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ABSTRACT

This project presents a measureing by wusing type J and type K
thermocouples for showing the result. Measureing by using thermocouple is received
the voltage from types J and type K thermocouple simultaneously. The voltage will
flow through the amplifier circuit and transform to the analog to digital convertor
circuit. The microcontroller shows a result through the LCD in degree Celsius and
can be convert the temperature from degree Celsius to degree Fahrenheit and

degree Kelvin.



#1508y

ARANTINUTEA A
UNARED

A13UY
astaysy

RRRIATORERN

wii 1 unih
11 avmdunuezanuddestiym
1.2 TaqUseaen
1.3 vaulUnvasUT g minug

unl 2 vinsFuesudnnisiieades
2.1 wadlufiila (THERMOCOUPLE)
2.2 THERMOCOUPLE REFERENCE TABLES
2.31C AD594AQ uag IC AD595AQ
2.41C ADC0804
2.5 lulasmaulnsaiaas Ju PIC18FA620
26 LCD 16X2

unii 3 nsesnluukaznsIaTUTy Tnud

3.1 MSPaNLUU
3.2 inseadlanldlunisvnass

3.3 MIIAUNANITNAADY

Il

VIl

11
14
16

20

20
29
30



d15Uy ()

el
il 4 mansvaaes 31
4.1 wansnaaean1shaueanesluduila 31
4.2 Han1snaaslsEAns v Aesia 34
4.3 HANMTVNTUYNRTTENELT IO esTuAUWa TYPE K way 38
TYPE J
4.4 wan1sinuUTEansnmeesvenousaaulvd 39
4.5 samsvhnuvaansuuasdyaaouaonudyunineanss a5
weslududda TYPE K waz TYPE |
4.6 Han1suEnNAgUMgiiue LCD 58
it 5 agUnanazdeiaueus 65
5.1 ajuua 65
5.2 YalduauLuL 65
UTIUNTY 66
APHWIN A M5NE19BsvaaesludUa TYPE J uar weslududa TYPE K 68
manuan v TUsinsimauanmaguvniiniuLe LCD 71
MANWIN A TIwaslBund1Anyues AD59AQ AD595AQ ADC0804 77

PIC 18F4620 Way 16 x 2 Character LCD



SUil
2.1
2.2

2.3
2.4
2.5
2.6

2.4
2.8
29
2,10
2.11
2z
31
3.2
3.3
34

3.5
3.6

3.0
3.8

dsieysy

woslusuia

mdSTT g amgll wazussiuduaiiindullidudady
welduwuumiluan

anvaznouenled AD594AQ

anwazMeusnled AD595AQ

23930781 IC AD594AQ Uag AD595AQ

N3 INTERFACE drdumeslufudavia K waz wesluduida
Yin J

anwuzMeuaniad ADC0O804

m3ineulediuas ADCO804
anwagneuenveslulasnaulniaiass PIC18F4620
suvidsyveslulasreulnsaaes su PICI8FA620

LCD CHARACTERS 16X2

NSRRI RUIY RS LCD
UdanlaasunTUIAAINITVINTYBITEUY

295N IVIeulaesiy

N1788NKUUNITHNILYBIIIRT
randuweiingamadseifivesvesusiduraneslufuida
TYPE K
Wdugeiingaumgiseriiunsiesusdurasnesiuiida
TYPE J

Wswlasdygaeudendudyanuilnea
wavlulpsreulnsiaes

IIYTHEARNINA

10
10
ER|

12
12
14
16
17
19
20
21
22
25

26

26

27
28



Sl
4.1
4.2
4.3
4.4
4.5

4.6
q.7
4.8
4.9
4.10
a.11
a.12
4.13
4a.14
a.15

4.16
a17

d1sugysy (o)

=

wan3inussiulnihainmelududa TYPE J figamadi 0 °C

u

=

wan13Inwssiuliihnmesiudula TYPE J figuuall 50 °C

Y

uansTaussiulriiharnmesTududa TYPE K figaumnd 0 °C
namy aussiiliibonme Slududda 100 K fguugd 50 °C
nIUSEUL g uA N9 Inans s B euR s T e
Ifvngunsalfiaisdufigamgiisneg veameslududa Type |
nIMUSBuLiB AL IsRIna TSR u AT TRl
ngunseifatrstuitgamgiiving veamesududia TYPE K
nan3InssrersussuliinmesTuduida TYPE Tigamai
50 °C

a3 iaaeasveens sl nmasiuduida TYPE J Tigamgi
50°C

NI BUL B AU NS 1S 9B afuAL LT Tale
MMsasteeiigumgisng veunesludida TYPE )
nIUSEULBUAUS IR NS 9B atumus LT Tale
MNITI e Tgamainieg veuasludda Type K
wansingamgiidlemasluduida Type J mhsowmnvaldsa (0)
wansiagampiidlemeslududa TYPE s mitsesmmhisulest (F)
namsingamagidlomeslududa TYPE J mhewadu ()
namsIngomgildlemesluduidia TYPE K mieeswmwaidua (0)
nansingamgiidlemesluduida TYPE K misesrnwusules ()
uan15iagamgiidlemesluduida TYPE K misinaiy ()
nagamgiidielfinesTuduida TYPE K way TYPE J

wgasAwaldea (°C )

S0

38

59

a4

44

59
59
60
61
61
62
63



VI

GURTGTAINCE)

Nt
JUn
a.18 wagumglidleldimesTuduida TYPE K way TYPE J wine 63
sarvinsulad (F)
4.19 wagaumpidleliinesluduila TYPE K waw TYPE J wine 64

wad (K )



A51991
21
22
3l

3.2

4.1
4.2
4.3
a.q
4.5
4.6
ay

4.8

#150YA1519

AuanUASsuiguwmesuAUUakuuNnTgIu TYPE g 9
YafdInUANN TN uRaliga LCD
AusIALE 98 waunasludUla TYPE J (REF JUNCTION 0 °C)

#igaumati 0 °C - 100 °C

Aussiugdwouneslufvida TYPE K (REF JUNCTION 0 °C)
ﬁqquﬁ 0°C - 100 °C

wamﬁmqquﬁmnLwaﬂuﬁﬂﬁ,ja TYPE J
namsingamgiisnmeuduia TYPE K
wams’i’ﬂqquﬁmn'm]i'vmamaﬁuma'ﬂwé’m‘ﬁa TYPE J
nuvgewsiuliivesmedludmidda TYPE
wanTingamgiininasueisumaiiufa TYPE K
nuvssnsssiuliwe aneslududla TYPE K
ANUEIRUSTEnIAsTulving: Onfdneavuin 8 O
Lazesmialdua vounesluAila TYPE J
ANuFNAUSIE I AL ulinss Tnfdnoauin 8 On

wazesrngaldea YpunesluAuia TYPE K

VIII

23

24

34
35
40
a1
a2
43
as

51



1.1 avandunuazaaudrifgvestiym

ludagdunisingamgil (Temperature  Measurement) Iﬂ&iﬁbﬂﬂﬁqﬂﬂ‘mi
innmeiialdlunisia wu mM3ingamgillaply Thermocouple ns¥ngamaillacld
PT100 (Platinum Resistance Thermometer) Malnguuiilagld NTC  (Thermistor)
usiu %anﬂsi’mqmmﬁimaﬁ' Thermocouple (Type K, Type J) tiuiinrnudndgunndmsu
linsnsgramnsaulnedadiunswaiawesuuulanu (Active Transducer) Aoanunsandn
LmLﬂ?iaulﬂﬁﬂﬁtauﬁaﬁmﬂu?iauuﬂaq'naaqcuwgﬁﬁﬁmﬂﬁﬂﬂ%ﬁ'ﬂ‘lmalﬁﬁamﬁsﬁj’uﬁm

a8 N A0 UaN

tgiﬂﬁﬂﬁLﬁuﬁaﬂmmﬁaﬁumﬁm'lum'iai”'wstmmi’mqmmﬁima‘h’fma'%
ludvida wWeldmunsntadieumgiiligndes uazwiugunniy Tnousaadeuliiiniaiy
diegamgiiasuudas BuavesTngumgilasldiveslufudaildnuldazan wonharely

s =

ldhweananisioimsingangil fiaunsosurgamgiivy LCD i

Uiyinusillavhmsseniuuialesiagampiilasldnesluduida (Measuring
by using Thermocouple) #uin lasniseanuuuiniesingnmgiitdenaesdliauysaiian

[ o

%déﬁ'ﬂmmnwmﬁ@'ﬁau‘l%‘lﬁﬁmé’ﬂmiﬂlﬂﬁ’mum%aﬂﬂﬂL‘TJuLzmmalumiUiaqnm‘l‘ﬁﬁu

i
a a o

iwseeinningg LialiiadosTngamaiiiussansnimnd sty

1.2 InqUszasd

1) WeAnwmdnnisvihauveaneslusuda
2) Wefinwndnmsvhaurenwsteesssdulninnnmeslusuidanazians

o [ [ @ aa
wlasdyauenaendudyguiinea



3) wefnwimaBulusunsuadeulilasaaulvsaiaas (Microcontroller)

4) ieaanuuuiniasingamgileslimeslufuia

1.3 waulunvaUsyariinus

Usyaiwusintiumsahaniesingamgiilagldmesiuiuda Tavandowdnnis
Wuveaneiludiasin K uaz J lun1smsreingamaiilagasieaseumusadulnih

g LY ¥ o a7 ) o I ot 1. ol U . =1 as [ e
nnmesluadaiiingumagiising iamussduliiingwldamassunfisuiunisesiss

veuvailudUiausiazyladmssmugamaliidesnsviohile pilwmesluduilaliugunsal

Wiguiiley antuhussiuilduwlamindygneundenifudyyuiines wandou

i
=

Wsunsuaslulsreulnsaees uazuanmagamgiildinmiamine LoD

Y



N 2
= L7 o o v
'V]E]‘ia‘{]LLﬂSWﬁﬂﬂ’]‘iWLﬂﬂ'J‘llad
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2.1.1.3 namavdued (Time Response)
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2.1.3 mslfumesTuduilamnsgiu (Characteristic in Application of
Thermocouple Standard Type)
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2.2 Thermocouple Reference Tables
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a = =i <

dlodnaded 0°C ailusnadaudiy
V(210°C) = 11.3 mV (4a J. 0°C ref)

lumandufiy dusiausunfould 4768 mv fulia s uasgamgidnidsi

0 ’c wu
T (4.768 mv) = 555 C (uila s, 0°C ref.)
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NN Vi Wag Vi, fnaa Vi,
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gﬂﬁ 2.4 dnwasmeauenlo® AD595AQ [4]

—IN -ALM  +ALM V+ COMP VO FB

[i4] [3] [z] [7] [Ge] [o] [¥]

OVERLOAD
—}k— DETECT
AD594/AD595 >
L +A
NG T s W rce
3 +—o—1—aa—] POINT
COMP, |-TC
+TC [ |
I

Lil 2] [T T 5T [T 1]

+IN +C +T COM -T -C V-

Ui 25 2993anelu IC ADS94AQ uaw ADS95AQ [4]
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231 AuauURvetled AD594AQ uarAD595AQ

2.3.1.1 Mnuswiuwmasiudmdaris J wazwasludddavis K

2312 Anukiug +/-3 ssmigaiea (C)
23.13 Mlwdns +5 v
2.3.1.4 Single analog input (ADC)

o gl

2.3.1.5 veewswiu uaz Mbimsweunuaswssgumaiidunsm

Y

VALRS

CONSTANTAN

(ALUMEL) *AY I 10mVieC
[iq] l—ils'l (2 [ [@ [s1 [s

<
b3
>

N
s _Li'Ju'lu4u_lLElv
(CHROMEL) [

JUA 2.6 M5 interface Witumesludulavin K wer wesludldavin J [4]

2.4 |C ADCO0804

WIITIUDS ADCO804 uamadsguil 2.7 Whnssuwaserundonduiinea
wwinawwe 8 s Lownduiaugiuaes 1 20 91 Mdwuu DIP dnwarmsdanne
uansluzun 2.8
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Ul 2.7 dnwasaeuenled ADC804 [5)

cs [1]
RO [2]

wr [3
CLKIN | 4}

INTR [[5
Vin (+) | 6]
Vin ()
AGND [
VREF/2 | 9|
DGND [10

20] v+ OR Vggp
9 cLk R

E DBy (LsB)
17 pB4

1| DB,

18] DB3

14 0B,

13 0B

12| bBg

E DB7 (msB)

U 2.8 msdanenlefived ADCoS04 [5]
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241 Twanduauazviniivewn ADCOSO4
2411 0 1 Aa 1 CS (Ship Select) $u Jyaanistden
aunlulasreulnsaaad
2412 n2 fe 11 KD (Read) mmupumissdoyasmn
ADC0804 Taadysyiumvauinanlilasaeulnsaass
2413 9 3 s 11 WR (Write) YIAUANNSTEUTaYAAlY

ADC0804 Inedynamuauunainbilasaeulnsaiaes

L)

s

24.14 9 4 fip 0 CLKin Sudanuuiimatnneuen

2415 1 5 fig ¥ INTR  (Interrupt) Sudyanadumesing
wnlulasaeulvsaaas ADCO804

o as as

2416 9 6 A1 Vi(+) Wuduwaduusasuuin

2817 1 7 A V() iWudunmiuwseiiuau (0 V)

2418 1 8 ABY1 A GND (Analog GND) 9aRuY89995
audonmely ADCOS04

2419 9 9 ADU Vigr o UUBUNRTULT LSS

24.1.10 1 10 fgv1 D GND (Digital GND) §An$12u992993
fInoaniglu ADCO804

24.1.11 91 11-18 A9 Digital output 1 11 A D7 (MSB)
uazy1 18 Aow1 DO (LSB)

24.1.12 91 19 fev1 CLK out Judunedmsusefmimuniu
Meuandmivdugiuuiiing

2.4.1.13 91 20 #A9U1 Vo (or Veg) Wuwndnaddalueh +5 v

ADC0804 Fuiuledvuia 8 Tn FawauseiuiAsunlastdosiigamg

¥ o o

dunpudiinaililetdne (Aauuendesdatin) aunsafuamile el
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255
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& LV L] = M . oa ey & ot
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Mmilawnwadoundas 1 On

2.5 lulasnaulnsaiasd qu PIC18F4620

‘gﬂﬁ 2.9 anvuzneuanvaslilasreulnsaaas PIC18FA620 (7]

2.5.1 AauaNURANI9uaY PIC18F4620

2.5.1.1 Figdunuu RISC (Reduced Instruction-Set Computer)

U

2.5.1.2 fifdddan 35 fdy
2.5.1.3 vimumndslaglddyan 1 gn
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2.5.1.4 vinumeauddyaiauninaus linsauds 40 MHz
2.5.1.5 mganudnlusunsu 64 KB
2.5.1.6 weanuddeyausuviaidawmes 3968 Bytes

v

2.5.1.7 wiheanuddoyaddnson 1024 Bytes

2.5.1.8 imsepvauasdygrabunesTud

2.5.1.9 finsaswinesoausidn (POR)

2.5.1.10 fmessulnues (PWRT)

2.5.1.11 vvadliawawesaminoulnues (Os1)

2.5.1.12 1amendheniniues (WDT) 299s00adaiamasluih

2.5.1.13 dentaatfutoyaislumiagrnudalusunsuas
whganudteyals

2.5.1.14 am3alusunsuusany +5 V

2.5.1.15 udlwslusunaailumiisanudriunedniios 2 91 @
N¥UIUNT ICD (In-Circuit Debugger)

2.5.1.16 Fiigannmemuaziaumbuanudalusungld

2.5.1.17 WlnAeifldaumans +2 V 83 +5.5 v
2.5.2 AruauURnLAY

2.5.2.1 1vsudasdiya il analog L digital 10 bit gegn 13 vas
2.5.2.2 1995\ euriegUnsafaynsania SPI uag 12C

2.5.2.3 19asHeanstioyaoynu (USART) wiaumsasiaduuaningd
2.5.2.4 1IN TUTEAULSULILEBS (Brown-out detection) 1ila

Reset %ﬁg %38 BOR (Brown-out Reset)
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40-Pin PDIP
WCLRNPPRES —= (] 1 /4P ~— rem@pGD
RAQIAND =[] 2 39 ] =——= RBEMBIZPGC
RAUANT =—s[]3 38 [] =—= RES/KBI1PGM
RAIANIVREFCVREF +— o [] ¢ A7 [] =~ RBAXBIVAN11
RAJ/ANSVRER+ ~—u [] & 36 [1 ~— REIANNCCR2M)
RAYTOCKICIOUT «— ] 6 35 [] =~—= RENT2/ANA
RAS/ANASSHLYDINIC20UT w—a[] 7 34 [] =—s REIANT1/AN10
REORDIANS «— (] 8 w © 331 «— REOANTOFLTOANIZ
REVWWRIANG ~—[] 9 § g 32[] ~—— Voo
RE2/CSIANT <—[] 10 wow [0 ——\Vss
Voo —— 11t 2 B 39[]~—e RODIPSPIPID
— 12 Q ©  29[] «~— RD&PSPEPIC
OSCUCLKIRAT = ] 13 a a 28 [] ~— RDSPSPSP1B
OBCUCLKOMAG o] 14 27 [] ~—» RDAPIPY
RCOMI0SOMACK! ~—+[] 15 26 [] ~— RCHRXDT
REwmosicer2t . 116 25 [] ~——+ RCEMTXCK
RCAUCCPUFIA o—a 17 24[] «—— RCS/SDO
RCYSCK/SCL =[] 18 23 [] «— RCAISDUSDA
RDOPSPO w—e E 19 22 :] -+ RDAPSP3
RDAPSP1 ~—[]20 21 [J ~— RD2PSP2

Ui 210 dwmisvvedhilpsaeulvsaass U PIC18F4620 (8]
2.6 LCD 16x2

wiguanwaluga LCD (Liquid Crystal Display module) Samihsuaniua
wuuwdnnadlasluga LCD dlag 2 wiladiedu fe wuudidnus wasuuunsmin
Tnsaasuiugiuesiuga LCD wuuanYsuARsiIgUR 2,10 LCD 16x2  lugaiinansua
wiagldfiomun 32 Msnes 2 s wiaduussinas 16 dadnws dvaesliy
uasildlen annsauannaldufogluiifiuasahiados Tnoiyaddiiflilunsaivaunis

wamneavedluga LCD AILERIFInTgNi 2.2



...........'0....

LCD 16x2 Line

'
=

gﬂw 2.11 LCD Characters 16x2 [9]

2.6.1 AuELTR

2.6.1.1 WaAANNA 16x2 Character

2612 4lndse s v

2.6.1.3 wiieanunsailalwidunasdiien (Backlicht)
2.6.1.4 gamgillden 20 °C - 70 °C

19197 2.2 gaddsmununisiaiuedluga LCD

Ardans¥ay (LCD Command)

it lviiuTuga LCD (Hex)

LCD Clear 0x01
Cursor to home 0x02
Display move cursor to left 0x04
Move to left 0x05
Display move cursor to right 0x06
Move to left 0x07
LCD off & cursor off 0x08
LCD off & cursor on Ox0A
LCD on, & cursor off 0x0c
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fdan13¥i1919 (LCD Command) AniidlviiuTuga LCD (Hex)
LCD on, & cursor on 0x0E
LCD on, & cursor blink Ox0F
Move cursor to left 0x10
Move cursor to right 0x14
Move new character to left 0x18
Move new character to right 0x1C
LCD start 1st line 0x80
LCD start 2nd line 0xCO
LCD start 2nd line (4-bit Mode,5x7) 0x28
LCD start 2nd line (4-bit Mode,5x10) 0x2C

2.6.2 swazBsandyauvestuga LCD

2621 1 1: GND dmSudenns1fveeias

2622 it 2 +Vee sofuliAns +5 v

2623 1 3 Vo dmiuuiumnuainaemiiee LD

2624 Wi 4 RS (Register Select) v udannIsAnnanUSdaRas
dwiedaya Tny “0” asfareifudds “1”qwfnrovaya

2625 Wil 5: R/W (Read/Write control) NeMIBITEUTayaiy
Tuga LCD

2626 Wil 6: E (Enable) Jeudyaoniad Enable Inluga LCD
Surie

2627 il 7 fia il 16: DBO-DBY (DATA) v¥ayatn 8

Tgdmiuderinuteyasznin LCD Augunsaimeuen
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AUMisAzioiIggues LCD wuv 16 Fsnus 2 woduavn1ssnmiumiann
uARIAIUA 2.12

Ul 212 msdasumisyives LCD (9]
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Ui 3
s o a .4
nMsganluukazn1sIainUsyaninus

3.1 n1388ALLUY

3.1.1 vdanlaorunsunansuannis NN ¥ uYIsEUY

wslududa / Fa_ WIsuasdyn
295U e
Type K, Type J 1 valos > > sudendy
WIIGU " ..
dyruidnea
UL Ingungll
, v
WARINANIY -
lulasaaulnsatasd
98 LCD

U7 3.1 ulenlaevunsunanimsiauveassuy

vnvdenlaazunsuiiuil Ussnouldediusngg fle wuwesinguugd
1TV BRI 29swlasdygaewndeniludyguiinea lulasroulnsamed was

NSLAAINANILAD LCD Feanansouanssasmavionludauisues Tngamgll 16l
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. Ccs RiT c108
1 Us1

& o ) ey L—: o m‘;’:‘ D our i
- ont
TC2 ] am ce [ =
te e om
) ) - S e e o
saus om
L . 4 hod Iy
; w ] (B Pt canuse [
| 1 I
J— cé
- e Qe
S L 5
e
4 — Leon
® L ware
2 EREPL e ) |l_:1
b b P I
== = 3
] e
Ao 9 4
I cms [ $3¢ g, ssesssss
B Cm gy cernem [ ] Moo
e . Y IV ) ) M 4 4
> | -
: i swsrar
V- SW4
ADCaN04  wen m —
i I o—l =
i
= AT ORI K]
Im ] rarasnran >
c4 = #eaxoryra
R1 PCISOKALL
_,._l - ] MRS YOuT
> a mvsco
L= O P nenr e 2
—l———.— 2| maroscicun wcrmant [ R2 R3
L “[_—buj APGANIZTLTINTD o | o " =
] v
2 e . rosre o
=] : b v or
. e ool |5 = | araein
» H L : ;
LI b i E R
oM v :CZ el
st = (=TS
B E- ez e
et _ . e 2t

m

EUﬁ 3.2 2995Msvianulag s
3.1.2 N1599NLUVEHI9TU (Flowchart) nMSM191UU9497495

Asumsinudunsuaastunsunisioulagagy weliiiuniwsuves

A5V Imaﬁmuﬂ’ﬁﬁmuuamﬁqgﬂﬁ 3.3
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Tailay

e o

o

~ Jmgumnil -

R

27F1 Voltage 801

LAENINSVEBLSIeuReule

|

WUAULSIFUANN ALY LU

LY )

o [ as aa
guaantud YU EUA IR BE

Y

lalasmaulnsataasuseanana

LARIHARAMRNNTUNIRELCD (ReAvalTyd

@ENMIRLLARIHA

laiiden

gamnil

Ghil

wananagauniliunee LCD ilaiden

wemsin Gusulad | wadu)

"[ UAITHY l‘

U 3.3 MI9RnLUUNITYINeIUNAS
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3.1.3 @51eaBwauvasiuAUla Type J war m15198198waunas

Tuadila Type K

M998 198vaesludila Type J way msweredweaeslududa

Type K uandldfan1snafl 3.1 wagmnswdt 3.2

M 3.1 AuseiudiBeumosluduia Type J
(Ref, Junction 0 °C) figaumgil 0 °C - 100°C 6]

gl 0 -1 -2 -3 -4 -5 -6 7L -8 -9 -10

Thermoelectric Voltage in mV
0 0.000 0050 0.101 0.151 0202 0253 0303 0.354 0405 0456 0.507
10 0507 0588 0609 0660 0.711 0762 0814 0865 0916 0968 1019
20 10191071 1122 1.174 1226 1277 1329 1381 1433 1485 1537
30 1537 1589 1641 1.(_59311_745':1.79_7_"1.849 1.902 '1.954 2006 2.059
40 2059 2111 2164 2216 2269 2322 2374 2427 2480 2532 2585
50 2585 2638 2.691 2744 2797 2850 2903 2956 3.009 3062 3.116
60 3116 3169 3222 3275 3329 3382 3436 3489 3543 3596 3.650
70 3650 3703 3.757 3810 3.864 ° 3.918:_-.3.‘971 4025 4079 4.133 4,187
80 4.187 4240 4.294 4348 4.402 4.456 4510 4560 4618 4672 4726
90 4726 47814835 4889 49437 4997 5052 5106 5160 5215 5269
100 5269 5323 5378 5432 5487 5541 5595 5650 5705 5759 5814
‘. : iTheE:r‘r‘\:Qé_Lectri; Voltageln mv g '

e 0 1 2 3 4 5 6 4 8 9 10




MR 3.2 Awsuddaeavesluduila Type K

(Ref. Junction 0°C) #igaumadl 0 °C - 100 °C (6]

24

°C

10
20
30
40
50
60
70
80
90
100

¢

0.000
0.397
0.798
1.203
1.612
2.023
2.436
2.851
3.267
3.682
4.096

0.039
0.437
0.838
1.244
653
2.064
2478
2.893
3.308
3.723
4.138

0.079
0.477
0.879
1.285
1.694
2.106
2.LY
2934
3.350
3.765
4.179

Thermoelectric Voltage in mV

0.119 0.158 0.198

0.517
0.919
1.326
1.@5
2447
2.561
2.976
8.594
3.806
4.220

0.557
0.960
1.366
1.776
2188
2.602

3017

3433

- 3.848

4.262

0.597
1.000
1.407
1.817
2.230
2.644
3.059
3.474
3.889
4.303

0.238
0.637
1.041
1.448
1.858
227
2.685
3.100
3516
o831
4.344

0.277
0.677
1.081
1.489
1.899
2312
2.727
3.142
3.557

3972

4.385

Thermoé(ettfic Voltage in mV

3

aq

5

6

7

0.317
0.718
1.122
1.530
1.941
2354
2.768
3.184
8,599
4.013
4.427

0.357
0.758
1.163
1.571
1.982

$2.395

2.810
2.2¢5
3.640
4.055
4.468

0.397
0.798
1.203
1.612
2.023
2.436
2.851
3.267
3682
4.096
4.529

10

3.1.4 swazdsnvaanisandunulunsazdunoy

lumsdnfiumsairaaiasiaguuaiilasldinesluduida

2/

fdumaulunis

andunubiiaianudmng ssdesssneuineg 2 dnlwaqseiy fo sndaund uas

903§ Favsansdruaznedladiunislulile wizazhliiatesingamgilayly

wasluAuWaliamnsavhauls
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3.1.4.1 NSPRNRUUNIAUENSAWIT

N199BALUUNNAIBNTALIS Fefaalsenoumediunieg Ao
Wuwesingamgll Kaaswlasdyaneundendudyaniines 2eeslulasreulnsanes

WAZ9ITUANINANIUID LCD

1) anduweiingurginediuinsvensusiy
WeldmesluAulUatngamgl awldawssdusonundadio
dsginnisieninisusouseiy odussiuiivesldlulively wandlddagui 3.4

uawguil 3.5

1 Ut
cJ
u LI Y 3¢ wo p2
T = F———=< P6 (ADC0804)
B3 ©O4TY S v f
TC2 5 i ey
K CoM - ‘
4 l? ADSES

Wi 3.4 2esduweTngamgidainiuresvaussiuveamasluduida Type K
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+T 12
-T ALK+ Y

e
(SN
a2
0
——
|3
&
¢

4 i AD§OL

26

IN+ vo :
IN- FB __—1_<m 1 P6 (ADC0804)

U7 3.5 1mnduwesingumglineiniuisesuesussiuve avaslududa Type J

2) wrwlasdyyueudenduiinea

Wieldussdunnaaseeveumesiudiia Type K wax

Type J ui dwnulasdygominemndendudygianinea uandldfguil 3.6

T < p2
C“l_ R
*ILI* i ) (18F4620)
—i=
us :
_L y; 5 2 m":: ’
g =R I~
Wy e % E 18F4620
P8 > i1l
e
(AD595AQ 5 AD594AQ) ——=C100 “‘«2 cﬁ
sar c2 I g

I

I

UM 3.6 1suwlasdynnueudeniuduyniines
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3) 1vshulasreulnsaiaad
tlaudaslidaugy iuddneaundltnidinees

lulesreulvsaiaasifievhmsUssinana wansldeguil 3.7

P5 ADC0804
P5
ADCO804
U1
2 kaoanc e RouTiosoTIe [—2
- FALANLCHN- RCUT10SUCCR2B 7
— RAZANDCMN VREFCVRER RE2CTCRUPIA b=
—g—- FAVANC 1IN-VREF RCYSCK/CL ;: g ADC
£ ] rasmocaciour RCUSOUSTA i
~I] rasmnassHUDINCZOUT Aessoo -2
| ruaoscacwo ROSTRICK
2] raroscics e g < 0804
B | regantzeLTamTg roomsro |12
soc [ pEE==tiEm e 5
REQDANSINTZ RO2PSPA2
X | revwacoen rourses 22
0804 2 Reueant S (D)
S RESHE1oGM A03PEPEPIS g
ZR (o L o e
REGROANS [ ——
T o
REzCsANT 2
Aevuc A f—t (1‘]3{1

Ui 3.7 2shilasmeulvsaaes
4) NITUAAING

NUARNADZYIINTHANINANTYINUTBNATas Ing Mgl

=

lauanwavihovasgamgiiifonuazianinanvesgamgiiinldiiue LCD 16x2
ASFUN 3.8
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LCD1

LM21EL

8% 2. ssszzass

] wlole] ~|ale|olo|x| ol

oV 5V

P20 > | [ P27 p—1

P21 - P28 >
P19 > P29 >~
P30 p—r

5UT 3.8 2995uan9Ha

3.1.3.2 ANS9NRUUNIAUTDSHIAS

s

sUuuunsilanlUsunsululasraulvsaaed annsowdladad

1) WeulUsunsual8n1¥® wagvinnas Compile My
TUsunsu PIC C Complier tilaa$he Hex file winiluTusunsuinglilasaeuinsaiaes
siall

2) el Hex file ud¥mai Hex file MduliTusunsy
iglilasnoulnsaaeslagldlusunsu PIC kit2



3.2 \@saslianldlunisnaass

3.2.1 gunsafitldlunismaaas

32.1.1 waslumhila Type K uas Type
3.2.1.2 IC AD594AQ 1 #1
3.2.1.3 IC AD595AQ 1 "
3.2.1.4 1IC ADC0804 2 7
3.2.15 e uniu (R)
1) R 10k ohms 5 #n
2) R UsuAla 10k ohms 3 §2
3.2.16 dududszy (O
il o\ % VAT
2) C 150 pF 2 #
3) C 0.1 pF 4 ¢
4) C 10 yF 2 ¢
3.2.1.7 crystal 20 MHz 1 #

3.2.2 Measument

3.2.2.1 wa3 dwnang (Power supply)
3222 awalad (Probe)

3.2.2.3 faRiwmas (Multimeter)

3224 waslufuda (Thermocouple)

3.2.25 wssndsululasmaulnsaass

29
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3.3 N1SIANUNANISNAGD

331 dafumansyeueeaesludila Type K wag Type J

332 dmfunamsingamgiivesveanar Wisuieuszninmsednadaiv
QUnsRifiadeiuan

333 uamansmmuduiusseninegamall (°0) duussdu (mv) wWisuiiey
ia:vmaqﬂﬂsfﬂﬁa%”’m%uﬁ’ummmaﬂuﬁ'ﬂtﬁa Type KW@z Type J

334 Jafiuman mhaunssuesns s anedlududa lype K uag
Type J

33,5 dafiunansiniaieasvenenseiu Wisuifsuseninmisiesadaiu
Unsaifiaatuan

3.3.6 WARIN T WMAUANTUSTENINEUMAT (O) Aulsesiureny (mV)
LU‘%’EJUL'?!a‘uszm"mqﬂnmﬁﬁa%’waﬁuﬁ’ummmaﬁué’ﬂt.ﬁa Type K Waz Type J

2)3 7 ﬁ“fmLﬁuwamiﬁwmmaﬁmﬁgimﬁLLUaamﬂaméamﬂuﬁ’ﬂgiymﬁ%maa
vaavasluduia Type K Way Type J

338 dANUNAN SUARWAIaMATINILGS LCD



- |

NanN1nnaay

4.1 HaNISNNABINITNINUVDINDS LAY A

4.1.1 wanmanaasuneiluduila Type J

4.1.1.1 Tagampiifl 0°C uaasluguil 4.1

N

Ui 4.1 mamsTaussdulihanmesluduidia Type J fgamail 0 °C

Y
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AgaMgiin 50 °C wamdlugun 4.2

U 4.2 manisTauswiulwihanmesluduia Type J flguwgil 50 °C

4.1.2 wammeaaaeslududa Type K

4.12.1 Fagamgliit 0°C uandlujuit 43

=Y

U 4.3 namsTaussdulviihannmeSluduida Type K figamgdl 0 °C

u



XA -‘w‘:'r:..-"«u+‘-.‘t{f-v.ﬁ'--rfh‘sr.*:zrmi:zn;n

9
]

U

#

6.1.2.2 Sagamgiiit 50 °C uansluguit 4.4

4.4 wamslussiulinnnmesTududa Type K figamgil 50 °C

35
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4.2 Han1sN1UYIEaNS ATNYeLASa A

nsveaesingumging eeldgunsalfasnafusuaussiulviudninn
Wiguiisulumssddeaneiluilawsazalin Augunsnidneds fe wesTududa

lngmsingaumaiiviavun 3 A1 wiouviavnAade

4.2.1 guungiinnlasveenswiulniumesivavita Type J

faanse9 4.1

AN 4.1 wansingumaiinnmasiudida Type J

M191981984 gunsaiiad1stu
qa,iwgm w3snulin R (e usaulniuade
F (mV) /N 7 P (mV)
ATIAL | AsIn2 | Afen3

0 0.000 0.00 0.00 0.00 0.000
5 0.253 0.20 0.30 0.30 0.267
10 0.507 0.50 0.50 0.50 0.500
15 0.762 0.80 0.80 0.70 0.767
20 1.019 1.00 1.00 1.00 1.000
Zh 1.2 1.20 1.30 1.30 1.267
30 1.537 1.60 1.50 1.50 1,533
35 1797 1.80 1.80 1.80 1.800
40 2.059 2.00 2.10 2.00 2.034
a5 2.322 2.30 2.30 2.40 2.334
50 2.585 2.60 2.60 2.50 2.567
55 2.850 2.90 2.90 2.80 2.867




A9eH 4.1 wamsingamgianmesludila Type J (do)

151987984 gUAsaiTiadety
gungil . ussulwihitialsl (mv) " ‘,'

i wsesu L wseRulviiwade
e

(mv) 5 Y 7 (mVv)

AL | ATW2 | ASedi3

60 3.116 3.20 310 3.10 5:133
65 3.382 9.3 3.40 3.40 3.367
70 3.650 3.70 3.70 3.60 3.667
75 3918 390 | 390 | 390 3.900
80 4.187 4.10 4.20 4.20 4.167

AINII9N 4.2

4.2.2 auuiinnasasvensussiuiniuvesluddila Type K

15197 4.2 wansingamafivnnmestuiiila Type K

M13719871989 gunsniftadety
gamgil & usedulaiidale (mv) 4 o

5 wseeulviv wsssulnALade
N

(mV) ¥ L@ » (mVv)

AL | ASW2 | Asedi3

0 0.000 0.00 0.00 0.00 0.000
5 0.198 0.20 0.20 0.20 0.200
10 0.397 0.40 0.40 0.40 0.400
15 0.597 0.60 0.60 0.60 0.600
20 0.798 0.80 0.80 0.80 0.800




M5 4.2 iamsingamniinnmesludUia Type K (da)

36

M13198719D4 gunsnifiassty

DUNNI '
o wsamulah , — wsaulnAnady

(°C) wssrulni A IRle (mv)

(mVv) (mv)

25 1.000 1.00 1.00 1.00 1.000

30 1.203 1.20 1.20 1.20 1.200

35 1.407 1.40 1.40 1.40 1.400

40 1612 1.60 1.60 il 200 1.683

45 1.817 1.80 1.80 1.80 1.800

50 2.023 2.00 2.00 2.19 2.033

55 2.230 2.20 2.30 2.30 2.267

60 2.436 2.50 2.40 2.50 2.467

65 2.644 2.60 2.70 2.60 2.633

70 2.851 290 2.90 2.80 2.867

75 3.059 300 | 300 | 3.10 3.033

80 3.267 3.30 .30 3.20 3.267

A10I0UIAINNANTIN 4.1 WAy 815190 4.2 vwaaadunsiSeudisusn

useiuliihanmsededeiuus siulwibitdaldangunsaifiaiutuiigumn

U 45 waz 4.6

u

a1

R

199 A4



nsSrudisuAuss ulnHnms9819B s useau Wi isaldan

a & o a o &
qUnscﬁwﬂ%ﬁwwqmmﬁumqqmaqmaﬂuﬁuma Type J

(mv)

—| emepm 5038098
=fl— 5\ nsnfiaswiu

WL AL

L1l

111t

111

1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

gauwnll (°Q)

Wi 45 namwisuisudwssiuliinnasesidiumussiulnifidale

ngunsnifailuiigumgiising veawesludiida Type J

nsiFeuiisuausanulWnianansededanuauseaulw/isalaan

= & o a W &
gunsaliiaieuungnmgiidnquaanasiuduila Type K

-

> Y

E. | e 197357984
-] o nIm
s ~| =il InToifiaiau
e d

z .

“

=

{ SO O Y A O 0 O OO L L |

T T T T T T T T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
vl O

SUN 4.6 nIMUSEUiguAILSHUINANS e 1B R UAS STl Sa e

Y

NngunsnifadTungumginneg veanasluduila Type K

37
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4.3 HAN1INN9UYRNRsVEIELswUlnivawmasTudlida Type K uay

Type J

4.3.1 Wanravnigd e sveewsiulnihveamesluAuda Type J

63.1.1 Yoagaumgiifi 51°C wamduguil 4.7

Ui 4.7 mamsimsasvengussiulnihninmestududa Type J Migamagll 51 °C
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4.3.2 HaNIMAABINIIVENLsITUlNAvaunesTualla Type K

43.2.1 Sngaumgiifi 51°C uandluguil 4.8

=Y

Uil 4.8 namsimssuenaussiulnihatnmeslududa Type J figauwgh 51 °C

u

4.4 wan1sMI9IUUILANS NN VT B S IA U WA

nmsvaassingumaiin lagldrsamvesussiulwiigmaussiulwiud
unnlfeuiitsulumeddweavesiudUilaudazeiie fugunsaidreds Ao mes

lufuariln J wasvila K Tnensiagumgivionmn 3 a3t wiouviamaAads



4.4.1 Han1Inaassssveneussauliimesluduila Type J

AANTINN 4.3 wasinuvensussnulWiivewnesluduila Type J feansieil 4.4

M5 4.3 Hamsingamaiinnasuesusiumasiudlila Type J

ST 1msueussiulihvenesiududa Type J
IC AD5%94AQ
inma:ﬁ a oy ow
(°C) usesulnvy 22 usedulniade
(m\) - B = - (mV)
ASIL | ASIN2 | ASIN3
0 330 8.50 8.00 9.00 9.16¥
b 52:05 52.00 51.00 51.00 51383
10 101.00 103.00 | 102.00 | 101.50 102 1657
15 150.00 7 150.50 | 150.80 [ 150.00 150.433
20 200.00 202.00 | 202.00 | 202.50 202.167
25 250.00 252.00 250.00 250.40 250.800
30 300.00 300.90 | 300.50 | 300.00 300.467
3% 350.00 350.00 [ 351.40 | 351.50 350.967
40 401.00 400.50 | 400.00 | 400.50 - 400.333
45 451.00 460.50 | 455.00 | 455.50 457.000
50 503.00 505.00 | 504.00 | 504.50 504.500
55 554.00 203 00u=55500 | 665.50 555.167
60 605.00 600.00 | 604.60 | 605.50 603.367
65 657.75 655.50 | 65550 | 657.00 656.000
70 709.50 710.00 | 71000 | 711.00 710.333
75 761.25 760.00 | 760.50 | 762.00 760.833
80 813.00 813.00 | 813.00 | 813.60 813.200




M15197 4.4 inuvensusnuldihvsanasiuduilla Type J

41

gamgdl | usaduliifiansnediede (mv) | wsefulwinitdald (mv) | Weswudenu

Q) Type J | AD594 | nu | Type J | AD594 U AALAGEY (%)
0 0.000 3.10 3.100 | 0.000 5.200 4.200 35.484
5 0255 5205 | 206.731.| 0.287 51.333 | 192.258 6.545
10 0.507 101.00 | 199.211 | 0.500 | 102.167 | 202.334 1.567
15 0.762 150.00 | 196.850 | 0.767 150.4733 196.132 0.365
20 -I.619 200.00 | 196.270 | 1.000 | 202.167 | 202.167 3.005
25 1277 1 250.00 | 195771 | 1.267 | 250.800 { 197.948 1.112
30 1.537 300.00 | 195.185 | '1.533 | 300.467 | 195.999 0.417
35 1 L9 350.00 | 194.769 | 1.800 | 350.967 | 194.982 0.109
a0 2.059 | 401.00 | 194.755 | 2.034 | 400.333 | 196.821 1.061
45 2328 451.00 | 194.229 | 2.334 | 457.000 | 195.801 0.809
50 2.585 503.00 | 194.584 | 2.567 | 504.500 | 196.533 1.002
55 2.850 | 554.00 | 194.386 | 2.867 | 555.167 | 193.640 0.384
60 3.116 605.00 | 194.159 | 3.133 | 603.367 | 192.584 0.812
65 3.382 657.75 | 194.486 | 3.367 | 656.000 | 194.832 0.178
70 3.650 709.50 | 194.384 | 3.667 | 710.333 | 193.710 0.347
5 3918 761.25 | 194.296 | 3.900 | 760.833 | 195.085 0.406
30 4.187 813.00 | 194.172 | 4.167 | 813.200 | 195.152 0.488




4.4.2 HAN1TNAARI2995VEBUsIAUINH s luAUa Type K

A199N 4.5 wasinuvsrsussiulniveavesluduila Type K faansnedl 4.6

A19199 4.5 Han13innsauaINRTTIELswumesludula Type K

b 2svneusailiveanesludlda Type K
IC AD595AQ
gaumgil i e i g
(°C) wseiulnil S\ wsasulniiade
(mV) ry o poit (mV)
ATINT | ASINZ | ATIN3
0 2.70 3.00 2.80 2.80 2.867
& 51.85 53.00 53.00 52.50 52.833
10 101.00 103.00 | 102.00 | 103.50 102.833
15 150.00 150.50 | 150.80 | 150.00 150.433
20 200.00 198.50 | 201.00 | 201.50 200.333
@4 250.00 253.00 | 250.00 | 250.40 51,135
30 300.00 303.20 | 301.50 | 301.00 301.900
35 350.00 35308 (F #92.50 /5536250 352.667
40 401.00 402.50 | 402.00 | 402.50 402.333
45 451.00 453,50 | 455.00 | 455.00 454,500
50 503.00 505.00 | 505.00 | 504.50 504.833
55 554.00 555.00 | 555.00 | 555.00 555.000
60 605.00 605.00 | 604.50 | 605.00 604.833
65 656.25 655.50 | 65550 | 655.00 655.333
70 707.50 710.00 | 710.00 | 710.00 710.000
75 758.75 760.00 | 761.00 | 761.00 760.667
80 810.00 815.00 | 814.00 | 814.40 814.467




a3

ANTN7 4.6 inuvsneLssiuliveamesluAUlla Type K

gamgdl | usaiulihansnednede (mv) | wseduliiaddaled (mv) | wWedisudanna
(°Q) Type K | AD595 | wu | Type K | AD595 nu | maadeu (%)
0 0.000 2.70 2.700 | 0.000 2.867 3.167 6.190
5 0.198 51.85 | 261.867 | 0.200 52.833 | 264.165 0.878
10 0.397 101.00 | 254.408 | 0.400 | 102.833 | 257.083 1.051
15 0.59¢ 1000 251,256\ \ 0600 , |, 150.433250u7 22 0.213
20 | 0798 |200.00 | 250627 | 0800 |200.333 | 250416 | 0084
25 1.000 250.00 | 250.000 | 1.000 | 251.133 | 251.133 0.453
30 1.203 300.00 | 249.377 1.200 | 301.900 | 251.583 0.885
35 1.407 350.00 | 248.756 1.400 - | 352,667 | 251.905 1.266
40 612 401.00 | 248.759 1.633 | 402.333 | 246.377 0.958
45 1.817 451.00 | 248.211 1.800 | 454.500 | 252.200 1.607
50 2028 503.00 | 248.641 | 2.033 | 504.833 | 248.319 0.130
55 2.230 554.00 248.430 2.267 | 555.000 | 244.817 1.454
60 2.436 605.00 | 248.358 | 2.467 | 604.833 | 245.169 1.284
65 2.644 656.25 | 248.203 | 2.633 | 655.333 | 248.892 0.276
70 2.851 707.50 | 248.159 | 2.867 | 710.000 | 247.646 0.207
75 3.059 758.75 | 248.039 | 3.033 | 760.667 | 250.797 1.112
80 3.267 810.00 | 247.933 | 3.267 | 814.467 | 249,301 0.552

d@1115011A191ARN5197 4.3 way M5 4.5 wanudunsiiuUSeundiiouan
wssulihanmasudstudussduluiitinldnnasuenefigumgiivineg fsuil 4.9

way 4.10
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U 4.10 nemlUsuifigumussiuainnsedredatuaussiulnihisald

NNNITVeNgUMYIlgg veaneiludula Type K
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4.5  wan1svineuvasntsulasdyiasundeniludyyiniineaveunes
luauila Type K uaz Type J

Weviinisvegussiuuds imsulasdygraeundonifudyyiuiinea

L)

WEARIRIANTIN 1.7 Wazm1s19n 4.8 fadl

AT 4.7 ANNENNUSTEVIALTRUlWRSe Dnddnaaauin 8 O

= o @ &
warasrmiwalgea euvesluadida Type J

asraled (°C) | wsIu input (mV) Binary 8 bit
0.0 3.100 00000001
0.5 7.995 00000010
1.0 12.890 00000011
5 17.785 00000100
2.0 22.680 00000110
72.5 25T, 00000111
3.0 32.470 00001000
3¢5 37.365 00001001
4.0 42.260 00001011
4.5 N E 00001100
5.0 52.050 00001101
5.5 56.945 00001110
6.0 61.840 00010000
6.5 66.735 00010001
7.0 71.630 00010010
75 716.525 00010011
8.0 81.420 00010101




A9 4.7 ANUANRUSsErIAnsnulinge OnAdnoaruin 8 O

warasAwaldua vauvesluAila Type J (Aa)

pIalea (°C) | wsaeu input (mV) Binary 8 bit
9.0 91.21 00010111
9.5 96.11 00011001
10.0 101.00 00011010
10.5 105.00 00011011
11.0 110.00 00011100
1165 ; 115.00 00011101
12.0 120.00 00011111
12.5 125.00 00100000
13.0 130.00 00100001
13¢5 135.00 00100010
14.0 140.00 00100100
145 145.00 00100101
15.0 150.00 00100110
155 155.00 00101000
16.0 160.00 00101001
16.5 165.00 00101010
17.0 170.00 00101011
17% 175.00 00101101
18.0 180.00 00101110
18.5 185.00 00101111
19.0 190.00 00110000
19.5 195.00 00110010
20.0 200.00 00110011
20.5 205.00 00110100
21.0 210.00 00110110

a6



MISNA 4.7 AanuduTuSssniaussuling nRdneavutn 8 On

uarasAwaldyad veuvesludula Type J (da)

pamwadya (°C) WY input (mv) Binary 8 bit
21.5 215.00 00110111
22.0 220.00 00111000
225 225.00 00111001
23.0 230.00 00111011
235 235.00 00111100
24.0 240,00 00111101
245 245.00 00111110
25.0 250.00 01000000
25.5 255.00 01000001
26.0 260.00 01000010
26.5 265.00 01000100
27.0 270.00 01000101
275 275.00 01000110
28.0 280.00 01000111
28.5 285.00 01001001
29.0 290.00 01001010
29.5 295.00 01001011
30.0 300.00 01001101
30.5 305.00 01001110
31.0 310.00 01001111
315 315.00 01010000
32.0 320.00 01010010
325 325.00 01010011
33.0 330.00 01010100
335 335.00 01010101

a7



MTNA 4.7 ANNFURUSsErIsawsatulingg DnRdneavunn 8 On

uavesrvala spanesludlla Type J (Ao)

paralea (°C) | wseiu input (mv) Binary 8 bit
36.0 340.00 01010111
34.5 345.00 01011000
350 350.00 01011001 |
35.5 355.00 01011011
16.0 360,00 01011100 |
36.5 365.00 01011101
37.0 370.00 01011110
375 375.00 01100000
38.0 380.00 01100001
38.5 385.00 01100010
39.0 390.00 01100011
39.5 395.00 01100101
40.0 400.00 01100110
40.5 406.10 01101000
41.0 411.20 01101001
415 416.30 01101010
42.0 421.40 01101011
425 426.00 01101101
43.0 430.60 01101110
435 435.70 01101111
44.0 440.80 01110000
44.5 44575 01110010
45.0 451.00 01110011
45.5 456.10 01110100
46.0 461.20 01110110

a8



AN 4.7 ATUANRUSTENIALSIRUlNRS OnRdneaauin 8 Un

wavasrwaliua vaunasludlla Type J (o)

paraliga (°C) | Wity input (mV) Binary 8 bit
46.5 466.30 01110111
47.0 471.40 01111000
47.5 476.50 01111010
48.0 481.60 01111011
48 5 186.70 01111100
49.0 491.80 01111101 |
49.5 497.40 01111111
50.0 503.00 10000000
50.5 508.10 10000010
51.0 513.20 10000011
5.5 518.30 10000100
52.0 523.40 10000101
52.5 528.50 10000111
53.0 533.60 10001000
53.5 538.70 10001001
54.0 543.80 10001011
54.5 548.90 10001100
550 554.00 10001101
55.5 559.10 10001111
56.0 564.20 10010000
56.5 567.80 10010001
57.0 574.40 10010010
575 579.50 10010100
58.0 585.60 10010101
58.5 589.55 10010110

a9



SN 4.7 anuduiudseninaussiulvnge SnRdnearuin 8 On

wazesrwaldea vaavasluAUla Type J (o)

pargaldea (°C) WS99 input (mV) Binary 8 bit
59.0 594.80 10011000
59.5 599.90 10011001
60.0 605.00 10011010
60.5 610.13 10011100
61.0 616.35 10011101
61.5 621.18 10011110
62.0 626.70 10100000
62.5 631.88 10100001
63.0 637.05 10100010
63.5 642.28 10100100
64.0 647.40 10100101
64.5 652.58 10100110
65.0 657.75 10101000
65.5 662.93 10101001
66.0 668.10 10101010
66.5 673.28 10101100
67.0 678.45 10101101
67.5 683.63 10101110
68.0 688.80 10110000
68.5 693.98 10110001
69.0 699.15 10110010
69.5 704.33 10110100
70.0 709.50 10110101
70.5 714.68 10110110
71.0 719.85 10111000

50



f15190 4.7 anuduiussEnIemusiulingg DnRdnearuna 8 U

wazarwaliea vauvaslualila Type J (sa)

parwaldea (°C) W59 input (MV) Binary 8 bit
1.5 125,03 10111001
72.0 730.20 10111010
2.5 735.38 10111100
73.0 760.55 10111101
73.5 745.73 10111110
74.0 750.90 10111111
74.5 756.08 11000001
75.0 76i.25 11000010
75.5 766.43 11000011
76.0 771.60 11000101
65 776.78 11000110
77.0 781.95 11000111
11.5 FEo e ) 11001001
78.0 792.30 11001010
78.5 797.48 11001011
79.0 802.65 11001101
8.5 807.83 11001110
80.0 813.00 11001111

A1319N 4.8 AnuduRuSsErIeuswulinge UnRInoarunn 8 On

wagadAwalda vauvesluAmila Type K

s usalfea (°C) WY input (mV) Binary 8 bit
0.0 2.700 00000001
0.5 7.615 00000010
1.0 12.530 00000011
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MTNN 4.8 ANudLUSsEnIeAussfuling Dafdneasus 8 On

uarasrwaldua veumasludula Type K (da)

D Tadua (°C) WAL input (mV) Binary 8 bit
1.5 17.445 00000100
2.0 22.360 00000110

[ 25 27.275 00000111
3.0 32.190 00001000
3.5 37.105 00001001 o
4.0 42.020 00001011
4.5 46.935 00001100
5.0 51.850 00001101
55 56.765 00001110
6.0 61.680 00010000
6.5 66.595 00010001
7.0 T 5 00010010
7.5 76.425 00010011
8.0 81.340 00010101
8.5 86.255 00010110
9.0 91.170 00010111
S5 96.085 00011001
10.0 101.000 00011010
10.5 105.000 00011011
11.0 110.000 00011100
115 115.000 00011101
12.0 120.000 00011111
12.5 125.000 00100000
13.0 130.000 00100001
13.5 135.000 00100010
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A19197 4.8 ANuduussErIeausIulNag Onfdneawuia 8 U

uararmigaldea vounasluAula Type K (7o)

pwwalea (°C) | usdu input (mV) Binary 8 bit
14.0 140.000 00100100
14.5 145,000 00100101
15.0 150.000 00100110
15.5 155,000 00101000
16.0 160.000 00101001

165 Yeswad| /4 00101010

17.0 170.000 00101011
17.5 175.000 00101101
18.0 180.000 00101110
185 185.000 00101111
19.0 190.000 00110000
19.5 195,000 00110010
20.0 200.000 00110011
20.5 ~205.000 00110100
21.0 210.000 00110110
215 215.000 00110111
22.0 220.000 00111000
22.5 225.000 00111001
23.0 230.000 00111011
23.5 235.000 00111100
24.0 240.000 00111101
245 245.000 00111110
25.0 250.000 01000000
25.5 255.000 01000001
26.0 260.000 01000010
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AT 4.8 ANUAUTUSTEMIAusInulinge Onfdnoawuin 8 Un

uagadmwadea vaunasludua Type K (fo)

rwaldiea (°C) | U input (mV) Binary 8 bit
26.5 265.000 01000100
27.0 270.000 01000101
215 275.000 01000110
28.0 280.000 01000111
28.5 285.000 01001001
29.0 29b.000 01001010
9.5 295.000 01001011
30.0 300.000 01001101
30.5 305.000 01001110
3140 310.000 01001111
315 315.000 01010000
32.0 320.000 01010010
32.9 325.000 01010011
3340 330.000 01010100
388 335.000 01010101
34.0 340.000 01010111
34.5 345.000 01011000
35.0 350.000 01011001
a3hih 355.000 01011011
36.0 360.000 01011100
36:5 365.000 01011101
37.0 370.000 01011110
37.5 375.000 01100000
38.0 380.000 01100001
38.5 385.000 01100010
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19199 4.8 AUAURUSTENIIIAMLSIUlHnSe DeRdneasuin 8 Un

wazasmugalod vounasluAlila Type K (5i0)

asrnaaldiva (°C) W3RU input (mV) Binary 8 bit
39.0 390.000 01100011
39.5 395.000 01100101
40.0 400.000 01100110
40.5 406.100 01101000
41.0 411.200 01101001
415 416.300 01101010
42.0 421.400 01101011
42.5 426.000 01101101
43.0 430.600 01101110
43,5 435.700 01101111
44.0 440.800 01110000
44.5 445.750 01110010
45.0 451,000 01110011
45.5 456.100 01110100
46.0 461.200 01110110
46.5 466.300 01110111
47.0 471.400 01111000
47.5 476.500 01111010
48.0 481.600 01111011
48.5 486.700 01111100
49.0 491.800 01111101
49.5 497.400 01111111
50.0 503.000 10000000
50.5 508.100 10000010
51.0 513.200 10000011
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A5 4.8 ANUFUWUSTENINAULsUlYRSe DnAdneaauin 8 U

waradmLwaldua veuvedluduila Type K (7o) -

pewaea (°C) | w3y input (mV) Binary 8 bit
515 518.300 10000100
52.0 523.400 10000101
BYS 528.500 10000111
53.0 533.600 10001000
b5 538,100 10001001

540 543.800 10001011
54.5 548.900 10001100
55.0 554.000 10001101
55.5 559.100 10001111
56.0 564.200 10010000
56.5 567.800 10010001
57.0 574.400 10010010
575 579.500 10010100
58.0 585.600 10010101
58.5 589.550 10010110
59.0 594.800 10011000
59.5 599.900 10011001
60.0 605.000 10011010
60.5 610.125 10011100
61.0 615.250 10011101
61.5 620.375 10011110
62.0 625.500 10100000
62.5 630.610 10100001
63.0 635.750 10100010
635 640.875 10100011




A15190 4.8 ANUFURUSSEnIATwulvings DnRAdneavunn 8 On

wazasrwalded eaunasludvita Type K (s)

pangalded (°C) | I input (mV) Binary 8 bit
64.0 646.000 10100101
64.5 651.125 10100110
65.0 656.250 10100111
65.5 661.375 10101001
66.0 666.500 10101010
66.5 671.625 10101011
67.0 676.750 10101101
67.5 681.875 10101110
68.0 687.000 10101111
68.5 692.125 10110000
69.0 697.250 10110010
69.5 702.375 10110011
70.0 707.500 10110100
705 712125 10110110
71.0 717.750 10110111
7155 722.875 10111000
72.0 728.000 10111010
125 123125 10111011
73.0 738.250 10111100
135 741.875 10111101
74.0 748.500 10111111
74.5 753.625 11000000
75.0 758.750 11000001
5.5 762.375 11000010
76.0 769.000 11000100
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A19197 4.8 ANUFUNUSTENIIAILTIULNRT UnaRInoavun 8 U

warosrLradea vauvasluAlla Type K ()

A waLdea (°C) WAL input (mV) Binary 8 bit
76.5 774.000 11000101
77.0 179250 11000111
7.5 784.250 11001000
78.0 789.500 11001001
8.5 194.625 11001011
79.0 799,750 11001100
9.5 804.875 11001101
80.0 810.000 11001111

4.6 nsianINaguuinIuIe LCD
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Ui 4.12 wamii’mqmmﬁtﬁamaﬂuﬁmﬂa Type J wiheosmwusulad (F)

59



60

T"["FE _}. ':_ 8
TYFE 203

4.6.2 u,amNaqmwgﬁﬁﬂﬁmaﬁuﬁmﬁa Type K
mhgasmnsaioa (C ) figuil 414 wihvesminsulest (F) figuil a.15
uazmieAau (K) figuii 4.16
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A 416 wamsingaumglidiewesludiila Type K miheimaiu (K)

4.6.3 wagnuvnfidaldwasTuduila Type K uaz Type J
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4.19 ragumgilaleldiveslududa Type K uaz Type J wiamaiu (K)
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INSTRUMENTS
Table for Type J Thermocouple (Ref Junction 0°C)

Thermoelectric Voltage in mV

0 0000 0050 0101 0151 0202 0253 0303 0354 0405 0456 0507
10 0507 0558 0609 0660 0711 0762 0814 0865 0916 0968  1.019
20 1019 1071 1422 1174 1226 1277 1329 1381 1433 1485 1537
30 153/ 1589 1641 1693 1745 1797 1849 1902 1954 2006 2059
40 2059 2111 2164 2216 2269 2322 2374 2427 2480 2532 2585 .

50 2.585 2638 2.691 2.744 2797 2.850 2.903 2.956 3.009 3.062 3.116
60 3116 3.169 3.222 3.275 3329 3.382 3.436 3.489 3.543 3.596 3.650
70 3.650 3.703 3.757 3.810 3.864 3.918 3.971 4.025 4.079 4.133 4.187
80 4.187 4.240 4294 4.348 4.402 4.456 4.510 4.564 4618 4.672 4.726
90 4726 4781 4.835 4.889 4.943 4.997 5.052 5.106 5.160 5.215 5.269 -

100 5.269 5323 5.378 5.432 5487 5.541 5.505 5.650 5.705 5.759 5.814
110 5.814 5.868 5923 5977 6.032 6.087 6.141 6.196 6.251 6.306 6.360
120 6.360 6.415 6.470 6.525 6.579 6.634 6.689 6.744 6.799 6.854 6.909
130 6.909 6.964 7.019 7.074 7.129 7.184 7.239 7.294 7.349 7404 7.459
140 7.459 7.514 7.569 7.624 7.679 7.734 7.789 7.844 7.900 7.955 8.010

150 8.010 8.065 8.120 8.175 8.231 8.286 8.341 8.396 8.462 8.507 8.562
160 8.562 8.618 8.673 8.728 8.783 8.839 8.894 8.949 9.005 9.060 9.115
170 9.115 9.171 9.226 9.282 9.337 9.392 9.448 9.503 9:659 9.614 9.669
180 9.669 9.725 9.780 9.836 9.891 9947  10.002 10.057 10.113  10.168 10.224
190 10.224 10.279 10.335 10.390  10.446 10.501 10.557 10.612 10.668  10.723 10.779

200 10.779 10.834 10.890 10945  11.001 11.056  11.112 11.167 11223 11.278 11.334
210 11.334 11.389 11.445 11.501 11.556 11612 11.667 11.723 11.778  11.834 11.889
220 11.889 11.945  12.000 12.086 12111 12167 12222 12278 12334 12389 12445
230 12.445 12.500  12.556 12611 12.667 12722 12.778 12833 12889 12944  13.000
240  13.000 13.066  13.111 13.167  13.222 13.278  13.333 13.389 13444 13500 13555

250  13.555 13.611 13.666 13.¥22 ) AI.FT; 13.833  13.888 13.944 13999 14.055  14.110
260 14.110 14166 14221 14277  14.332 14.388  14.443 14.499 14.554  14.609 14.665
270 14.665 14720 14.776 14.831 14.887 14.942  14.998 15.053 15.109  15.164 15.219
e 280 15219 16275  15.330 15386 15441 15496 15652 15.607 15663 15718 15.773
ﬁ 290 15.773 15829  15.884 156940 15995 16.050  16.106 16.161 16.216  16.272 16.327

3
f;; 300 16327 16383 16438 16493 16549 16604 16659 16715 16770 16.825  16.881

16.881 16.936  16.991 17.046 17102 17157  17.212 17.268 17323 17.378 17434
17.434 17489  17.544 17.589  17.655 17.710  17.765 17.820 17.876  17.931 17.986
17.986 18.041 18.097 18.152  18.207 18262 18.318 18373 18428  18.483 18538
18.538 18594  18.649 18704 18759 18814 18870 18925 18.980  19.035 19.090




INSTRUMENTS
ITS-90 Table for Type K Thermocouple (Ref Junction 0°C) http://reotemp.com

Thermoelectric Voltage in mV

0 0.000 0.039 0.079 0.119 0.158 0.198 0.238 0.277 0.317 0.357 0.397
10 0.397 0.437 0.477 0.517 0.557 0.597 0.637 0677 0.718 0.758 0.798
20 0.798 0.838 0.879 0919 0.960 1.000 1.041 1.081 1.122 1.163 1.203
30 1.203 1.244 1.285 1.326 1.366 1.407 1.448 1.489 1.530 1.571 1.612
40 1.612 1.653 1.694 1.735 1.776 1.817 1.858 1.899 1.941 1.982 2.023

50 2.023 2.064 2.106 2147 2.188 2.230 227 2312 2.354 2.395 2.436
60 2.436 2478 2.519 2.561 2.602 2.644 2.685 2727 2.768 2.810 2.851
70 2.851 2.893 2.934 2976 3.017 3.059 3.100 3.142 3.184 3.225 3.267
80 3.267 3.308 3.350 3.391 3.433 3.474 3.516 3.557 3.599 3.640 3.682
S0 3.682 3.723 3.765 3.806 3.848 3.889 3.931 3.972 4.013 4.055 4.096

100 4096 4138 4179 4220 4.262 4.303 4.344 4.38L A4.427 4.468 4.508
110 4.509 4.550 4.591 4633 4.674 4.715 4.756 4.797 4.838 4.879 4.920
120 4.920 4.961 5.002 5043 5.084 5124 5.165 5.206 5.247 5.288 5.328
130 5.328 5.369 5.410 5.450 5491 5.632 5.672 5613 5.653 5.694 5.735
140 §.735 5775 5.815 5.856 5.896 5.937 5977 6.017 6.058 6.098 6.138

150  6.138 6.179  6.219 6259 6.299 6.339 6.380 6.420 6.460 6.500  6.540
160 6.540 6.580  6.620 6.660 6.701 6.741 6.781 6.821 6.861 6.901 6.941
170  6.941 6.981 7.021 7.060 7.100 7.140 7.180 7.220 7.260 7.300  7.340
180  7.340 7380  7.420 7.460 7.500 7.540 7.579 7619 7.659 7699  7.739
190 7739 7.779  7.819 7.859 7.899 7.939 7.979 8.019 8.059 B099  8.138

200 8.138 8.178 8.218 8258 8.298 8.338 8.378 8.418 8.458 8.499 8.539
210 8.539 8.579 8.619 8.659 8.699 8.739 8.779 8.819 8.860 8.900 8.940
220 8.940 8.980 9.020 9.061 9.101 9.141 9.181 9.222 9.262 9.302 9.343
230 9.343 9.383 9.423 9.464 9.504 9.545 9.585 9.626 9.666 9.707 9.747
240 9.747 9.788 9.828 9.869 9.909 9.950 9.991 10.031 10072 10.113  10.153

250 10153 10.194 10235  10.276 10316 10.357  10.398 10.439 10480  10.520 10.561
260 10.561 10.602 10.643  10.684 10.725 10766  10.807 10.848 10889 10930 10.971
270 1097 11.012 11053  11.094 11935 ™ 1MREEY ) 11217, 11.259 11300 11.341 11.382
280 11.382 11423 11465  11.506 11.547 11588  11.630 11.671 11.712 11753 11.795
290 11795 11.836 11877 11919 11.960  12.001 12.043 12.084 12126 12167 12.209

300 122209 12250 12.291 12.333 12.374 12416 12457 12499 12540 12582 12624
310 12.624 12665 12707 12.748 12790 12831 12.873 12915 12956 12998 13.040
320 13.040 13.081 13.123  13.165 13.206 13248  13.290 13.331 13373 13415 13.457
330 13457 13498 13540 13.582 13.624 13665 13707 13749 13.791 13.833 13.874
340 13874 13916 13.958  14.000 14.042 14084 14126  14.167 14209 14251 14.293

350 14293  14.335 14377 14419 14.461 14503  14.545 14587 14629 14671 14713
360 14713 14755 14797  14.839 14881 14923 14965 15.007  15.049 15.091 15.133
370 15133 15175 15217 15259 15.301 15343  15.385 15427 15469 15511 15.554
380 15554 1559 15638 15.680 15.722 15764 15806 15849 15891 156933 15975
390 15975 16017 16.059 16.102 16.144 16186 16228 16270 16.313 16355 16.397

400 16397 16439 16482  16.524 16.566 16608 166351 16693 16.735 16778 16.820
410 16.820 16.862  16.904 16.947 16.989  17.031 17.074 17.116  17.158 17.201  17.243
420 17243 17285 17.328 17.370 17.413 17455 17497 17.540 17582 17.624 17.667
430 17667 17.709 17.752 17.794 17.837  17.879  17.921 17.964 18.006  18.049  18.091
440  18.091 18134 18176  18.218 18.261 18.303  18.346 18.388 18.431 18.473  18.516
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#include <18f4620.h>

#include <math.h>

#fuses HS,NOWDT,NOPROTECT,NOLVP

#use delay(clock=20000000)

#include <lcd.c>

unsigned int getposition(unsigned char *arr,unsigned int size, char c);

int i=0;

float Temperature[207] = {0,0.5,1,1.5,1.5,2,2.5,3,3.5,3.5
S.5,5,5.55.5,6,6.6[1/7:.575
,8,8.9, 9,595, MANO. B, 11,1 1,571 18
A2 T251 318 533.5 1430, § 15 45,155
A6,16.92 7 XF1 75,18, 18 W0 TS
edlD)=70 32 00 B 2/ R OF R D77 3.9 45
,24,24.5,24.5,25,25.5,26,26,26.5,27,27.5
ol O JOWW O 9. 5.00\5 A0S T3 I
Pho a2 5588, 3 48903 5, 0400573 745
0006, 50 507 ALBES 28 U 55649
,39.5,40,40,40.5,41,41.5,42,42,42.5,43
,43.5,44,44.44 5,45,45.5,45.5,46,46.5,47
,47,47.5,48,48.5,49,49,49.5,50,50,50.5
00,5 B.5255215.2.5, 398 315,535, 54454.8
55,30 SR KIENED, ER57, 5 B5 48588
,58.5,59,59.5,60,60,60.5,61,61.5,61.5,62
,62.5,63,63,63.5,64,64.5,64.5,65,65,65.5
,66,66.5,67,67.5,67.5,68,68.5,69,69,69.5
.5, FO.BF BILSTRe.5 ¥ 25,1 3585
,74,78,74.575,75.5,76,716,76.5,77,77.5
,18,78,78.5,79,79,79.5,80};

unsigned char binTempK[207] = {0x01,0x02,0x03,0x04,0x05,0x06,0x07,0x08,0x09
,0x0a,0x0b,0x0c,0x0d,0x0e,0x0f,0x10,0x11,0x12,0x13
,0x14,0x15,0x16,0x17,0x18,0x19,0x1a,0x1b,0x1c,0x1d
,0x1e,0x1f,0x20,0x21,0x22,0x23,0x24,0x25,0x26,0x27
,0x28,0x29,0x2a,0x2b,0x2¢,0x2d,0x2e,0x2f,0x30,0x31

P



,0x32,0x33,0x34,0x35,0x36,0x37,0x38,0x39,0x3a,0x3b
,0x3¢,0x3d,0x3e,0x3f,0x40,0x41,0x42,0x43,0x44,0x45
,0x46,0x47,0x48,0x49,0xda,0x4h,0x4¢,0x4d, 0xde, Oxaf
,0x50,0x51,0x52,0x53,0x54,0x55,0x56,0%57,0x58,0x59
,0x5a,0x5b,0x5¢,0x5d,0x5e,0x5f,0x60,0x61,0x62,0x63
,0x64,0x65,0x66,0x67,0x68,0x69,0x6a,0x6b,0x6¢,0x6d
,0x6e,0x6f,0x70,0x71,0x72,0x73,0x74,0x75,0x76,0x77
,0x78,0x79,0x7a,0x7b,0x7c,0x7d,0x7e,0x 7f,0x80,0x811
,0x82,0x83,0x84,0x85,0x86,0x87,0x88,0x89,0x8a,0x8b
,0x8¢,0x8d,0x8e,0x8f,0x90,0x91,0x92,0x93,0x94,0x95
,0x96,0%97,0x98,0x99,0x9a,0x9b,0x9¢,0x9d,0x9e,0x9f
,0xa0,0xal,0xa2,0xa3,0xad,0xa5,0xa6,0xa7,0xa8,0xa9
,0xaa,0xab,0xac,0xad,0xae,0xaf,0xb0,0xb 1,0xb2,0xb3
,0xb4,0xb5,0xb6,0xb7,0xb8,0xb9,0xba,0xbb,0xbe, 0xbd
,0xbe,0xbf,0xc0,0xc1,0xc2,0xc3,0xcd,0xch,0xc6,0xc7
,0xc8,0xc9,0xca,0xch,0xcc,0xed,0xce, 0xcf};

unsigned char binTempJ[207] = {0x01,0x02,0x03,0x04,0x05,0x06,0x07,0x08, 0x09
,0x0a,0x0b,0x0¢,0x0d,0x0e,0x0f,0x10,0x11,0x12,0x13
,0x14,0x15,0x16,0x17,0%18,0x19,0x1a,0x1b,0x1c,0x1d
,0x1e,0x1f,0x20,0x21,0x22,0x23,0x24,0x25,0x26,0x27
,0x28,0%x29,0x2a,0x2b,0x2¢,0x2d,0x2e,0x2f,0x30,0x31
,0x32,0x33,0x34,0x35,0x36,0x37,0x38,0x39,0x3a3,0x3b
,0x3¢,0x3d,0x3e,0x3f,0x40,0x41,0x42,0x43,0x44,0x45
,0x46,0x47,0x48,0x49,0xda,0xdb,0xdc,0x4d,0xde, 0x4f
,0x50,0x51,0x52,0x53,0x54,0x55,0x56,0x57,0x58,0x59
,0x5a,0x5b,0x5¢,0x5d,0x5€,0x5f,0x60,0x6 1,0x62,0x63
,0x64,0x65,0x66,0x67,0x68,0x69,0x6a,0x6b,0x6¢c,0x6d
,0x6e,0x6f,0x70,0x71,0x72,0x73,0x74,0x75,0x76,0x77
,0x78,0x79,0x7a,0x7b,0x7c,0x7d,0x7e,0x7f,0x80,0x8 1
,0x82,0x83,0x84,0x85,0x86,0x87,0x88,0x89,0x8a,0x8b
,0x8¢,0x8d,0x8e,0x8f,0x90,0x91,0x92,0%93,0x94,0x95
,0x96,0x97,0x98,0x99,0x93,0x9b,0x9¢,0x9d,0x9e,0x9f
,Oan,Oxa1,0xa2,0xa3,0xa4,{5xa5,0><a6,0xa7,0xa8,0xa9

P



,0xaa,0xab,0xac,0xad,0xae,0xaf,0xb0,0xb1,0xb2,0xb3
,0xb4,0xb5,0xb6,0xb7,0xb8,0xb9,0xba,0xbb,0xbc,0xbd
,0xbe,0xbf,0xc0,0xc1,0xc2,0xc3,0xc4,0xc5,0xc6,0xC 7
,0xc8,0xc9,0xca,0xcb,0xcc,0xcd, 0xce, 0xcf};
void main(void)
{
float Temp_k=-1,Temp_kF=-1,Temp_kK=-1,Temp_j=-1,Temp_jF=-1,Temp jK=-1;
led_init();
set tris a(0b11111100);
set_tris_b(OXFF);
set_tris_c(OxFF);
output_b(0x00);
output_c(0x00);
int16 value_k,value j;
delay us(10);
while(true)
{
output_a(0x00);
output_b(0x00);
output_c(0x00);
output_low(PIN_AD);
delay ms(100);
output_high(PIN AQ);
Temp_j = Temperature [getposition(binTempJ,197,input_b()];
Temp_k = Temperature [getposition(binTempkK,198,input_c();
if (input(PIN_A2)==0 && input(PIN_A3)==0)
{
led_putc("™\f);
lcd_gotoxy(3,1);
printf(lcd_putc,"Measuring by");
lcd_gotoxy(3,2);
printf{lcd_putc,"Thermocouple");
}
else if (input(PIN_A2)==1 && input(PIN_A3)==1)



{
if((input(PIN_Ad) A input(PIN_A5)==0))
{
lcd_putc(™\f");
lcd gotoxy(1,1);
printflcd_putc, TYPE J %3.2f C",Temp_j);
lcd_gotoxy(1,2);
printf(lcd_putc,"TYPE K 9%3.2f C",Temp_k);
}
else if (input(PIN_Ad)==1 && input(PIN_A5)==0)
{
Temp_jK=(Temp j+(273.15));
led_putc("\f);
led_gotoxy(1,1);
printfllcd_putc,"TYPE J 9%3.2f K',Temp_jK);
Temp_kK=(Temp k+(273.15));
lcd_gotoxy(1,2);
printfllcd_putc,"TYPE K %3.2f K", Temp_kK);
}
else if (input(PIN_Ad)==0 && input(PIN_A5)==1)
{
Temp_jF=(Temp_j41.8))+(32);
lcd_putc("\f");
lcd_gotoxy(1,1);
printflled_putc,"TYPE J %3.2f F*,Temp _jF);
Temp_kF=(Temp_k*(1.8))+(32);
lcd_gotoxy(1,2);
printfllcd_putc,"TYPE K %3.2f F*,Temp_kF);
}
}
delay_ms(1000);

}

unsigned int getposition(unsigned char *arr,unsigned int size, char c)
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i =0;
for (i = 0; i < size; i++)
i
if (arr{i] == ¢
return i;
}

return -1;
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ANALOG
DEVICES

Monolithic Thermocouple Amplifiers
with Cold Junction Compensation

AD394/AD595

FEATURES
Pretrimmed for Type J (AD594) or

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

PRODUCT DESCRIPTION

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

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

The AD594/AD595 can be powered from a single ended supply
(including +5 V) and by including a negative supply, tempera-
tures below 0°C can be measured. To minimize self-heating, an
unloaded AD594/AD595 will typically operate with a total sup-
ply current 160 pA, but is also capable of delivering in excess of
+5 mA to a load.

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

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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are available at the package pins so that the circuit can be
recalibrated for the thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications.

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

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

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

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

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

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

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



AD594/AD595-SPECIFICATION

(@ +25°C and V5 = 5V, Type J (AD594), Type K (AD595) Thermocouple,
unless otherwise noted)

Maodel AD594A AD3594C AD3595A ADS395C
Min Typ Max Min Typ  Max Min Typ Max Min Typ Max Units
ABSOLUTE MAXIMUM RATING
+Vsto -V 36 36 36 36 Volts
Common-Mode Input Voltage -Vs-0.15 +Vs -Vs-0.15 +Vs -Vs-0.15 +Vs -Vs-0.15 +Vs Volts
Differential Input Voltage -Vs +Vg -Vs +Vg -Vs +Vs -V +Vs Volts
Alarm Voltages
+ALM Vs Vs +36 | -V Vs +36 | -Vs Vs +36 | -Vs “Vs+36 | Vol
-ALM -V +Vs 2y +V Vs +Vs -V +Vy Volts
Operating Temperature Range =55 +125 -55 +125 =35 +125 -55 +125 Lie
Outpur Short Circuit to Common | Indefinite Indefinite Indefinite Indefinite
TEMPERATURE MEASUREMENT
(Specified Temperature Range
0°C to +50°C)
Calibration Error at 125°C! +3 +1 +3 =1 °C
Stability vs. Temperature? +0.05 +0.025 *0.05 +0.025 °C/°C
Gain Error ELS *0.75 *1.5 *0.75 Y%
Nominal Transfer Function 10 10 10 == 10 mV/°C
AMPLIFIER CHARACTERISTICS
Closed Loop Gain® 193.4 193.4 247.3 2473
Input Ollset Voltage (Temperature in °C) x (Temperature in °C) x (Temperature in "C) x (Temperature 1n °C) x
SL.70 uyvreC 5170 wreC 40.44 uvrC 40.44 pV/°C uv
Input Bias Current 0.1 0.1 0.1 0.1 HA
Differential Input Range -10 +50 =10 +50 -10 +50 mV
Common-Mode Range -Vg=-0.15 -Vs=4 -Vg=-0.15 -Vs-4 ~Vs=0.15 -Vg -4 =Vs=0.15 =Vs-4 Volts
Common-Mode Sensitivity - RTO 10 10 10 10 mV/V
Power Supply Sensitivity — RTO 10 10 10 10 mV/V
Output Voltage Range
Dual Supply ~Vs +2.5 V-2 | -vg+2.5 +Vs-2  |-Vs+2s +Vs—2 | -Vg+2.5 +Vg-2 Volts
Single Supply 0 +Vs-2 0 -Vs-2 0 +Vs+2 0 +Vs-2 Volts
Usable Output Current? +5 15 15 5 mA
3 dB Bandwidth 15 15 15 15 kHz
ALARM CHARACTERISTICS
Veesan at 2 mA 0.3 0.3 0.3 0.3 Volts
Leakage Current = & *1 +1 *1 HA max
Operating Voltage at ~ ALM +Vs=-4 +Vs-4 +Vs=4 +Vs-4 Volts
Short Circuit Current 20 20 20 20 mA
POWER REQUIREMENTS
Specified Performance +Vs=5,-Vs=0 +Vg=5,-Vsg=0 +Vs=5,-Vs=0 +Vs=5-Vs=0 Volis
Operatng® +Vst0-Vs <30 +Vs to -V < 30 +Vsto-Vs €30 +Vs o -V <30 Volts
Quiescent Current (No Load)
+Vs 160 300 160 300 160 300 160 300 pA
Vs 100 100 100 100 HA
PACKAGE OPTION
TO-116 (D-14) AD594AD AD5%4CD AD595AD AD595CD
Cerdip (Q-14) AD594AQ AD594CQ AD595AQ AD3595CQ

NOTES

!Calibrated for minimum error at +25°C using a thermocouple sensitivity of 51.7 UV/°C, Since a ty]

pe thermocouple deviates from this straight line approximation, the AD594 will normally

read 3.1 mV when the measuring junction is at 0°C. The AD595 will similarly read 2.7 mV at 0°C.

2

*Pin 8 shorted to Pin 9.
*Current Sink Capability in single supply confi
—Vs must not exceed ~16.5 V.

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

INTERPRETING AD3594/AD595 OUTPUT VOLTAGES

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

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

Defined as the slope of the line connecting the AD594/AD595 errors measured at 0°C and 50

*Ca

mbient temperature.

guration is limited to current drawn to ground through a 50 kQ resistor at output voltages below 2.5 V.

Results from those tests are used to caleulate outgoing quality levels. All min and max specifications

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

Table I lists the ideal AD594/AD595 output voltages as a func-
tion of Celsius temperature for type J and K ANSI standard
thermocouples, with the package and reference junction at
25°C. As is normally the case, these outputs are subject to cali-
bration, gain and temperature sensitivity errors. Output values
for intermediate temperatures can be interpolated, or calculated
using the output equations and ANSI thermocouple voltage
tables referred to zero degrees Celsius. Due to a slight variation
in alloy conrent between ANSI type J and DIN FE-CUNI
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Table I. Output Voltage vs. Thermocouple Temperature (Ambient +25°C, Vg = =5V, +15 V)
Thermocouple Type] AD3594 Type K ADS595 Thermocouple Type] AD594 Type K ADS595
Temperature Voltage Output Voltage Output Temperature Voltage Output Voltage Output
°C mV mV mV mVY g o} mV mV mV mV
-200 -7.890 -1523 -5.891 -1454 500 27.388 5300 20.640 5107
-180 -7.402 -1428 -5.550 -1370 520 28.511 5517 21.493 5318
-160 -6.821 -1316 =5.141 -1269 540 29,642 5736 22,346 5529
-140 -6.159 -1188 -41.669 -1152 560 30.782 5956 23.198 5740
-120 -5.426 -1046 —4.138 -1021 580 31.933 6179 24.050 5950
-100 —4.632 -893 -3.553 -876 600 33.096 6404 24,902 6161
-80 -3,785 -729 -2.920 =719 620 34.273 6632 25.151 6371
-60 -2.892 =556 -2,243 =552 640 35.464 6862 26.599 6581
-40 -1.960 =376 -1.527 =375 660 36.671 7095 27.445 6790
-20 -.995 -189 =717 -189 680 37.893 7332 28,288 6998
-10 =501 -94 -.392 -04 700 39.130 7571 29,128 7206
0 0 3.1 0 2.7 720 40.382 1813 29.965 7413
10 507 101 397 101 740 41.647 8058 30.799 7619
20 1.019 200 198 200 750 42,283 8181 31.214 1122
25 1.277 250 1.000 250 760 % = 31.629 7825
30 1.536 300 1.203 300 780 - - 32.455 8029
40 2.058 401 1.611 401 800 - - 33.277 8232
50 2.585 503 2.022 503 820 - - 34.095 8434
60 3. 105 606 2.436 605 840 - - 34.909 8636
80 4.186 813 3.266 810 860 - - 35.718 8836
100 5.268 1022 4.095 1015 880 - = 36.524 9035
120 6.359 d233 4.919 1219 900 - - 37.325 9233
140 7.457 1445 5.733 1420 920 - - 38.122 9430
160 8.560 1659 6.539 1620 940 - - 38.915 9626
180 9.667 1873 7.338 1817 960 - - 39.703 9821
200 10.777 2087 8.137 2015 980 - - 40.488 10015
220 11.887 2302 8.938 2213 1000 - = 41.269 10209
240 12.998 2517 9.745 2413 1020 - - 42.045 10400
260 14,108 27132 10.560 2614 1040 - - 42,817 10591
280 158217 2946 11.381 2817 1060 - - 43.585 10781
300 16.325 3160 12,207 3022 1080 - - 44.439 10970
320 17,432 3374 13.039 3227 1100 - - 45.108 11158
340 18.537 3588 13.874 3434 1120 - - 45.863 11345
360 19.640 3801 14,712 3641 1140 - - 46.612 11530
380 20,743 4015 15.552 3849 1160 - - 47,356 11714
400 21.846 4228 16.395 4057 1180 - - 48.095 11897
420 22.949 4441 17.241 4266 1200 - o 48.828 12078
440 24.054 4655 18.088 4476 1220 = - 49.555 12258
460 25.161 4869 18.938 4686 1240 - - 50.276 12436
480 26.272 5084 19.788 4896 1250 - - 50.633 12524

thermocouples Table I should not be used in conjunction with SINGLE AND DUAL SUPPLY CONNECTIONS

European standard thermocouples. Instead the transfer function The AD594/AD595 is a completely self-contained thermocouple

given previously and a DIN thermocouple table should be used. conditioner. Using a single +5 V supply the interconnections

ANSI type K and DIN NICR-NI thermocouples are composed shown in Figure 1 will provide a direct output from a type J
thermocouple (AD594) or type K thermocouple (AD595) mea-

CONSTANTAN : o o
(ALUMEL) +5V s suring from 0°C to +300°C.
Lo 05 fE pO Mmoo Any convenient supply voltage from +5 V to +30 V may be

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

A Y iggg‘su nects to Pin 11 with the V- connection at Pin 7 strapped to
\ . e power and signal common at Pin 4. The thermocouple wire in-
i ‘ T e lcome =t puts connect to Pins 1 and 14 either directly from the measuring
(RON [ | — —— point or through intervening connections of similar thermo-
petromey | I BT D L|"' k2l i couple wire type. When the alarm output at Pin 13 is not used it
T COMMON should be connected to common or V. The precalibrated feed-

back network at Pin 8 is tied to the output at Pin 9 to provide a

Figure 1. Basic Connection, Single Supply Operation 10 mV/°C nominal temperature transfer characteristic.

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

CONSTANTAN IO H30N
~ (ALUMEL)
s SPAN OF
\ 5V TO 30V
|
1 IRON
LIGHROMEL)
H
' COMMON
oV TO -25v

Figure 2. Dual Supply Operation

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

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

THERMOCOUPLE CONNECTIONS

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

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

V4
4 CONSTANTAN
(ALUMEL)

IRON
(CHROMEL)

Vour

Figure 3. PCB Connections

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

2%

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

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

FUNCTIONAL DESCRIPTION

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

-IN  -ALM +ALM V+ COMP VO FB
[zl [B] [2] [#] [e] _[s] [&]
OVERLOAD
q DETECT j
b3
AD594/AD595
AM—]
9 ICE
" AM—| POINT
| COMP. |-TC
+TC
i.____J l
CT T BT 4] o ] @
+N +C +T CcOoM -T —C V-

Figure 4. AD594/AD595 Block Diagram

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

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

The compensation is applied through the gain scaling resistors
so that its effect on the main output is also 10 mV/°C. As a
result, the compensation voltage adds to the effect of the ther-
mocouple voltage a signal directly proportional to the difference
between 0°C and the AD594/AD595 temperature. If the thermo-
couple reference junction is maintained at the AD594/AD595
temperature, the output of the AD594/AD595 will correspond
to the reading that would have been obtained from amplification
of a signal from a thermocouple referenced to an ice bath.
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AD594/AD595

The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms.

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

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

CAUTIONS:

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

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

AD594/

Figure 5. Low Gain Frequency Compensation

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

.0 AD594/

—-IN

+T
ADS595 ‘
O,

COM
e ¢
vo T

Figure 6. Decreased Sensitivity Adjustment

+IN

Changing the positive TC half of the differential output of the
compensation scheme shifts the zero point away from 0°C. The
zero can be restored by adjusting the current flow into tha nega-
tive input of the feedback amplifier, the —T pin. A current im0

REV.C

this terminal can be produced with a resistor between —C and
=T to balance an increase in +T, or a resistor from -T to COM
to offset a decrease in +T.

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

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

EXAMPLE: TYPE E RECALIBRATION—AD594/AD 595
Both the AD594 and AD595 can be configured to condition the
output of a type E (chromel-constantan) thermocouple. Tem-
perature characteristics of type E thermocouples differ less from
type J, than from type K, therefore the AD594 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common-mode potential) and connecting FB to VO. The AD594
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial output VO
is 240 mV. Check the output at VO to verify that it corresponds
to the temperature of the device.

Next, measure the voltage T at Pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals). At 24°C the -T voltage
will be about 8.3 mV. To adjust the compensation of an AD594
to a type E thermocouple a resistor, R1, should be connected
between +T and +C, Pins 2 and 3, to raise the voltage at -T by
the ratio of thermocouple sensitivities. The ratio for converting a
type | device to a type E characteristic is:

r (AD594) =(60.9 pV°C)/(51.7 uV/°C)=1.18

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

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

Finally, the gain must be recalibrated such that the output VO
indicates the device’s temperature once again. Do this by adding
a third resistor, R3, between FB and T, Pins 8 and 5. VO should
now be back to the initial 240 mV reading. The resistance value
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AD594/AD595

of R3 should be approximately 280 kQ. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2.

com o
+T
e
+C e
—<(s
€«
T

AD594/
ADS595

AAA
\AAd

R3
Figure 7. Type E Recalibration

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

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

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

STABILITY OVER TEMPERATURE

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

+0.6°C

DRIFT ERROR
o

&
3

TEMPERATURE OF AD594C/AD595C

Figure 8. Drift Error vs. Temperature

THERMAL ENVIRONMENT EFFECTS

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

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

HEATER |_ LOW = > T < SETPOINT
— DRIVER TEMPERATURE HIGH = > T > SETPOINT
CONSTANTAN SOMPASATOR T — SETPOINT
" — o o '“' 3
IHEAIERI (ALUMEL) +5V VOLTAGE
| |_|_| "~ T — 7 INPUT
| iy 0 O 3 O B i B 3 B 3
| | 20MQ
| < (OPTIONAL)
I | AD594/ FFOR
| >( ! AD595 HYSTERESIS
NN SaH, v, il I
'._ J . +TC COMP.]
(Chiromer) | T o T LT LT LT 1
. L ——— g e i e il el p——
TEMPERATURE i COMMON
CONTROLLED

REGION
Figure 9. Setpoint Controller

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

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

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

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

<+5V
20kf2 g ALARM
CONSTANTAN ALARM OUT D° TTL GATE
~ (ALUMEL)
P[5 fnofn o fo o temvrc
OVERLOAD|
DETECT
AD594/ By
N ADS595
i = ] Pl
[ IRON I "__]
L(CHROMEL) L[-‘ | E2 [ EX g €3 [ 3 oy K3 ‘1’-1
1 +—GND

Figure 10. Using the Alarm to Drive a TTL Gate
{“Grounded” Emitter Configuration)

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

LED
CONSTANTAN 2700
_{ALUMEL)
it lJ!'I iz) [0] [Ww] [ [

AD594/
N ADS595

) >0 Foksl

[
Egggomsl_) I B BT LIET T @

e ey o e e St sl

1 COMMON

10mvirC

Figure 11. Alarm Directly Drives LED

A 270 Q series resistor will limit current in the LED to 10 mA,
but may be omitted since the alarm output transistor is current
limited at about 20 mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensa-
tion will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.

REV.C

The alarm can be used with both single and dual supplies. It

can be operated above or below ground. The collector and emit-
ter of the output transistor can be used in any normal switch
configuration. As an example a negarive referenced load can be
driven from -ALM as shown in Figure 12.
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Figure 12. -ALM Driving A Negative Referenced Load

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

Additionally, the AD594/AD595 can be configured to produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided. A +IN to common
connection creates a downscale output if the thermocouple opens,
while connecting -IN to common provides an upscale output.

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

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

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

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

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

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

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

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

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

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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Data Sheet

8-Bit, Microprocessor-Compatible, A/D
Converters

The ADC080X family are CMOS 8-Bit, successive-
approximation A/D converters which use a modified
potentiometric ladder and are designed to operate with the
8080A control bus via three-state outputs. These converters
appear to the processor as memory locations or 1/0 ports,
and hence no interfacing logic is required.

The differential analog voltage input has good common-
mode-rejection and permits offsetting the analog zero-input-
voltage value. In adililion, the vollage reference Input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Typical Application Schematic

ADC0803, ADC0804

August 2002 FN3094.9

Features

+ 80C48 and 80C80/85 Bus Compatible - No Interfacing

Logic Required

ConversionTime . ......... .. ... ... <100us
Easy Interface to Most Microprocessors

Will Operale in a "3land Alone” Mode

Differential Analog Voltage Inputs

Works with Bandgap Voltage References

TTL Compatible Inputs and Outputs

On-Chip Clock Generator

Analog Voltage Input Range
(Single + 5V Supply) ....... oo 0V to &V

No Zero-Adjust Required

80C48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

'\,l._la cs YV V]2 isv qs0pF
| 2{RD  ckr|1® Pinout
3| WR 4
po WR  CLKIN|“ 10K | jﬂ
51 —= ADC0803, ADC0804
«—d INTR (PDIP)
111 DB,
81,12 TOP VIEW
4l o= a 13 Cs
UPROCESSOR o |3 pBs
< % it L\
1:; DBy Vin | %1 DirF e cs [ 20] v+ OR Vgee
e R _;_o }INPUTS RD [2] 19 CLK R
¢ DB, AGND WR E E DBy (LsB
17108y Veeri2|2 | Veeei2 )
< 1 VRerl2|~_,Vrer
%] pg, DoND |10 CLKIN [4 17] DB,
l 1k INTR [5 [16] o8,
Vin () 6] 15] DB
VinG) [ 7 [14] DB,
8-BIT RESOLUTION
OVER ANY AGND (8 13] 085
DESIRED Vrer/2 [3] 12 DBg
ANALOG INPUT
VOLTAGE RANGE DGND [10 1] 0B7 (mss)
Ordering Information
PART NUMBER ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG. NO
ADCO803LCN +11, LSB  |VRer/2 Adjusted for Correct Full Scale 0to 70 20 Ld PDIP E20.3
Reading
ADCO804LCN $+1LSB  |VRgr/2 = 2.500Vpg (No Adjustments) 0to 70 20 Ld PDIP E20.3
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

1-88B-INTERSIL or 321-724-7143 | Intersil (and design) is a registered trademark of Intersil Americas Inc.
Copyright © Intersil Americas Inc. 2002. All Rights Reserved
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Functional Diagram
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Absolute Maximum Ratings Thermal Information

SUPPlY VOUBGE .o o wammms v s o v i waomi 98 PP 6.5V Thermal Resistance (Typical, Note 1) 8a (°CW)
Voltage at Any Input. .. ...l 0.3V to (V* +0.3V) PDIP Package . . ..o vooeeee e 80
Maximum Junction Temperature
Operating Conditions Plastic Package . . ..........oouurtiieiinannnean 150°C
Maximum Storage Temperature Range.......... -65°C to 150°C
Temperature Range. .. .........oouunnnnnn.. 0°C to 70°C -
omp g © Maximum Lead Temperature (Soldering, 10s). ............ 300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 84 is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications (Notes 2, 8)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNITS
CONVERTER SPECIFICATIONS V+ =5V, Ta = 25°C and fgy i = 640kHz, Unlass Otherwise Specified
Total Unadjusted Error j o
ADC0803 VREF/2 Adjusted for Carrect Full Scale Reading - - t1.’2 LSB
ADC0804 VReF/2 = 2.500V - - +1 LSB
VRer/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Analog Input Voltage Range (Note 3) GND-0.05 - (V+) +0.05 \
DC Common-Mode Rejection Over Analog Input Voltage Range - 11!15 t1lg LSB
Power Supply Sensitivity V+ =5V +10% Over Allowed Input Voltage - 11/15 i113 LSB
Range
CONVERTER SPECIFICATIONS V+ =5V, 0°C to 70°C and fg k = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADCO0803 VREeF/2 Adjusted for Correct Full Scale Reading - - t11‘2 LSB
ADC0804 VREF/2 = 2.500V - - +1 LSB
VRer/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Analog Input Voltage Range (Note 3) GND-0.05 - (V+) +0.05 \
DC Common-Mode Rejection Over Analog Input Voltage Range - 11;'3 t1l4 LSB
Power Supply Sensitivity V+ =5V +10% Over Allowed Input Voltage - 11/16 i:1/5 LSB
Range
AC TIMING SPECIFICATIONS V+ =5V, and Ta =25°C, Unless Otherwise Specified
Clock Frequency, fo( k V+ = 6V (Note 4) 100 640 1280 kHz
V+ =5V 100 640 800 kHz
Clock Periods per Conversion (Note 5), 62 - 73 Clocks/Conv
tcony
Conversion Rate In Free-Running Mode, CR | INTR tied to WR with CS = 0V, fe k = 640kHz < . 8888 Conv/s
Width of WR Input (Start Pulse Width), CS = 0V (Note 6) 100 5 = ns
twwR)l
Access Time (Delay from Falling Edge of | C|_= 100pF (Use Bus Driver IC for Larger Cy) - 135 200 ns
RD to Output Data Valid), tace
Three-State Control (Delay from Rising Cp =10pF, R = 10K - 125 250 ns
Edge of RD to HI-Z State), t1y, toy (See Three-State Test Circuits)
Delay from Falling Edge of WR to Reset of - 300 450 ns
INTR, twi, try
Input Capacitance of Logic Control Inputs, - 5 - pF
CiN
Three-State Output Capacitance (Data - 5 = pF
Buffers), Coyt

3 intersil
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Electrical Specifications (Notes 2, 8) (Continued)

[ PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX UNITS
DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ = 5V, and Tmin to Tpax. Unless Otherwise Specified

CONTROL INPUTS (Note 7)

Logic “1" Input Voltage (Except Pin 4 CLK | V+ =5.25V 2.0 - V+ \
IN), ViNH

Logic “0° Input Voltage (Except Pin 4 CLK |V+=4.75V - - 0.8 A%
IN), VinL

CLK IN (Pin 4) Positive Going Threshold 2.7 3.1 35 \
Voltage, V+¢o k

CLK IN (Pin 4) Negative Going Threshold 16 1.8 21 \Y
Voltage, V-g K

CLK IN (Pin 4) Hysteresis, Vi 0.6 1.3 2.0 A\
Logic “1" Input Current (All Inputs), |y | Vin =5V - 0.005 1 HA
Logic 0" Input Current (All Inputs), liypo [ Vin =0V -1 -0.005 - A
Supply Current (Includes Ladder Current), [+ | fo i = 640kHz, Tp = 25 and GS = HI - 13 25 mA
DATA OUTPUTS AND INTR N -

Logic “0" Output Voltage, Vo, lo=1.6mA, V+ = 4.75V o . 0.4 %
Logic “1" Output Voltage, Voy lg = -360pA, V+ =475V 24 - - %
Three-State Disabled Output Leakage (All | Vgyt =0V -3 - - HA
Data Buffers), I o Vour =5V L B} 3 LA
Qutput Short Circuit Current, Isource Vout Short to GND, T = 25°C 4.5 6 - mA
Output Short Circuit Current, Ignk Vout Short to V+, Tp = 25°C 9.0 16 - mA
NOTES:

2. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the DGND,
being careful to avoid ground loops.

3. For V() 2 Ving+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will
forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful, during testing
at low V+ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - especially at elevated temperatures, and cause
errors for analog inputs near full scale. As long as the analog Vy does not exceed the supply voltage by more than 50mV, the output code will
be correct. To achieve an absolute 0V to 5V input voltage range will therefore require a minimum supply voltage of 4.950V over temperature
variations, initial tolerance and loading.

4. With V+ = 6V, the digital logic interfaces are no longer TTL compatible.
5. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process.

6. The CS input is assumed to bracket the WR strobe input o that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will
hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams).

7. CLKIN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately.

8. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input ather than 0V, or if a narrow full scale span exists
(for example: 0.5V to 4V full scale) the Vin() input can be adjusted to achieve this. See the Zero Error description in this data sheet.

Timing Waveforms
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oy OUTPUT
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= = = = GND

FIGURE 1A. tqy FIGURE 1B. tqy, C = 10pF
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Timing Waveforms (continued)
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FIGURE 1C. tgy FIGURE 1D. tgy, CL = 10pF
FIGURE 1. THREE-STATE CIRCUITS AND WAVEFORMS
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Typical Performance Curves (Continued)
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Timing Diagrams
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Timing Diagrams (continued)
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Understanding A/D Error Specs

A perfect A/D transfer characteristic (staircase wave-form) is
shown in Figure 11A. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53mV with 2.5V tied to the Vrgp/2 pin). The digital
output codes which correspond to these inputs are shown as
D-1, D, and D+1. For the perfect A/D, not only will center-
value (A-1, A, A +1,...)analog inputs produce the correct
output digital codes, but also each riser (the transitions
between adjacent output codes) will be located i1.’2 LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be
provided for a range of analog input voltages which extend
J_r1/2 LSB from the ideal center-values. Each tread (the range
of analog input voltage which provides the same digital
oufput code) is therefore 1 LSB wide

The error curve of Figure 11B shows the worst case transfer
function for the ADC080X. Here the specification guarantees
that if we apply an analog input equal to the LSB analog
voltage center-value, the A/D will produce the correct digital
code.

Next to each transfer function is shown the corresponding
error plot. Notice that the error includes the quantization
uncertainty of the A/D. For example, the error at paint 1 of
Figure 11A is +112 LSB because the digital code appeared
1;'2 LSB in advance of the center-value of the tread. The
error plots always have a constant negative slope and the
abrupt upside steps are always 1 LSB in magnitude, unless
the device has missing codes.

Detailed Description

The functional diagram of the ADCO080X series of A/D
converters operates on the successive approximation
principle (see Application Notes AN016 and AN020 for a
more detailed description of this principle). Analog switches
are closed sequentially by successive-approximation logic
until the analog differential input voltage VINg) = Ving)!
matches a voltage derived from a tapped resistor string
across the reference voltage. The most significant bit is
tested first and after 8 comparisons (64 clock cycles), an 8-
bit binary code (1111 1111 = full scale) is transferred to an
output latch.

The normal operation proceeds as follows. On the high-to-low
transition of the WR input, the internal SAR latches and the
shift-register stages are reset, and the INTR output will be set
high. As long as the CS input and WR input remain low, the
AJD will remain in a reset state. Conversion will start from 1 to
8 clock periods after at least one of these inputs makes a low-
to-high transition. After the requisite number of clock pulses to
complete the conversion, the INTR pin will make a high-to-low
transition. This can be used to interrupt a processor, or
otherwise signal the availability of a new conversion. A RD
operation (with CS low) will clear the INTR line high again.
The device may be operated in the free-running mode by

connecting INTR to the WR input with CS = 0. To ensure start-
up under all possible conditions, an external WR pulse is
required during the first power-up cycle. A conversion-in-
process can be interrupted by issuing a second start
command.

Digital Operation

The converter is started by having CS and WR simultaneously
low. This sets the start flip-flop (F/F) and the resulting “1" level
resets the 8-bit shift register, resets the Interrupt (INTR) F/F
and inputs a “1" to the D flip-flop, DFF1, which is at the input
end of the 8-bit shift register. Intemal clock signals then
transfer this “1" to the Q output of DFF1. The AND gate, G1,
combines this “1" output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a “1"), the start F/F is reset and the 8-bit
shift registor then can have lhe “1" clocked in, which starts the
conversion process. If the set signal were to still be present,
this reset pulse would have no effect (both outputs of the start
F/F would be at a “1" level) and the 8-bit shift register would
continue to be held in the reset mode. This allows for
asynchronous or wide CS and WR signals.

After the “1" is clocked through the 8-bit shift register (which
completes the SAR operation) it appears as the input to
DFF2. As soon as this “1” is output from the shift register, the
AND gate, G2, causes the new digital word to transfer to the
Three-State output latches. When DFF2 is subsequently
clocked, the Q output makes a high-to-low transition which
causes the INTR F/F to set. An inverting buffer then supplies
the INTR output signal.

When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the three-
state output latches will be enabled to provide the 8-bit
digital outputs.

Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
TTL logic voltage levels. These signals are essentially
equivalent to the standard A/D Start and Output Enable
control signals, and are active low to allow an easy interface
to microprocessor control busses. For non-microprocessor
based applications, the CS input (pin 1) can be grounded and
the standard A/D Start function obtained by an active low
pulse at the WR input (pin 3). The Output Enable function is
achieved by an active low pulse at the RD input (pin 2).

Analog Operation

The analog comparisons are performed by a capacitive
charge summing circuit. Three capacitors (with precise ratioed
values) share a common node with the input to an auto-
zeroed comparator. The input capacitor is switched between
Vin(+) and Vin(.), while two ratioed reference capacitors are
switched between taps on the reference voltage divider string.
The net charge corresponds to the weighted difference
between the input and the current total value set by the
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successive approximation register. A correction is made to
offset the comparison by /5 LSB (see Figure 11A).

Analog Differential Voltage Inputs and Common-
Mode Rejection

This A/D gains considerable applications flexibility from the

analog differential voltage input. The Vin() input (pin 7) can
be used to automatically subtract a fixed voltage value from
the input reading (tare correction). This is also useful in 4mA
- 20mA current loop conversion. In addition, common-mode
noise can be reduced by use of the differential input.

The time interval between sampling ViN(+) and Vi) Is 41/2
clock periods. The maximum error voltage due to this slight

time difference between the input voltage samples is given by:

AVg(MAX) = (VPEAK)(zrchM)[f“i}
CLK
where:

AVE is the error voltage due to sampling delay,
VpEAK is the peak value of the common-mode voltage,
fom is the common-mode frequency.

For example, with a 60Hz common-mode frequency, fom. and
a 640kHz A/D clock, fo k, keeping this error to /4 LSB (~5mV)
would allow a common-mode voltage, Vpgak, given by:

[AVE(MAX}(fCLK]:l
VPEAK = ~ZRT @ E)

or

v o (5x107)Ea0x10% | o
PEAK (6.28)(60)(4.5) ~ T -

The allowed range of analog input voltage usually places

more severe restrictions on input common-mode voltage

levels than this.

An analog input voltage with a reduced span and a relatively
large zero offset can be easily handled by making use of the
differential input (see Reference Voltage Span Adjust).

Analog Input Current

The internal switching action causes displacement currents to
flow at the analog inputs. The voltage on the on-chip
capacitance to ground is switched through the analog
differential input voltage, resulting in proportional currents
entering the V|n(+) input and leaving the VIN() input. These
current transients occur at the leading edge of the internal
clocks. They rapidly decay and do not inherently cause errors
as the on-chip comparator is strobed at the end of the clock
perlod.

Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resistances
of the analog signal sources. This charge pumping action is
worse for continuous conversions with the ViN(+) input voltage
at full scale. For a 640kHz clock frequency with the VING)

input at 5V, this DC current is at a maximum of approximately
SuA. Therefore, bypass capacitors should not be used at
the analog inputs or the VRgg/2 pin for high resistance
sources (>1kQ). If input bypass capacitors are necessary for
noise filtering and high source resistance is desirable to
minimize capacitor size, the effects of the voltage drop across
this input resistance, due to the average value of the input
current, can be compensated by a full scale adjustment while
the given source resistor and input bypass capacitor are both
in place. This is possible because the average value of the
input current is a precise linear function of the differential input
voltage at a constant conversion rate.

Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used will not cause errors since the input
curients sellle oul prior to the comparison lime. If a low-
pass filter is required in the system, use a low-value series
resistor (<1kQ) for a passive RC section or add an op amp
RC active low-pass filter. For low-source-resistance
applications (£1kQ), a 0.1F bypass capacitor at the inputs
will minimize EMI due to the series lead inductance of a long
wire. A 100Q2 series resistar can be used to isolate this
capacitor (both the R and C are placed outside the feedback
loop) from the output of an op amp, if used.

Stray Pickup

The leads to the analog inputs (pins 6 and 7) should be kept
as short as possible to minimize stray signal pickup (EMI).
Both EMI and undesired digital-clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5kQ. Larger values of
source resistance can cause undesired signal pickup. Input
bypass capacitars, placed from the analog inputs to ground,
will eliminate this pickup but can create analog scale errors as
these capacitors will average the transient input switching
currents of the A/D (see Analog Input Current). This scale
error depends on both a large source resistance and the use
of an input bypass capacitor. This error can be compensated
by a full scale adjustment of the A/D (see Full Scale
Adjustment) with the source resistance and input bypass
capacitor in place, and the desired conversion rate.

Reference Voltage Span Adjust

For maximum application flexibility, these A/Ds have been
designed to accommodate a 5V, 2.5V or an adjusted voltage
reference. This has been achieved in the design of the IC as
shown in Figure 12.

Notice that the reference voltage for the IC is either 112 of the
voltage which is applied to the V+ supply pin, or is equal to
the voltage which is externally forced at the VRgg/2 pin. This
allows for a pseudo-ratiometric voltage reference using, for
the V+ supply, a 5V reference voltage. Alternatively, a
voltage less than 2.5V can be applied to the VRgp/2 input.
The internal gain to the Vggp/2 input is 2 to allow this factor
of 2 reduction in the reference voltage.
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Such an adjusted reference voltage can accommodate a
reduced span or dynamic voltage range of the analog input
voltage. If the analog input voltage were to range from 0.5V to
3.5V, instead of OV to 5V, the span would be 3V. With 0.5V
applied to the V.) pin to absorb the offset, the reference
voltage can be made equal to 1/2 of the 3V span or 1.5V. The
A/D now will encode the Vj+) signal from 0.5V to 3.5V with
the 0.5V input corresponding to zero and the 3.5V input
corresponding to full scale. The full 8 bits of resolution are
therefore applied over this reduced analog input voltage
range. The requisite connections are shown in Figure 13. For
expanded scale inputs, the circuits of Figures 14 and 15 can
be used.

o]
v,
(VREF) 20
R
9
VREF/2 0——
DIGITAL
} CIRCUITS
ANALOG
R4 : DECODE o | circuiTs
AGNIJJ 8 DGND 10
—_— /ﬂW

FIGURE 12. THE VrRererence DESIGN ON THE IC

VREF
ICL7611 _ gy
300
“SPAN"/2 |7 —VWT} TO VRee/2
+ RE
y 0.1].[Fl
= »TO Vm{_)
i ZERO SHIFT VOLTAGE

FIGURE 13. OFFSETTING THE ZERO OF THE ADC080X AND
PERFORMING AN INPUT RANGE (SPAN)
ADJUSTMENT

o 5V
(VReF)

2R 6 20
Vin £10V o—AAA, VIN(+] V+

10uF
ADCO0803-

\
2 2R ADCO0804

Ik

ViNg)

FIGURE 14. HANDLING 410V ANALOG INPUT RANGE

o 5V
(VRrer)
R A\
R 6 20
Vin 5V ViN{ﬂ V+ k
== 10pF
ADCO0803- T "
ADC0804

f b

FIGURE 15. HANDLING +5V ANALOG INPUT RANGE

Reference Accuracy Requirements

The converter can be operated in a pseudo-ratiometric mode
or an absolute mode. In ratiometric converter applications,
the magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. In absolute conversion applicatlons, both the initial
value and the temperature stability of the reference voltage
are important accuracy factors in the operation of the A/D
converter. For VReg/2 voltages of 2.5V nominal value, initial
errors of £10mV will cause conversion errors of +1 LSB due
to the gain of 2 of the Vrgp/2 input. In reduced span
applications, the initial value and the stability of the Vggg/2
input voltage become even more important. For example, if
the span is reduced to 2.5V, the analog input LSB voltage
value is correspondingly reduced from 20mV (5V span) to
10mV and 1 LSB at the VRgg/2 input becomes 5mV. As can
be seen, this reduces the allowed initial tolerance of the
reference voltage and requires correspondingly less
absolute change with temperature variations. Note that
spans smaller than 2.5V place even tighter requirements on
the initial accuracy and stability of the reference source.

In general, the reference voltage will require an initial
adjustment. Errors due to an improper value of reference
voltage appear as full scale errors in the A/D transfer
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function. IC voltage regulators may be used for references if
the ambient temperature changes are not excessive.

Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, VIN(MIN). is not ground, a
zero offset can be done. The converter can be made to output
0000 0000 digital code for this minimum input voltage by
biasing the A/D V|n(.) input at this Vingminy value (see
Applications section). This utilizes the differential mode
operation of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the Vn() input and applying a small magnitude
positive voltage to the Viy(+) input. Zero error is the difference
between the actual DC input voltage which is necessary to
just cause an output digital code transition from 0000 0000 to
0000 0001 and the ideal '/, LSB value (/5 LSB = 9.8mV for
VRep/2 = 2.500V).

Full Scale Adjust

The full scale adjustment can be made by applying a
differential input voltage which is 11/2 LSB down from the
desired analog full scale voltage range and then adjusting
the magnitude of the VRgg/2 input (pin 9) for a digital output
code which is just changing from 1111 1110 to 1111 1111.
When offsetting the zero and using a span-adjusted VRgr/2
voltage, the full scale adjustment is made by inputting Vi
to the V|N(_) input of the A/D and applying a voltage to the
Vin(+) input which is given by:

\" -V
VineTsaps = VMAX‘LS[(—M%%—W}

where:
VMax = the high end of the analog input range, and

VMiN = the low end (the offset zero) of the analog range.
(Both are ground referenced.)

Clocking Option

The clock for the A/D can be derived from an external source
such as the CPU clock or an external RC network can be

added to provlde self-clocking. The CLK IN (pin 4) makes
use of a Schmitt trigger as shown in Figure 16.

—

CLKR

1
ADC0803- feLK = 177 pe
R ADCO0804 RS

R =10kQ
CLK IN b 5
5 4 CLK

FIGURE 16. SELF-CLOCKING THE A/D

Heavy capacitive or DC loading of the CLK R pin should be
avoided as this will disturb normal converter operation.

Loads less than 50pF, such as driving up to 7 A/D converter
clock inputs from a single CLK R pin of 1 converter, are

allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the CLK R pin (do not use a standard TTL buffer).

Restart During a Conversion

If the A/D is restarted ('('JHS- and WR go low and return high)
during a conversion, the converter is reset and a new
conversion is started. The output data latch is not updated if
the conversion in progress is not completed. The data from
the previous conversion remain in this latch.

Continuous Conversions

In this application, the CS input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be momentarily forced to logic low following a powo -
up cycle to insure circuit operation. See Figure 17 for details.

wf' 5V (VRer)
150pF g, ADCO0803 - ADC0804
1cs =~ v+ [20—o0—]
”l;C——-% RD  CLKR[19}—o— Lfyg ¢
[ o—{ 3| WR DBg[18}—o | LsB
) o—{4|cLKIN  DBy[i7}—o -
START IR oBafiglo
ANALOG o—o—T 6| Vin () DB3[i5—o | pata
INPUTS oo [T|ViN()  DBy[a}—o f OUTPUTS
8|AGND  DBs|13}—o
| o—9| Vrer2  DBg[1Z—o
- 10/ DGND DBy [1T}—o / MSB

FIGURE 17. FREE-RUNNING CONNECTION

Driving the Data Bus

This CMOS A/D, like MOS microprocessors and memaries,
will require a bus driver when the total capacitance of the
data bus gets large. Other circultry, which is tied to the data
bus, will add to the total capacitive loading, even in three-
state (high-impedance mode). Back plane busing also
greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see Typical
Performance Curves).

At higher CPU clock frequencies time can be extended for
I/O reads (and/or writes) by inserting wait states (8080) or
using clock-extending circuits (6800).
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Finally, if time is short and capacitive loading is high, external
bus drivers must be used. These can be three-state buffers
(low power Schottky is recommended, such as the 74LS240
series) or special higher-drive-current products which are
designed as bus drivers. High-current bipolar bus drivers
with PNP inputs are recommended.

Power Supplies

Noise spikes on the V+ supply line can cause conversion
errors as the comparator will respond to this noise. A
low-inductance tantalum filter capacitor should be used
close to the converter V+ pin, and values of 1uF or greater
are recommended. If an unregulated voltage is available in
the system, a separate 5V voltage regulator for the converter
(and other analog circuitry) will greatly reduce digital noise
on the V+ supply. An ICL7663 can be used to regulate such
a supply from an input as low as 5.2V

Wiring and Hook-Up Precautions

Standard digital wire-wrap sockets are not satisfactory for
breadboarding with this A/D converter. Sockets on PG
boards can be used. All logic signal wires and leads should
be grouped and kept as far away as possible from the
analog signal leads. Exposed leads to the analog inputs can
cause undesired digital noise and hum pickup; therefore,
shielded leads may be necessary in many applications.

A single-point analog ground should be used which is
separate from the logic ground points. The power supply
bypass capacitor and the self-clocking capacitor (if used)
should both be returned to digital ground. Any Vrgf/2
bypass capacitors, analog input filter capacitors, or input
signal shielding should be returned to the analog ground
point. A test for proper grounding is to measure the zero
error of the A/D converter. Zero errors in excess of 1/4 LSB
can usually be traced to improper board layout and wiring
(see Zero Error for measurement). Further information can
be found in Application Note AN0O18.

Testing the A/D Converter

There are many degrees of complexity associated with testing
an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to

display the resulting digital output code as shown in Figure 18.

For ease of testing, the VRgg/2 (pin 9) should be supplied
with 2.560V and a V+ supply voltage of 5.12V should be
used. This provides an LSB value of 20mV.

If a full scale adjustment is to be made, an analog input
voltage of 5.090V (5.120 - 11/, LSB) should be applied to
the V|N(+) pin with the VIN(-) pin grounded. The value of the
VREF/2 input voltage should be adjusted until the digital
output code is just changing from 1111 1110 to 1111 1111,
This value of VRgp/2 should then be used for all the tests.

The digital-output LED display can be decoded by dividing
the 8 bits into 2 hex characters, one with the 4 most-

significant bits (MS) and one with the 4 least-significant bits
(LS). The output is then interpreted as a sum of fractions
times the full scale voltage:

_(MS LS
Wi (ﬁ+f (5.12)V .

10kQ
I My
150pF - [20}—¢—+—o 5.120V
! 10uF
= [19] TANTALUM
=
3
) L s
[4]
START 1.4
—{5| Apcosos-
ADC0804
M r——r—1{F
i 0.1pF = 5V
7
AGND ¢ T7]
2660V =
VREF/2 0—1__E

MSB
0.1pF
1.3kQ | Eps
- DGND (8) (8)

FIGURE 18. BASIC TESTER FOR THE A/D

For example, for an output LED display of 1011 0110, the
MS character is hex B (decimal 11) and the LS character is
hex (and decimal) 6, so:

11,6 L
L o [ﬁ+§? (5.12) = 3.64V.

Figures 19 and 20 show more sophisticated test circuits.

8-BIT VANALOG OUTPUT

10-BIT

ANALOG
INPUTS g ol

100X ANALOG
ERROR VOLTAGE

FIGURE 19. A/D TESTERWITH ANALOG ERROR OUTPUT. THIS
CIRCUIT CAN BE USED TO GENERATE “ERROR
PLOTS" OF FIGURE 11.

DIGITAL
INPUTS

DIGITAL
QUTPUTS

AJ/D UNDER

VANALOG
10-BIT
DAC | TEST

—)

FIGURE 20. BASIC “DIGITAL” A/D TESTER

Typical Applications
Interfacing 8080/85 or Z-80 Microprocessors
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This converter has been designed to directly interface with
8080/85 or Z-80 Microprocessors. The three-state output
capability of the A/D eliminates the need for a peripheral
interface device, although address decoding is still required
to generate the appropriate CS for the converter. The A/D
can be mapped into memory space (using standard
memory-address decoding for CS and the MEMR and
MEMMW strobes) or it can be controlled as an I/O device by
using the I/OR and /OW strobes and decoding the address
bits A0 — A7 (or address bits A8 — A15, since they will
contain the same 8-bit address information) to obtain the CS
input. Using the I/O space provides 256 additional
addresses and may allow a simpler 8-bit address decoder,
but the data can only be input to the accumulator. To make
use of the additional memory reference instructions, the A/D
should be mapped into memory space. See AN020 for mare
discussion of memory-mapped vs I/O-mapped Interfaces. An
example of an A/D in I/O space is shown in Figure 21.

The standard control-bus signals of the 8080 (CS, RD and
Wﬁ) can be directly wired to the digital control inputs of the
AJD, since the bus timing requirements, to allow both starting
the converter, and outputting the data onto the data bus, are
met. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100pF.

It is useful to note that in systems where the A/D converter is
1 of 8 or fewer I/O-mapped devices, no address-decoding
circuitry is necessary. Each of the 8 address bits (A0 to A7)
can be directly used as 07} inputs, one for each 1/O device.

Interfacing the Z-80 and 8085

The Z-80 and 8085 control buses are slightly different from
that of the 8080. General RD and WR strobes are provided
and separate memory request, MREQ, and /O request,
IORQ, signals have to be combined with the generalized
strobes to provide the appropriate signals. An advantage of
operating the A/D in I/O space with the Z-80 is that the CPU
will automatically insert one wait state (the RD and WR
strobes are extended one clock period) to allow more time
for the I/O devices to respond. Logic to map the A/D in /O
space is shown in Figure 22. By using MREQ in place of
I-5R_d. a memory-mapped configuration results.

Additional I/O advantages exist as software DMA routines are
available and use can be made of the output data transfer
which exists on the upper 8 address lines (A8 to A15) during
I/O input instructions. For example, MUX channel selection for
the A/D can be accomplished with this operating mode.

The 8085 also provides a generalized RD and WR strobe, with
an 10/M line to distinguish 1O and memory requests. The circuit
of Figure 22 can again be used, with I0/M in place of IORQ for
a memory-mapped interface, and an extra inverter (or the logic
equivalent) to provide IO/M for an I/O-mapped connection.

Interfacing 6800 Microprocessor Derivatives (6502,
etc.)

The control bus for the 6800 microprocessor derivatives does
not use the RD and WR strobe signals. Instead it employs a
single R/W line and additional timing, if needed, can be derived
from the ¢2 clock. All I/O devices are memory-mapped in the
6800 system, and a special signal, VMA, indicates that the
current address is valid. Figure 23 shows an interface
schematic where the A/D is memory-mapped in the 6800
system. For simplicity, the CS decoding is shown using 1/2
DMB8092. Note that in many 6800 systems, an already decoded
475 linc is brought out to the common bug al pin 21. This can be
tied directly to the CS pin of the A/D, provided that no other
devices are addressed at HEX ADDR: 4XXX or 5XXX.

In Figure 24 the ADCO080X series is interfaced to the MC6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter (PIA). Here
the CS pin of the A/D is grounded since the PIA is already
memory-mapped in the MC6800 system and no CS decoding
is necessary. Also notice that the A/D output data lines are
connected to the microprocessor bus under program control
through the PIA and therefore the A/D RD pin can be grounded.

Application Notes

NOTE # DESCRIPTION

ANO16 “Selecting A/D Converters”

ANO18 “Do's and Don'ts of Applying A/D Converters"

AN020 “A Cookbook Approach to High Speed Data Acquisition
and Microprocessor Interfacing”

ANO30 “The ICL7104 - A Binary Output A/D Converter for
Microprocessors”
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NOTE: Pin numbers for 8228 System Controller: Others are 8080A.
FIGURE 21. ADC080X TO 8080A CPU INTERFACE
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FIGURE 22. MAPPING THE A/D AS AN FIGURE 23. ADC080X TO MC6800 CPU INTERFACE
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FIGURE 24. ADC080X TO MC6820 PIA INTERFACE
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Dual-In-Line Plastic Packages (PDIP)

BASE

PLANE = “}AZ“A
srs,en‘mc;k - Y
PLANj A L

- A1 *

N/2

I
D1 —-—ID1
B1 [e] of

L.

H}{o.om ©025@|c|ale@®]

NOTES:

1.

Controlling Dimensions: INCH. In case of conflict between English
and Metric dimensions, the inch dimensions control.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.
3. Symbols are defined in the “MO Series Symbol List" in Section 2.2

of Publication No. 95.

. Dimensions A, A1 and L are measured with the package seated in

JEDEC seating plane gauge GS-3.

. D, D1, and E1 dimensions do not include mold flash or protrusions.

Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

. Eand are measured with the leads constrained to be perpen-

dicular to datum .

. eg and ec are measured at the lead tips with the leads uncon-

strained. ec must be zero or greater.

. B1 maximum dimensions do not include dambar protrusions. Dam-

bar protrusions shall not exceed 0.010 inch (0.25mm).

. N is the maximum number of terminal positions.
10.

Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3,
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

E20.3 (JEDEC MS-001-AD ISSUE D)
20 LEAD DUAL-IN-LINE PLASTIC PACKAGE

All Intersil products are manufactured, assembled and tested utilizing 1ISO9000 quality systems.
Intersil Corporation's quality certifications can be viewed at website www.intersil.com/quality/iso.asp.

INCHES MILLIMETERS

SYMBOL | MIN MAX | MIN | MAX |NOTEs
A ” 0.210 - 5.33 4
A1 0.015 3 0.39 = 4
A2 0115 | 0.195 | 293 | 4.95 -
B 0014 | 0.022 | 0356 | 0.558 -
B1 0.045 | 0070 | 155 | 1.77 8
c 0.008 | 0014 | 0204 | 0355 -
D 0.980 | 1.060 | 24.89 | 26.9 5
D1 | 0oos | - | o013 | - 5
L 0300 | 0325 | 7682 | 825 6
E1 0.240 | 0280 | 610 | 7.11 5
e 0.100 BSC 2.54 BSC '
ea 0.300 BSC 7.62 BSC 6
en - 0.430 - 10.92 7
L 0115 | 0.150 | 293 | 3.81 4
N 20 20 9

Rev. 0 12/93

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time without notice.
Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is befieved fo be accurate and reliable. How-
aver, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site www.intersil.com
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MICROCHIP

PIC18F2525/2620/4525/4620

28/40/44-Pin Enhanced Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology

Power Managed Modes:

* Run: CPU on, peripherals on

* |dle: CPU off, peripherals on

* Sleep: CPU off, peripherals off

¢ |dle mode currents down to 2.5 A typical

* Sleep mode current down to 100 nA typical
* Timer1 Oscillator: 1.8 uA, 32 kHz, 2V
Watchdog Timer: 1.4 pA, 2V typical

* Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

Four Crystal modes, up to 40 MHz

* 4x Phase Lock Loop (PLL) — available for crystal
and internal oscillators)

* Two External RC modes, up to 4 MHz

* Two External Clock modes, up to 40 MHz

Internal oscillator block:

- 8user selectable frequencies, from 31 kHz to
8 MHz

- Provides a complete range of clock speeds
from 31 kHz to 32 MHz when used with PLL

- User tunable to compensate for frequency drift

* Secondary oscillator using Timer1 @ 32 kHz

¢ Fail-Safe Clock Monitor

- Allows for safe shutdown if peripheral clock stops

Peripheral Highlights:

* High-current sink/source 25 mA/25 mA

* Three programmable external interrupts

* Four input change interrupts

* Upto 2 Capture/Compare/PWM (CCP) modules,
one with Auto-Shutdown (28-pin devices)
Enhanced Capture/Compare/PWM (ECCP)
module (40/44-pin devices only):

- One, two or four PWM outputs

- Selectable polarity

- Programmable dead time

- Auto-Shutdown and Auto-Restart

Peripheral Highlights (Continued):
* Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 modes) and 12C™
Master and Slave modes
Enhanced Addressable USART module:
- Supports RS-48b, BS-232 and LIN 1.2
- RS-232 operation using internal oscillator
block (no external crystal required)
- Auto-Wake-up on Start bit
- Auto-Baud Detect
* 10-bit, up to 13-channel Analog-to-Digital
Converter module (A/D):
- Auto-acquisition capability
- Conversion available during Sleep
* Dual analog comparators with input multiplexing
Programmable 16-level High/Low-Voltage
Detection (HLVD) module:
- Supports interrupt on High/Low-Voltage Detection

Special Microcontroller Features:

* C compiler optimized architecture:

- Optional extended instruction set designed to
optimize re-entrant code

* 100,000 erase/write cycle Enhanced Flash
program memory typical

* 1,000,000 erase/write cycle Data EEPROM
memory typical

* Flash/Data EEPROM Retention: 100 years typical

* Self-programmable under software control

¢ Priority levels for interrupts

* 8 x 8 Single Cycle Hardware Multiplier

* Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 131s

* Single-supply 5V In-Circuit Serial
Programming™ (ICSP™) via two pins

¢ [n-Circuit Debug (ICD) via two pins

* Wide operating voltage range: 2.0V to 5.5V

* Programmable Brown-out Reset (BOR) with
software enable option

Program Memory Data Memory . CCP/ MSSP = )
Device i yo | 10-bit | £~ < Timers
Flash |# Single-Word | SRAM | EEPROM A/D (ch) | ECCP Master| ¢« | Comp. |g. chn
& SPI™ ("5 = i
(bytes) | Instructions |(bytes)| (bytes) (PWM) e | 3
PIC18F2525 48K 24576 3986 1024 25 10 2/0 Y Y 1 2 1/3
PIC18F2620 64K 32768 3986 1024 25 10 2/0 Y Y 1 2 1/3
PIC18F4525 48K 24576 3986 1024 36 13 11 Y X 1 2 1/3
PIC18F4620 64K 32768 3986 1024 36 13 11 Y ¥ 1 2 13

© 2004 Microchip Technology Inc.
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PIC18F2525/2620/4525/4620

Pin Diagrams

28-Pin SPDIP, SOIC

MCLR/Vpp/RE3 — []°
RAO/AND =—[]

RA1/AN1 =—= [
RA2/AN2/VREF-/CVREF =—» [
RA3/AN3/NVREF+ = [
RA4/TOCKI/C1OUT =—= ]
RAS/AN4/SS/HLVDIN/C20UT =[]
vss —=[]

OSC1/QLKINAT =—= [
0SC2/CLKO/RAG =— [
RCOM1OSO/T13CKI =—[] 11
RC1/T10SI/CCP2() =—=[]12
RC2/CCP1 =—=[]13
RC3/SCK/SCL =—»[]14

O ~NOO ;b WM =

o
PiC18F2525

PiC18F2620

(=]

28| ] =—= RB7/KBI3/PGD
27[] =— RB6/KBI2/PGC
26[] =—= RB5/KBI1/PGM
251 =—= RB4/KBIO/AN11
24[] =— RBe3/aNg/IcCP2(!)
23] == RB2/INT2/ANS
22[ ] == RB1/INT1/AN10
21[7] == RBO/INTO/FLTO/AN12
20[] =— von

19[] =— Vss

18] =— RC7/RX/DT

17[J =— RCB/TX/CK

16[_] =—= RC5/SDO

15| ] =<—= RC4/SDI/SDA

40-Pin PDIP

MCLR/VPP/RE3 — [
RAOANG =—[]

RA1/AN1 =—[]
RA2/AN2/VREF-/CVREF <—[]
RA3/AN3/VREF+ <—s-[]
RA4/TOCKICIOUT <
RAS/AN4/SS/HLVDIN/C20UT =— [
REO/RD/ANS <—s[]
RE1AWR/ANG <—]
RE2/CS/AN7 ~—[]

VoD —» O

Vss o O

OSC1/CLKIRA7 <—s (]
OSC2/CLKO/RAE =—[]
RCO/M1OSOT13CKI <—e[]
RC1/T10SKCCP2 oo ]
RC2/CCP1/PIA <—[]
RC3/SCK/SCL ~— []
RDO/PSP0 <«— ]

RD1/PSP1 =[]

O NOO A WN =

[{=]

s
.

=3
PIC18F4525

PIC18F4620

. eh b s A e
W oo O AW

nN
(=]

40 [J =— RB7/KBI3/PGD
39 [] =—— RB6/KBI2Z/PGC
38 [1 =—= RB5/KBI1/PGM
37 [ =— RB4/KBIO/AN11
36 [1 =~— RB3/ANg/CCP2(1)
35 [] ~——» RB2/INT2/ANS
34 [J =— RB1/INT1/AN10
33 [1 =— RBO/INTO/FLTO/AN12
32 [] =—— VDD

31 [] =——Vss

30 [1 =— RD7/PSP7/P1D
29 [] =—= RD6/PSP6E/P1C
28 [] =—= RD5/PSP5/P1B
27 [] =—— RD4/PSP4

26 |1 =——= RC7/RX/DT

25 [] ~— RCB/TX/CK

24 [] =— RC5/SDO

23 [1 =—— RC4/SDI/SDA

22 [] =——— RD3/PSP3

21 [] =——= RD2/PSP2

Note 1: RB3 is the alternate pin for CCP2 multiplexing.

DS39626B-page 2 Preliminary
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PIC18F2525/2620/4525/4620

Pin Diagrams (Cont.’d)

44-Pin TQFP =
{1
¢ B L9
$25855E535¢
ERQLaaa00L
883885833800
CICoOoCOCocCOCC@COC@Td=Z
HHHE HHHHRE
A 0 n [l
IPYT 888 8
RC7/RX/DT <+—=LCIO1 O 3313 NC
RD4/PSP4 =102 32011 =+—= RCO/T10SO/T13CKI
RDS/PSPS/P1B <> 3 31 IDIEJ <—= OSC2/CLKO/RAS
RD6/PSPE/P1C 1] 30T =—= OSC1/CLKI/RA7
RD7/PSP7/PIN <=1 6 PIC18FA4625 53 T -— \JSS
—_— ~ v e DD
Vs —wrrry  PIC18F4620 b o mesicsiny
RBO/INTO/FLTO/ANT2 ~— 8 26 I <— Sgéﬁ%f:xg
RB1/INT1/AN10 =—=CI1] 9 25 [ =— \N5
RB2/INT2/AN8 =—=[1I] 10 24110 =—= RA5/AN4/SS/HLVDIN/C20UT
1 et T
RB3/ANg/CCP2(l) <—=CTT] 11 wovwereags gza =— RA4/TOCKI/C10U
VOrsIoamoCy ¥
“2z0PPcgsel
S=8082:0¢
oeEssrEthe
Tl ] &
m @O oo
Erccls é p:S
2
%5
[y
<O~
< Da0k
Eo2onref; 28
44-Pin QFN RQEEEEE"U’,BQQ
83335528553
CoCorCrcCCCc@@moc
*3IYILRIHS8T
RC7/RX/DT =—=| 1 33] =—= OSC2/CLKO/RAG
RD4/PSP4 <—»| 2 32| = OSC1/CLKI/RA7
RDS/PSPS/P1B <—+| 1 31| = Vss
RD6/PSP6/P1C =+ 4 80) 55— vss
HD?!PSP?/I:;D . PIC18F4525 gg S ggg
o P — e
Voo —~ |3  PICI8F4620 570 + mercsany
Voo —=| 8 26] == RE1/WR/ANG
RBO/INTO/FLTO/AN1Z <—»] g 25] = REO/RD/ANS
RB1/INT1/AN10 =—| 10 24] <= RA5/AN4/SS/HLVDIN/C20UT
RB2/INT2/ANS =—s§ 11 23| =—= RA4/TOCKI/C10UT
SRl e o TR
TO-sS0oaRos iy +
NZZ000d2%¢Eh
§ S-99§320¢
S ooy
2 ¥§%éﬁ £
<L Fdaodlo
8 zocao|s za
= g
o
Note 1: RB3 is the alternate pin for CCP2 multiplexing.

© 2004 Microchip Technology Inc.
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LCD-016N002B

16 x 2 Character LCD

_@,wuuuuuwuuuuuw

la

o

FEATURES
* Type: Character

* Display format: 16 x 2 characters
¢ Built-in controller: KS 0066 (or equivalent)

* Duty cycle: 1/16

« 5 x 8 dots includes cursor

Vishay

Phb-free

RoHS

COMPLIANT

* +5 V power supply (also available for + 3 V)

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

* Optional: Smaller character size (2.95 mm x 4.35 mm)

= Compliant to RoHS directive 2002/95/EC

ITEM STANDARD VALUE UNIT ' | STANDARD VALUE

SYMBOL UNIT
Maodule Dimension 80.0x 36.0 MIN. TYR MAX.
Viewing Area 66.0 x 16.0 Power Supply | Vppto Vgs | - 0.3 - 7.0 "
Dot Size 0.55 x 0.65 Input Voltage ' -0.3 - Voo
Dot Pitch 0.60x0.70 K Note
Mounting Hole 75.0x31.0 ¢ Vgg=0V,Vpp=5.0V
Character Size 2.96x556

STANDARD VALUE
ITEM SYMBOL CONDITION UNIT
MIN. TP, MAX.

Input Voltage Voo Vop=+5V 4.7 5.0 5.3 \
Supply Current Ipp Vpp=+5V - 1.2 1.5 mA

-20°C - 5.2
Recommended LC Driving g% - 4.2
Voltage for Normal Temperature Vop to Vg 25°C 3.8 - \
Version Module 50 °C 35 _ B

70°C 3.2 - =
LED Forward Voltage Vg 25°C - 4.2 4.6 \
LED Forward Current - Array - 100 -

I 25°C mA

LED Forward Current - Edge - 20 40
EL Power Supply Current leL VgL = 110 Vg, 400 Hz - 5.0 ‘mA

e
) _PROCESS BACKLIGHT
STN STN STN FSTN STN
™ Gray Yellow Blue B&W Color HIGEe £ED = FEEe
X X X X X X
For detailed information, please see the “Product Numbering System” document.
Document Number: 37295 www.vishay.com

Revision: 28-Oc¢t-08

For technical questions, contact: disptays @ vishay.com
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LCD-016N002B

| L
VISHAY.

Vishay

16 x 2 Character LCD

S P w R e S

DISPL

‘Tt v S erd ko

=

Display Position

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
DD RAM Address 00 01 02 03 04 05 06 07 08 09 0A 0B oC oD 0E oF
DD RAM Address 40 4 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F
TEN
FUNCTION
Ground
+3Vor+5V

Contrast adjustment

H/L register select signal

H/L read/write signal

H — L enable signal

H/L data bus line

H/L data bus line

H/L data bus line

H/L data bus line

~ H/L data bus line

H/L data bus line

H/L data bus line

H/L data bus line

+ 4.2 V for LED (Ra = 0 Q)/negative voltage output

Power supply for B/L (0 V)

Revision: 28-0ct-08

3.55 -,
2.95 0.6
0.6
055 [k |
I LED - H/L B/L
0 High Low
o 5| o Hi| 132 [ 121
- 6|0 H2| 86 75
80.0+ 0.5
4.95 71.2 B
0oooo
7.55 66.0 (VA)
. i
12.45 56.2 (AA) 3 feLSe
B i 0 8.0 38.1 (P2.54 x 15) & "
) 5 g H1 Max. 9.7 Max.
o] 2f &I ™ & 118 16x@10PTH | © 2.4 s s
o . 1 : :
7 =] n i
&F }UFJUUHHHUU@UU?H&E%S N
i | | |
0 T o
. - <
HREEE of x
ol & ol wl & T 1T 3 —o|®
©w Ol ~ I
@ ] v L L 9_.’
pa | 4x@1.0 g B
m— i ? | i
40.55 | 4x925PTH 1.6 U 1.6
= L}
25 75.0 AxB50 R0 EL or NO B/L
www.vishay.com For technical questions, contact: displays @ vishay.com Dacument Number: 37295
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