
32.048
32.179
32.309

32.439
32.567
32.695
32.823
32.949

33.075
33.200
33.325
33.448
33.571

3

4

5

6

temperature (°C); reference junctions at 0 °C
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26.775
26.929
27.083
27.235
27.387

27.539
27.690
27.840
27.990
28.139

28.287
28.435
28.582
28.729
28.875

29.020
29.165
29.309
29.453
29.596

29.738
29.880
30.021
30.162
30.302

30.441
30.579
30.717
30.855
30.991

31.127
31.263
31.397
31.532
31.665

31.798
31.930
32.061
32.192
32.322

32.451
32.580
32.708
32.835
32.962

33.088
33.213
33.337
33.461
33.584

26.791
26.945
27.098
27.250
27.403

27.554

27.705

27.855
28.005
28.154

28.302
28.450
28.597
28.744
28.890

29.035
29.180
29.324
20.467
29.610

29.753
20.894
30.035
30.176
30.315

30.455
30.593
30.731
30.868
31.005

31.141
31.276
31.411
31.545
31.678

31.811
31.943
32.074
32.205
32.336

32.464
32.593
32.721
32.848
32.974

33.100
33.225
33.350
33.473
33.596

26.806
26.960
27.113
27.266
27.418

27.569
27.720
27.870
28.020
28.169

28.317
28.465
28.612
28.758
28.904

29.049
29.194
29.338
29.482
29.625

29.767
29.908
30.049
30.190
30.329

30.469
30.607
30.745
30.882
31.019

31.154
31.290
31.424
31.558
31.692

31.824
31.956
32.087
32.218
32.348

32.477
32.606
32.734
32.861
32.987

33.113
33.238
33.362
33.485
33.608

80

26.822
26.975
27128
27.281
27.433

27.584
27.735
27.885
28.034
28.183

28.332
28.479
28.626
28.773
28.919

29.064
29.209
29.353
29.496
29.639

29.781
20.922
30.063
30.204
30.343

30.482
30.621
30.759
30.896
31.032

31.168
31.303
31.438
31.572
31.705

31.837
31.969
32.101
32.231
32.361

32.490
32.619
32.746
32.873
33.000

33.125
33.250
33.374
33.498
33.620

26.837
26.991
27.144
27.296
27.448

27.599
27.750
27.900
28.049
28.198

28.346
28.494
28.641
28.787
28.933

29.078
29.223
29.367
29.510
29.653

29.795
29.937
30.077
30.218
30.357

30.496
30.635
30.772
30.909
31.046

31.182
31.317
31.451
31.585
31.718

31.851
31.982
32.114
32.244
32.374

32.503
32.631
32.759
32.886
33.012

33.138
33.263
33.387
33.510
33.632

26.852
27.006
27.159
27.311
27.463

27.614
27.765
27.915
28.064
28.213

28.361
28.509
28.656
28.802
28.948

29.093
29.237
29.381
29.525
29.667

29.809
29.951
30.091
30.232
30.371

30.510
30.648
30.786
30.923
31.059

31.195
31.330
31.465
31.598
31.731

31.864
31.996
32.127
32.257
32,387

32.516
32.644
32.772
32.899
33.025

33.150
33.275
33.399
33.522
33.645

26.868
27.021
27.174
27.327
27.478

27.629
27.780
27.930
28.079
28.228

28.376
28.524
28.670
28.817
28.962

29.107
29.252
29.396
29.539
29.681

29.823
29.965
30.106
30.246
30.385

30.524
30.662
30.800
30.937
31.073

31.209
31.344
31.478
31.612
31.745

31.877
32.009
32.140
32.270
32.400

32,529
32.657
32.784
32.911
33.037

33.163
33.287
33.411
33.535
33.657

10

26.883
27.037
27.190
27.342
27.493

27.645
27.795
27.945
28.094
28.243

28.391
28.538
28.685
28.831
28.977

20.122
29.266
29.410
29.553
29.696

29.838
29.979
30.120
30.260
30.399

30.538
30.676
30.813
30.950
31.087

31.222
31.357
31.491
31.625
31.758

31.890
32.022
32.1563
32.283
32.413

32.542
32.670
32.797
32.924
33.050

33.175
33.300
33.424
33.547
33.669

10

°C

1500
1510
1520
1530
1540

1550
1560
1570
1680
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760
1770
1780
1790

1800
1810
1820
1830
1840

1850
1860
1870
1880
1890

1900
1910
1920
1930
1940

1950
1960
1970
1980
1990

°C



9€%G

2000
2010
2020
2030
2040

2050
2060
2070
2080
2090

2100
2110
2120
2130
2140

2150
2160
2170
2180
2190

2200
2210
2220
2230
2240

2250
2260
2270
2280
2290

2300
2310

°C

33.669
33.791
33.911
34.031
34.151

34.269
34.387
34.503
34.619
34.734

34.849
34.962
35.074
35.186
35.296

35.406
35.515
35.623
35.730
35.836

35.940
36.044
36.147
36.249
36.350

36.449
36.548
36.645
36.742
36.837

36.931
37.024

TABLE 21 Type C Thermocouple — thermoelectric voltage as a function of

33.681
33.803
33.923
34.043
34.163

34.281
34.398
34.515
34.631
34.746

34.860
34.973
35.085
35.197
35.307

35.417
35.526
35.634
35.740
35.846

35.951
36.055
36.157
36.259
36.360

36.459
36.558
36.655
36.751
36.846

36.940
37.033

33.693
33.815
33.936
34.065
34.174

34.293
34.410
34.527
34.642
34.757

34.871
34.984
35.097
35.208
35.318

35.428
36.637
35.644
35.751
35.857

35.961
36.065
36.168
36.269
36.370

36.469
36.568
36.665
36.761
36.856

36.950
37.042

3

4

5

6

temperature (°C); reference junctions at 0 C

7

Thermoelectric Voltage in Millivolts

33.706
33.827
33.948
34.067
34.186

34.304
34.422
34.538
34.654
34.769

34.883
34.996
35.108
35.219
35.329

35.439
35.547
35.655
35.762
35.867

35.972
36.075
36.178
36.279
36.380

36.479
36.577
36.675
36.771
36.865

36.959
37.051

33.718
33.839
33.960
34.079
34.198

34.316
34.433
34.550
34.665
34.780

34.894
35.007
35.119
35.230
35.340

35.450
35.558
35.666
36.772
35.878

35.982
36.086
36.188
36.289
36.390

36.489
36.587
36.684
36.780
36.875

36.968
37.061

33.730
33.851
33.972
34.091
34.210

34.328
34.445
34.561
34.677
34.792

34.905
35.018
35.130
35.241
35.351

35.461
35.569
35.676
35.783
35.888

35.993
36.096
36.198
36.300
36.400

36.499
36.597
36.694
36.790
36.884

36.978
37.070

81

33.742
33.863
33.984
34.103
34.222

34.340
34.457
34.573
34.688
34.803

34.917
35.029
35.141
35.252
35.362

35.472
35.580
35.687
35.793
35.899

36.003
36.106
36.208
36.310
36.410

36.509
36.607
36.703
36.799
36.894

36.987

33.754
33.875
33.996
34,115
34.234

34.351
34,468
34.585
34,700
34.814

34.928
35.041
35.152
35.263
35.373

35.482
35.591
35.698
35.804
35.909

36.013
36.116
36.219
36.320
36.420

36.519
36.616
36.713
36.809
36.903

36.996

33.766
33.887
34.008
34.127
34.245

34.363
34.480
34.596
34.711
34.826

34.939
35.052
35.164
35.274
35.384

35.493
35.601
35.708
35.814
35.920

36.024
36.127
36.229
36.330
36.430

36.528
36.626
36.723
36.818
36.912

37.005

33.779
33.899
34.019
34.139
34.257

34.375
34.492
34.608
34,723
34.837

34,951
35.063
35.175
35.285
35.395

35.504
35.612
35.719
35.825
35.930

36.034
36.137
36.239
36.340
36.440

36.538
36.636
36.732
36.828
36.922

37.015

10

33.791
33.911
34.031
34.151
34.269

34.387
34.503
34.619
34.734
34.849

34.962
35.074
35.186
35.296
35.406

35.515
35.623
35.730
35.836
35.940

36.044
36.147
36.249
36.350
36.449

36.548
36.645
36.742
36.837
36.931

37.024

10

C-c

°C

2000
2010
2020
2030
2040

2050
2060
2070
2080
2090

2100
2110
2120
2130
2140

2150
2160
2170
2180
2190

2200
2210
2220
2230
2240

2250
2260
2270
2280
2290

2300

°C

@ pyromalion
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DS1820

DALLAS

SEMICONDUCTOR

DS1820
1—Wire ™ Digital Thermometer

FEATURES

e Unique 1-Wire™ interface requires only one port pin
for communication

e Multidrop capability simplifies distributed temperature
sensing applications

* Requires no external components
e Can be powered from data line
® Zero standby power required

e Measures temperatures from -55°C to +125°C in
0.5°C increments. Fahrenheit equivalent is —67°F to
+257°F in 0.9°F increments

e Temperature is read as a 9-bit digital value.
e Converts temperature to digital word in 200 ms (typ.)

e User—definable, nonvolatile temperature alarm set-
tings

e Alarm search command identifies and addresses
devices whose temperature is outside of pro-
grammed limits (temperature alarm condition)

¢ Applications include thermostatic controls, industrial
systems, consumer products, thermometers, or any
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9-bit tem-
perature readings which indicate the temperature of the
device.

Information is sent to/from the DS1820 over a 1-Wire
interface, so that only one wire (and ground) needs to be
connected from a central microprocessorto a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source.

PIN ASSIGNMENT

BOTTOM VIEW
NC —— 1 15 — NC
NG = 2 15 = NC
NC = 3 14 = NC
NG = 4 13 = NC
NG5 12 = NC
NG = 6 1 = NC
U UL VDD = 7 10 = NC
°88 DQ = 8 8 = GND
5SS
DS1820 DS18208
PR35 PACKAGE 16-FIN SSOP

See Mech. Drawings See Mech. Drawings
Section Section

PIN DESCRIPTION

GND — Ground

DQ — Data In/Out
Vop — Optional Vpp
NC — No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and control.

DnluSumbondthotpombon.
t information regarding
property rights, please refer to
data books.

B“""’

021497 1/27
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DETAILED PIN DESCRIPTION

PIN PIN
16—-PIN SSOP PR35 | SYMBOL DESCRIPTION
9 1 GND Ground.
8 2 DQ Data Input/QOutput pin. For 1-Wire operation: Open drain. (See
“Parasite Power” section.)
7 3 Voo Optional Vpp pin. See “Parasite Power” section for details of
connection.

DS1820S (16—pin SSOP): All pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
components: 1) 64-bit lasered ROM, 2) temperature
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives its power from the
1-Wire communication line by storing energy on an
internal capacitor during periods of time when the signal
line is high and continues to operate off this power
source during the low times of the 1-Wire line until it
returns high to replenish the parasite (capacitor) supply.
As an alternative, the DS1820 may also be powered
from an external 5 volts supply.

Communication to the DS1820is via a 1-Wire port. With
the 1-Wire port, the memory and control functions will
not be available before the ROM function protocol has
been established. The master must first provide one of
five ROM function commands: 1) Read ROM, 2) Match
ROM, 3) Search ROM, 4) Skip ROM, or 5) Alarm
Search. These commands operate on the 64-bit
lasered ROM portion of each device and can single out

DS1820 BLOCK DIAGRAM Figure 1

a specific device if many are present on the 1-Wire line
as well as indicate to the Bus Master how many and
what types of devices are present. Aftera ROM function
sequence has been successfully executed, the memory
and control functions are accessible and the master
may then provide any one of the six memory and control
function commands.

One control function command instructs the DS1820 to
perform a temperature measurement. The result of this
measurement will be placed in the DS1820's scratch-
pad memory, and may be read by issuing a memory
function command which reads the contents of the
scratchpad memory. The temperature alarm triggers
TH and TL consist of one byte EEPROM each. If the
alarm search command is not applied to the DS1820,
these registers may be used as general purpose user
memory. Writing TH and TL is done using a memory
function command. Read access to these registers is
through the scratchpad. All data is read and written
least significant bit first.

DQ 64-BIT ROM
AND
1-WIRE PORT

INTERNAL Vpp

POWER

Voo SUPPLY -
SENSE

MEMORY AND
CONTROL LOGIC
n TEMPERATURE SENSOR
SCRATCHPAD
> HIGH TEMPERATURE
TRIGGER, TH
] . LOW TEMPERATURE
TRIGGER, TL
8-BIT CRC
GENERATOR
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PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power whenever the
I/ or Vpp pins are high. I/0 will provide sufficient power
as long as the specified timing and voltage require-
ments are met (see the section titled “1-Wire Bus Sys-
tem”). The advantages of parasite power are two—fold:
1) by parasiting off this pin, no local power source is
needed for remote sensing of temperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS1820 to be able to perform accurate
temperature conversions, sufficient power must be pro-
vided overthe |/O line when a temperature conversionis
taking place. Since the operating current of the DS1820
is up to 1 mA, the I/O line will not have sufficient drive
due to the 5K pull-up resistor. This problem is particu-
larly acute if several DS1820's are on the same I/O and
attempting to convert simultaneously.

There are two ways to assure thatthe DS1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the I/O line
whenever temperature conversions or copies to the E2
memory are taking place. This may be accomplished by
using a MOSFET to pull the I/O line directly to the power
supply as shown in Figure 2. The I/O line must be
switched over to the strong pull—up within 10 ps maxi-
mum after issuing any protocol that involves copying to
the E2 memory or initiates temperature conversions.
When using the parasite power mode, the Vpp pin must
be tied to ground.

Another method of supplying current to the DS1820 is
through the use of an external power supply tied to the

Vpp pin, as shown in Figure 3. The advantage fo this is
thatthe strong pull-up is notrequired on the I/O line, and
the bus master need not be tied up holding that line high
during temperature conversions. This allows other data
traffic on the 1—Wire bus during the conversion time. In
addition, any numberof DS1820's may be placed on the
1-Wire bus, and if they all use external power, they may
all simultaneously perform temperature conversions by
issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the external
power supply is active, the GND pin may not be floating.

The use of parasite power is not recommended above
100°C, since it may not be able to sustain communica-
tions given the higher leakage currents the DS1820
exhibits at these temperatures. For applications in
which such temperatures are likely, it is strongly recom-
mended that Vpp be applied to the DS1820.

For situations where the bus master does not know
whether the DS1820’s on the bus are parasite powered
or supplied with external Vpp, a provision is made in the
DS1820 to signal the power supply scheme used. The
bus master can determine if any DS1820's are on the
bus which require the strong pull-up by sending a Skip
ROM protocol, then issuing the read power supply com-
mand. After this command is issued, the master then
issues read time slots. The DS1820 will send back “0”
on the 1-Wire bus if it is parasite powered,; it will send
back a “1”if it is powered from the Vpp pin. If the master
receives a “0", it knows that it must supply the strong
pull-up on the I/O line during temperature conversions.
See “Memory Command Functions” section for more
detail on this command protocol.

STRONG PULL-UP FOR SUPPLYING DS1820 DURING TEMPERATURE CONVERSION Figure 2

+5V

DS§1820

47K
uP

dL.

Voo

J. euoé
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER 1-WIRE

+5V

47K

DEVICES
DS1820

V
! B0 ) exXTERNAL +5V SUPPLY

110

OPERATION - MEASURING TEMPERATURE
The DS1820 measures temperature through the use of
an on-board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 4.

The DS1820 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
sponds to —55°C. If the counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the —55°C value, is incremented, indicat-
ing that the temperature is higher than -55°C.

Atthe same time, the counter is then preset with a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
non-linear behavior of the oscillators over temperature,
yielding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
degree in temperature. To obtain the desired resolution,
therefore, both the value of the counter and the number
of counts per degree C (the value of the slope accumu-
lator) at a given temperature must be known.

Internally, this calculation is done inside the DS1820 to
provide 0.5°C resolution. The temperature reading is

provided in a 16-bit, sign—extended two's complement
reading. Table 1 describes the exact relationship of out-
put data to measured temperature. The data is trans-
mitted serially over the 1-Wire interface. The DS1820
can measure temperature over the range of -55°C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
lookup table or conversion factor must be used.

Note that temperature is represented in the DS1820 in
terms of a 1/,°C LSB, yielding the following 9-bit format:

MSB LsB
[ ] [ afefxfs]difo]

= -25°C

The most significant (sign) bitis duplicated into all of the

. bits in the upper MSB of the two-byte temperature reg-

ister in memory. This “sign—extension” yields the 16-bit
temperature readings as shown in Table 1.

Higher resolutions may be obtained by the following
procedure. First, read the temperature, and truncate
the 0.5°C bit (the LSB) from the read value. This value is
TEMP_READ. The value leftin the counter may then be
read. This wvalue is the count remaining
(COUNT_REMAIN) after the gate period has ceased.
The last value needed is the number of counts per
degree C (COUNT_PER_C) at that temperature. The
actual temperature may be then be calculated by the
user using the following:

(COUNT_PER_C - COUNT_REMAIN)
COUNT_PER_C

TEMPERATURE = TEMP_READ - 0.25 +
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TEMPERATURE MEASURING CIRCUITRY Figure 4

PRESET

LOW TEMPERATURE
COEFFICIENT OSCILLATOR

—JUL

HIGH TEMPERATURE
COEFFICIENT OSCILLATOR

L

SLOPE ACCUMULATOR
COMPARE
SET/CLEAR
COUNTER PRESET LsB
ING
=0 TEMPERATURE REGISTER
COUNTER
STOP
=0

TEMPERATURE/DATA RELATIONSHIPS Table 1

DIGITAL OUTPUT DIGITAL OUTPUT

TEMPERATURE (Binary) (Hex)
+125°C 00000000 11111010 00FA
+25°C 00000000 00110010 0032h
+12°C 00000000 0000000 1 0001h
+0°C 00000000 00000000 0000h
~1p°C 11111 11111111 FFFFh
-25°C 11111111 11001110 FFCEh
—55°C 11111111 10010010 FFa2h

OPERATION — ALARM SIGNALING

After the DS1820 has performed a temperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
8-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL directly corresponds to
the sign bit of the 16-bit temperature register. If the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside the device is set.

This flag is updated with every temperature measure-
ment. As long as the alarm flag is set, the DS1820 will
respond to the alarm search command. This allows
many DS1820s to be connected in parallel doing simul-
taneous temperature measurements. If somewhere the
temperature exceeds the limits, the alarming device(s)
can be identified and read immediately without having to
read non—alarming devices.
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64-BIT LASERED ROM

Each DS1820 contains a unique ROM code that is
64—bits long. The first eight bits are a 1-Wire family
code (DS1820 code is 10h). The next 48 bits are a
unique serial number. The last eight bits are a CRC of
the first 56 bits. (See Figure 5.) The 64-bit ROM and
ROM Function Control section allow the DS1820 to
operate as a 1-Wire device and follow the 1-Wire proto-
col detailed in the section “1-Wire Bus System”. The
functions required to control sections ofthe DS1820 are
not accessible until the ROM function protocol has been
satisfied. This protocolis described in the ROM function
protocol flowchart (Figure 6). The 1-Wire bus master
must first provide one of five ROM function commands:
1) Read ROM, 2) Match ROM, 3) Search ROM, 4) Skip
ROM, or 5) Alarm Search. After a ROM functions
sequence has been successfully executed, the func-
tions specific to the DS1820 are accessible and the bus
master may then provide and one of the sixmemory and
control function commands.

CRC GENERATION

The DS1820 has an 8-bit CRC stored in the most signif-
icant byte of the 64—bit ROM. The bus master can com-
pute a CRC value from the first 56-bits of the 64-bit
ROM and compare it to the value stored within the
DS1820 to determine if the ROM data has been
received error—free by the bus master. The equivalent
polynomial function of this CRC is:

CRC=X8+X5+X4+1

The DS1820 also generates an 8-bit CRC value using
the same polynomial function shown above and pro-

64-BIT LASERED ROM Figure 5

vides this value to the bus master to validate the transfer
of data bytes. In each case where a CRCis used for data
transfer validation, the bus master must calculate a
CRC value using the polynomial function given above
and compare the calculated value to either the 8-bit
CRC value stored in the 64-bit ROM portion of the
DS1820 (for ROM reads) or the 8-bit CRC value com-
puted within the DS1820 (which is read as a ninth byte
when the scratchpad is read). The comparison of CRC
values and decision to continue with an operation are
determined entirely by the bus master. There is no cir-
cuitry inside the DS1820 that prevents a command
sequence from proceeding ifthe CRC stored in or calcu-
lated by the DS1820 does not match the value gener-
ated by the bus master.

The 1-Wire CRC can be generated using a polynomial
generator consisting of a shift register and XOR gates
as shown in Figure 7. Additional information about the
Dallas 1-Wire Cyclic Redundancy Check is available in
Application Note 27 entitled "Understanding and Using
Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Products”.

The shift register bits are initialized to zero. Then start-
ing with the least significant bit of the family code, one bit
at a time is shifted in. After the 8th bit of the family code
has been entered, then the serial number is entered.
After the 48th bit of the serial number has been entered,
the shift register contains the CRC value. Shifting in the
eight bits of CRC should return the shift register to all
zeros.

8-BIT CRC CODE

48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MSB LSB MSB

LsB MsSB LsB
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ROM FUNCTIONS FLOW CHART Figure 6

MASTER Ty

RESET PULSE

DS1820 Ty
PRESENCE
PULSE

i

MASTER Ty ROM
FUNCTION COMMAND

33h 55h Foh ECh CCh N
READ ROM MATCH ROM SEARCH ROM ALARM SEARCH SKIP ROM
COMMAND COMMAND COMMAND COMMAND

DS1820 Ty FAMILY MASTER Tx BITO
CODE
1 BYTE
DS1820 Ty BIT O
DS1820 Ty BIT 0
MASTER Ty BIT 0
DS1820 Ty BITO o N miTo
SERIAL NUMBER MATCH? MATCH?
6 BYTES
Y Y
DS1820 Ty BIT 1
DS1820 Ty DS1820 Ty BIT 1
CRC BYTE MASTER Tx BIT 1
MASTER Tx BIT 1
N N
5 Y
"I’ DS1820 Ty BIT 63
MASTER Tx BIT 63 081820 Ty BT 63
MASTER Ty BIT 63
BIT 63
MATCH?
Y
Y

MASTER Tx MEMORY OR CONTROL
FUNCTION COMMAND
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1-WIRE CRC CODE Figure 7

INPUT

(MSB)

(LSB)

MEMORY

The DS1820's memory is organized as shown in
Figure 8. The memory consists of a scratchpad RAM
and a nonvolatile, electrically erasable (E2) RAM, which
stores the high and low temperature triggers THand TL.
The scratchpad helps insure data integrity when com-
municating over the 1-Wire bus. Data is first written to
the scratchpad where it can be read back. After the data
has been verified, a copy scratchpad command will
transfer the data to the nonvolatile (E2) RAM. This pro-
cess insures data integrity when modifying the memory.

The scratchpad is organized as eight bytes of memory.
The first two bytes contain the measured temperature

DS1820 MEMORY MAP Figure 8

SCRATCHPAD
BYTE

TEMPERATURE LSB 0
TEMPERATURE MSB 1
TH/USER BYTE 1 2
TUUSER BYTE 2 3
4
5
COUNT REMAIN 6
COUNT PER °C 7
CRC 8

information. The third and fourth bytes are volatile
copies of TH and TL and are refreshed with every pow-
er—on reset. The next two bytes are not used; upon
reading back, however, they will appear as all logic 1's.
The seventh and eighth bytes are count registers, which
may be used in obtaining higher temperature resolution
(see “Operation—-measuring Temperature” section).

There is a ninth byte which may be read with a Read
Scratchpad command. This byte contains a cyclic
redundancy check (CRC) byte which is the CRC over all
of the eight previous bytes. This CRC is implemented in
the fashion described in the section titled “CRC Genera-
tion”.

E? RAM

TH/USER BYTE 1

TUUSER BYTE 2
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1-WIRE BUS SYSTEM
The 1-Wire bus is a system which has a single bus mas-

ter and one or more slaves. The DS1820 behaves as a
slave. The discussion of this bus systemis broken down
into three topics: hardware configuration, transaction
sequence, and 1-Wire signaling (signal types and tim-

ing).

HARDWARE CONFIGURATION
The 1-Wire bus has only a single line by definition; it is
important that each device on the bus be able to drive it

HARDWARE CONFIGURATION Figure 9

5
BUS MASTER é

4.7K

at the appropriate time. To facilitate this, each device
attached to the 1—-Wire bus must have open drain or
3-state outputs. The 1-Wire port of the DS1820 (I/O
pin) is open drain with an internal circuit equivalent to
that shown in Figure 9. A multidrop bus consists of a
1-Wire bus with multiple slaves attached. The 1-Wire
bus requires a pullup resistor of approximately SK<.

DS1820 1-WIRE PORT

%

—

Ry = RECEIVE
Ty = TRANSMIT

Theidle state for the 1-Wire busiis high. Iffor any reason
atransaction needs to be suspended, the bus MUST be
leftinthe idle state ifthe transaction is to resume. Infinite
recovery time can occur between bits so long as the
1-Wire bus is in the inactive (high) state during the re-
covery period. If this does not occur and the bus is left
low for more than 480 ps, all components on the bus will
be reset.

TRANSACTION SEQUENCE
The protocol for accessing the DS1820 via the 1-Wire
port is as follows:

® |nitialization
¢ ROM Function Command
e Memory Function Command

¢ Transaction/Data

DO_Rx
5pA
Typ. T,
100 OHM
MOSFET
INITIALIZATION

All transactions on the 1-Wire bus begin with an initial-
ization sequence. The initialization sequence consists
of a reset pulse transmitted by the bus master followed
by presence pulse(s) transmitted by the slave(s).

The presence pulse lets the bus master know that the
DS1820is on the bus and is ready to operate. For more
details, see the “1-Wire Signaling” section.

ROM FUNCTION COMMANDS

Once the bus master has detected a presence, it can
issue one of the five ROM function commands. All ROM
function commands are 8-bits long. A list of these com-
mands follows (refer to flowchart in Figure 6):
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Read ROM [33h]
This command allows the bus master to read the

DS1820's 8—hit family code, unique 48-bit serial num-
ber, and 8-bit CRC. This command can only be used if
there is a single DS1820 on the bus. If more than one
slave is present on the bus, a data collision will occur
when all slaves try to transmit at the same time (open
drain will produce a wired AND result).

Match ROM [55h]
The match ROM command, followed by a 64—bit ROM

sequence, allows the bus master to address a specific
DS1820 on a multidrop bus. Only the DS1820 that
exactly matches the 64—bit ROM sequence will respond
to the following memory function command. All slaves
that do not match the 64—bit ROM sequence will wait for
a reset pulse. This command can be used with a single
or multiple devices on the bus.

Skip ROM [CCh]

This command can save time in a single drop bus sys-
tem by allowing the bus master to access the memory
functions without providing the 64—bit ROM code. If
more than one slave is present on the bus and a read
command is issued following the Skip ROM command,
data collision will occur on the bus as multiple slaves
transmit simultaneously (open drain pulldowns will pro-
duce a wired AND result).

Search ROM [FOh]

When a system is initially brought up, the bus master
might not know the number of devices on the 1-Wire
bus or their 64—bit ROM codes. The search ROM com-
mand allows the bus masterto use a process of elimina-
tion to identify the 64-bit ROM codes of all slave devices
on the bus.

Alarm Search [ECh]

The flowchart of this command is identical to the Search
ROM command. However, the DS1820 will respond to
this command only if an alarm condition has been
encountered at the last temperature measurement. An
alarm condition is defined as a temperature higher than
THorlowerthan TL. The alarm condition remains setas
long as the DS1820 is powered up, or until another tem-
perature measurement reveals a non—alarming value.
For alarming, the trigger values stored in EEPROM are
taken into account. If an alarm condition exists and the
TH or TL settings are changed, another temperature

conversion should be done to validate any alarm condi-
tions.

Example of a ROM Search

The ROM search process is the repetition of a simple
3—step routine: read a bit, read the complement of the
bit, then write the desired value of that bit. The bus mas-
ter performs this simple, 3-step routine on each bit of
the ROM. After one complete pass, the bus master
knows the contents of the ROM in one device. The
remaining number of devices and their ROM codes may
be identified by additional passes.

The following example of the ROM search process
assumes four different devices are connected to the
same 1-Wire bus. The ROM data of the four devices is
as shown:

ROM1  00110101...
ROM2  10101010...
ROM3  11110101...
ROM4  00010001...

The search process is as follows:

1. Thebus master begins the initialization sequence by
issuing a reset pulse. The slave devices respond by
issuing simultaneous presence pulses.

2. The bus master will then issue the Search ROM
command on the 1-Wire bus.

3. The bus master reads a bit from the 1-Wire bus.
Each device will respond by placing the value of the
first bit of their respective ROM data onto the 1-Wire
bus, ROM1 and ROM4 will place a 0 onto the
1-Wire bus, i.e., pull it low. ROM2 and ROM3 will
place a 1 onto the 1-Wire bus by allowing the line to
stay high. The resultis the logical AND of all devices
on the line, therefore the bus master sees a 0. The
bus master reads another bit. Since the Search
ROM data command is being executed, all of the
devices on the 1-Wire bus respond to this second
read by placing the complement ofthe first bit of their
respective ROM data onto the 1-Wire bus. ROM1
and ROM4 will place a 1 onto the 1-Wire, allowing
the line to stay high. ROM2 and ROM3 will place a
0 onto the 1-Wire, thus it will be pulled low. The bus
masteragain observes a 0 for the complement of the
first ROM data bit. The bus master has determined
that there are some devices on the 1-Wire bus that
have a 0 in the first position and others that have a 1.
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The data obtained from the two reads of the 3—step
routine have the following interpretations:

00 There are still devices attached which have
conflicting bits in this position.

01 All devices still coupled have a 0-bit in this
bit position.

10  All devices still coupled have a 1-bit in this
bit position.

11 There are no devices attached to the 1-Wire
bus.

4. The bus master writes a 0. This deselects ROM2
and ROM3 for the remainder of this search pass,
leaving only ROM1 and ROM4 connected to the
1-Wire bus.

5. The bus master performs two more reads and
receives a 0-bit followed by a 1-bit. This indicates
that all devices still coupled to the bus have 0's as
their second ROM data bit.

6. The bus master then writes a 0 to keep both ROM1
and ROM4 coupled.

7. The bus master executes two reads and receives
two O-bits. This indicates that both 1-bits and 0-bits
exist as the third bit of the ROM data of the attached
devices.

8. Thebus master writes a 0-bit. This deselects ROM1
leaving ROM4 as the only device still connected.

9. Thebus masterreads the remainder of the ROM bits
for ROM4 and continues to access the part if
desired. This completes the first pass and uniquely
identifies one part on the 1-Wire bus.

10. The bus master starts a new ROM search sequence
by repeating steps 1 through 7.

11. The bus master writes a 1-bit. This decouples
ROM4, leaving only ROM1 still coupled.

12. The bus master reads the remainder of the ROM bits
for ROM1 and communicates to the underlying logic
if desired. This completes the second ROM search
pass, in which another of the ROMs was found.

13. The bus master starts a new ROM search by repeat-
ing steps 1 through 3.

14.The bus master writes a 1-bit. This deselects
ROM1 and ROM4 for the remainder of this search

pass, leaving only ROM2 and ROM3 coupled to the
system.

15. The bus master executes two read time slots and
receives two zeros.

16. The bus master writes a 0-bit. This decouples

ROM3, and leaving only ROM2.

17. The bus master reads the remainder of the ROM bits
for ROM2 and communicates to the underlying logic
if desired. This completes the third ROM search
pass, in which another of the ROMs was found.

18. The bus master starts a new ROM search by repeat-
ing steps 13 through 15.

19.The bus master writes a 1-bit. This decouples
ROM2, leaving only ROM3.

20. The bus master reads the remainder of the ROM bits
for ROM3 and communicates to the underlying logic
if desired. This completes the fourth ROM search
pass, in which another of the ROMs was found.

Note the following:
The bus masterlearns the unique ID number (ROM data

pattern) of one 1-Wire device on each ROM Search
operation. The time required to derive the part's unique
ROM code is:

960 us + (8 + 3 x64) 61 us = 13.16 ms

The bus masteris therefore capable of identifying 75 dif-
ferent 1—Wire devices per second.

I/O SIGNALING

The DS1820 requires strict protocols to insure data
integrity. The protocol consists of several types of
signaling on one line: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. All of these signals, with
the exception of the presence pulse, are initiated by the
bus master.

The initialization sequence required to begin any com-
munication with the DS1820 is shown in Figure 11. A
reset pulse followed by a presence pulse indicates the
DS1820 is ready to send or receive data given the cor-
rect ROM command and memory function command.

The bus master transmits (TX) a reset pulse (a low sig-
nal for a minimum of 480 ps). The bus master then
releases the line and goes into a receive mode (RX).
The 1-Wire bus is pulled to a high state via the 5K
pull-up resistor . After detecting the rising edge on the

021497 11/27



DS1820

1/Q pin, the DS 1820 waits 15-60 ps and then transmits
the presence pulse (a low signal for 60—240 us).

MEMORY COMMAND FUNCTIONS
The following command protocols are summarized in
Table 2, and by the flowchart of Figure 10.

Write Scratchpad [4Eh]

This command writes to the scratchpad of the DS1820,
starting at address 2. The next two bytes written will be
saved in scratchpad memory, at address locations 2
and 3. Writing may be terminated atany point by issuing
a reset.
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MEMORY FUNCTIONS FLOW CHART Figure 10

MASTER Ty MEMORY
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4Eh
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COUNTER TO 2

MASTER Tx DATA BYTE
TO SCRATCHPAD

MASTER

Tx RESET
?

ADDRESS
=3
?

DS1820 INCREMENTS
ADDRESS

I

N MASTER
Tx RESET
?

SCRATCHPAD
?

DS1820 SETS ADDRESS
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MEMORY FUNCTIONS FLOW CHART Figure 10 (cont'd)
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MEMORY FUNCTIONS FLOW CHART Figure 10 (cont'd)

Bdh
READ N
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INITIALIZATION PROCEDURE “RESET AND PRESENCE PULSES” Figure 11

f—g——

Master Tx ‘reset pulse” |

Master Ry

480 ps minimum e
960 ps maximum

DS1820

walits
15-60 pus

DS1820 Ty
“presence pulse”
60 - 240 us

480 ps minimum

—

"

LINE TYPE LEGEND:

Bus master active low

Both bus master and
DS1820 active low

DS1820 active low

Resistor pull-up

DS1820 COMMAND SET Table 2

INSTRUCTION

Convert T

Read Scratchpad

DESCRIPTION

TEMPERATURE CONVERSION COMMANDS

Initiates temperature conversion.

Reads bytes from scratchpad and
reads CRC byte.

PROTOCOL

44h

BEh

1-WIRE BUS
AFTER ISSUING
PROTOCOL

<read temperature

busy status>
MEMORY COMMANDS

<read dataup to 9
bytes>

NOTES

1

Write Scratchpad

Writes bytes into scratchpad at
addresses 2 and 3 (TH and TL
temperature triggers).

4Eh

<write data into 2
bytes at addr. 2 and
addr. 3>

Copy Scratchpad

Copies scratchpad into nonvolatile
memory (addresses 2 and 3 only).

48h

<read copy status>

Recall E2

Recalls values stored in nonvolatile
memory into scratchpad (tempera-
ture triggers).

B8h

<read temperature
busy status>

Read Power Supply

Signals the mode of DS1820
power supply to the master.

B4h

<read supply status>

NOTES:

1. Temperature conversion takes up to 500 ms. After receiving the Convert T protocol, if the part does not
receive power from the Vpp pin, the I/O line for the DS1820 must be held high for at least 500 ms to provide
power during the conversion process. As such, no other activity may take place on the 1-Wire bus for at least
this period after a Convert T command has been issued.

N

After receiving the Copy Scratchpad protocol, if the part does not receive power from the Vpp pin, the I/O line

for the DS1820 must be held high for at least 10 ms to provide power during the copy process. As such, no
other activity may take place on the 1-Wire bus for at least this period after a Copy Scratchpad command has

been issued.
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Read Scratchpad [BEh]
This command reads the contents of the scratchpad.

Reading will commence at byte 0, and will continue
through the scratchpad until the Sth (byte-8, CRC) byte
isread. If not all locations are to be read, the master may
issue a reset to terminate reading at any time.

Copy Scratchpad [48h]

This command copies the scratchpad into the E?
memory of the DS1820, storing the temperature trigger
bytes in nonvolatile memory. If the bus master issues
read time slots following this command, the DS 1820 will
output “0" on the bus as long as it is busy copying the
scratchpad to EZ; it will return a “1" when the copy pro-
cess is complete. If parasite powered, the bus master
has to enable a strong pull-up for atleast 10 ms immedi-
ately after issuing this command.

Convert T [44h]
This command begins a temperature conversion. No

further datais required. The temperature conversion will
be performed and then the DS1820 will remain idle. If
the bus master issues read time slots following this com-
mand, the DS1820 will output “0” on the bus as long as it
is busy making a temperature conversion; it will return a
“1"when the temperature conversion is complete. If par-
asite powered, the bus master has to enable a strong
pullup for 500 ms immediately after issuing this com-
mand.

Recall E2 [B8h]

This command recalls the temperature trigger values
stored in E2 to the scratchpad. This recall operation hap-
pens automatically upon power—up to the DS1820 as
well, so valid data is available in the scratchpad as soon
as the device has power applied. With every read data
time slot issued after this command has been sent, the
device will output its temperature converter busy flag
“0"=busy, “1"=ready.

Read Power Supply [B4h]

With every read data time slot issued after this com-
mand has been sent to the DS1820, the device will sig-
nal its power mode: “0"=parasite power, “1"=external
power supply provided.

READ/WRITE TIME SLOTS
DS1820 data is read and written through the use of time

slots to manipulate bits and a command word to specify
the transaction.

Write Time Slots

A write time slot is initiated when the host pulls the data
line from a high logic level to a low logic level. There are
two types of write time slots: Write One time slots and
Write Zero time slots. All write time slots must be a mini-
mum of 60 ps in duration with a minimum of a one us
recovery time between individual write cycles.

The DS1820 samples the I/O line in a window of 15 us to
60 us afterthe IO line falls. Ifthe line is high, a Write One
occurs. If the line is low, a Write Zero occurs (see
Figure 12).

For the host to generate a Write One time slot, the data
line mustbe pulled to a logic low level and then released,
allowing the data line to pull up to a high level within
15 ps after the start of the write time slot.

For the host to generate a Write Zero time slot, the data
line mustbe pulled to a logic low level and remain low for
60 ps.

Read Time Slots
The host generates read time slots when data is to be

read from the DS1820. A read time slot is initiated when
the host pulls the data line from a logic high level to logic
low level. The data line must remain at a low logic level
foraminimum of one ps; output data fromthe DS1820is
valid for 15 ps after the falling edge of the read time slot.
The host therefore must stop driving the I/O pin low in
ordertoread its state 15 ps fromthe start of the read slot
(see Figure 12). By the end of the read time slot, the I/O
pin will pull back high via the external pull-up resistor. All
read time slots must be a minimum of 60 ps in duration
with @ minimum of a one pus recovery time between indi-
vidual read slots.

Figure 13 shows that the sum of TyyT1, Tre, and
TsampLeE must be less than 15 ps, Figure 14 shows that
system timing margin is maximized by keeping TyyT
and Tre as small as possible and by locating the master
sample time towards the end of the 15 ps period.
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READ/WRITE TIMING DIAGRAM Figure 12

MASTER WRITE “0" SLOT

f———— 60 ps<Ty "0"<120 ps
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DETAILED MASTER READ “1” TIMING Figure 13

Vee

1-WIRE
BUS

GND

la——
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RECOMMENDED MASTER READ “1” TIMING Figure 14
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Related Application Notes Semiconductor “Application Note Book”, via our web-
The following Application Notes can be applied to the site at http://www.dalsemi.com/, or through our faxback
DS1820. These notes can be obtained from the Dallas service at (214) 450-0441.

Application Note 27: “Understanding and Using Cyclic Redundancy Checks with Dallas Semiconductor Touch
Memory Product”

Application Note 55: “Extending the Contact Range of Touch Memories”
Application Note 74: “Reading and Writing Touch Memories via Serial Interfaces”
Application Note 104: “Minimalist Temperature Control Demo”

Application Note 105: “High Resolution Temperature Measurement with Dallas Direct-to-Direct Temperature Sen-
sors”

Application Note 106: “Complex MicroLANs"
Application Note 108: “MicroLAN — In the Long Run”

Sample 1-Wire subroutines that can be used in conjunction with AN74 can be downloaded from the website or our
Anonymous FTP Site.
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MEMORY FUNCTION EXAMPLE Table 3

Example: Bus Master initiates temperature conversion, then reads temperature (parasite power assumed).

MASTER MODE

DATA (LSB FIRST)

COMMENTS

X Reset Reset pulse (480-960 us).

RX Presence Presence pulse.

X 55h Issue “Match ROM" command.

TX <64-bit ROM code> Issue address for DS1820.

X 44h Issue “Convert T" command.

X <|/O LINE HIGH> 1/0 line is held high for at least 500 ms by bus master to
allow conversion to complete.

™ Reset Reset pulse.

RX Presence Presence pulse.

TX 55h Issue “Match ROM" command.

X <64-bit ROM code> Issue address for DS1820.

X BEh Issue “Read Scratchpad” command.

RX <9 data bytes> Read entire scratchpad plus CRC; the master now recal-
culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC calculated and the CRC
read. If they match, the master continues; if not, this read
operation is repeated.

X Reset Reset Pulse.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 4

Example: Bus Master writes memory (parasite power and only one DS1820 assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS

X Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

TX 4Eh Write Scratchpad command.

X <2 data bytes> Writes two bytes to scratchpad (TH and TL).

X Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

™ BEh Read Scratchpad command.

RX <9 data bytes> Read entire scratchpad plus CRC. The master now recal-
culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC and the two other bytes
read back from the scratchpad. If data match, the master
continues; if not, repeat the sequence.

X Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

TX 48h Copy Scratchpad command; after issuing this command,
the master must wait 6 ms for copy operation to complete.

X Reset Reset pulse.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 5

Example: Temperature conversion and interpolation (external power supply and only one DS1820 assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS

TX Reset Reset pulse.

TR Presence Presence pulse.

X CCh Skip ROM command.

X 44h Convert T command.

RX <1 data byte> Read busy flag eight times. The master continues reading
one byte (or bit) after another until the data is FFh (all
bits 1).

X Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

TX BEh Read Scratchpad command.

RX <9 data bytes> Read entire scratchpad plus CRC. The master now recal-
culates the CRC of the eight data bytes received from the
scratchpad and compares both CRCs. If the CRCs match,
the data is valid. The master saves the temperature value
and stores the contents of the count register and count
per °C register as COUNT_REMAIN and COUNT_PER_C,
respectively.

X Reset Reset pulse.

RX Presence Presence pulse, done.

CPU calculates temperature as described in the data sheet
for higher resolution.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operating Temperature

Storage Temperature

Soldering Temperature

-0.5V to +7.0V
-55°C to +125°C
-55°C to +125°C
260°C for 10 seconds

* Thisis a stress rating only and functional operation of the device atthese orany other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS | NOTES
Supply Voltage Voo 1/0 Functions 2.8 5.0 5.5 1,2
+1/,°C Accurate | 4.3 55 \Y
Temperature
Conversions
Data Pin 110 ~0.5 +5:5 2
Logic 1 Vi 2.0 Veet0.3 \Y 2.3
Logic 0 ViL -0.3 +0.8 % 2,4
DC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=3.6V to 5.5V)
PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS | NOTES
Thermometer Error terr —0°C to +70°C +1/, e
-55°C to 0°C
and +70°C to See Typical Curve 1,9, 10
+125°C
Input Logic High ViH 2.2 5.5 2.3
Input Logic Low ViL -0.3 +0.8 2,4
Sink Current IL Vio=0.4V —4.0 mA 2
Standby Current la 200 350 nA 8
Active Current oo 1 1.5 mA 56
Input Load Current IL 5 pA g
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AC ELECTRICAL CHARACTERISTICS:

(-55°C to +125°C; Vpp=3.6V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time tconv 200 500 ms
Time Slot tsLoT 60 120 us
Recovery Time trReC 1 1s
Write 0 Low Time rTLOWO 60 120 us
Write 1 Low Time tLow1 1 15 us
Read Data Valid trRpv 15 us
Reset Time High tRSTH 480 us
Reset Time Low trsTL 480 4800 us
Presence Detect High {PDHIGH 15 60 us
Presence Detect Low tpoLOW 60 240 us
Capacitance CinjouT 25 pF

NOTES:

1. Temperature conversion will work with +2°C accuracy down to Vpp = 3.4 volts.

. All voltages are referenced to ground.

. Logic one voltages are specified at a source current of 1 mA.

. Ipp specified with V¢ at 5.0 volts.

2
3
4. Logic zero voltages are specified at a sink current of 4 mA.
5
6

. Active current refers to either temperature conversion or writing to the E2 memory. Writing to E2 memory con-
sumes approximately 200 pA for up to 10 ms.

by

Input load is to ground.

8. Standby current specified up to 70°C. Standby current typically is 5 A at 125°C.

9. See Typical Curve for specification limits outside the 0°C to 70°C range. Thermometer error reflects sensor accu-
racy as tested during calibration.

10. Typical accuracy curve valid for 4.3V < Vpp < 5.5V.

1-WIRE WRITE ONE TIME SLOT

—t — lREC

.

tsLot

A

START OF NEXT CYCLE

_

Lowt L—

N/
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1-WIRE WRITE ZERO TIME SLOT

——]

IsLot

la—— IREC

W
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TYPICAL PERFORMANCE CURVE
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TEMPERATURE READING ERROR
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