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sUfl 2.3 infildndenadSasea nanadn slefinsuudinitilvasziimudouiniuiisesdevesinh
Pudeuasiiuiu visanasiuegiuiinnisiuavensuslnih”



gﬂﬁ 2.3 Jean Charles Athanase Peltier

Ui']ﬂgmmLwawLaasmuusmgmsmwuwaﬂﬂunuﬂsmgmammﬂ wazgnianldusslenily
nsviszuunaBtduaInnIsRuAINSauaalndn (Thermoelectric reffigeration) ) luiid Srsves

nsgaduauTouwuunauls (Rate of reversible heat absorption, Q) FedsumFoutunisitu
nszualnih () iusessis @e

Q7 mapl (2)

Tnefidudseansunuwaiieaivasseana wilaain
T=al (3)

1o LHOSE = ]

7 < 0; AdNUsEans wanwasluau
1 L7 =3 n‘ =l

7 > 0; e1duUsEANS Wwadllwesiduuan

2.1.1.3 Ysangmseinaudu (Thomson effect)
Tt 1954 Ja18us neudu (William Thomson) w38 aesa adu (Lord
Kelvin) JUfi 2.4 ni@ndunafion nanada “ dlefinszualnituindniliihasgeiifigamgl
wnnssi Aemeeudeutuegiu nslnavenssualiihangaifulugaieunieanyadouly
qoLdu”



gﬂﬁl 2.4 William Thomson (Lord Kelvin)

ﬂswﬂgmimwamu LUu’d‘i’]ﬂ;_]ﬂ’l'iﬂmLﬂEJTUENﬂ“uE]G]‘3’1miLLWi%B&ﬂ?WM?@ULLUUﬂﬂUlﬂ AQ s

Fatusnilesrnmaiuesnszudlihmsiniiausundadleiinsiioud AT gamall dwuans
Tugui 2.5

gﬂﬁ 2.5 wvsmeslulaunidndveslsngnisaivendu (H.J. Goldsmid, 1960)

ANMUEUNUSTENIN « LA T Wy

T_T@ (4)
dt

T f® Thomson coefficient (VK?)

2.1.2 Faquasludidnnin
gunsalmesludidnedn  (unimdhienTagmesludidnein  wuUszneuliidu
gunsalfiansaldonld Sendr “nesludifinadnluga (Thermoelectric module)”  lagnns
unanammaﬁumaﬂmﬂ mﬂmamﬂivmmﬁmmm (semi-conductor) ¥@aLdu (N type) AL
wiladl (P type) wwafiulug q lnerneaduiu LLaquawwummaﬂmamamﬂw'lmaﬂu Fauslaz
meanuaznmwnamaLLuuayﬂiumﬂwﬁ’\ Fausfusnauiafanyine warAUUUAY
AuaegNUTENOUABUAWLET A Lt.ﬂméi’agﬂﬁ 2.6



COLD SIDE

=1 | a a
Ul 2.6 dusgnaureamesludiinainluga

Sothimesludidnainluga udwilrgampiukuesissuuuasduan  wnnsieiu vl
An Vitnaanussdn gl ilugananls uazillevnnsedniuinangud (oad) wisnselviih
agvilsiil nssualiilva mudsingmissivesdue  TaevbluFenmesludidnnsnlugauuuil
TesTudidnainauueisme? wanfaguil 2.7

Thermoelectric Generator (TEG)
gﬂ‘ﬁ 2.7 nalnnsinueamnesludlanasnauiluaLsLes

Tumenauiy  Weteunszualwilifumesludidnadnlugaszirliiinanufeunazainudy

o 4 cda o ' ¢ P ™ = a A

VInTUARNUUY kagauaeuUsIngmMsaivanaiies Inevialy Gen Wosludianm3n
o a a i @ a

Tugawuuildn mesludidnasnaads uanadsgun 2.8



Heat Absorption Side

Object Being Cooled

Ceramic Substrate

Electrical Interconnect

TE Element Carriers Moving Heat

Heat sink

Heat Dissipation Side

DC Power Source

- N .
i

U7l 2.8 nalnmisinuraanesludianasngai

U

2.1.3 msUszgnaldau

msUssendldnugunisivesludidnein - iewesludldneinluga 0 awnsa
o 1 2 @ -4 B A o o [ o =] a g a
vhanldauld 2 dnwae loun nswdsunasuanadoulundsnulvin we wesludinnin
Wwuwalseey wazmsiwasundsnulwidundanuanuiou wiemesludianasingads
a e = L3 [ b5 €=l v
1. wesludidnesnwuiusisiees WunisUsegnaldusingnisalfiua Tavanunsnld
¢ a a a w Y v v & v W 2 a
gunsalmesludidnmina@andenuliiiainndauanudouls  Wunsldndsnuanuiaun
wideannsEUILNITANe q wwanlundsnulii wu auseuainvisleidesaeus AuTouan
wisdutheauiouds audauninuauan axufeufiiininn  anmglaniou vienuiouan
sraneuywd Wusy
ad.  a a [ v ¢ - & o
2. wesludidneSngads  WJunsuszenaldusingnisalinaiiies Tavanunsald
¢ a a = = s £2 L] o = s ey & as
gunsalwmesludidnninndandsnuariuiou vioianuduanwasnulwiilddunislindany
Tnfevhldaadeuniomunbunail desns wu guuidulusoswd gassursruiouves
CPU uiwhamdeu USB videgnuseaufou USB Wy 9niildndrndugunsalinesludidn
asnannimbunUsegndliouldvarnvats  whdlesndanmesiudidnaniesdivssansam
Ussne 4%  satudadudeddatunosuinandssgnatden - lagdulngjazdomhluldautu
wisnumSoufivdsannszuaumseie 9 siseviudugunsalninadniianansannmleidag
wazazan 1Wudu

2.2 wesludidla (Thermocouple) [4]

gunsaifiideiunesluduida fadugunsainsietaumalednilivdnns Wasuwas
Snuaraaautinisliihidauddganndmiuasmmngaamnssy nefugunsaifieglu
ndudszam ueafimsuaRuwes Ao annsordaussiulwinlfeadlefimsvasuudaes
gumgiindesnsnnainlaglisuiufensyduseundsirendinuanaeuen Faifu Feanansn
WldlnensdluiniesiioTauarduiingamgil wiawedasmunusing 4 uenani wesluduida &
Hugunsaiiidmnuliiegamaiiunn alasaienglulssneuseduaialaneswiaiuges



Lﬂumammﬂmmﬂawmwuwﬂmﬂmmmamwﬂu dauian EI@ﬂ‘UWQ%UQ‘IJQIWJLUMLE]W]WGHWﬂﬂ

U

ihlusefuiinesuderasou *qTummmﬂmwmLaua’;wmameaﬂumﬁaﬂ'ma&maiau (Hot

I

Junction) muﬂawanmwuq%ﬁamﬁaammu (Cold Junction) Slavevanefuiiidu
'iaEJﬁa%aulﬂi’ﬂammﬁmﬁﬂﬁaﬁmLLiqﬁuIWﬁW%uﬁﬂmiawial,ﬁu wazusesuliihAldazuusi
maﬂummaﬂamwnwmmim Luaqmﬂﬂmam@ﬂ,umiLL“JaqwaqmumﬂmaulﬂLﬂuwamulw%
Ssamnsadaldimesluduida JuweludEnaiansuaioweiuiania Iﬂaiﬂw 2.9 uanali
LWiuGa9950819918 9 Fmsuldanumesludida ’Lum‘muwnmﬂmﬂaauuﬂawa&amwﬂu
m&j‘LuLmau Lua‘aaamaﬁauﬁuaama%‘Iuﬂﬂmalmum'lmaumuawu Tuwnsfisevsoiuddl
ammmmw ANUANATYBI N Ty mwwmaamamaaawuamﬂwmmm'ﬂuamaa
ﬂivLLalwﬁw mmaqn%uﬁlﬂﬁmmLmaiLLamummmavﬂmmau’l,mﬂummaﬂ”l,wmaﬁumammm

1a

Temperature Scale

AR 7o /i
Thermocouple
_gh o B PN g

Uil 2.9 nmsUszgnaldimesiuAilasg1eing

mu‘lwmammmﬁlmﬂsvﬂausauﬂumumaﬁmﬂLﬂauuﬂ]w"lmm‘lawvmmﬂ Iron - Constantan,
Copper - Constantan, Chromel - Alumel k&g Platinum/Rhodium - Platinurn an15uUewiia
suaamaﬁmﬂLﬂammmuuuauwmimmnﬂjumamammmﬁhﬁ muamlummw 2.1 uay
ammﬂumﬂﬂmummmaﬂuﬂﬂnJaLLmavmum maammmmwmaaa 1 Tunte mV / oF
mammmmlmmmmw 2. ZIGIEJ‘UE]LL‘iﬂEUEN'Jﬁﬂ Frvmnedlwihiddndduun ) daude
vdazudhau ()



M5199 2.1 slaveamesludlilanuuninigiu

Fydnuwaliniguy v iaEnini
Type K Nickel Chromium / Nickel Aluminium
Type J Iron / Constantan
Type T Copper / Constantan
Type E Nickel Chromium / Constantan
Type N Nicrosil / Nisil
Type R Platinum 13 % / Rhodium
Type S Platinum 10 % / Rhodium
Type B Platinum 30 % / Rhodium

A11a7 2.2 prudnuaizvaumesumilausasgie

%1inuDd Thermocouple

=

1a9gam)i (°F)

9

LR (MV/F)

[ron — Constantan

Chromel - Constantan

Copper - Constantan

Platinum / Rhodium - Platinum 1000 4 2700

0 29 1400
500 914 2300

-300 f14 700

0.03
0.023
0.005
0.025

10

msldrmunesufudalugramnasuviluiy veesualdansovsulaiumesluddUaildey

vinannlavesahedele - weaduviamnnsgiuuuula dwdu dmdunsldnusiuenang

aunsomeiisveaveiluduita Idanthete  (Name Plate) fRnaguuivosgunsaluaids
anunsafinnsanldanunsguiasalull

2.2.1 YINIFIUYRA ISA

UIATFIULDY ISA (Instrument Society of America) Huariansuanswad (Heads

Coded) va3¥13n (Probe) uazUanideuvasgunial daneasidoalumsneh 2.3



A1T190 2.3 NIATTIU ISA A susaduaariadm Thermocouples WAz RTD

Type - Color Coded Heads
J Black
K Yellow
T Blue
E Purple
R&s Green
RTD White

2.2.2 11935 1UVBI ANSI

Tuhussfenfuunasg ues ANSI (American National Standards Institute) 2%
aunsaRnsnldannsiaduesaelniidessninaniriavesgunsal Feazuds eondu 2 swuu
Ao svUUonAT tassruudingy MisuaxiBeslumssi 2.4 way Snvavesansliluzuil 2.10

A 1 = ;% </
A1597 2.4 N13LUITTAYeY Thermocouple Mesaavasanely

.y Conductors Thermocouple Color Codes
(+)/) British (BS 1843:1952) |American (ANSI/MC 96.1)
Insulator (¢1) Insulator (77)
J | lron / Nickel &) (Whe) (4) o (M)
(3 @R ) (Up4)
Nickel Chromium / Insulator (A1) Insulator (1wé@ad)
K Nickel Aluminium (+) (thwna) (+) (1E9)
) (1) ¢ (um)
Insulator (}165u) insulator (t13w)
T Copper / Constantan (+) () (+) (hizw)
(OR[N O (X)
Nickel Chromium / Insulator (ﬁ’lma) Insulator (Y1)
E Constantan (+) (ﬁflma) (+) (wm)
) (hidu) ) (R
Insulator (&) Insulator (&)
N Nicrosil /Nisil (+) GY) (+) G
) (didu ) (L)
Platinum Rhodium/ Insulator (10e7) Insulator (1787)
R&S | Platinum (+) (@) (+) ()
) (i) (-) (L)

11
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Insulator /— Lead (+)

U7 2.10 ansliidanuirin

2,23 mstdianseuanasussulniiveunesluduida

nsriinnssuanazusssLlnivaaneslusia Tnerluimesildfumes
Tufuiativasduiadladlwesiuy. Permanent - Magnet Moving Coil fiflrnulsenns
Wasuwlawassssulriaiesdnisy LLm‘Luﬂwuu%ﬂ‘ummaammasmumiawamwsm@
iuﬂ‘lﬁla\‘lLLNG]UI‘N‘INWW]QWWULE}'\O’IW‘&]‘U@QL‘l’l@ﬂuﬂﬂmﬁ ﬂ’muLﬂ@‘iLLﬁﬂd%uLUuﬂWmLLNGIU‘LWW’WI
maﬂuﬂﬂl,ﬂaamwu LLauLua&ﬁmmmmLmﬂu"l,vdﬁwaqma'ﬁuﬂﬂmauauwuﬂﬂamanuammu
Fou  anavesusesulniihdsmansausudisyedlumbevesgaumagiila Iﬂammammm
wiinse¥elunsuSudruduimsidetndmesingihildivunaduliailan sty A
aueaniedsuiiwildladlademazinariilimvoseamginananll lade 50 e wse
91979884 100 a9 Nig 1uﬂ133mLLimu"lwﬂ'nmamuLmmwmmaqmaﬁmmﬂa’tmmum’mma
Uit sfnagld. Potentiometer wnuladliadiinas wams1e Potentiometer azlild
wsessuliihannmedlusuidaluilinwesuanan udasldiomsiSaudiouan wsadulniives

welusuidatuaiseulninenuuames MwaananUssuiioy Ao lugﬂﬁ 2.11

Standard -_-L Sensitive Thermocouple
Cell T Galvanometer wind

sUt 2.1 2s9ssouiiisunsiuliiiain Thermocouple fuwseiuluihingen

U

ilif

mmmﬂw 212 tudinassnuuunidild  Potentiometer  Wudiuuszneulunnsing
Lmﬂu"LWﬁmwmumewmm Thermocouple 7\]’]ﬂi‘UiluL%U'J’IiJFI’J’]iiﬂﬁ’]EIﬂaQﬂUiﬂW 2.11 us
msUuAssuliiniuerldvthduda  (Wiper) LﬂumﬂiuamﬂwLLiamu”LWﬁﬂmaa&mwaa
Niposiluuafivindu



13

TnunngnisaifidwapienfugmuaUAves Thermocouple thufled 3 dnwaizde
(n) Seebeck Effect
(2) Peltier Effect
(m) Thomson Effect

Battery
.
Temperature Scale

MR

®

Thermocouple

JUN 2.12 uaA993 Potentiometer dwsutadusesiulviiiann Thermocouple

Tningmansinigesiuiive Thomas Seebeck LTugAunugunsailiihmuioutu
Fupfasnatishinainundeu Tunetuanldineianlangsasdaiuans @udeaied
Aafudandlusun 2.13

B= '
SUN 2.13 dnwauzn1aiia Seebeck Effect

Seebeck Effect asunglindivimnisauiivanefumiwendumelangsia siatuiine
U uRg 'aa“Lﬁmﬂ‘ivLLalwaLLavﬁwmﬂ‘ﬁLﬂ%"auuﬂaalﬂmuﬁwmamwn:ﬁﬁﬁmﬁuiwdwiaasia
$ounavsaunaldu mﬂmamaaﬂiuLLaIWﬂwuummmﬂmm%’jumumaqaLaﬂmiamuawmﬁmalmu
ANSOU Tmammmﬂjuu%maaL,Uu’mnwuﬂaﬂ“ﬁumiwmulmmﬂu ’mmuﬁaﬂmumimmum
(Lower - Work Function Material) %Jl:vzaLaﬂmamalﬂmm'nmmm ﬂnnﬁjumimmuaa (Higher
Work Function) ﬂauuL;Jaaamn:umeuaLanmaumamJaeaaaﬂmn%wummumwuammmw

[EERATEED LuaammmawuaLaﬂmaumﬂﬂaaaaaﬂmﬂmmumﬂmu uaznszuaiazlvanny
pallusne Taoguil 2.14 wansdmsiAntuaneanszuglyiiin
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Iron (+} Constantan (-}

Lower Work Higher Work
Function Function
Materijal (+)° O Materiai

e et

Current Flow Result
from Difference Produced

® Meter )

Ufl 2.14 uansdnwaizmsifnszualihideduanldunnusou

nszualwiifiAstuisdindlnaedudaiiomannnar  avlafignsevserasaddigamgiv
wanenaiy  wazussiuliihiviliiAanssuall Ae wswiulwiianudeu Seebeck (Seebeck

Thermal emf) dmiusuil 2.15 uamefisrudniusseminaseiulihfudvesgamgiiinane
fusguinesessefouiusesraiiy

A
enf | Heat

Temperature Difference
At=t,-1,

U 2.15 uamammiduiudszrinassiiliihiveamail

siounludl e, 1838 tos @ 0. waiflos Uean CA. Peltien lfunuindle nszudlih
Iwatiugaidendevs uduainansiingu fanesmiledignmgli diugstuluvazivanedn
Funilaeiignmgiianasdsaninsolannarenwaliesld Faguit 2.16 endegatu Tunsdved
FuamUu Iron - Constantan Awdeuazgngandu denszudlwarhusossedoulufirniean
Constantan U1 Iron Ta Tron ssiiulniin eanadeudavinidiaiieuiu Constantan Usunivas
udouiiifuteanandleussy itwilsaastid (Coulomb) anasen w gaifeusieiiudend

4 Y
o« = o‘” . q:i‘ -‘_\I 1 gj
walwalyes” (Peltier) U0IgUNYUNIALYBUADUU

emf A+
T‘l+ﬂT TZ_AT

B_
sU# 2.16 LERHaTRINaLRES
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Seitldnananudadnediuin uswulwihidatulunes @ugiisesdeifugn AruALgnumgilvasd)
Tuandudndnilnenseaiunarswesgannisy ‘mwwsmLﬂusaamaiauuauiaamaLﬂu wseenglsh
maﬂ,umwgumu.aaaﬁmvlmﬂumﬂmmamalﬂ gniethadu lunsdinsusenoumeiduain
i Iron wag Copper msaammuaa ‘mm Melting Ice Lmmulw“ﬁwvmmwumaamwnumm
yassousnsouLiLty LLamewulwlﬂLiaa 7 UTIAGER nuusssulwihaSudidansas
Tuvneiigumgd aqmmmwmﬁaa ‘] TﬂaLmmu"l,w%%ammawmﬂuﬂua vseanaiiandumau
Al wmnLﬂmu’LuWﬂmwmaﬂu‘mmaaamwﬂuaﬂwmuu A9 Wares Thomson WUNINYIFNEANSYT
Ssnquiide W.T. Thomson Lﬂumﬂuwmwmammwamwaﬁ aamnmummimﬂmmmu‘mﬂwu
"ch’ﬂ,mLawwvLLm”LuﬂimsuaﬂLaua’mIamma"uumﬂmmuu LLmmmmmmmﬁuumaiul,aummaumm
muammumanuma v dlenszualsfiluaruduaanesuns (Copper) dailgamaiiusiay
ailaiiniu fign P Tn q mnfouss samasinszudlniilnaduiuvalulufimmadioatuiuns
awesanudeu  (nsvualuasinsesreiouludisosnoliu) uidnszualiilualufiennad
pssfududs i P agfianudouiiugady uilunsiivondumaitifumdniuy fign P 1o 9 2l
ﬂ'a’m"famﬁmqaﬁul,ﬁaﬂssLLa“Lw“NﬂwahﬂuﬁmwNﬁmﬁuﬁ’umﬂwamaqmm%’au LAYAIINFOULY
anadlenszudlnaluiinniefinseinuiy

2.3 wmasianas (Thermistors) [4] way [5]

Washames U1eneI  “ Thermally sensitive variable resistor” ﬁwmmﬂi’aqﬁ’;ﬁwﬁ
wiloufuiesiin aglugtvesoenledvewnmia dnda uaslavean JAIPIIHATUNIUI N
Tuthe 100 B4 450,000 Teviu-aufias TudoswiumusaUssgnaldnuaesediefio (1) Wy
gUnsalinanugiidmivszuunyiauasmun  (2) Wugunsalamiaduirdalaiy s
gamnafivasveifiames ﬁluLﬂuﬁaﬂﬂjuﬂUﬂWaamﬂﬂmﬂauimaaﬂﬂsmmi'mmauﬂaummmm
Hushegnawesnslinu lnedusneaivesvasiiameswansiesgun 2.17

JUM 2.17 dydnualveiiames

2.3.1 ﬂ'Jﬂuﬁ’luwmwmmﬁﬁaﬁqﬁﬂﬁuqmﬂﬂgﬁ (Semiconductor Resistance Versus
Temperature)

aRe AenistiBidnaseuduauiieiviililinmafiundsnureinanud

Sidnmsau Wondnud feuhiuwdeinnninderhmdiny  Tuvaeididnasouszdunetly

d [T

waun1sun waedaseiinninseuald  dedfyAetiiifinisiAsuulasiamudnuniuees
ansnasihdagilaaladudadu
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1 puduiussenivenudinmusegaumgiveanasiiawes vannsfe e
mmﬁmmuamﬂ?{BuLLtJaalUm:uqmvrqﬁmwé’ﬂmwaqmiﬁaﬁaﬁﬁ ﬁuﬁaaﬁaqqumﬁuﬁu
A fumuavanat audnuaisdandniiGoning ¢ FuuszAvimaasuuasgungliluay”
(Bufid) mswisudasiasutsmuenaliuiarislumsideuu mndevumnifvluansiaiih
awilduuseavs vasgamgiduun

2. allweduusyandaumaiveensin eflediudumnigamgfiiuiy

3, EABUALSY (time response) HameUALBITBNDSTAADTURETUYsEIAM
Yaeanuaran1IzlInaeY dwiumesliawmesiiussaaglusniniy  (@dmsdufannudeuni)
JaneUAueaIasiiAUsEna 05 A wimnidumesiameiufeiuiiegluoins
oazldnamevauedis 10 il westawefuuunuvEsluuyInalvijeaaul
nanpvauawanadiy 10 Jundl wiemnn i esdinsduiannudeuitiinu

'
v as

5197 2.5 msnauantilaemiluveaneslamesvile Buid Nldiules 4

AauUs AlagssU
§1UYDIQUNYITINANTT -100° C &1 450° € (Liliinlafneniu)
AT 25° C 0.5Q &1 100MQ

1k Qa310 M O Juanlaeialy

B 2000 K 114 5500 K

RERRRNGL) > 125°C
300° C Wuaunaluanneasi
600° C Wuarunfiilaldadaue

=

AAslunsgeyLde 1 mw/K Tuanaeda
8 mw/K Tt

atAeiaINUsau 1ms 9225

QErGANGIRRRRARGE ImwWaslw




17

2.3.2 ydavasmesiianas

TneUndmesTawesomuady 2 Ussavenuduuszdvdmswfouwas
funusegugll Sulaun

1. vlln Buid mefawesvinindnlilnemsreuuasdevusenladuesians
gy fndia Tavead wemidd widn uwarveans wddelianiudufounds (sintering dope)
nszvaunsIviva e lddeinsmunuannswndeulunsién weslameuuuilidmiu
NS IAULALAIUANGUNAI

2. oiln 177 oflugUvesainde A7d TWuuGeilmidndugueefiunsimie
wosladen  lymudinadluuuaralilumsduidsugamgiiiasde doumeslaweiuuy ¥
§ Allunsin grungiiass arldBameuiungidilunadovy wesiawesuuuiinathly
Usznaldluns JostuusuadouvienseuatfiuAundlurashiiunsziime awmesl
mswisuuasianuiunuivaamgiaddinaissesiamnse danldould  wues
wlausupdeu 19sU3nd Wiy witdesiasandeldiusurasusiaziuy eannaulyl
Hudaduveanasiiana il sindansindr Sefewdlainisaydeiiddumes  fawes
yzldiiulindin

anuduy
»

FIC

flass o

10K

I NIt

T

+ : 4 . »
S8 O 56 100 #fw o 280 e el ewwaden

gll'ﬁ 2.18 msusuan waenad (Signal Conditioning)

2.4 waslulwg (Thermopile) [3]

Thermopile LﬂuaﬂﬂammaﬂmauﬂawLL,Ua&wamumwmauLﬂuwa\mu"l,w#’ih GR
U'suﬂau”l,ﬂmamaﬂuﬂﬂuJa‘ma'1ammai'suﬂﬂugmuauﬂimw% Iﬂamaﬁmﬂmammuimmi
’mmﬂfm:JLmﬂmwaqam‘mmmﬂammiamalﬂmﬁmmmmmm@ﬁmwma&maﬁmﬂnJa Beduay
°ua<1maﬂuﬂULﬂawmaauﬂmﬂumﬂw usadlinAeldBanndy lumsvedeuilsiunumes
Tufudaildfesiuu 10 Eufgui 2.19 Tnawosluduiaflimaaey fio wedludida Type K
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+

>_V”
Isothermal
block

IR Absorber

sUfl 2.19 waslilwd (Thermopile)

L4 .
2.5 wawies ( Peltier) [2] way [3]
wafiesidugunsalbidnnselindataniaiddisenidedinn esnwaiieiazgn

£
= o

thunduumasmdlaanuiurespIosmivuduyl Juduseaienudnlatmannisuasisnis
Mouvewmaiies Turnaduanissuin 19 dnineirians 2 au Aa ila duua (Thomas Seebeck)
- -~ ¢ - v e @& X b= ad o
wazU inaties Uean Peltier) "Lmﬂuwuﬂ'iwﬂgﬂ'\'mmLﬂuwug']ummuqmwﬂﬁuma'ﬂuamnmﬂ
-7 s L] E 2 Al‘-‘] 1 ar 1 1 o’ o - Ei. 1 L7
Tulagtu lne Insda &lua wui dilvignmaiinsenuseninesesnevesiiin 2 viaiuaneneiu
nszualnvihazlvad st aeguin 2.20

Cold Junction Material A Hot Junction

T1 T2

(&
Material B \_/ Material B

Ul 2.20 Usingmisalfiun

wonanil Iu wawles wuln Wevassnszualwiiniudiin 2 vilanuananaiuagiinainusou
wazAuiuly fsesrevesinividesriatu lnssouneniisziounazdnsessronilsasiiu a
JUN 2.21

Cold Junction Material A Hot Junction

T1 T2

-|=+

JUN 2.21 Usingniseliwaliies

Material B Material B
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Tudnanwwesimssei 20 anudwiluduwelulagansieing gniaunfunisldnuaie
vasgunsaliumesludidnvindadanudullld wagdowmeiaiviualy JalnmEs lugawes
Tudidnvin vlemaiostuin seiuszneuradugamaiiesussnoume a1sneiithfiuazidud

-:: { = e o d' 1 1 =l 1 = 1 5 E2
gﬂm@Lf!uﬂmﬁamummLﬂja:umaiz‘w’mmiwuasmﬂﬁu wazdl weiuwsdn Usenuegvisanniu
sauanalugun 2.22

Ceramic
Substrate . __

P-Type
Semiconductor

Conductor Pellets

Tabs

. N-Type
Semiconducter
Pellets

JUR 2.22 Ipssasveslipawaiiias

Negative (-) Positive (+)

detleulninnszuanssliiulugamaios  nszudlwihiilwarwiagiieanasiinhineeiie
fu ldAemsgenaundsnuvedinnseuiindouiinnnndsnussiusiluasneiniuuuig
wisrseiuadluansisiniuundu  dwaliifansgendumiudouniduniadugawaiies
warlurazienfufinmsrmendsumedidnseuiiinfeufiainndsnusydugslumsiadiah
U grdsnussiudlumsis R dwaliinmseaeriudeuiimunseiud Se
franewdeudy Fesuiivdesauieusenin usrduiigngandundsnuly Aeduiivdes
AuEuBana TnELHLMAIARINTTNITUTB I HALTY SuAnIFagUT 2.23

Released Released
Heat ﬁ ﬁ Heat

N-Type Bismuth

P-Type Bismuth
Telluride

Telluride

..........................

«  Absorbed Absorbed
+ Heat ﬁ ﬁ Heat

..........................................

DC Power Source
JUR 2.23 urunmuamnMsihnuveunaiios

KA o 1 QIJ s ° = L2 3 1 ar dl 1 at 1
wafiesiddmunem 9l szlindnnisyheumiiouiunvun uaslanvaeiuananeiusening

2
s @

= SR 1 - v
LWﬁW]HiLLWﬁS?ULLWagﬂﬂaﬂQU
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1 =

1) dounnsavasanarUnssesiuildou (Active Area) 1y inaflezunss
Awdudnta sunssdvdesiiui viegunsinay Wudu ueneniudarsunsedaiivanuunn
3nday dauandlusuit 2.23

2) dounnsevesmndimesing 4 fuil Aeussvesgumnivisaessu(Maximum

U
L3

Temperature Difference) ﬂ"m'mmqqqm (Maximum Current) ﬁﬂﬁﬂ&lgﬁﬂ&jﬂ (Maximum Voltage)

2.6 uasalulasaaulnsalaas Arduino [6]

Arduino tfunwdand Tnefudelasanisimuilulasaoulnsaesnszga AVR u
jULUU Open Source Adgnisluniseenuuy W uaruandedwiviuaduvesduimise
a3 Tnsanzensuaflaslamuresugniiansaninduiiguuvunidunisesnuuy way
wnunslunts dilunts Tewusededalendlfyaaadutiiorssuuiuluiamunlédeld n1s
Wau1u19101A53015 Open Source LALYDY AVR ida Wiring Taalasans Wirng 14
lilasneulnsaians AVR 1as ATmegal28 Faidodrtanaradiu wududuifidaduuu SMD
viliianldanugnmszin lilasasulnsameilunadniuly ilildazannlunisaeldanu
54 fuBunanasieiwnsiuau annfiuld Muaiadvuelualiiuly limsnzaudmiudiGudy
Seudfiululasreulnsaaes me menatsduivilrlilasuauiion ssezreuiingy
Arduino 3alainlasanas Wirng uiaiun Tnailaeldlulasaeulvnsaiass AVR vuialdn @
ATMega8 s ATMegal6s WilwlAsurruilen auflsthytuil faguseandeniusin 4 S

2.6.1 vasalulasaaulnsaiaas Arduino Uno R3

#1171 Uno tflunwnand Saudadmils 1uueda Aduino juusniindnesnin i
wun Useanes 68.6x53.4 mm. [uvedaunasguittenldounniign Wesnlumnafivang
dmfu naduduious Arduino uagsl Shields Widanldnuldinnnituadn Arduino fudu q 7
ganuuUIN lawizannndh Tnsuadn Arduino Uno 1éiimswanndosin faus R2 R3 waz{utes
fdsudvled iuiuy SMD Buvasa Arduino AldSunruidounniigs Wesansanlaung
wazdlnelusian wa Library Ane o fiwasntua Support Jzdnedaiuvedaiilundn ua
Horsnesadensdlil MCU degldsuannsndauniudsuadl@iig Arduino Uno R3 i MCU #
Hu Package DIP Tnednunizuainliulasasulvsaass Arduino UNO R3 uanssiaguil 2.24

sUil 2.24 vealilasneulvsaiaes Arduino UNO R3
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2.6.2 vasalulasmaulnsalaas Arduino Uno SMD
[ '3 Adld s o =1 [ I3 3
WuvedaniinaauiPuaznisvinumiioudiuveda Arduino Uno R3 ynUsens
Y < ] 1w oA = -1 ]
WARARIFUT 2.25 usiazuaneafiuil Package 183 MCU Fauasailazdl MCU fiilu Package SMD

RX

SDA SCL3.3uGno[ @] @ & @)

5U#t 2.25 vasnlulasneulvsaee’ Arduino Uno SMD

2.6.3 vasalulaspaulnsatass Arduino Mega 2560 R3

uasn Arduino Mega 2560 Wansasuil 2.26 aswmilauifu Arduino Mega ADK
Ansfunsaiivuvasalail USB Host 41l nslusunsuddosiniuluslanoa UART agunveiald
FuloFlulpsraulnsiaesived ATmeea2560 ifiuuasa Arduino flesnwuusndwiuauiideddd
/OuNM91 Arduino Uno R3 win suiideanissuduainann Sensor MIOAUANLBINBS Servo
a9 ¥l Pin /O vesvesa Arduino Uno R3 liswsasessuld iuiduesn Mega 2560 R3
galanundaeaudiuuu Flash 1mnnda Arduino Uno R3 silsanansaldisulaalusunsugnly
1nndn Tuanuidives MCU 71 whitu

gﬂﬁ 2.26 vasalilasmaulnsaiass Arduino Mega 2560 R3
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2.6.4 vasalulasnaulnsaaas Arduino Mega ADK
Uasa  Arduino Mega ADK LLﬂﬁd@Tﬂ‘gU‘ﬁ 2.27 la@Ululaspeulniaasiues
ATmaega2560 fidUled USB Host wes MAX342le wltiuuuein lddwiudeudedu
Insdwidlefiousunseesitu OTG Inasnidnadunsandnainuiu 54 wese foudandunaun
T 16 wasn ¥owfienud 16 MHz ve$e Arduino Mega ADK axusnsefuuesa Arduino Duo
psaigULUeintuaaeliivh warldmnuiisnt fukfldmnzeshludiunudun ud
wingdmuruildnmadeusaiulnsdwiiiede uounsessuinniy

MEGAADK JE

ARDUINO fox Android”

sUil 2.27 vesalulasnoulvsataas Arduino Mega ADK

2.6.5 vasalulasnaulnsaaas Arduino Leonardo
U0  Arduino  Leonard LLamﬁagUﬁ 228 \Huveseiidenlddulediues
Atmega32ud fisasiuninideusedu wesn USB llaenss vhlvuesnainsadeulusunsuile
$raeviediifuwnd visfduesald vawfiuseiu sv ilalddtymfuduges wie Shields
Aldemuiu Arduino Uno n1svianusy adrefiuuess Arduino Uno R3 wafinmsidew MCU ¢
Tvildu ATmega32U4 Faillugariodn USB 1seuudy (ansainuese Arduino UNO R3 138
Arduino Mega 2560 7igadl43y ATmegal602 F1aiffu ATmega328 Tumsiousiariunesn USB)

-e
2 ¥
DIGITAL (PWM~) F &

m LEONARDO
®

ARDUINO

8
fcd
£
iz

o

5U# 2.28 veinlilasAeulysaiass Arduino Leonardo
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2.6.6 vainlulasraulnsaaas Arduino Mini 05
Juvesa Arduino wwnadnfild MCU wes Atmega328 doumndnsasuasn
Arduino Mini 05 a¢laifinesn USB 1l fldaudesdefuuesn USB to Serial Converter Liwidle
fosnsTusunsuuain Insdnuasue fauansiaguil 2.29

X EETEEET
L - AT P L R
¥ , Bs¥ S

2R iy

U

2.6.7 vasalulasraulnsamas Arduino Pro Mini 328 3.3V
Juvedn Arduino wumdniild MCU wes ATmesa328 Gawzadeiuvesa
Arduino Mini 05 UsuLuaiaasil Regutator 3.3 V gmudeaviniu seduussdulniion 1/0 fe 3.3V
Tnednunizvesuesauanaiaguil 2.30

Ui 2.30 voialalnspoulnsatass Arduino Pro Mini 328 3.3V

2.6.8 vasnlulasraulnsaiaas Arduino Ethernet With PoE Module
\Huveda Arduino 74 MCU Luaifeaty Arduino Uno SMD wanssiaguil 2.31 Tu
VosniiaU Ethemet uwas dosdmiuidioy s Card yanidluga POE vhliuedailanunsold
uwaselainany LAN 16 Tnemss Tnglaigossie Adapter fin usiuasn Arduino Ethernet With
PoE Module Ha¢laiil wasa USB siiliianlusunsudosdauain USB to Serial Converter i
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gﬂﬁ 2.31 vasalulasaaulnsaiass Arduino Fthernet With PoE Module

2.6.9 vasalulasnaulnsasaas Arduino Ethernet Without PoE Module
vesailazsinliga POE eanly dasltlwainwesa Power Jack iy Aauandfdu 9
yziniiauiuuasn Arduino Ethernet With PoE Module Wainafaguil 2.32

U

2.6.10 vasalulasmaulnsaiaas Arduino Due
& a - ' & e M ¢ ) r ¥ 2 ¢ aa
Due Wunwdanduadiaes Wuguiiunwesalinniuidy 54 weinAdnea
a ¢ & = a ¢ = ¢ a & o &
Bunm 10WNe waz 12 wosnuauriondune 2 weinaundenielanm iuiunlusunsudu 512
KB anunsaldeaununlaifulusl Bootloader iiigsainaiuisalafunasn USB lalauase dvunm
Uda 101.52x53.3 mm au13oly Shields ¥99 Arduino Uno L6 wiuresdndusdoaunanli
gnfieennguil 232 audiulddedaldivdeuanld@lleduvy SMD  Fshifiesnianldlunuy
Standalone waRsN LRSI UADINUIIUTWATULINTU VINTUNTUTaUNINENTY UBSH
Arduino Due la@Uladiuas AT91SAM3XSE faulluduladnldwalulad ARM Core @antmenssy
=Y 1 a] = -:“7’ = = o v o b2 ] =
32 O sennudasaneaduluadds 84 MHz Fwiliawnsayieiuaiumsaiuiu wsens
Uszanawnadanasnulai3init Arduino Uno 100 wiesandule@vinauiusedu 3.3 V falunis
o E2 ar € ol v a L4 e/ 1 s ﬁ‘ 1 t %4 =
i lulgeuiudugesassedaldliusesu 5 V ivatnuesa msldiaswiwsenuiiie deliasin
anussiuasivnzay lnednvugvesueiauansfsgui 2.33
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5Uf 2.33 vednlulasreulvsaass Arduino Due

2.7 WJsunsu Arduino IDE [7]

IDE g031910 (Integrated Development Environment) A9 @ULE3UUBITTUUNITARUN
wiafhthosng o Tezroetieinda Developer wiatiewidamidiwaun Application Liaasuli
Annuni3a gndes wiludh avavaeuszuufidminld villvinisannausne Snty
garursildlunmsiannaudmsuvesa Arduino Wudalussnsuiiiandt Arduino IDE Tuns
Weulusunsuuarrelndasvedn Ingvuavedlusunss Arduino Tngundudazlngninlan AVR
Unidlasnnldn AVR Wunsihdienisameslaenss usldn Arduino Wallshuileddu iteld
anusadeulAnlaiteninninnisdeulfnwuy AVR viielesdudu q 1es Arduino

2.7.1 dnuazlnenaluvaslusunsy Arduino IDE

WieGanlilusunsuviiaussintiniigui 2.3¢ dlusunsudsenaumediusng 9

il

1. iy (Menw) Mhdandadasie 4 Tumsldamilusunsa

2. unuiedasdle (Toolbar) WumsnAdiildaes 4 snaaduds
WolhZenldmdaldsimdaiu

3. wouBanlusunsy (Tabs) Wunauildidonlwdlsunsundazsa (nsdif

Weulusunsuvuelvg UsznaumslWanaiesi
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| Fite e Tocke Halp [ Ly (Menw) | : '
— unuLATRYEe (Tools bar) Serial Monitor

- - »
skeleh_Jsn03a AAnRBANIEN

unyidanitsunsy (Tab)
void setup()
{ BYNTHTEUT NISAUTS

dslsuuasdsays

Arduino ALUABNTHABS

}

: & dﬁ #iSeitel
void loeop() udnduSouldsune
{ (Text Editer)

) |

4. Audeulusunsy (Text Editor) Wufufidnsudeuivsunsunmn
C/C++

5, Ruiiansanuznsia (Message Area) uiufilusunsulduds
AnUEMTINIURY WWIkASH WunanseeulwalUsinsu

6. Wuilwanedoya (Text Area) lHudailusunsuirnunisaonlndudal
quIAA LU

8 Judmiudamtisg Serial Monitor Yudazagmsuusuuinie aan

=l 1 I3

Yuiliiledosmsiantiiadearsuazuansdoyasunsy Insfesfinisdesnsauss Arduino uas
\donmainnsidien eligndaddeu
8. wihwina Serial Monitor flunumAsudnannlunislduansuanisineu

voslusunsuunun1sld qunsaluaninadu 4 Liosan Arduino lealeuadsdmivliuanives
fuusiidesmsguantsinenl udhiiufie Seralprint daunnsdedeyannmeniames Ui
#1513 Arduino visaunsvaTAunild fuvidornuuazefinuy Send lumsSudsdoyadias
smundnsndlunsareneadoyauiousnsn (baud rate) Tifulusunsuludnds Serial begin
nsdiffldaniureuiomed Mcintosh wiieraufinmesiin dessuudfiRnms Linux fendauas
283 Arduino a¢idniiledudeldau Seral monitor fiaguil 2.35
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s

]
_ﬁ~\\\\\\“§$ ne sndng ;‘Feoo b

gihn 2.35 SNwaLI9INLNE1e Serial Monitor

2.7.2 U3UEAITIEN5 VDA
w1y File W Arduino asFenlusunsuiimuntutading (Sketch) Tulusunsuaes
Hdnuorafilvdlusunsmaied Sufensuriifuafngln (Sketchbook) wylazifendasiu
mMsdn-tuiin UnlWad mdsiasmusasilendesfiuuesa Arduino il
2.7.2.1 Wiy File

. New: WasldadndilmiieSudeulusunsdml

. Open : Wdnafindiuiinlineuntii

+  Sketchbook : [Hdalndaiindagaiidaldnuias

. - Example : THlunisidendialndaiindseswiiussaassiusnilily
Inawmeaivad Arduino

. Save : Idlumstuiinlwdanndiaqgiu

. Save As : Widudinlwdaindlagiuasudolia

.« Upload to 170 uain : ldaunanlusinsuludangeas Arduino %3
8150133 909 Arduino

. Page Setup : feAmthnszanwvadindandilagiiy

. Print: dsfldpvasiidafnddagiusenmaedosfiu

«  Preference : liimunaAn1svingualusny

.« Quit : luMsitnuLazeana NNy

2.7.2.2 wy Edit
{ & Yo o % o a o & & w o 9 =
Tuvaegiiunlusunsuldadlumyilunsdendnddiuani wasl
o w1 < o &
F18MIAFWN 9 ARITNTTUA
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. Undo : sniandndaviansfisninsgaie

+ Redo: vhddmTensiinviadagarine

. cut: Aedemnuiidenhluifivlunduesavediusunsy

. Copy: faaenderuiidentiuivlusdlusin

. Paste: ﬂw%’ammﬁag’luﬂﬁﬂua%ﬂmLLUzaﬂuﬁﬁLmﬂaﬁma%maﬁa
. Select All: endaruniavin

e

. Comment/Uncomment : Tifisia3asmung / ieaiavanewmnmse
A1 Ua Ul UTWNTURALENBNAELASBINNNY // 88N

2.7.2.3 Wy Sketch
Humyfussymdeildlunmsaenlndlusunsufislidlauss ma lesiluy

. Verify/Compile: IWaasndudalusunsumundliduniviaia

‘ Show Sketch folder: dudalnamasitAulusunsunveagly

«  Add File: walnalifivanaddnaglu Weldmdsiilusunsu Arduino

o 7 rcl = 2/ I & a s o -:l o @ e

zvimsanaanlivandenBunAullulnamasideanuiuluTunsuninaanmul

. Import Library: 1JuddsSenldlausiiuduiiondnidonmaiiug
TUsunsy Arduino IDE wandlausnsiiiden Wadandallushknsuazunsn ussviaAde #include
adlugiupuvelnd

2.7.2.4 vy Tools

lidnguuuuaedlaniysunsu 1BonFuY0sEIIaLs Arduino uasidennadn
ﬁms\'am&ﬁh’j’muﬁ’u vosa Arduino Sefail

«  Auto Format : nsUuuutadlanlusunsaliaiony

- Archive Sketch : dstiusaldlusunsuicinamesiudnuasinaneston
vaslwdafindtagtulndiasdwinsitadoiulndafindlagiu

«  Board : i#anaiawrsueavesiulasraulnsaaas Arduino

. Serial Port : IBoNVNBLATWE SAvEIRRTRIRE I TIeRUBTSAWAS Arduino
wazuasa Arduino

2.7.2.5 1y Help

Fedoinsautomdevtetoyaiuiulusunsulfidonuniiledony
gooialusunsuay Walwdduma (idunuana html) Adeadetuidedu « Tnelidesiul
wiasvasglinelulnlaimesil 1iu Arduino IDE
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2.8 TUsunsuuauda (LabVIEW Program) [8]

LabVIEW L“f;luiﬂit,msumauﬁfmai‘ﬁ'a"f'mLﬁaﬂﬂm'lﬁfflué\’nuﬂ'\ﬁﬂLLasLﬂ%qﬁai’mﬁm%’u
NUNEIFMNTIU LabVIEW 8831310 Laboratory Virtual Instrument Engineering Workbench *’-ﬁa
wneanuidulusunsufiaie LﬂiaaumﬂLamauﬁ]i&‘lwawgummﬁmnmﬂﬁu ot
am‘di“a&ﬂmaﬂﬂuaqmimmuﬁuaﬂﬂiLLﬂiuuﬂﬂam'ﬁmmﬂumumimuauLﬂiaaumrﬂ SRR
ﬂiyammw LLaulu{?]’.ﬁm\ﬂﬂ‘iLLﬂ3‘;1.133uU‘iuﬂ@‘Ul‘UﬂiEJ‘WQﬂ“iquI‘U‘U’JEJI‘LJﬂ’ﬁ’JmJ’mZU’]EJLLawLLU‘Ll?J"u.
g Tﬂ'ﬁLLﬂsuuﬂvuﬂiy‘Imuamaa&ma’lﬂmuﬂuLmaaummmmmﬂﬁuma 0 A LabVIEW
LmﬂmwWfﬂﬂiLLﬂimauaﬂﬂwulmmwaﬂﬂﬂa LabVIEW ouu'IﬂameUsvmw GUI (Graphlc User
Interface) Tnsauysal dufeislidndufeadeu code vdomdila q vedu uazfiddydnve
mAldlulusunsuiisosdoniniu MU v3elendneg ity G (Graphical
Language) sﬁ@ﬁ]%LﬂumiL%u’iﬂiLLﬂiam"JuUﬁﬁ’maEhaﬁmﬁumaﬁummﬁumu Wy C, BASIC
i FORTRAN mmﬂmwmaamaﬂwmmwm Eij\‘lLLiLI’JﬂuL‘UE]\WluL'i’la’lf\]i]uﬁUﬁuﬂUﬂ’ﬁﬁ}ﬂL‘iEjU
wsoauluTinIutng Lmmamﬂumﬂﬂum'ﬂfﬁiﬂmﬂiuul,l,afama“wmﬂ LabVIEW  fideana
fwmﬂu,azmmmamm’luﬂmfuauiﬂiLm‘suaqliﬂmmn Tnatannzlunudisulusunsy
poufiuneiiiteitousiofiugunsaldu 9 wielflunisTauszmsnunu dwiudieeldlusunsy
Ussamilldsnsde viefiSundy Text Base vty asagnsuisaugeennluntsdanisiu
Funmisnmsdshudeyanuagunsaliousioidu Port v3a Card e q saufisntsdnonedumisly
wiheanus etz anusnuTadeyanldlunsdnnananiuioyaildusslonigage
Hayvwaniesumsudloly  LabvEW - Tagldinmsusslusunsudunuiin - vie  Libraries
Vamiudpnsiudgmmantiu liieunsimsifendeaniiu DAQ (Data Acquisition), GPIB
(General Purpose Interface Bus w%aﬁauwﬁﬁﬁiﬁﬂﬁ'ﬂu%a Hewlett Packard Interface Bus, HP-
IB), waswaynsy vie Serial Port Lﬁa'l%’ﬁm@iaﬁ’uaﬂﬂiﬂiﬁéqmuﬁamauwauﬂim (Serial
Instrument) ﬂmmmi'gmﬂv‘w‘uauamlmmmsmima A uenaniilu Libraries waniuddldussy
‘W\‘lﬂﬂjuﬂWTVIN’mmmﬂﬁgaﬂ%maﬂ'ﬁuﬂ’ﬁwu signal generation, signal processing, filters, GAGH
flundln LasadinAnansan < fu LabVIEW SevinldnsiauarmslidiaiasiiefananeduFesie
advsnn  uashldeeufamasdypnavaunnaneduedodomedumstavanevineglu
3D

2.8.1 d2uva3 DATA FLOW waz G Programming

LabVIEW Julusunsudildsuam  viedgdnualwmunisdewiefdnyivilou
Tsunsudn@vihly efefidausnifonsanaruianaadunsasnalevzefiuiia  eenly
Foupndrdnusymmilefiddremns@eulusunsuuuy G fumsidoume  Fwdidenfa
M3douhene G Sfunsifeulaglindnnisves Data Flow FuileiFy detoyaling
TUsunsy LiwwmmmwummFmleamawaumwulﬂwmulﬂ W Uy LﬁuNaLLa sAunadlu
dulathe wararliuansuandnils Ssdnuansfountin G wie Data Flow Hasdidnwae
wileufun13@ou Block Diagram Bl Tuulusunsy anunsalvauaulatums
Paeufiladsuulaioyaldlagldfiesandiguuundndel  deenn ilesann Labview 14
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dnwauzn15@eunuu Block Diagram ddrmnsdnllugd mnuduiasegudt  Jadunsieiingi

Aanuilasazin Ui lgrelula wazd1mnen Aledatunaunsleulusensuinnaun
= 2 = £ @ Qw 1 L7

e Bauluswnsy 151A59sAeleu Flow Chart Ta$adunay waeInnsI9dey  Flow

Chart Sgusasudsrdahnlud@euluswnsy falu WSagiiauaYAINUINTY  1vNS

oy Flow Chart vas LabVIEW fifenaifiey Wsunsutiuies Fafunisaatunsumsviiuas
TWladuegan wihnsdeulusunsuly LabVEw lddndussdiauiimunmadeulsunsy
lnq wdewas winsfienuiiunmsideulusunsuvdeldlusunsudisagudu 9 azaunso
dlduslenililuedd imeanivhderuasazianudilaviequinsiunsilouldsunsy
roufame s ulalildusslevilnensauwiegadeaagldidilandnms fuguued
widfisduiudosmivhidunasiuesiuinuiunesfiones neaums  laslaws
agaBunmsdinrwduasiumaitnusne g uussuwfoing . Windows  hidnandu
Version 1a

2.8.2 Wenduvaddusunsuuayia

WsunsufBeuduanlag LabVIEW 157923801 Virtual Instrument (VD) iwag
dnwariusingmeenmideglélnussmilsutuiriasdionientnsaimeimnssa Ty
mma:L?m'aﬁ'uwé‘qmnmaqqunsx:ﬁmﬁauﬂ%qméﬂﬂgu%ﬁﬂumsv‘hmu‘uad #arid,  Subroutines
waslusunsumdnuitauiuntustaly dwmsu vi wilsq sxUszneusne  dawdseneufiddyany
dufe

1) Front Panel wiauiiiin auuduiltionnuiussinagldiulusunsu

(3efiflamden  user interface) lnevnlunsildnvarwileutunthdmivesouniosdevie
gunsaifildaudunsiai q W Teevhluasussneudng sdedtnde, Jude, June ssuana
viouiuseigldausodmun ffudwmiudiduestunsdeulusuns  Uszan Visual
waneawzidlagnuandi Front Panel HlasiSouiaiiondu Ul veslusunsusde Vi
thues Snwaigaes Front Panel wandluguil 2.36

& Acquire N - Multi-Digital

5U# 2.36 anwaiyues Front Panel
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2) Block Diagram tleliiAnaudladietu s1enaue Block Diagram Wiy
wailouiu Source Code n3alusunsuues LabVIEW eusingireglugusesniw G s Block
Diagram 4 fipduiu Executable Program feanusadinsviendléviud uasdofidn  Useznas
wilsfine LabVIEW agiinmsnsiaaeurnaiianaiaveslusunsunasntian inlilusunsy
awvhaulafredlelifideramaalulusunsuwiilaefldannsatiesy s19az18enveniiy
Annanauansliidiulinaeaan silinsdeulsunsududetuinn - drudseneunisly
Block Diagram iaxUsznaudae flarfdu Arasil TusunsuaIvANn1Tineumielnseaine a1nty
Tuustazaumani dsasusnglugures Block 1s1agld¥unisaoany (wire) §1m3u Block 7
wnzasdndeiu e mundnuuznsivasesdeyassuing block maniu siliideyalssy
nsUsEanananuiifeans uazuansasenslvuaglddely fagui 2.37

O rmeri
& 8
BB 3

SR Ry T (W2 S —— 184 #E-PQCPC-HCY B _»f!
d o 14 1
JUN 2.37 dnwaignisivavesteyasening block

3) Icon waz Connector Wisuladlaulusunsigas Subroutine TulUsunsuun@
wlulne icon semmneds block diagram ﬁ’)%ﬁﬁﬁﬁﬂﬁﬂ'ﬁ%i)u\jaﬁﬂLLﬁSEJE)ﬂt-h‘lJ‘Vl’N Connector
F4lu LabVIEW 1371300 Subroutine 1131 sub VI defesnsidoulusunss #aen1wn G 4
Aoisnanunsaatne Vi fazdruduaaliiausiefaeddodibass aintu Tunreuanuin
IS fannsadsulusunsuduiuinieSenldau Vi fisues - aaduneunthiitasin
Favilyt VI Aisndeusuneunanedusub Vi W ansdedly  Savasidisndendt @eudu
module dm3udnuaziiiluyes Icon waz Connector axuandluzun 51aziuindlaisuandy
3Uv83 Connector L19gnuilvawiadoyavieniSondt Terminal — Usinglifidiu

At L H
D-TRIG :___:
e s

lcon Connector

g'd‘ﬁ 2.38 anwauzTerminal
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Fdwiisng q7ildfulu Labview deenazuandnainiisidilunmmadeulusunsudmisde
v alulumang g FadudeliAsuld Labview dilafisdniisng o Aldlu TWsunsu i3
yawUSausiauAmeildly LabVIEW fulusunsuiugium q lmunisnedile
2.6

LARIFIATS199

A15197 2.6 Wisudsudmildlu LabvIEW fuldsunsuiiugrui

z pr
LabVIEW Iﬂmnsuwugﬂu YU
Vi Program AalusinTUVaN

_ _ fafdudSagunadnundulusunsutiuy
Function Function ) —

sin, log tUuAY
Sub VI Subroutine Wsunsutiosfignisenldlnglusunsumen
Front Panel | user interface ﬁluﬁﬁﬂﬁiaﬁ’mﬂ%
Block AT UMLTUADUTBINLF AL LUT LN SUATUA
) Program code z

Diagram VU
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WANNITDDNLUUEINIUNISALATIZITLSIAU LT

3.1 na1in
wann1seenuuunsidanserulnihanndsnuiuae s wnananudouain
awawemaes i luuniaznandmannisesnwuunmsiesizinisindausediulni s
Jraesnsiliausaiulnih wagnisuSuiisugumngioess

3.2 prsesnuuuNsAseintsidaussaulniladremaslulng uazwaiies

mseenuuudmiunTiesisinsiidanssulwianndnuiuuieduiewanay
foudiAnturnianssuvesguninidsluiiifenufouilifasneiuaineeaasnluiiiaua
100 Watt Ana21aa3ne 20000 lux Sauau 1 naon ludeudondlafmdnnsuaznisine
Awsmvesszuvihindnnisynnuethdls mniudssfinrsanludwlszneudes 4 lassadens
ﬁﬁaﬂuﬁgﬂwurﬂwmszwmmsma’%mﬂlﬁﬁamwumwﬁqgﬂﬁ 3.1 Tnwanunsaswunoonldlu il

1) dwnnilngnmgil fie vasaliuia 100 Watt, Analdailas 20000 Lux

2) duweiwugeignmvnll fia NTC (Thermistor), wesluduila ala K waziwaiios

3) d@wwuszanana Av Arduino Mega 2560 R3

4) @unaniNg Ao Arduino IDE (Software)

Temperature Generate Temperature Measurement

LE =

- ] [o% | \ Mol v, | Lt
(‘__,_w_u_x__"d ﬁl-»‘——y"__»’__—————

| Lamp R PO (rierizwn)
) 100 W [ - i S
\' 20000 LUX | Thermocouple Type K |

N N ¢ ~ e AT N

Signal
Conditioning

Fem—————————
1 Microcontroller

U 3.1 Taseadamsiengvimsidausaulnihonndsany
ANUSausuLlnINALS o UYDILAIEINAINVIaRA LY
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4

3.3 Fraeamsidaunssaulnil uazmsuuieuguniands

Y

3.3.1 Msinaaansindiauseaulniigneds

Tunsdrsesnmsiudiaussdulrihamdanududiesdudeannnammieuan
auaianewaeniviuaylfganaasunaslusuida viin K luswaunnassgunsaisuiees
mMAdrAmnssunyinay anfumalulainszesundndinammsatansyds Wudedenng
Sraosmstudauseiiliihnnwdsnuanudou wansiigui 3.2 Guitvmuiuidtuesluduida
Hugunsaififinnuilegumgiunn Falasaaiuneludszneuieduainlangsiaiinfuaos
dusiaithshefuiivarsinmiedddidugaingumnd duvaedninmiddddusmiodnnoy
gnihludeduiivnes weosuilidusessedeuluingamall axvilAiRnuswiuliinfigasesse
i iflesevrodouvennesTusuidalisuamsouingstu lurnsitsessofudiigaumgiinsi
AnuuANFeveIgamgfiseisRerasgatvbiAan1sInavesnssudliih Anssudlwihifines
wansifanunsnuiuidieulidurfioglumie mvec 16

3U# 3.2 yaveaeunailuAula wila K luisawaunaaesgunsalisuiwes

3.3.2 msUSuiieuaun)aansds

lunseannuunisyaveassdnludesdidiunisingamgiingndes imeilianes
9ila NTC (TTC3A103F39HAEY) Fagnuunldilmsugasdniunisingumgilviianuwiug
uarfliafiosnimanniian ieFunimeaesazsihnisingamgiiiudsuutadly meddanesassh
nMs¥nAgaugll tAnnisiasunlamenssiuilodaruiunuasy wazdidyyia
wsedulninlUlRSs Arduino Mega 2560 R3 ilautasdyaimoundentiidudyyuiinea
MntiuTsihnsusuifisumesianeslasldaunsalil fluke 51K/) thermometer Husinageda
FBnshe dereswioudalusunsuiamussiuiasoumgifldanmeame fdsuiisuiu
Fgaungfliann fluke 51K/ thermometer 9ntudaaianswlulusunsu Microsoft excel
thaumsitldannsminieulusunsuuansgumgiiveaveifiaweslu Arduino Ingldyanaass
nstuiinguupiluesatiwuired duimuindeieusausifuiioanunanmesiiamesiia
fosuniAunifiveda Arduino asUssananald Fsfewihnisieadiussduannesiiamesi
aamgivedivhiunniseissingld lefasin viin ADs24 lunsaersesiiftaatiosndy
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ot 4 3 = s 1 d } 7 as i 1
Tnguaneesiagu 3.3 () Hunsdniseeedyyaldvarsvinieliladussiuiivangaude
UD3A Arduino

+3V

Q) ()
sUit 3.3 (n) anasildlumsuSuiiievaamgi
() lo@andn viln AD524



N 4
NSNABDILLAZNANISNAADY

4.1 na17UN
Asnaagansidausssulniinlesldndanuanudauanuainnanasalnivun
100 Watt eharnaaing 20000 lux ieiiasisinudiudseinsdussiiliihuazgamginis
mngunsallieusaiiuanaiy 2 viafe eslulnd uasinadios Fansnasaslufidazus
sandiu 2 &hwa laui Msvrassmsusuiisuwesiiawmes wazmmageunsfniawssiuluih
nnasuaLseulagldineslulng uazsiwaiss

4.2 nrsnaaasnisusuiieumasfianas
nsveanasfedimsiaseugUngainn 4 Weldlumsingamal Xafldtatl
1) vafa Arduino Mega 2560 R3
2) weilawesiuu NTC 10Kohm 3 @3
3) fhdunulsuala 10Kohm 3 @
4) Thermocouple type K
5) waoalWvuia 100 Watt A1paiguLas 20000 Lux

421 sumaumsvasssnisusuiisumasiisnes
1) Fadsniingmungd dnvasiisuil 4.1
2) sionmsmesialaeiiuaia Arduino figUit 4.2
3) Feulusunsy Arduino Wswdasraundeniuiineaveaveidames ﬁagﬂ'ﬁ
4.3
4) wanHakuuanaswneluTnsuLaUI?
5) ufinnan1sneaaanislusinsi Microsoft Excel
6) v‘hﬂwswmaamuﬂizfi’qqmwgﬁﬁi’ﬂﬁﬂWﬂma%ﬁama%ﬁq 3 faiaruiianniian
7) U¥uiilsugumailatnmesiawmasiugunsal FLUKE DIGITAL THERMOMETER

52K/} TokAngaumgiivinerulaitiu 1 °C
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L8 W
{ ‘5 5 ) ,| I J ) )
E‘UVI 4.2 ﬂ'ﬁﬁm'}]ﬁ’i]'iWlaﬁllﬂm@iﬂ‘UUa'iﬂ Arduino




10 thermirioe, 10K grven | Arding 184 - 8 X
Fle Edit Swsch Took Help

Twrmr_10K_greant

5UN 4.3 fheganadsulusinsy Arduine WasuARInmesiawas

4.2.2 nan1snaasin1susuiisumasiiames
- v 1 2 v v 4 G v v v & v )
Wie 193uaan Arduino wuanina leindatu Aleesnwuulviinnsdanudeyaienl)
= v | = P Vo P
LW@MﬁuﬂmaNalugﬂuuumaamﬂimﬂwazmaﬂmaﬂn?nﬂiwsﬁmaﬂﬂswmaaq%aaaﬂuu1ﬁwaﬁnﬁU1uTwa
a o a, ¥ o 1 ad
notepad fiansnsmiluilalulusunsn Microsoft excel la laganswi 4.1 uansrgumgingn
doiiu  wadanrawuuansilaansuenI . daaadusui 44 Gwan1vmeasiveniTin
a ooy Pt | va a = o
gaunilfewmesilanediu alatianuatesieadntias

UaNONAn
4 kY] -

M54
.

I

File Edit RO s 1>
time Temp(HI) TEﬂIg(CJ) Temp(Tw)
:14:49 PM 28.868 27.589 12.615
5:14:50 PM 28.776 27.589 12.974
5:14:51 PM 28.776 27.488 13.666
5:14:52 PM 28.776 27.488 13.153
5:14:54 PM 28.776 27.488 12.436
5:14:56 PM 28.776 27.488 12995
5:14:56 PM 28.776 27.488 13.688
5:14:58 PM 28.684 27.488 13.421
5:15:00 PM 28.684 27.488 13.955
5:15:02 PM 28.868 27.488 13.331
5:15:04 PM 28.776 27.488 12.438
5:15:06 PM 28.868 27.488 13.331
5:15:08 PM 28.868 27.488 13.686
5:15:10 PM 28.776 27.498 13.516
5:15:12 PM 28.776 27.498 13.267
5:15:14 PM 28.776 27.498 13.785
5:15:16 PM 28.868 27.498 13.340
5:15:18 PM 28.888 27.498 12.974
5:15:20 PM 28.868 27.226 13.421
5:15:22 PM 28.868 27.226 13.421
5:15:24 PM 28.776 27.226 13.153
5:15:26 PM 28.684 27.226 12.974
5:15:28 PM 28.776 27.845 12.436
5:15:30 PM 28.593 27.955 12.348
5:15:30 PM 28.593 27.955 12.795
5:15:32 PM 28.593 27.226 14.755
5:15:34 PM 28.593 27.226 14.498
§:15:36 PM 28.503 27.226 13.777
5:15:38 PM 28.593 27.314 12.256
5:15:40 PM 28.776 27.314 12.795
5:15:42 PM 28.776 27.345 13.063
5:15:44 PM 28.776 27.498 12.785
$:15:46 PM 28.868 27.498 12.756
5:15:48 PM 28.868 27.314 11.624
5:15:50 PM 28.868 27.314 13.153
5:15:52 PM 28.868 27.498 15.282
5:15:54 PM 28.868 27.498 14.843
5:15:56 PM 29.344 27.317 13.331
5:15:58 PM 29.318 27.317 13.421
5:16:00 PM 29.144 27.408 13.599
5:16:02 PM 29.163 27.408 13.252
5:16:04 PM 29.163 27.498 13.510
5:16:06 PM 29.263 27.498 13.686
5:16:08 PM 29.328 27.596 13.153
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JUN 4.4 nsmluanssagamiinvuunataisluldsunsuuaum

4.3 n1snAasenIsaseinisiiaussiulndnanmesiulng wazwaiias
4.3.1 n1sueassnsaesein s ndanssaulniaarnmeslulna
msnnaesazseeimsiieugUnsaiing 4 dail
1) weslufda type K $1uau 10 1y (mueniduay 1 W)
2) uyvitaewunaIiingamugl
3) viaealdvua 100 Watt, A0 UNLES 20000 Lux
4) va3sn Arduino Mega 2560 R3

4.3.1.1 TupaunIsnaaasnIsiliawsssuinitanmesulng
' ° W Y ; ) =
1. meaynsd Thermocouple 3MUIU 10 dulsi 10y Thermopile PaguUN 4.5
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2. Paswuviasiuingaml lngldvasalivuin 100 Watt, adsiduuas
20000 lux Feanansaligumgilgadis 120 °C

Heatsink

Thermopile

U 4.6 uansuvasiranenIsiuiingamg
3. thiwsesdefeulufamiiuvdsindngamgll (eenlw) Tnelignsosde
Hulugndeda 71 0 °C vipgumgiivies (22 °0)
0. e siame i Tngumgi 91nvia 2 Qiingsl’
5. WgulUsinTuLaZ0anLUUNaTIUA Yoltage 970 Thermopile é‘fqgﬂﬁ 4.7
wauansnalulysunsy Arduino IDE

a

6. Bunsaadlaan1s Wanaealv niouduiulusunsy Tasuanaieaigamgl

Y
o

waz usaiuluih lnemvungugamnligegn Muszana 110 °C laelidnwauglusniu oy
U7 4.8
w = o < < " - =
7. neapakuude 6. @osguuwuu Ae igadu Wy 0 °C uax 25 °C lapgun
4.9 BuanIIN B lALTIYDIYANAADY
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8. Tuiinuazuansnanswly Microsoft Excel

sensorvaluel & sensor_templ/30; /1 warsnyminowendy WIYwiLmedn
sensorvaluel * sensor_templ/30;
int sensorValue) = analogRead(Ad);

float voltagel = sensorValuel * (5.0 / 1024.0);

floar Templ = A * exp(B * voltagel) ; "

sSerial.prins(* *};

sarial.print (Templ,. 1) //ahow Temp hot junction
serial.print(®™ *);

float voltage2 = sensorValuel * (5.0 / 1024.0);

float Templ = A * exp(B * voltagel) ;

Sarial.print{™ =);

Serial.print (Temp2, 1); //show cold juncrion
Serial.print(* *);

float voltagel & sensorvalus) * (5.0 / 1024.0);
Serial.prinz(® *);

Serial.printin{voltagel}/21,4);

elay (500} 4

JUN 4.8 fregalusunsy Sumwswiulwiinein Thermopile wazvuansta

o : =
JUN 4.9 yavnaes Thermopile Uazinaliles

4.3.1.2 wansnaaainisnideusadulniianmeslulng
o a @ | Y '
InMsveaes Manudalssaulninsuliswnananuiounnuasainmes

waaalW Tun1slaszvikadwegungiiigg 2 9n fe Jnseesaieu@ungiiivasali) uasyn
souroliu(Rna1989) mamoslulnwailiornunyasesreiduigamgill 0 °C Aussiulwihasand
IddAszanas 40 mV uay Weriwungasesreifuiigumgil 22 °C Auswiulrihgegaildd
\ Ei" =) L4 v d k4 1 =l s 1 o n}lv =
AUszane 25 mV Feanunsaesuiesmensmilaimigndessasawnsiiu Ausiuliinla e
o ! [ e @ = S ' 3 Q. My A o 1
innungasegRalduliniu 0 °C #agui 4.10 TAwnnnd Ausesiuluiile leivungnsessie

o a o < o a v o ady v = '
Bufigaumgll 22 °C fsgui 4.11 vieanunsneduialdin Gsgaumgliildanvaenlviagann

o Ve = [ = a4 e cd & = i s & €
wsstulwihAildgadiannn dgui 4.12 Wewweiidudamuamaindeu wuin Wedidus

{ ‘J = e 1 ol |

AuAaaLAdautinandnaslalnalia 1.2054 % 693199 4.3



42

4 s 1 ar = = b .
AN 4.2 mamqmi’lwuwﬂmamaaqmmuLLazLLia@ulwﬁwawﬂﬂIUSLLﬂ‘ﬁm Microsoft Excel

B0 0N O U A W

266
27.3
27.8
28.7
28.9
29.5
30.3
30.8
315
320

0.9863
1.1230
1.0547
1.1182
1.1035
1.0840
1.1768
1.0986
1.2451
1.1279

P & ¢ = a a o
M1919% 4.3 G]’]i’NLLEWNLﬂﬂiL‘?UQﬂiﬂuﬂaWWLﬂaauwLﬂ@lﬁl'lﬂﬁl’lmaﬂulwﬁ

it
| 40

100
105
110
total error

Voltage(mYV)

vi
5.5048
6.8952
7.0421
7.8015
8.4983
9.3754
10.9482

12.1581

14.7914
16.4837
18.7834
21.4927
24.7941
26.4831
305507

"~
w

20

v2
5.9453
7.0232

7.2759,

7.8735
8.6986
9.5937
10.1287
11.8262

15.0587,

16.2449

18,5115

22.8814
24.9041

25.8066,

29.6041

30

v3
5.2863
7.2232
7.1753
7.8735
8.6986
9.5963
11.1287
13.0519
15.0587
16.5871
18.6115
22.9543
24.8041
25.8016
28.6391

V4
5.2723,

7.3638
7.0256
7.8508
8.3109
0.4784

11.1064,

12.1986
14.6636
16.4538
18.3612
22,9814
24.2444

26.6514

31.8480

V3
5.8999
6.9453
7.1857
7.4557
8.4833
9.4557

112459
124538
14.5719

16.2685
18.4311

20.5937/

Vo
5.6201

6.5029

7.0857
7.8508
§.2459
94750

12.1065

14.1572

15.0399

16.2967

18.7636

20.3612

24.3130

26.5516

31.7798

v7

7.8281

8.2434
9.4268

11,5716

12.1037
15.6636
16.2287
18.3212
21.9912
24.7115
27.1839
29.8489

70

V8

12,1956
14.6882
16.5882
18.3133
19,6400
24.5133
25.1754
30.6066

Temperature{*C)

Vo
5.3649
6.8054
7.0606
7.6857
8.0483
9.4750

106636

12.1612
14.7336
16.2986
18.5287
19.9587

24.4538,
25.7798

33.2445

vi0
5.2258
7.5256
7.2337
7.7857
7.9906
9.4207
11.6183
12.1068
14.7808
16.2109
18.8084
19.6409
24,5237
27.6636
30.9188

avg

5.41768
6.97579
7.14954
7.73457
8.35814
9.47342
"11.11834
"12.44131
”14.00504
16.36611
18.54339
21.24964
"24.54842
"26.27833
"30.77602

b B T . b . |

i ¢
r
r.

110

d s -7} L4 1 =Y ¥}
JUR 4.10 nuuanspuduiusseningaungiuagusaiulni
& ay a G
gnmeslulng Agumaiieneds 0 °C

error Yoerror
0.016081 1.608068
0.011553 1.155281
0.015028 1.502754
0.008653 0.865336
0.016769 1.676928
0.010347 1.034684
0.015303 1.530264
0.022764 2.276368
0.007624 0.762427
0.007185 0.718497
0.012943 1.294316
0.011438 1.143831
0.010008 1.000798
0.007792 0.779235
0.007321 0.732128
1.205394

120
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[
oy

8

&

Voltage (mV
L)
=1

-
i

—
=1

w

Voltage (mV)

20 30 40 50 60 70 80 % 100 110 120
Temperature(°C)

3U# 4.11 nymlianianuduiussevningamuasu seiulni
¢l sy a
nweslulwangmgiiensds 22 °C

45

35
30 0 °C at Cold Junction

l

25 1

20

15 |

|

10 22°C at Cold Junction

20 30 40 50 60 70 80 90 100 110 120
Temperature (°C)

a @ o & I o s
JUT 4.12 nsmluansnudmussevingumgiinazussiulwi
nmeslulnanigamgil 0 °C way 22 °C



4.3.2 N1sNAasdN1TIATIEnIsadanseaulnianwariias

5 Q =y oS -4
4.3.2.1 Funaunisnaassnisniansesuluitanwaiies

44

o & = a s 3 A
Insnaasdagldiuinameriuiunisveasanesiulng Tnewdeu
I's & e = I3
gunsalanimesTulndilumaliies

4.3.2.2 uansnaasansnudaussiuluiiannwaiios
nnsvnaasrwssRuluigegaflatianusean 65 mv fagui 4.13 &
Judedulaensesfugamadinlianannudeuremaenli wudeiumeslulng digui 4.14 e

° ¢ 2 ¢ &
UMD UARIUARALAR DY
0.7359 % M4A15190 4.4

1 c g ¢ A o a ) o fa 1
WUNMUBILTUARIINARIALAGDUNLNAINAINALNLIUAN

A13199 4.4 AT1aLanalasdusmIuAaNAAaUTIINAIINGANATIES
t v5

40
45
50
55
60
65
70
75
80
85
90
95
100
105
[ 110
|total error

t v

38.5048
458952
49,6421
51.2015
52.4983
54.9754
55.9482
56.4581
57.7914
504837
60.7834
61.4927
62.7941
63.4831
65.9507

38.9453
50.2232
51.1759
51.8735
57.1986
54.5937
55.1287
58.8262
57.0587
59.2447
60.0115
62.8814

62,9041

64.8066
64.1041

Yoltage (mV)

(=1

v3
30.9863
50.2232
50.1759
52.8735
57.1986
54.5963
57.1287
59.4519
58.0587
58.5871
60.0115
62.9543
62.8041
63.8016
66.6391

> o

38.2723
48.363
49.9256

51.8508,
53.7100,

53.4784
56.1067
57.1986
57.6636
60.4538
60.3612
62.9814
61.2448
63.1514
64.8489

50

37.8999
43.9453
50.3857
50.4557
52.0833
54.4557
55.2459
60.4538
57.5717
58.2685
60.4311
61.5937
60.2213
63.6863
64.9188

6
37.6201
46.5029
51.3857
51.8508
53.2459
54.1759
55.1068

55.571
57.0367
56.9661
50.6636
60.3612
62.3139
64.1514

65.779

v7

37.225

46.968
50,2232
50.8281
53.9434
56.2685
56.5716
56.0379
57.6636
58.1287
60.2213
59.6912
61.7115
63.9839
65.8489

v8

38.8318
36.5048
50.3876
51.3404
52.3637
55.7354
57.6655
48.5956
57.6882
58.6882
62.0133
59.6409
62.5133
63.1759

64.106

Temperature at hot junctioa]'C)

Vo
30.3649
45.8054
49.0606
513857
49,5483
54,1750
57.6636
58.3612
57.7336
59.1986
60.1287
59.9587
61.4538
64.7798

65.244

90

vi0
38.225
49.5256
49.4337
51.3857
49.9906

54.9207

56.6183
55.1066
57.7808
58.7100
60.4084
59.6400
62.5237
64.6636
65.0188

avg error

"38.48754 0.000448
"46.39566 0.010787
" 50.1796 0.010712
"51.50457 0.005884
:53.1781(5'0.012?85
54.7375070.004345
" 56.3184 0.006573
756.60609 0.002614
¥ 57.6047 0.003241
"'58.77303 0.012092
¥ 60.4034 0.006201
"61.14964 0.00561
:62.04846 ,0.012017
63.968360.007586
"$5.33583 0.009411

JUT 4.13 nsmluampudiussenineamgliuussiulnihvewsdumaliios

Yerror

1.278457
0.434455
0.657334
0.261438
0.324105
1.209177
0.629104
0.561017
1.201706
0.758594
0.941092
0.735973
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100

g

Voltage{mV)
t

Thermopile
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#define A 11.172

#define B 0.7181

double sensor_temp1=0;

double sensor_temp2=0;

double sensor_read1=0;

double sensor_read2=0;

double sensorValuel1=0;

double sensorValue2=0;

void setup() {
Serial.begin(115200);

}

void loop() {
sensor_templ1=0;
sensor_temp2=0;
for(int i=0; i <= 30; i++){
sensor_readl = analogRead(A2);
sensor_read2 = analogRead(A3);
sensor_templ+=sensor_readl;
sensor_temp2+=sensor_readz;

delay(10);

sensorValuel = sensor_temp1/30;
sensorValue2 = sensor_temp2/30;
int sensorValue3 = analogRead(Ad);

float voltagel = sensorValuel * (5.0 /

1024.0);
float Templ = A * exp(B * voltagel);
Serial.print(" ");
Serial.print(Temp1,1);
Serial.print(* ")

float voltage2 = sensorValue2 * (5.0 /
1024.0);

float Temp2 = A * exp(B * voltage2) ;
Serial.print(" ");

Serial.print(Temp2,1);

Serial.print(" ");

float voltage3 = sensorValue3 * (5.0 /
1024.0);

Serial.print(" ");
Serial.println(voltage3/21,4);

delay(500);



ng I dl Y o U ¥ dl = 1 gj 1 ¥ o 14 6 v 1%
nansthiluenansianulidmsunisldanuienisfinyirintu ey el lvlduselesdamunism

Laidnsdilas viedu Snveinudlvidaudaailon wazsasdedaduinvesenalsynaseniinisunluly



ANALOG
DEVICES

Precision Instrumentation Amplifier

AD324

FEATURES

Low noise: 0.3 UV p-p at 0.1 Hz to 10 Hz

Low nonlinearity: 0.003% (G=1)

High CMRR: 120 dB (G = 1000)

Low offset voltage: 50 pV

Low offset voltage drift: 0.5 pV/°C

Gain bandwidth product: 25 MHz

Pin programmable gains of 1, 10, 100, 1000

Input protection, power-on/power-off

No external components required

Internally compensated

MIL-STD-883B and chips available

16-lead ceramic DIP and SOIC packages and 20-terminal
leadless chip carrier available

Available in tape and reel in accordance with EIA-481A
standard

Standard military drawing also available

GENERAL DESCRIPTION

The AD524 is a precision monolithic instrumentation amplifier
designed for data acquisition applications requiring high accu-
racy under worst-case operating conditions. An outstanding
combination of high linearity, high common-mode rejection,
low offset voltage drift, and low noise makes the AD524 suitable
for use in many data acquisition systems. The AD524 has an
output offset voltage drift of less than 25 uV/°C, input offset
voltage drift of less than 0.5 pV/°C, CMR above 90 dB at unity
gain (120dB at G = 1000), and maximum nonlinearity of
0.003% at G = 1. The gain bandwidth product of the AD524 is
25 kHz (G = 1000). The output slew rate of 5 V/pis and settling
time of 15 ps to 0.01% for gains of 1 to 100, makes it suitable for
high speed data acquisition systems.

As a complete amplifier, the AD524 does not require any external
components for fixed gains of 1, 10, 100, and 1000. For other
gain settings between 1 and 1000, only a single resistor is
required. The AD524 input is fully protected for both power-on
and power-off fault conditions. The AD524 is available in four
versions of accuracy and operating temperature range. The
economical A grade, the low drift B grade, and lower drift,
higher linearity C grade are specified from —25°C to +85°C. The
S grade guarantees performance to specification over the extended
temperature range —55°C to +125°C. The AD524 is available in a
16-lead ceramic DIP, 16-lead SBDIP, 16-lead SOIC wide
packages, and 20-terminal leadless chip carrier.
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Figure 1.

+INPUT (2)

PROTECTION

PRODUCT HIGHLIGHTS

1. Guaranteed low offset voltage, low offset voltage drift, and
low noise for precision high gain applications.

2. Functionally complete with pin programmable gains of 1,
10, 100, and 1000, and single resistor-programmable for
any gain.,

3. Input and output offset nulling terminals are provided for
high precision applications and to minimize offset voltage
changes in gain ranging applications.

4. Input protected for both power-on and power-off fault
conditions.

5. Superior dynamic performance with a gain bandwidth
product of 25 MHz, full power response of 75 kHz and a
settling time of 15 ps to 0.01% of a 20 V step (G = 100).

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 ©1983-2018 Analog Devices, Inc. All rights reserved.
Technical Support www.analog.com
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AD524

SPECIFICATIONS

At Vs =+15V, Ru=2 kQ and Ta = +25°C, unless otherwise noted.

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

Table 1.
AD524A AD524B
Parameter Min Typ Max Min  Typ Max Unit
GAIN
Gain Equation (External Resistor Gain Programming)
[Mﬂ}im [ﬂ@aﬂ]m
Rs G
Gain Range (Pin Programmable) 1to 1000 1to 1000
Gain Error?
G=1 +0.05 +0.03 %
G=10 +0.25 +0.15 %
G=100 +0.5 +0.35 %
G=1000 +2.0 +1.0 %
Nonlinearity
G=1 +0.01 +0.005 %
G=10,G=100 +0.01 +0.005 %
G=1000 +0.01 +0.01 %
Gain vs. Temperature
G=1 5 5 ppm/°C
G=10 15 10 ppm/°C
G=100 35 25 ppm/°C
G =1000 100 50 ppm/°C
VOLTAGE OFFSET (May be Nulled)
Input Offset Voltage 250 100 pv
vs. Temperature 2 0.75 pv/eC
Output Offset Voltage 5 3 mV
vs. Temperature 100 50 pv/oC
Offset Referred to the Input vs. Supply
G=1 70 75 dB
G=10 85 95 dB
G=100 95 105 dB
G=1000 100 110 dB
INPUT CURRENT
Input Bias Current +50 +25 nA
vs. Temperature +100 +100 pA/°C
Input Offset Current +35 +15 nA
vs. Temperature +100 +100 pA/°C

Rev. G| Page 3 of 25




AD524

AD524A AD524B
Parameter Min Typ Max Min  Typ Max Unit
INPUT
Input Impedance
Differential Resistance 10° 10° Q
Differential Capacitance 10 10 pF
Common-Mode Resistance 10? 10° Q
Common-Mode Capacitance 10 10 pF
Input Voltage Range
Maximum Differential Input Linear (Vo)? +10 +10 Vv
Maximum Common-Mode Linear (Veu)? G G v
12V—(—xVDJ 12V—(—xVD
2 2
Common-Mode Rejection DC to 60 Hz with 1 k) Source Imbalance vV
G=1 70 75 dB
G=10 920 95 dB
G=100 100 105 dB
G=1000 110 115 dB
OUTPUT RATING
Vour, Ru=2 k() +10 +10 v
DYNAMIC RESPONSE
Small Signal - 3 dB
G=1 1 1 MHz
G=10 400 400 kHz
G=100 150 150 kHz
G=1000 25 25 kHz
Slew Rate 5.0 5.0 V/us
Settling Time to 0.01%, 20 V Step
G=1t0100 15 15 Ms
G=1000 75 75 Hs
NOISE
Voltage Noise, 1 kHz
RTI 7 7 nV/A/Hz
RTO 90 90 nVvHz
RTI, 0.1 Hzto 10 Hz
G=1 15 15 BV p-p
G=10 2 2 uv p-p
G =100, 1000 0.3 0.3 HV p-p
Current Noise
0.1Hzto 10 Hz 60 60 pA p-p
SENSE INPUT :
R 20 20 kQ) +20%
In 15 15 pA
Voltage Range +10 +10 Vv
Gain to Output 1 1 %
REFERENCE INPUT
Rin 40 40 k) +20%
lin 15 15 pA
Voltage Range +10 +10 vV

Gain to Output

%
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AD524

AD524A AD524B

Parameter Min Typ Max Min  Typ Max Unit
TEMPERATURE RANGE

Specified Performance -25 +85 -25 +85 b

Storage -65 +150 -65 +150 °C
POWER SUPPLY

Power Supply Range +6 +15 +18 +6 +15 +18 v

Quiescent Current 35 5.0 3.5 5.0 mA

! Does not include effects of external resistor, Re.

2\, is the maximum differential input voltage at G = 1 for specified nonlinearity.

Voo at the maximum = 10 V/G.

Vo = actual differential input voltage.
Example: G =10, Vo = 0.50.
Veu=12V—(10/2x0.50V)=9.5V.

At Vs = £15 V, Ry = 2 kQ and T = +25°C, unless otherwise noted.

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

Table 2.
AD524C AD524S
Parameter Min  Typ Max Min Typ Max Unit
GAIN
Gain Equation (External Resistor Gain Programming)
[Lmﬂ}m% [Mﬂ]m
G Rs
Gain Range (Pin Programmable) 1 to 1000 1to 1000
Gain Error’
G=1 +0.02 +0.05 %
G=10 0.1 +0.25 %
G=100 +0.25 +0.5 %
G=1000 +0.5 2.0 %
Nonlinearity
G=1 +0.003 +0.01 %
G=10,G=100 +0.003 +0.01 %
G =1000 +0.01 +0.01 %
Gain vs. Temperature
G=1 - 5 ppm/°C
G=10 10 10 ppm/°C
G=100 25 25 ppm/°C
G =1000 50 50 ppm/°C
VOLTAGE OFFSET (May be Nulled)
Input Offset Voltage 50 100 Y
vs. Temperature 0.5 2.0 pv/eC
Output Offset Voltage 2.0 3.0 mV
vs. Temperature 25 50 ny
Offset Referred to the Input vs. Supply
G=1 80 75 dB
G=10 100 95 dB
G=100 110 105 dB
G=1000 115 110 dB
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AD524C AD5245
Parameter Min Typ Max Min Typ Max Unit
INPUT CURRENT
Input Bias Current *15 +50 nA
vs. Temperature +100 +100 pA/C
Input Offset Current +10 +35 nA
vs. Temperature +100 +100 pA/°fC
INPUT
Input Impedance
Differential Resistance 10° 10° Q
Differential Capacitance 10 10 pF
Common-Mode Resistance 10° 10° Q
Common-Mode Capacitance 10 10 pF
Input Voltage Range
Maximum Differential Input Linear (Vou)? +10 +10 \
Maximum Common-Mode Linear (Vew)? G G v
12V#(-><VD) 12\I—(—><VDJ
2 2
Common-Mode Rejection DC to 60 Hz with 1 k() Source Imbalance \
G=1 80 70 dB
G=10 100 20 dB
G=100 110 100 dB
G=1000 120 110 dB
OUTPUT RATING
Vour, Ru=2 kQ) +10 +10 v
DYNAMIC RESPONSE
Small Signal - 3 dB
G=1 1 1 MHz
G=10 400 400 kHz
G=100 150 150 kHz
G=1000 25 25 kHz
Slew Rate 5.0 5.0 V/ps
Settling Time to 0.01%, 20V Step
G=1to 100 15 15 Hs
G =1000 75 75 Hs
NOISE
Voltage Noise, 1 kHz
RTI 7 7 nV/vHz
RTO 90 90 nVyHz
RTI, 0.1 Hzto 10 Hz
G=1 15 15 MV p-p
G=10 2 2 1V p-p
G =100, 1000 03 03 HV p-p
Current Noise
0.1Hzto 10 Hz 60 60 pA p-p
SENSE INPUT
Rin 20 20 kQ +20%
Iin 15 15 HA
Voltage Range +10 +10 v

Gain to Output

%
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AD524

AD524C AD524S
Parameter Min Typ Max Min Typ Max Unit
REFERENCE INPUT
Rin 40 40 kQ + 20%
Iin 15 15 HA
Voltage Range 10 10 v
Gain to Output 1 1 %
TEMPERATURE RANGE
Specified Performance -25 +85 -55 +85 €<
Storage -65 +150 -65 +150 °C
POWER SUPPLY
Power Supply Range +6 £15 +18 +6 +15 18 v
Quiescent Current 2.0 5.0 35 5.0 mA

! Does not include effects of external resistor Ra.
2\/q, is the maximum differential input voltage at G = 1 for specified nonlinearity.
Vo at the maximum = 10 V/G.
Vp = actual differential input voltage.
Example: G =10, Vo= 0.50.
Vew=12V—(10/2%x 0.50V)=9.5V.
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ABSOLUTE MAXIMUM RATINGS

Table 3.
Parameter Rating
Supply Voltage +18V
Internal Power Dissipation 450 mW
Input Voltage!
(Either Input Simultaneously) [Vin] + [Vs| | <36V
Output Short-Circuit Duration Indefinite
Storage Temperature Range
(R) -65°Cto +125°C
(D, E) -65°Cto +150°C
Operating Temperature Range
AD524A/AD524B/AD524C -25°Cto +85°C
AD524S -55°Cto +125°C
Lead Temperature (Soldering, 60 sec) +300°C

' Maximum input voltage specification refers to maximum voltage to which
either input terminal may be raised with or without device power applied.
For example, with +18 volt supplies maximum, Vi is £18 V; with zero supply
voltage maximum, Vin is +36 V.

Stresses at or above those listed under Absolute Maximum

CONNECTION DIAGRAMS
~INpUT [1] ® [16] RG,
+INPUT [2] 15] ouTPUT NULL
RG; [3] 4] OUTPUT NULL
iNPUT NULL [4] AD524 [B] 6=10 ) sHorTTO
TOP VIEW - RG, FOR
INPUT NULL [5] (e to Scale) 2] G =100 i el
REFERENCE [ 11] G=1000.) GAIN
Vs [7] [10] SENSE
+Vs [8] 9] outPuT

4 15
+Vg _% %-7 Vg
INPUT =05  140— QUTPUT

OFFSET NULL

OFFSET NULL

00500-003

Figure 3. Ceramic (D) and

SOIC(RW-T6.an

d D-16) Packages

Ratings may cause permanent damage to the product. This is a RG; 4 18 OUTPUT NULL
stress rating only; functional operation of the product at these INPUT NULL 5 7G=1 = gHorTTO
or any other conditions above those indicated in the operational M4 TOP VIEW S RGz FOR
g § 3 z L 3 . Y INPUT NULL 7 (Not to Scale) 15G =100 DESIRED
section of this specification is not implied. Operation beyond il 0 0 A W 146 = 1000 - GAIN
the maximum operating conditions for extended periods may
affect product reliability. NC=NO CONNECT ® 10 1112 12
n O w
> >z 20
OUTPUT T
Uil =10 c=100 G=1000 goF &y ;&
14 13 12 11 3 4
ouTPUT
NULL A
15 +Vg Vs
- INPUT Los 180 OUTPUT §
RG; 16 <P OFFSET NULL OFFSET NULL g
Figure 4. Leadless Chip Carrier (E)
-INPUT
1
+INPUT
2 ESD CAUTION
RGg < ESD (electrostatic discharge) sensitive device.

Charged devices and circuit boards can discharge

4 5 3 : : :
INPUT  INPUT REFERENCE without detection. Although this product features
NULL  NULL patented or proprietary protection circuitry, damage

0.170 (4.33)

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR
THE D-16 AND RW-16 16-LEAD CERAMIC PACKAGES.

may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.

A

00500-002

Figure 2. Metallization Photograph
Contact factory for latest dimensions;
Dimensions shown in inches and (mm)
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TYPICAL PERFORMANCE CHARACTERISTICS

INPUT VOLTAGE (V)

OUTPUT VOLTAGE SWING (tV)

OUTPUT VOLTAGE SWING (V p-p)

15 //
. /
e

: 2
e

0 5 10 15 2
SUPPLY VOLTAGE (1V)

© 00500005

Figure 5. Input Voltage Range vs. Supply Voltage, G=1
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Figure 6. Output Voltage Swing vs. Supply Voltage
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Figure 7. Output Voltage Swing vs. Load Resistance
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00500-008

0 5 10 15 20
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Figure 8. Quiescent Current vs. Supply Voltage
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Figure 9. Input Bias Current vs. Supply Voltage
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Figure 10. Input Bias Current vs. Temperature
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FREQUENCY (Hz)

Figure 13. Gain vs. Frequency
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Figure 20. Input Current Noise vs. Frequency
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Figure 21. Low Frequency Noise, G = 1 (System Gain = 1000)
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Figure 22. Low Frequency Noise, G = 1000 (System Gain = 100,000)
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TEST CIRCUITS
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Figure 32. Simplified Circuit of Amplifier; Gain is Defined as
((R56 + R57)/(Rs)) +1; For a Gain of 1, Ra is an Open Circuit
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THEORY OF OPERATION

The AD524 is a monolithic instrumentation amplifier based

on the classic 3-op amp circuit. The advantage of monolithic
construction is the closely matched components that enhance
the performance of the input preamplifier. The preamplifier
section develops the programmed gain by the use of feedback
concepts. The programmed gain is developed by varying the
value of R (smaller values increase the gain) while the feedback
forces the collector currents (Q1, Q2, Q3, and Q4) to be constant,
which impresses the input voltage across Ra.

As Rg is reduced to increase the programmed gain, the
transconductance of the input preamplifier increases to the
transconductance of the input transistors. This has three
important advantages. First, this approach allows the circuit
to achieve a very high open-loop gain of 3 % 10" at a programmed
gain of 1000, thus reducing gain-related errors to a negligible
30 ppm. Second, the gain bandwidth product, which is deter-
mined by C3 or C4 and the input transconductance, reaches
25 MHz. Third, the input voltage noise reduces to a value
determined by the collector current of the input transistors
for an RTI noise of 7 nV/VHz at G = 1000.

INPUT PROTECTION

As interface amplifiers for data acquisition systems, instru-
mentation amplifiers are often subjected to input overloads,
that is, voltage levels in excess of the full scale for the selected
gain range. At low gains (10 or less), the gain resistor acts as a
current limiting element in series with the inputs. At high gains,
the lower value of Re does not adequately protect the inputs

+Vg
O

Gig 1000‘:\?

O G =1, 10, 100

100Q

from excessive currents. Standard practice is to place series
limiting resistors in each input, but to limit input current to
below 5 mA with a full differential overload (36 V) requires
over 7kQ of resistance, which adds 10 nVVHz of noise. To
provide both input protection and low noise, a special series
protection FET is used.

A unique FET design was used to provide a bidirectional
current limit, thereby protecting against both positive and
negative overloads. Under nonoverload conditions, three
channels (CH», CHs, CH,) act as a resistance (=1 k() in series
with the input as before. During an overload in the positive
direction, a fourth channel, CH,, acts as a small resistance

(=3 kQ) in series with the gate, which draws only the leakage
current, and the FET limits Inss. When the FET enhances under
a negative overload, the gate current must go through the small
FET formed by CH, and when this FET goes into saturation,
the gate current is limited and the main FET goes into controlled
enhancement. The bidirectional limiting holds the maximum
input currentto 3 mA over the 36 V range.

INPUT OFFSET AND OUTPUT OFFSET

Voltage offset specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may
be adjusted to zero, shifts in offset voltage due to temperature
variations causes errors. Intelligent systems can often correct
this factor with an auto-zero cycle, but there are many small-
signal high-gain applications that do not have this capability.

3 16.2kQ

% 1.82kQ

00500033

Figure 33. Noise Test Circuit
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Voltage offset and drift comprise two components each; input
and output offset and offset drift. Input offset is the component
of offset that is directly proportional to gain, that is, input offset
as measured at the output at G = 100 is 100 times greater than at
G = 1. Output offset is independent of gain. At low gains, output
offset drift is dominant, at high gains, input offset drift dominates.
Therefore, the output offset voltage drift is normally specified as
drift at G = 1 (where input effects are insignificant), whereas
input offset voltage drift is given by drift specification at a high
gain (where output offset effects are negligible). All input
related numbers are referred to the input (RT1) that is the effect
on the output is G times larger. Voltage offset vs. power supply
is also specified at one or more gain settings and is also RTL.

By separating these errors, one can evaluate the total error
independent of the gain setting used. In a given gain configura-
tion, both errors can be combined to give a total error referred
to the input (RTI) or output (RTO) by the following formulas:

Total error RTI = input error + (output error/gain)
Total error RTO = (gain x input error) + output error

As an illustration, a typical AD524 might have a +250 pV
output offset and a =50 uV input offset. In a unity gain
configuration, the total output offset would be 200 pV or
the sum of the two. At a gain of 100, the output offset would
be —4.75 mV or: +250 uV + 100(=50 pV) = -4.75 mV.

The AD524 provides for both input and output offset adjustment.
This simplifies very high precision applications and minimizes
offset voltage changes in switched gain applications. In such
applications, the input offset is adjusted first at the highest
programmed gain, then the output offset is adjusted at G = 1.

GAIN

The AD524 has internal high accuracy pretrimmed resistors
for pin programmable gains of 1, 10, 100, and 1000. One of the
preset gains can be selected by pin strapping the appropriate
gain terminal and RG: together (for G = I, RGz is not connected).

+Vg INPUT
0 OFFSET

-INPUT O

O Vout

QUTPUT
O SIGNAL
COMMON

00500-034

®)
=V, s

Figure 34. Operating Connections for G = 100

The AD524 can be configured for gains other than those that
are internally preset; there are two methods to do this. The first
method uses just an external resistor connected between

Pin 3 and Pin 16 (see Figure 35), which programs the gain
according to the following formula:

40 kQ
G=-1

RG:

For best results, Rg should be a precision resistor with a low
temperature coefficient. An external Rg affects both gain
accuracy and gain drift due to the mismatch between it and

the internal thin-film resistors. Gain accuracy is determined

by the tolerance of the external Re and the absolute accuracy

of the internal resistors (£20%). Gain drift is determined by the
mismatch of the temperature coefficient of R and the tempera-
ture coefficient of the internal resistors (—50 ppm/°C typical).

+Vg
O

=INPUT O

1.5kQ

2.105kQ O Vour
1kQ
RG, O REFERENCE
+INPUT © G=20000 4 o0s20%  §
Vs 2.105 B £

Figure 35. Operating Connections for G = 20

The second method uses the internal resistors in parallel with
an external resistor (see Figure 36). This technique minimizes
the gain adjustment range and reduces the effects of tempera-
ture coefficient sensitivity.

+Vg

—INPUT O
RG,

%0 o Vour

RG,
+INPUT O
“Rlg = 1p= 4444.440

*Rl = 100 = 404.04Q

*Rlg = 1000 = 40.040Q
*NOMINAL (£20%)

O REFERENCE

40,000

= +1=20£17%
Vg 4000(|4444.44

00500-036

Figure 36. Operating Connections for G = 20, Low Gain
Temperature Coefficient Technique
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The AD524 can also be configured to provide gain in the output
stage. Figure 37 shows an H pad attenuator connected

to the reference and sense lines of the AD524. R1, R2, and R3
should be made as low as possible to minimize the gain variation
and reduction of CMRR. Varying R2 precisely sets the gain
without affecting CMRR. CMRR is determined by the match

of R1 and R3.

+Vg
R1
-INPUT © 2.26kQ
' R2
> 5kQ
—OVour
L E RL
s R3
+INPUT O > 2.26kQ
& = (R21/40k) + R1 + R3 Vs g
T (Rzjl40ke) (R1+R2+R3)IR 22kQ g

Figure 37. Gain of 2000

Table 4. Qutput Gain Resistor Values

Output Gain R2 R1,R3 Nominal Gain
2 5kQ 226 k() 2.02
5 1.05 kQ 2.05kQ 5.01
10 1kQ 4.42 kQ 10.1
INPUT BIAS CURRENTS

Input bias currents are those currents necessary to bias the
input transistors of a dc amplifier. Bias currents are an
additional source of input error and must be considered in

a total error budget. The bias currents, when multiplied by
the source resistance, appear as an offset voltage. What is of
concern in calculating bias current errors is the change in bias
current with respect to signal voltage and temperature. Input
offset current is the difference between the two input bias
currents. The effect of offset current is an input offset voltage
whose magnitude is the offset current times the source
impedance imbalance.

+Vg

w]

TO POWER 8
s » SUPPLY
GROUND §

Figure 38. Indirect Ground Returns for Bias Currents—Transformer Coupled

TO POWER
8 » SUPPLY
GROUND

Figure 39. Indirect Ground Returns for Bias Currents—Thermocouple

00500038

s

7] TO POWER §
» SUPPLY
GROUND £

Figure 40. Indirect Ground Returns for Bias Currents-AC-Coupled

Although instrumentation amplifiers have differential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents charge stray capacitances, causing the
output to drift uncontrollably or to saturate. Therefore, when
amplifying floating input sources such as transformers and
thermocouples, as well as ac-coupled sources, there must still
be a de path from each input to ground.

COMMON-MODE REJECTION

Common-mode rejection is a measure of the change in output
voltage when both inputs are changed equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. Common-mode
rejection ratio (CMRR) is a ratio expression whereas common-
mode rejection (CMR) is the logarithm of that ratio. For
example, a CMRR of 10,000 corresponds to 2 CMR of 80 dB.

In an instrumentation amplifier; ac common-mode rejection is
only as good as the differential phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across
differing track resistances and a differential phase shift due

to varied stray capacitances or cable capacitances. In many
applications, shielded cables are used to minimize noise. This
technique can create common-mode rejection errors unless the
shield is properly driven. Figure 41 and Figure 42 show active
data guards that are configured to improve ac common-mode
rejection by bootstrapping the capacitances of the input cabling,
thus minimizing differential phase shift.

+Vg
O

© Vour

O REFERENCE

|
<
(%]
00500-041

O Vour

O REFERENCE

00500-042

O
_Vs

Figure 42. Differential Shield Driver
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GROUNDING

Many data acquisition components have two or more ground
pins that are not connected together within the device. These
grounds must be tied together at one point, usually at the system
power-supply ground. Ideally, a single solid ground would be
desirable. However, because current flows through the ground
wires and etch stripes of the circuit cards, and because these
paths have resistance and inductance, hundreds of millivolts can
be generated between the system ground point and the data
acquisition components. Separate ground returns should be
provided to minimize the current flow in the path from the
sensitive points to the system ground point. In this way, supply
currents and logic-gate return currents are not summed into the
same return path as analog signals where they would cause
measurement errors.

Because the output voltage is developed with respect to the
potential on the reference terminal, an instrumentation
amplifier can solve many grounding problems.

ANALOG P.S. DIGITAL P.S.
+15V C 15V ¢ +5V
0.1(0.1 0.110.1
O | uF | wF [1pF| | 1eF
SRSIRS HH
DIG
: COM 2
2 T i 7 9 11H15, 1
AD583 DIGITAL
9
¢ AD524 e AD574A DATA
Y [ AND HOLD QUTPLT
ANALOG
OUTPUT . SIGNAL
REFERENCE GRUURD GROUND

*|F INDEPENDENT; OTHERWISE, RETURN AMPLIFIER REFERENCE
TO MECCA AT ANALOG P.S. COMMON.

Figure 43. Basic Grounding Practice

SENSE TERMINAL

The sense terminal is the feedback point for the instrument
amplifier’s output amplifier. Normally, it is connected to the
instrument amplifier output. If heavy load currents are to be
drawn through long leads, voltage drops due to current flowing
through lead resistance can cause errors. The sense terminal can
be wired to the instrument amplifier at the load, thus putting
the IxR drops inside the loop and virtually eliminating this
error source.

(SENSE)
QUTPUT
CURRENT
BOOSTER

V-

00500-044

Figure 44. AD524 Instrumentation Amplifier with Output Current Booster

Typically, IC instrumentation amplifiers are rated for a full

+10 volt output swing into 2 k(2. In some applications, however,
the need exists to drive more current into heavier loads.

Figure 44 shows how a high current booster may be connected
inside the loop of an instrumentation amplifier to provide the
required current boost without significantly degrading overall
performance. Nonlinearities and offset and gain inaccuracies of
the buffer are minimized by the loop gain of the AD524 output
amplifier. Offset drift of the buffer is similarly reduced.

REFERENCE TERMINAL

The reference terminal can be used to offset the output by up to
+10 V. This is useful when the load is floating or does not share
a ground with the rest of the system. It also provides a direct
means of injecting a precise offset. It must be remembered that
the total output swing is £10 V to be shared between signal and
reference offset.

When the AD524 is of the 3-amplifier configuration it
is necessary that nearly zero impedance be presented to the
reference terminal.

Any significant resistance from the reference terminal to
ground increases the gain of the noninverting signal path,
thereby upsetting the common-mode rejection of the AD524.

In the AD524, a reference source resistance unbalances the CMR
trim by the ratio of 20 kQ/Rrer. For example, if the reference
source impedance is 1 Q, CMR is reduced to 86 dB (20 kQ)/1 O
=86 dB). An operational amplifier can be used to provide that
low impedance reference point, as shown in Figure 45. The
input offset voltage characteristics of that amplifier adds directly
to the output offset voltage performance of the instrumentation
amplifier.

")

VorFseT %

Figure 45. Use of Reference Terminal to Provide Output Offset

An instrumentation amplifier can be turned into a voltage-
to-current converter by taking advantage of the sense and
reference terminals, as shown in Figure 46.

SENSE
+INPUT 2):% 10
3 R1
AD524 2 it iIL
13 Vx
—INPUT D

REF a
ADT11

LOAD
_Vx _ VN _ 40,000

R

00500-046

Figure 46. Voltage-to-Current Converter
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By establishing a reference at the low side of a current setting
resistor, an output current may be defined as a function of input
voltage, gain, and the value of that resistor. Because only a small
current is demanded at the input of the buffer amplifier (A2)

the forced current, I, largely flows through the load. Offset and
drift specifications of A2 must be added to the output offset and
drift specifications of the AD524.

N [+ HrroTECTION [76]
8;;';;3}‘ G=10 G =100 G = 1000
+INO {2 HPROTECTION [5—— TRIM e K1 K2 K3
Y 1002 3]
s 9
1
L 0 ) Loy L]
INPUT -
OFFSET 42K [— I ] i
—_|4 VWA— 13 o —0 —0
e T3] RELAY _ | [ 1 1
1 10k SHIELDS ~ 19~ "~ —1¢~—T~
5 I | 1
| 1
I 1
—1] : :
p b - O +5V
Vs & 7
: L] 7] K1g DI K2
+Vg O ““-E 4
1pF '-I-c J-cz
35V + d -
K1-K3= 1
ANALOG THERMOSEN DM2C
COMMON 4.5V COIL
D1-D3 = IN4148
BUFFER
GAIN TABLE DRIVER P
Al B |GAIN [ - 1op
0] 0|10
0|1 |1000
1] 0 |100
&
: B o olLosic g
NC = NO CONNECT L Ccommon §

Figure 47. Three-Decade Gain Programmable Amplifier
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PROGRAMMABLE GAIN

Figure 47 shows the AD524 being used as a software program-
mable gain amplifier. Gain switching can be accomplished with
mechanical switches such as DIP switches or reed relays. It should
be noted that the on resistance of the switch in series with the
internal gain resistor becomes part of the gain equation and has
an effect on gain accuracy.

The AD524 can also be connected for gain in the output stage.
Figure 48 shows an AD711 used as an active attenuator in the
output amplifier’s feedback loop. The active attenuation presents
very low impedance to the feedback resistors, therefore
minimizing the common-mode rejection ratio degradation.

{+INPUT) s
o———{*HProTECTION el suteuT

(-INPUT) OFFSET

| T2 {PROTECTION 5} NULL
%—o*ro-v
R2
“ 0k
13}
2]
— |
Vso (7] J_EI??
+Vg O j_ ~[3] [ ——4—2 Vour
1uF -

35V 20k0

00500-048

Voo A2 A3 A4 WR

Figure 48, Programmable Output Gain

+INPUT

PROTECTION

20kQ
G0
20kQ2
. el % J —0 Vour
20k | 20kQ
0
20kQ

-INPUT
(+INPUT) @

DATA
INPUTS

s —
WR—]
DAC A/DAC B—

L
00500049

Figure 49. Programmable Output Gain Using a DAC

Another method for developing the switching scheme is to
use a DAC. The AD7528 dual DAC, which acts essentially as
a pair of switched resistive attenuators having high analog
linearity and symmetrical bipolar transmission, is ideal in this
application. The multiplying DAC’s advantage is that it can
handle inputs of either polarity or zero without affecting the
programmed gain. The circuit shown uses an AD7528 to set
the gain (DAC A) and to perform a fine adjustment (DAC B).

AUTO-ZERO CIRCUITS

In many applications, it is necessary to provide very accurate
data in high gain configurations. At room temperature, the
offset effects can be nulled by the use of offset trim potenti-
ometers, Over the operating temperature range, however,
offset nulling becomes a problem. The circuit of Figure 50
shows a CMOS DAC operating in bipolar mode and connected
to the reference terminal to provide software controllable offset
adjustments.
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ADC
oV TO 2v
F.S.

00500-052

Figure 52, Typical Bridge Application

4

DATA ¢ ouT
WPUTS 26D AD7s2s il ERROR BUDGET ANALYSIS
o oUT2
—-— P To illustrate how instrumentation amplifier specifications are
3 applied, review a typical case where an AD524 is required to
S amplify the output of an unbalanced transducer. Figure 52

shows a differential transducer, unbalanced by 100 Q, supplying

a0 mV to 20 mV signal to an AD524C. The output of the In

In many applications, complex software algorithms for auto- feeds a 14-bit ADC with a 0 V to 2 V input voltage range. The

zero applications are not available. For those applications, operating temperature range is —25°C to +85°C. Therefore, the

Figure 51 provides a hardware solution. largest change in temperature, AT, within the operating range is
g from ambient to +85°C (85°C = 25°C = 60°C).

Figure 50. Software Controllable Offset

In many applications, differential linearity and resolution are of
prime importance in cases where the absolute value of a variable is

Vour
1001'0 less important than changes in value. In these applications, only
(&) Eggﬁ;—gg“ CH the irreducible errors (45 ppm =0.004%) are significant. Further-

analog-to-digital output, the addition of an autogain/auto-zero
cycle removes all reducible errors and may eliminate the require-

I

|

t

| $ more, if a system has an intelligent processor monitoring the

i

|

1

i

I ment for initial calibration. This also reduces errors to 0.004%.

4& A Z} AD7510KD
A1 A2 A3 A4
ZERO PULSE

Figure 51. Auto-Zero Circuit

00500-051
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Table 5. Error Budget Analysis

Effect on Effect on
Absolute Absolute Effect
AD524C Accuracy Accuracy on
Error Source Specifications | Calculation atTa=25°C | atTa=85°C Resolution
Gain Error +0.25% +0.25% = 2500 ppm 2500 ppm 2500 ppm -
Gain Instability 25 ppm (25 ppm/°C)(60°C) = 1500 ppm - 1500 ppm -
Gain Nonlinearity +0.003% +0.003% =30 ppm - - 30 ppm
Input Offset Voltage +50 pv, RTI +50 pV/20 mV = £2500 ppm 2500 ppm 2500 ppm -
Input Offset Voltage Drift +0.5 pv/°C (£0.5 pV/°C)(60°C) =30 pvV - 1500 ppm -
= 30 pV/20 mV = 1500 ppm
Output Offset Voltage' +2.0mV +2.0 mV/20 mV = 1000 ppm 1000 ppm 1000 ppm -
Output Offset Voltage Drift! +25 pv/°C (£25 pv/°C)(60°C)= 1500 pv - 750 ppm -
1500 pV/20 mV =750 ppm
Bias Current-Source +15nA (15 nA)(100Q)=1.5pV 75 ppm 75 ppm -
Imbalance Error 1.5 pv/20 mV =75 ppm
Bias Current-Source +100 pA/°C (100 pA/°C)(100 (2)(60°C) = 0.6 pV - 30 ppm -
Imbalance Drift 0.6 HV/20 mV = 30 ppm
Offset Current-Source +10 nA (£10NnA)(100 Q) =1pV 50 ppm 50 ppm -
Imbalance Error 1 pV/20 mV =50 ppm
Offset Current-Source +100 pA/°C (100 pA/°C)(100 Q )(60°C) = 0.6 pV - 30 ppm -
Imbalance Drift 0.6 pV/20 mV = 30 ppm
Offset Current-Source +10 nA (10nA)(A75Q) =35V 87.5 ppm 87.5 ppm -
Resistance-Error 3.5 WW/20 mV = 87.5 ppm
Offset Current-Source +100 pA/°C (100 pA/,Q)(175 Q2 )(60°C) =1 pVv - 50 ppm -
Resistance-Drift 1 uV/20 mV =50 ppm
Common Mode Rejection 5V DC | 115dB 115dB=18ppmx5V=2838pnVv 444 ppm 444 ppm -
8.8 pv/20 mV =444 ppm
Noise, RTI (0.1 Hz to 10 Hz) 03 pVp-p 0.3 uV p-p/20 MV =15 ppm - - 15 ppm
Total Error 6656.5 ppm | 10516.5 ppm | 45 ppm

' Qutput offset voltage and output offset voltage drift are given as RTI figures.
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Figure 53 shows a simple application in which the variation of ambient temperature, the equation in Figure 53 may be
of the cold junction voltage of a Type ] thermocouple-iron + solved for the optimum values of Rr and Ra.

constantan is compensated for by a voltage developed in series
by the temperature sensitive output current of an AD590
semiconductor temperature sensor.

The microprocessor controlled data acquisition system shown
in Figure 54 includes both auto-zero and autogain capability. By
dedicating two of the differential inputs, one to ground and one

NOMIAL REFERENCE to the A/D reference, the proper program calibration cycles can

JUNCTION w . o
THPE| VALUE  345C<Ta<+I8C o i eliminate both initial accuracy errors and accuracy errors over
J 52.3Q - . = .
K | 4120 Ta ‘ la 28\ Dsso temperature. The auto-zero cycle, in this application, converts a
E [l g1 G =100 number that appears to be ground and then writes that same
T | 4020 Va AD590 iy ; ) o
s,r | 5780 ® AD524 number (8-bit) to the AD7524, which eliminates the zero error.
— Ra | & Because its output has an inverted scale, the autogain cycle
| —w— Eq [ -
T>Vr consTanTaN<TF* T>cu 5230 |y converts the A/D reference and compares it with full-scale. A
MEASURING 2300, + 2,57 j h—— multiplicative correction factor is then computed and applied to
JUN _ 300, + 2. - -V, .
Eo=Vr-Va* T 2V Rri L ST subsequent readings.
o R k0 AMPLIFIER
2y v O METER A REFERENCES

NOMINAL VALUE
9135Q

ao!

The following reference materials provide additional

Figure 53. Cold Junction Compensation information that supplements material found in the data sheet.

The circuit is calibrated by adjusting Rr for proper output A Designer’s Guide to Instrumentation Amplifiers, 3'0 Edition,
voltage with the measuring junction at a known reference 2006. Analog Devices.
temperature and the circuit near 25°C. If resistors with low

, ) . Application Note, AN-306, Synchronous System Measures s,
temperature coefficients are used, compensation accuracy is

Analog Devices.
to within £0.5°C, for temperatures between +15°C and +35°C. -
Other thermocouple types may be accommodated with the
standard resistance values shown in Table 5. For other ranges
‘LT AD583 VRer
1
o -
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' AGND
oL .
~VREF
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EN, A1
e W o~ N
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Figure 54. Microprocessor Controlled Data Acquisition System
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OUTLINE DIMENSIONS
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PINTJ,, s 0.220 (5.59)
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0.100 0.070 (1.78) SE:LEG gg%:g:g;
0023(058) G3Y) 0030 (076)

0.014(0.36)

0.200 (5.08)
0.125(3.18)

CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 55. 16-Lead Side-Brazed Ceramic Dual In-Line [SBDIP]
(D-16)
Dimensions shown in inches and (millimeters)
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e AA ..Il 450 TYP
0.088 (2.24) __r WL 0.055 (1.4u;J 0150 (3.81)
0.054 (1.37) 0.045 (1.14) BSC

CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
Figure 56. 20-Terminal Ceramic Leadless Chip Carrier [LCC]
(E-20)
Dimensions shown in inches and (millimeters)
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AAAAAAAA]
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COMPLIANT TO JEDEC STANDARDS MS-013-AA
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

0327078

Figure 57. 16-Lead Standard Small Outline Package [SOIC_W]
Wide Body (RW-16)
Dimensions shown in millimeters and (inches)
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AD524

ORDERING GUIDE
Model™? Temperature Range Package Description Package Option
AD524AD —40°C to +85°C 16-Lead SBDIP D-16
AD524ADZ —40°Cto +85°C 16-Lead SBDIP D-16
AD524AR-16 —40°C to +85°C 16-Lead SOIC_W RW-16
AD524ARZ-16 —40°Cto +85°C 16-Lead SOIC_W RW-16
AD524ARZ-16-REEL7 —40°Cto +85°C 16-Lead SOIC_W, 7"Tape and Reel RW-16
AD524BD —40°Cto +85°C 16-Lead SBDIP D-16
AD524BDZ —40°C to +85°C 16-Lead SBDIP D-16
AD524BE —40°Cto +85°C 20-Terminal LCC E-20
AD524CD —40°Cto +85°C 16-Lead SBDIP D-16
AD524CDZ —-40°C to +85°C 16-Lead SBDIP D-16
AD5245D —55°Cto +125°C 16-Lead SBDIP D-16
AD524SD/883B —55°Cto +125°C 16-Lead SBDIP D-16
5962-8853901EA —55°Cto +125°C 16-Lead SBDIP D-16
AD524SE/883B —55°C to +125°C 20-Terminal LCC E-20
AD524SCHIPS —55°C to +125°C Die

' Z = RoHS Compliant Part.

2 Refer to the official DESC drawing for tested specifications of the 5962-8853901EA model.
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