
• ... ... .... -

10 IASOUUO~CIOrunnu 
.. u 

TEMPERATURE INSTRUMENT 

• 'lJ'YI'Ih 

9~ ~ tl ::'! d tl d. QJ Q.l ~ 31 
'il~ !'b''l'l':i1lHY ~1t'llfl':i (Transducer) t'U lH'lllH'llfl':i (Sensor) t'VW':i1Jl'H'I'IHUf111lJ'jfl'WUJ:l1 

nJ~vw~u ff'tytylru '1 vHh iJ flu 111' 1'1'il':ivt~fl'l'l':ifli'lmfl11m':i'lltJ1tJff'tyty 1 ruul:l~iJ 1 '1 tl 
D':i~lJ11:lrll:lUl:lWlrl1~1~ 1~',.1~flt~tlfl1':if111JfJlJel~ iuiJ~ (Automatic Controlling) 

lnhv1~'e,!tl!'YiiJil~1~1'Wrl'il~D'W~'1hfity~v tl'lft'1t'llm'*tJ'11' (Celsius Degree : ° C ) 

fl'lft'TVh rtt':i'W 'le11'f (Fahrenheit Degree : ° F) Ul:l~tl'lft'lt'fll:ll'W (Kelvin : ° K) 

I. fl ~ fll t'lii:U~ll tT (° C) t~umhv1~'e,!tl!'YiiJil~\]flfi'W'fll1 i~vuni'l'ltJ1ft'l'11'~{ 
"" '" q i "" ... oj 'b'11'11'1t~'W'b'fl Anders Celsius !'W l'Lft'. 2244-2287 ('fl.ft'. 1701-1744) ~tJlJ~~WflflU'IJ\1 
~ ~ 

'\Jfl'!U l 0 ° c Ul:l~~~~~fl~'Ufl'IU 1 I 00° c 

2. MfllWl'tlt~'h!,.,~ ( ° F) ~~'W'Yi'l.l1tJ1~'e,!tl!'YiiJil~fi'W'flll i~tJUfll'l'ltJ1ft'1'11'\91 { 

'b'l1Wfl':iil'W~fl Gabriel Daniel Fahrenheit 1u VUY. 2229-2279 ('fl.ft'. 1686-1736) i~viJ 

T(o C)= 5T(o F) -32 
9 

T(o F) = 9T(o C) + 32 
5 

.... . ..... . . . .. (1 0.1 ) 

.. . . . . . . . ... ... (10.2) 

el'lfl\]l:l~fl Lord Kelvin 1u 'VUY. 2394 ('fl.ft'. 1851) i~tJrll'Yi'W~~~'e,!tl!'YiiJil~'WVfflJ'IJ':i tll 

(Zero Absolute Temperature) 'IJfl'lfl'lft'l t'fll:ll'WlJrl1 -273 .15° C 



• 
T( ° K) = T(0 C) + 273.15 

T(° K) = s(T(OC) - 32L273.15 
9 

(Metal Resistance Versus Temperature) 

I 
R=p ­

A 

trlu R fiurr:n:tJI'i\u'Vll'W'lltJ..:J llJl1 ~ . .. Q 

fi u m1wn1 (length) .. . m 

" ' ~ .<:!:! ..=s 9) QJ c:r ' 
A fl tl 'l"l'W 'Vll1'Wl\?ll'l'\Jtl ..:J ~ ~l1 ~ fH'l :IJ . .. m -

.. .. .. .. . .. ... . (10.3) 

. .. ... .. .. ..... (10.4) 

~ ~ 0 1 
p fltlfl1 l:IJ\?ll'W'Vll'U'ill l'Vi 1~ '\JtJ..:J ~J;l'H ~ .. . Q - m 

Platinu m 

. JQO 100 " 00 30U -l Oll 500 60U 

Temperatu ret''C i 
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!II 'l .I ..., "" 1 0.2.1 f'l111l~l'W't1l'W & YltllJ'j~1JlWfl'UfJW11JJ11 

(Resistance Versus Temperature Approximation) 

f111'YI1~1fl11ll~1'W'VI1'W ~~f.l'lh ~ lllti!'IHN ~~11~tl'I.J'Qill11lJlJ 1l~fl1111t\!1111f1fn 1 vJ 

1ff''W1911.:J'lh.:Jt;~tu11lJlJUfi'I.J'l ~.:Jn·nvJ R-T 'Utl.:J~U~ 10.2 ~~f.I'YI11llf1fl11lli''W115vtrhu 

(Slope) 'Utl.:Jm 1 'Woif1.:J1ff''W1911.:J1~Wll .:Jf;lill11lJlJ T1 ~~~~ T2 ]j T0 1lJ 'W'Qill11lJlJ~.:Jf1tn.:J 

R(Q) 

10 

_ _.__--L---IL...-.-L---L..---L-......._._._---~._...__._---~._.L....+ T ( o C) 
-20 -10 0 10 20 3p 40:50 6:0 70 80 90 100 

T0 T1 T2 

. .. .. ... .. . .... (10.5) 

~ I ~ .d. .<::::!o ~ d Q ~ Q 

R (To) fltlfllfl11lJ\911'W'VIl'W'VIf;lill11lJll T0 111tl'VIf;lill11lJlltl1.:Jtl.:J.. . Q 

O:o flt)fflJU 1~ff'VIt'IJt).:j f1111 u~ f.I'WU U~ .:J~1 fl1 1ll~l'W 'VI l 'W ~elf;! ill 11lJlJ 

d Q 0 
'VIf;!W11lJll T0 .. . I C 

~T=T-T0 



~ ' 
rh'Ua~ a. 0 'il~~ua~nutltu'l1iJ~ To U{l~tl'1m11Joiru'l1~ertrhuVi'li1 \l tltu'l1iJi1tu 

fl l'U tl\1 a. 0 'il~U~f1~ 1\IO'W 

1 a. 0 =-- (Slope at To ) 
R(To) 

. ..... . ... .. . . . (10.6) 

'il1f1tU~ 10.2 '111fl1 a. 0 ~\1-ci' 

. . ... .. . . . ..... (10.7) 

'J} d ,:.:, 0 I 'J} 'J) d 
fi11:JJ~l'U'Vl1'U'Vl 30° C tll14 0.005 / ° C 'il\lfi 1 ~!1U!'I11fllf111lJ~l'W'Vl1'U'IJtl\llftlHl11'l'Vl 

aru'l1n:iJ soo c . "' 

'illf)ftlJ f)l'j (1 0.5) R111 = R1T0 1[I +rx06T] 

R = R [l +a. 6T] 
(50''(') U0°Ci (30°C i 

R o = 150Q~ + 0.005 / °C(50 ° C -30°C) j 
!50 Ci 

(Quadratic Approximation Resistance) 

" 
f)l'jfll'U 1U! fi lfi11JJI91' l'U l~l 'U'Utl\1 11:1'!1~ 'il~lJfl lfi11 JJtlf11'1'tJ'IlJlf1~'U il'l(J'j 1lJfllf11"i 

"' 

. .... .' .. .. .... . (10.8) 

.d d I 'J) d. ..::,. 
llJtl R1Toi fltlfl lfnllJ~1'U 'Vl l'U'Vl ~U!'I1iJlJ T0 

a.
1 

~a-ff:JJu 'j ~ iY'Vl f'U v-:~ mm.J~ V'Wtt u 'tl..:J fi 1m l:JJI'1' l'W 'Vll'W 



~T=T-T0 

' " 
-vi1~1~P~-qtu11.fJlJU'U'll'li'W 1/ 0 c rl'IJ 1/( 0 C) 2 !!1:1:;; 11° F rl'IJ 1/ (°F) 2 

. ' " 
vl'1mh:l'ri1o.2 11:lt~:;;'Jfu~P~t~i1-:Jnfi,m1tJ~1'U'V11un'IJvrut~flil~,lJ~Tn.:Jm'j1\PIIPl.:l'u 

"""" 0 11i'l11 

q .. 

T(F) 60 65 70 75 80 85 

R(Q) 106.0 107.6 109.1 110.2 111.1 111.7 

n) fl11l.l~1'U'V11'U 1~P~vth:;;mru~vw'l1fllJ'l":;;wh.:J 60° F ul:l:;; 90° F 
q .. 

'11) fl11lJ~1'U'V11'U 1~P~v'lh:;;mrufh;i'.:J~HJ.:J~mu'l1flil'l":;;'1111-:J 60° F tw:;; 90° F 
q .. 

~ 60 ° F 

~ 90 ° F 

R{T) = R (Tol [1 +a0~T] 

R(T) =110.2Q ~ +0.00 1 875Q / ° F(T -75° F) j . . . .. # 

R 0 = 106.0Q , R (To) = 110.2Q 
(60 F) 

R 0 = 112.2Q , R(To) = 110.2Q 
(90 F) 

225 

90 

112.2 



'ill f) 

~ 60°F 

1 06.00= 1 1 0.20 ~+ a 1 (60°F - 75 ° F)+ a 2 (60 °F - 75 °F) 2 J .. . . . . .. (10.9) 

~ 90 °F 

112.20 = 110.20l1 + a 1 (60° F - 75 ° F)+ a 2 (60° F - 75° F)2 J ..... . . . (10.10) 

'J) 

umn.Jm'j (10.9) ut1~ (10.10) 

'il~ll'l a 1 = 0.001875 / ° F 

Ut'l ~ a 2 =-44.36 x 10-6 /(° F) 2 

. 
\11-mcil·rfi 10.3 'il..:Jihu1rumfi1m1J.JI'inrmu tl'wlh ~mru fi 1m1J.JI'il'W'Vll'W 1~mh~J.J l tu 

"" "" 0 1 1i'Yi l 

ihi:l'..:J bYtl\llW ~ fllfld l lJNI'Il"'t'lll'l'illf1~1flCJ l\I'Vi 10.2 lltltulli1lJ 60 ° F Ut'l ~ 85 ° F 
q " 

mfilml:J.JI'il'W'Vll'W li'ICJ1h ~ J.JltuUt1 ~ ft lm llJNI'Illlm~ 

R (T) =R <T0l[l +a06T] 

Vi 60 ° F 

~ 85 ° F 

R 0 = 11 0.2i1 ~ + 0 .00 1 8 7 5 / ° F(60 ° F -75° F) J = I 07 . 10 .. .. . # 
(60 F) 

E .. -= lxt - xm l = l!o6n-Jo7. In ,= 0 010, 7 = O/ # 11 0 1 . -' I / o .. ... 
XI 106Q 

R 0 = 11 02Q ~ + 0.00 1875 / ° F(85° F -75° F)J= 11 2.26Q ..... # 
(g5 F) 

Error = lXI -X ml = 1111.7Q - 11 2.26QI = 0.05013 = 5% .. .. . # 
X1 JII.7D 

'111ft lfld l lJI?i l'U 'Vllhll ~ CJ 1h ~ lJ ltu rh§..:~ bYtl\ll!t'l ~ fi lfldll.J N~ 'Wm~ 

R <Tl = I I 0.2.n l1 + 0.00 1875(T -75° F) -44. 36 x I o-6 (T -75° F)2 J 

R 0 = I I 0.2Q ~ + 0.00 1875(60 ° F - 75° F) - 44.36 x I o-6 (60° F - 75 ° F)2 J 
(60 F) 

R 0 = 106Q .. .. . # 
(60 F) 

Error = JXt -X ml = 1106i1 - 106Q I = 0% .... . # 
XI 106Q 

. ~ 

'il'W m~ 'l1..:~1~ilfilml :u N~l"'m~ ln~~'W 
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"" c! "" 'YI':il'WtYV11!CJfei'HJW'M{!~ (Temperature Transducer) 

a, tl ~ .:::!:! d rl ~ .<:::!. .<:::1 

'Vl'.i1lHl~1L'lftl'.iQtu 11lJ1l'11'.ieH'lf'WL'lHJ'H.jtu11lJ1l (Temperature Sensor) :ummJ'lf'W~ 

vhm!1~ l~'l11tJI'l'.i11JiJ'Utltl!'\1.f1lJL'If'W L'VltJ{1:ufivuiJ~ tl1{Yi~ L'VltJ{iJ'fUI'ltJ{ U~~1tJCM 
q "' 

L~'WL'lftJ{dj'W ~ 'W~~ulli~~'lfU~ 1l~~fltu 'ff:U1J~i 'W fll '.il'l'.i11JiJ'Utltu li.niJ'l 'W'If1~tlW '\1.f1lJU~ ~ 
q q q,J q cu 

h1'ft'tyty1tu hHht1t1nmlli1~nu 

• !'Yiei41~~'YUUtl (Thermocouple) 

I'YieJ'}1)JA'YUU'tl L~'WL~'WL'lftJ{QW11lJlJ~ Nill'lm ~f.'W 1vJvh~rhUelfJ1JlnL~'W m V 11~ 

t1ciiu'lf1~ 1 OmV-80mV L'Vlu{1:ufiwdJ~1l ~'l'h$11til~'l1~ 2 'lfU~~Ili1~tl'W l~tillimJ~1t1'1i'1~ 
"' 

wd~L~'W~~I'itl (Junction) L~tll~Qtl!11lJlJ 

iu l'l .fl'. 2364 (fl.fl'. 1821) 1'Vll1''ff CML~fl (Thomas Seebeck) lrn1'Vlt11fl'1'ffl'l{ 

WtJ'.il1'uli'uwu11Lrlm.l1~1~ 1~11~1li1~'lfiJ~numL~tJ:ullim.Jmv~~'ffe~~L'li'1$11vnu thumv 
v v 

~~191 u~'I"CYtJ'IiiQru 11 !Ji1ul'lnl9i 1-:H1'u 11~1n~m~u"CYhh~ 11 11~ 1 u 1'11l':iJ;l1~ tJ;J'H~uuu~ ~ 

1l~:u ltu ~ u~ m~u 'ff 1 vHI111 ~ L 11~ ti'WU 11~ ~l'll:U N~ Ill 1~ ~tl~tltu 11.n iJ~ 11 ~ 1 t111~1li t1 ulli ll1til ~ 
q "' q 

11~1tl~~llitJ$11u'l1~~utJn1l ~Yi 1 i'I1Ln~m ~~fl~tJ'W 1 vJ.Yh~ vn-l1m ~~'W 1 vlvh9h~f1 (Seebeck 

Voltage) iu~,J~ I 0.3 u1~1~ lJ;l'H ~ Au~~ B L~tJ:UilitJL~'W!'I'JtJ{1:urivuiJ~ 

Meta l wire A 

Metal wire A 

pV meter 

Metal wire 8 

Heat Source 

' _l..:::f. .o::t d 
lU'YI 10.3 !1~~'1~Hlfll'i 'l'l~HHl'I'\Jtl'l'liiUf1 (Seebeck Effect) 



e =a.ilT .. ... . ... .. .. .. (10.11) 

trltl e fimiH~'W1vHh9h~f1 (Seebeck Voltage) ... V 

d:l Ill .<:::to e:."d. d 
a fltl'ffdJ1h~'ff'V1 1i'li!'I.Jf1 (Seebeck Coefficient) . .. V / ° C 

~1el~h~~ 10.4 ftdJD"J ~ ft'Vlt'*l~fi'Utl ·r1''ffi?J 'l5'WI'l'H,j'l a= SO~tV / 0 c ti'l~~l'll'itJ'Utl'lD-altl~'l'fftl'ln 
~Ul'!1iJ:iJ 20°C IW~ 100°C ~'lfll'W1Ul'\111t"J'l~'WlvHh'*l~fl 

e=4mV ..... # 

I IJI d. d. d r/ 9) 1 

\?ltJ:JJl t'W 'VU"l'. 2377 (fl .rl . 1834) I'J'W 'llltl I'I'HH'Vli'J5 (Jean C.A. Peltier) fl'W'V'l'IJ11 

trla ~ ll'.lm ~u 'ff 1 vh~ 11 11' 1'l~"J ml'll 'tl'\1 !:; '\Jtl'l'*t~fl~ ~ ,;; 1 '1 Mtlru 11 n:iJ~ll'tlltJ~I'l l'i tJIII?lm1l.:J . "' . 
Ql ") 9) .J 9) J d.::~ 9) dl c::: 9) d c:; 
n'U t l'li'JD m tJI'll'W '11'W 'l ~~ :r t1 'W 'U'W 'U 01::; 'V1 t1 nllmt~l'll'W m.J 'l ~::; W'W ~ 1n m"J fi'W 'V'l'IJ 'UCJ '!'lit 'I.Jfl 

tt'tl::; 1 'V'l'tlt Vi v{ Vi1'1 11' m"J f1nEJ lli''Wfll1t~v1 n'I.Jt 'Vl'el {l:J.Jfi'V'lt iJ 't11~ ~11 i'l 'W m "Ja r.h.:JI?i mi1 t~'l ~ ·tJ 

rll'Wtfl~ tJ'ljJt11'1'lt1ru 11 n:i1~1 'l'imh:lf1ll'l'U1l'l1 'W'll'Wtll?l'ffmm:rt~t'li'W 1 'UiJ~mht 
<'I QJ q q 

Metal wire A 

T l < ..... T_1 >_T_~---~~-I > T~ 
- 111--------"· 

E Metal wire B 

Metal wire A 

~ 1.:::1 <:S " 

'ju'YI 10.4 l!'ff~~r~~ f11 11~~~tl~ 'U tl~t1~~mt11 (Peltier Effect) ... 



_ t c c'i v -;;>t 
10.4.1IJ~lfl{)fll'HU'llel~!'Yiel'H a.Jfi'W!IJ~ (Phenomena of Thermocouple) 

' " " 
flt\1 '11 .fl iJ vhJ m !'J'ill'l~ tl '11 ·H1'tl \1~ l'U! 'VllU 'U 
' " ' 

~t1\l~ulvJ.Yh9it~fl~\11 1J~ 1o.s 
" 

:+ 
'T ' i 4 i 
' ' 

2 . l'Vltl{l:JJtl'I'HiJl;l~tl'U'Ul'U f\'u 'il~tlJ'U fm ll'l~tl.l 'MfJlJ!'U ~!'Jlll;l~l!1 \I\'1'U t vJVh 

9it1Jf1m~!'l~\11U~ 10.6 
" 

........... 
I 

........... 
I 

229 



" 
3. t 'l'ltJfill rl'VHDcH'l tJ 'ff~'IJ oU 'dtl'W 1l ~~ ~ 'W f11'i l\Pl NC!I'i 1-:J'lJtJ'l tJ W '11 .f1 lJHCl~ NC!I'i 1\l 

' "' 
'lJtJ\lU'i 'l~'W t'Vh;,h9it~fl~-:J'iD~ I 0.7 

"' 
4. f11'il'itJt'l'ltJ{tllrl'VHD cH~lJ~~IPll'itJ T1 '11 ~ tJ T2 1l~t~lJNC!I'itJf11'itfl\PlU'i-:l~'W 

1vHh~t~fl ~'l'i tl~ 1o.s 
"' 

i+ 

! a 

e = eab 

b 

s. t'l'lv11JJi'llll tilfll'i vvu mlltl'u11 ~ 1¢lu 'i \l~u 1 'VI vh'ift~m'dlltvil n'IJ N-a 'i'd ll ' . 

tt'i 'l~u 1'VI vh9it~fl~ 1¢l'il1f1!'1'1 tJ11 lli'lllltil-aul'i-a ~ 'Ji \Pl ~'l'i tl~ , o.9 
' "' 

T, 

T1 ;to T2 ;to T1 ;to T4 
i+ 

T4: Re ferencc j uncti on 
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.. 
"' r!<r v ":'I 

10.4.2 'lf'I-!~'Utl~n'ltl'H3Jfi'V'Uut'l (Thermocouple Type) 

1. mt~11:url'vuui:'l'lfUfl s (Types) t~utvw11:url'vuil"~~iii'I~'W1uil 'VI.ff. 2429 

(fl .ff. 1886) 1:'1'1EJJ:'IUVh111fl'VH11~ll!:U!li:'l~'fflEJ'I.J1f1'1hillflim1~~'ffm~l'l'h~'VIi:'ll~h!:u 90% 

nu ht~EJlJ 10% l\?ltltuMfl:iJ 0 ° c G\1 1482° c . .. 
mY 

70 G:' 
0 
N 

60 c 
u 

50 0 
c 

40 
.2 
u c 
;:: 

30 -. 
" u 
c 

20 " s .... 
<E 
" 10 ~ 

0 
Temp •c 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N ("') 

""" 
V) 'D r- 00 a- 0 N ("') 

""" 
V) 'D r-

mY 

70 G::" 
0 
N 

60 c 
u 

50 0 
c 

40 
.2 
u c 
;:: 

30 -. 
" R u 

20 ~ s 
<E 
" 10 ~ 

0 
Temp •C 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N ("') 

""" 
V) \0 r- 00 0\ 0 N ("') 

""" 
V) \0 r-



11-Hn~u:J.J 'ffll'Jmn-nl'illn1~H~v-H1m~H1wvnn~u:JJ 87% n'IJ ht~l'J:JJ 13% '0~111m'l~'W 

hh~ln\!fllltt'IJ'IJ s u~~li'HJtu'MfllJ o o c i)\! 1482° c m~eJ'W'liUI'l s 
<u ' <u 

3. t'l'leJ{L:JJfl'I"Hil~'!iUI'l B (Type B) t'VJeJ{L:JJflVHil ~'liUI'l B Nil\1ltrlviJ V'Lft. 2497 

(fl. ft. 1954) ~wv~:!Ju 'ffll'Jmfl-nl'OlflL~H~Nnm~ldV!'VHll~U:IJ 70% rl'IJ ht~l'J:JJ 30% 

u~~'ffl l'J~'IJ-nl'Olf1'1"lm~u:JJ 94% n'!Jht~l'J:JJ 6% tvw{1:JJ fi'l"ltil'f1'liUI'l B 'O::;tMttH~14 

'1vJ-f'h~ 1f1ll'liUI'1 s u~~ R ul'iiJf1ru nm'J~u~'lm 'ltt'f"l~'Vl'W 'Vll'W n-:i1 'ffl:JJl'Hlll'leJtu H fliJ'1~ 
' ' <u 

14 

13 

12 

II 

10 

9 

4 

I 
II 

· I 

mV 

0 
:::=: 

0 0 0 0 0 
0 0 0 0 0 
r 1 cr, -t •n '-D 

B 

Temp "C 
0 0 0 0 0 0 0 0 0 
0 0 0 0 :::=: 0 0 0 0 ,... C<l co- 0 rl cr, -t or, 

!j./ 'JI I 
I Ql ~ .<::::. ..:=j I Q1.::::!, ,:,':\ 

rl nJn~wn-:J 'VleJ 'ltt l'l'l 60% f1'1J'Wf1lf1 'f1 40% t'Jl'Jf1JlfleJlW!t1~ 'Wit'Vl'W (Constantan) Vl.:JlH'I"ltl 

'Vll'lUVl'W'I"l"tn~UJJ ~jj~lfllU'I"l'l'O ::; t~11'leJtl!HfllJ -190 ° C i).:J 760°C 
' "' 
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mV 

fi:' 
70 0 

N 
Q 
u 60 
0 
" 50 0 

·;:::. 
u 
§ 40 ...., .., 
u 30 " !" 
~ 20 .., 
~ 

-20 

5. tvrv11:uflvuill;'l'lfU\Pl K (Type K) tfh...!t'VIt:J{1:ufl·raill;'l~l\PlfJtll11t,Jiltl>i'~'lfr:h 

U1J1J J 't1'1t11J1fl'l'l11llfl h11~~HYl.J'J'~Wll'I'Ufl!fll;'l I 0% tllJ tmtlJti:U 90% 'i1'1tll;'l1J'\'l11llfl 

h11~t:-~1:Yl.J'J'~Wll'I'Ufl!fll;'l 95% tl1Jflfl 5% ttl'WriTWt:-~'tYm ~ ldl'lt:JJ;'llJtl'itiJJ !!JJ 'I fll'W'iY! Il;'l ~ 
"' 

mV 

Ci: 
f-1 70 
,.-., 

u 60 K c c 

.2 50 
~ 

40 5 ...., .., 
u 30 
~ 
~ 20 .., 
c.:: 

10 

-20 



6. t'Vlv{1tJr1VHUrl'lfWI'I E (Type E) ff1CJUJmhil1f1 1~H::;Ntrm::;vrh:J 1mtlJCJlJ 

10% nuumnr~ 90% fi1CJriUVJ11l1f1flt1'Wfii! 'VllHI'Vl 'W t1U!H fdJH<J1'W -1 00 o d)<J 1260 o c 
' '" 

G:' 
c 
N 
c 
\;! 
0 
c:: 
0 

u 
c:: 
;::l -, .., 
~ ;;; 

~ .., 
c.:: 

70 

60 

so 
40 

30 

20 

-20 

mY 

E 

00000000000 
00000000000 
N M ~ ~ ~ ~ 00 ~ 0 N 

mY 

100 --- -- ,.------.-----,--- ---r-----T-----.,---- -.,.... -----.------,.-- ----.-----.------o 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I -----·------.--------- --o--- ---+- ---- .. -- ------ - --~--- - - - ·- - ---1--- ------ -- · 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

80 ' ' ' ' ' ' ' ' ' ' ' ' ----r--·r--r--rr----r--·r--r--·r----r---r---r----i 
-----1-----1------!-- --r----·1 -----1---- --!---- --r-----; -- --·1------!---- --! 

6 0 -----: ----- ~ ----- -----' -----:-- -- -~-----+-- -- -, __ ---:----- ~ -- ---+-- ---: 

- - ---i---- -~ - - ·t-----f-----: --~ - ~-----+---- -f-----i-----~- - - --+ - - - --1 
40 ---+---- : ____ + J i -- --+---+--+--+---+---+--+----! 

-----1-- --1--- -· -- ---r----·j----·j------:------ r-----j---- -1-- -- --:------: 

20 ···•·: ;r r ::i~f/LT·: 
0 ~=:::::....__;____;,_~_:__;__..l_...:....___:____:__:....._~+ "C 

500 1000 1500 ~(1(1(1 2500 3000 
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~ LJ~ 10.1 6 ~~umlwm'l~u1wvh~e~tJru'11 iJii'lle~ 'lme~11mi'vuill:l1~w'lfu~ E, J 

lli:l~ K lJ 'f111tJi'U '11~tl'ff tl:l iJtJlf1~'lll ~ lJl'l':m/hm':il~fJW 'I1 iJ ii ~'l -ff1U'll'U~ R lli:l ~ S 1J 

m ltJiut! eHJll ~lJ mltJ I 1f11':i 1~e~ru '11fliiu m.1 1 ~t~!Jn~u~1 1 vw11mi'vHili:1 ~ '1'lllllf11i l\91 
' "' ' 

iJ~~'Vl ill~iM'mlwt~ut~'~t~u~ ttl'ill ~ ~~\9lu':i'l~u!l'Jvhe~e~nm~l 

Type 

J 

K 

E 

s 

R 

Materials Normal Range 

Iron-Constantan -l9o·c to 76o•c 

Chromel-Alumel -I9o•c to 126o·c 

Chrome!- Constantan -10o•c to l26o•c 

90% Platinum+ IO% Rhodium-Platinum o·c to 1482•c 

87% Platinum+J3% Rhodiwn-Platinum o•c to 1482"c 

tltu'l1fllJti'l'l ~'l 0°C ll':i'l~u!vHh v 0 = 11 .34mV 
• "' (210 C) 

t~tu'l1fliit1'1'l~'l 0°C tt':i'l~u!w.Yh v o = 4.768mv 
' "' (555 C) 

... . . . . . . . ..... (10.1 2) 

. .... .. . . . . .. .. (10.13) 

tdtl TM , VM ~tlfJW'I1iJlJlli:l~ll':i'l~UlWVhli~t!'lf11':il~ 

T L, V L ~tlfJW'I1iJiil!J:l~U'j'l~U tl'Jfh~l'll~l 

T H , VH ~!J~W'I1iJlJllJ:l ~U'j'l~UlWVh~~l~'l 



TM =h + [TH -h ](VM - VL) 
V!-1 -VL 

(575° c- 570 ° C) 
T M = 570° C + (23. 72mV- 23.63mV) 

(23.84mV - 23 .63mV) 

5°C 
TM = 570° C + (0 .09mV) 

0.21mV 

Q.J f c:i " Q.l ~ ~ d <=:. 9) .t:::::). Q.l ~d I l1J 9} 

1>11~ti H'YI 10.6 !'VItl':i llJfll'l!iJ~'!f'W\Pl J 'VItltl.!M.fll.Jfll \ltl\1 0° C 1\Pltltl.!H.fl lJ Vl'il\Pl~tl !\PI -172° C 

""""' 1:1i'VIl 

Q 'lJ q cu q 

'il\lfllmru mu ':i "l'lu 1,~·vh~tVlv11:wfi'vHiJ~ 'il :t: Nil~ M 

VM = VL + [ : ~~ -_VL](TM -TL) 
rH - rL 

V = -7..,7 V -7. 12mV +7.27 mV - 17..,oC 175oC 
M ·- Ill + ( - + ) 

- 170°C+ l80"C 

0. 15mV , 0 VM =-7.2 7mV + (.) C ) 
5°C 

VM =-7.1SmV . .... # 

10.4.3 fll'Jtl~~n'WifflltulW'J 'lJfi 1'W (No ise Prevention)) u u 

' v 

'll1n'W f11 ':i Nil~:JJlfll'li'W 'illfHfi~V\I:U'mn~H~V':i :t: 'l.J'l.J '1 vlVI1 rlli:l\1 1~ omnnil fff!Ji1J 11U n Jm1J 

V\IJJl'illnmmVJim :t: 'illCJfi~'W!!JJ!H~n 1vl~l'U O\Il VJ ~ hl':i-nm1H~v l:JJ 1mnvl m1:wm -:J 

'Ut~\l'ffi1Ji1Jlru ':i 'l.Jm'W'il :t: l.Jlnwhu ':i "l'lu I vl vh~ 1¢i''illm'VIo11:wfi'VJtiJ~ l?l"Jum ':i ~\Pl;"~v" 
iJo\lnuff'tyf!J ltl.!':i'l.Jmul'l\lna11li 31U1o 
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Q.l 9) ~ d 9) 9J ~ I ~ 9) I rl 
1\PHl~ I'Hl'I1JI9HfHW1 (Twisted Pair) H~~ l;pJ1'1 1CJumJn~~fn (Foil Sheath) !W1~tJ~'Im 1 11'1 

2. 'ill'll'itJ~ll'ltJ'illl1 illJH~~I'i'1 !'11tJ11:JJft'VHU~I?ltJ-:~ i rili'lull~tJfl h11~m1~'UW~ 
q q " 

' " (Stainless Steel Sheath) H~~~tJ~'Im111'1 

3. i:Y'qjqpwu ~ ~~'U 1 vHh~11'i'\11fl!l1tJ1i:JJri'vutl~ i ,r'IW1CJI'i'1CJ1'1\1~'1lCJ1CJfl1~11'1 

(Instrumentation Amplifier) !'W~1~fhDI'll:Y'qjqj1U!11Jfl1'U!!1J1JfltJ:JJ:JJtJ'U il1:JJI'l11'i'~ 

Grounded stainless 
steel sheath 

Thermocouple 

Twisted extension wires 

Stainless steel sheath 

Differential Amplifier 

Reference Junction 

Protection 
head 

R'f<re"" D > M",.'"' 
JucntJOn 

0 
============~~"""oo" 

Heat 

m 'I~'U 1 vJvhtJtJ'I!'I1tJ{i:JJri''W!U~ul'i~~ 'lfUI'l\1~ij~ 1H~fll'i1~n'U ~'1~111'1~ 10.2 ~-:~ 

1o.s tt~~'~'~~1~wl1SJil'lltJ-:~t'l1tJ1i:JJrl''Wtu~t~:JJvf~ ~ soc ~~W113JilV'1-:~~.:~ oo c ~~~ ~ ~1() 

m'I~'U1l'JvhtiJ'U mY 



!ill'H:l~ 10.2 !Vl il{1lJrl'l'HU~'li111il J ~11J1f1Yll'illfl Iron-Constantan 

0 5 10 15 20 25 30 35 40 45 

- 150 - 6.50 - 6.66 - 6.82 -6.97 -7.12 -7.27 - 7.40 - 7.54 - 7.66 -7.78 
- 100 - 4.63 - 4.83 -5.03 -5.23 -5.42 -5.61 -5.80 - 5.98 -6.16 -6.33 

- 50 - 2.43 - 2.66 -2.89 -3.12 -3.34 -3.56 - 3.78 - 4.00 -4.21 -4.42 
-0 0.00 - 0.25 -0.50 - 0.75 -1.00 - 1.24 - 1.48 -1 .72 - 1.96 -2.20 
+0 0.00 0.25 0.50 0.76 1.02 1.28 1.54 1.80 2.06 2.32 
50 2.58 2.85 3.11 3.38 3.65 3.92 4.19 4.46 4.73 5.00 

100 5.27 5.54 5.81 6.08 6.36 6.63 6.90 7.18 7.45 7.73 
150 8.00 8.28 8.56 8.84 9.11 9.39 9.67 9.95 10.22 10.50 
200 10.78 lf]6 11.34 11.62 11.89 12.17 12.45 12.73 13.01 13.28 
250 13.56 13.84 14.12 14.39 14.67 14.94 15.22 15.50 15.77 16.05 
300 16.33 16.60 16.88 17.15 17.43 17.71 17.98 18.26 18.54 18.81 
350 19.09 19.37 19.64 19.92 20.20 20.47 20.75 21.02 21.30 21.57 
400 21.85 22.13 22.40 22.68 22.95 23.23 23.50 23.78 24.06 24.33 
450 24.61 24.88 25.16 25.44 25.72 25.99 26.27 26.55 26.83 27.11 
500 27.39 27.67 27.95 28.23 28.52 28.80 29.08 29.37 29.65 29.94 
550 30.22 30.51 30.80 31.08 31.37 31.66 31.95 32.24 32.53 32.82 
600 33.11 33.41 33.70 33.99 34.29 34.58 34.88 35.18 35.48 35.78 
650 36.08 36.38 36.69 36.99 37.30 37.60 37.91 38.22 38.53 38.84 
700 39.15 39.47 39.78 40.10 40.41 40.73 41.05 41.36 41.68 42.00 

lill'jl-:1~ 10.3 !Vlil1t lJfl'W!U~'liU\il T ~1mm'hlllfl Copper-Constantan 

0 5 10 15 20 25 30 35 40 45 

- 150 - 4.603 - 4.712 -4.81 7 -4.9lY -5.018 --5.113 - 5.205 -5.294 -5.379 
-100 - 3.349 - 3.488 -3.624 -3.757 -3.887 - 4.0L4 -4.138 -4.259 -4.377 - 4.492 

- 50 - 1.804 ·-1.971 -2.135 - 2.296 - 2.455 - 2.611 -2.764 - 2.914 -3.062 -3.207 
-0 0.000 - 0.191 --0.380 -0.567 - 0.751 -0.933 -1.112 -1.289 -1.463 -1 .635 
+0 0.000 0.193 0.389 0.587 0.787 0.990 1.194 1.401 1.610 1.821 
50 2.035 2.250 2.467 2.687 2.908 3.132 3.357 3.584 3.813 4.044 

100 4.277 4.512 4.749 4.987 5.227 5.469 5.712 5.957 6.204 6.453 
150 6.703 6.954 7.208 7.462 7.719 7.987 8.236 8.497 8.759 9.023 
200 9.288 9.555 9.823 10.093 10.363 10.635 10.909 11.183 11.459 11.735 
250 12.015 12.294 12.575 12.857 13.140 13.425 13.710 13.997 14.285 14.573 
300 14.864 15.155 15.447 15.740 16.035 16.330 16.626 16.924 17.222 17.521 
350 17.821 18.123 18.425 [8.727 19.032 19.337 19.642 19.949 20.257 20.565 
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~l~H~ 10.4 l'I'Hlflllii''VHV"'lf'i!rt K ~1mfl'l11illfl Chromel-Alumel 

0 5 10 15 20 25 30 35 40 45 

- 150 - 4.81 -4.92 -5.03 -5.14 -5.24 -5.34 -5.43 -5.52 - 5.60 - 5.68 
-100 -3.49 -3.64 -3.78 - 3.92 -4.06 - 4.19 - 4.32 -4.45 -4.58 -4.70 
-so -1.86 - 2.03 -2.20 -2.37 -2.54 -2.71 -2.87 - 3.03 -3.19 - 3.34 
-0 0.00 -0.19 -0.39 -0.58 -0.77 - 0.95 -1.14 -1.32 - 1.50 -1.68 
+0 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.61 1.81 
50 2.02 2.23 2.43 2.64 2.85 3.05 3.26 3.47 3.68 3.89 

100 4.10 4.31 4.51 4.72 4.92 5.13 5.33 5.53 5.73 5.93 
150 6.13 6.33 6.53 6.73 6.93 7.13 7.33 7.53 7.73 7.93 
200 8.13 8.33 8.54 8.74 8.94 9.14 9.34 9.54 9.75 9.95 
250 10.16 10.36 10.57 10.77 10.98 11.18 11 .39 11 .59 11.80 12.01 
300 12.21 12.42 12.63 12.83 13.04 13.25 13.46 13.67 13.88 14.09 
350 14.29 14.50 14.71 14.92 15.13 15.34 15.55 15.76 15.98 16.19 
400 16.40 16.61 16.82 17.03 17.24 17.46 17.67 17.88 18.09 18.30 
450 18.51 18.73 18.94 19.15 19.36 19.58 19.79 20.01 20.22 20.43 
500 20.65 . 20.86 21.07 21 .28 21.50 21.71 21.92 22.14 22.35 22.56 
550 22.78 22.99 23.20 23.42 23.63 23.84 24.06 24.27 24.49 24.70 
600 24.91 25.12 25.34 25.55 25.76 25.98 26.19 26.40 26.61 26.82 
650 27.03 27.24 27.45 27.66 27.87 28.08 28.29 28.50 28.72 28.93 
700 29.14 29.35 29.56 29.77 29.97 30.18 30.39 30.60 30.81 31.02 
750 31.23 31.44 31.65 31.85 32.06 32.27 32.48 32.68 32.89 33.09 
800 33.30 33.50 33.71 33.91 34.12 34.32 34.53 34.73 34.93 35.14 
850 35.34 35.54 35.75 35.95 36.15 36.35 36.55 36.76 39.96 37.16 
900 37.36 37.56 37.76 37.96 38.16 38.36 38.56 38.76 38.95 39.15 
950 39.35 39.55 39.75 39.94 40.14 40.34 40.53 40.73 40.92 41.12 

1000 41.31 41.51 41 .70 41.90 42.09 42.29 42.48 42.67 42.87 43.06 
1050 43.25 43.44 43.63 43.83 44.02 44.21 44.40 44.59 44.78 44.97 
1100 45.16 45.35 45.54 45.73 45.92 46.11 46.29 46.48 46.67 46.85 
1150 47.04 . 47.23 47.41 47.60 47.78 47.97 48.15 48.34 48.52 48.70 
1200 48.89 49.07 49.25 49.43 49.62 49.80 49.98 . 50.16 50.34 50.52 
1250 50.69 50.87 51.05 51.23 51.41 51.58 51.76 51.94 52.11 52.29 
1300 52.46 52.64 52.81 52.99 53.16 53.34 53.51 53.68 53.85 54.03 
1350 54.20 54.37 54.54 54.71 54.88 



' . 
.::1 "'1 QJ if .:::::, Q.l 0 

()'l l ':iH'Yl 10.5 l'IHJ5 lJfH~I l;l'll'W\01 S 'U11J1f1'VIl'il l f1 Platinum-Platinum/10% Rhodium 

0 5 10 15 20 25 30 35 40 45 

+ 0 0.000 0.028 0.056 0.084 0.113 0.143 0.173 0.204 0.235 0.266 
50 0.299 0.331 0.364 0.397 0.431 0.466 0.500 0.535 0.571 0.607 

100 0.643 0.680 0.717 0.754 0.792 0.830 0.869 0.907 0.946 0.986 
150 1.025 1.065 1.166 1.146 1.187 1.228 1.269 1.311 1.352 1.394 
200 1.436 1.479 1.521 1.564 1.607 1.650 1.693 1.736 1.780 1.824 
250 1.868 1.912 1.956 2.001 2.045 2.090 2.135 2.180 2.225 2.271 
300 2.316 2.362 2.408 2.453 2.499 2.546 2.592 2.638 2.685 2.731 
350 2.778 2.825 2.872 2.919 2.966 3.014 3.061 3.108 3.156 3.203 
400 3.251 3.299 3.347 3.394 3.442 3.490 3.539 3.587 3.635 3.683 
450 3.732 3.780 3.829 3.878 3.926 3.975 4.024 4.073 4.122 4.171 
500 4.221 4.270 4.319 4.369 4.419 4.468 4.518 4.568 4.618 4.668 
550 4.718 4.768 4.818 4.869 4.919 4.970 5.020 5.071 5.122 5.173 
600 5.224 5.275 5.326 5.377 5.429 5.480 5.532 5.583 5.635 5.686 
650 5.738 5.790 5.842 5.894 5.946 5.998 6.050 6.102 6.155 6.207 
700 6.260 6.312 6.365 6.418 6.471 6.524 6.577 6.630 6.683 6.737 
750 6.790 6.844 6.897 6.951 7.005 7.058 7.112 7.166 7.220 7.275 
800 7.329 7.383 7.438 7.492 7.547 7.602 7.656 7.711 7.766 7.821 
850 7.876 7.932 7.987 8.042 8.098 8.153 8.209 8.265 8.320 8.376 
900 8.432 8.488 8.545 8.601 8.657 8.714 8.770 8.827 8.883 8.940 
950 8.997 9.054 9.111 9.168 9.225 9.282 9.340 9.397 9.455 9.512 

1000 9.570 9.628 9.686 9.744 9.802 9.860 9.918 9.976 10.035 10.093 
1050 10.152 10.210 10.269 10.328 10.387 10.446 10.505 10.564 10.623 10.682 
1100 10.741 10.801 10.860 10.919 10.979 11.038 11.098 11.157 11.217 11.277 
1150 11.336 11.396 11.456 11.516 11.575 11.635 11.695 11.755 11.815 11.875 
1200 11.935 11.995 12.055 12.115 12.175 12.236 12.296 12.356 12.416 12.476 
1250 12.536 12.597 12.657 12.717 12.777 12.837 12.897 12.957 13.018 13.078 
1300 13.138 13.198 13.258 13.318 13.378 13.438 13.498 13.558 13.618 13.678 
1350 13.738 13.798 13.858 13.918 13.978 14.038 14.098 14.157 14.217 14.277 
1400 14.337 14.397 14.457 14.516 14.576 14.636 14.696 14.755 14.815 14.875 
1450 14.935 14.994 15.054 15.113 15.173 15.233 15.292 15.352 15.411 15.471 
1500 15.530 15.590 15.649 15.709 15.768 15.827 15.887 15.946 16.006 16.065 
1550 16.124 16.183 16.243 16.302 16.361 16.420 16.479 16.538 16.597 16.657 
1600 16.716 16.775 16.834 16.893 16.952 17.010 17.069 17.128 17.187 17.246 
1650 17.305 17.363 17.422 17.481 17.539 17.598 17.657 17.715 17.774 17.832 
1700 17.891 17.949 18.008 18.066 18.124 18.183 18.241 18.299 18.358 18.416 
1750 18.474 18.532 18.590 18.648 
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• 

cl<:~<:! 
I ei11'YI~ (RTD) 

Case! .:S QJ QJ .-=:t.d 
~l':ifl~ (RTD : Resistance Temperature Detector) I'I'VIWJ \9l':i1'ii1\WfJW'I1' iJtl1~ 

vh.:j TW 1 ~wmmJ~ fl 't.Ht 'l.J".:j~ ll'ldllJ~l'W 'l'll'W vm l vJVhrl 'V'Vtu '11' flllt'l.J~ fl'WU 'l.J ".:j 
' " 

dddd. QJ d aJdd9) aJ ~ ~ 
1u 'Vl .fY . 2364 (l'l.fY. 1821) CJm1Ju1h~W1fl'W'V11'V11J'ff CJHUI'II'I'W'VlU'I1'"flfll':it'l.HJ.:j\9llJ 

'IJ'eJ.:jt'VlV{1m1'VltD"'Utu~t~fl1n'W1l1J'Vl~6 t1Pl11Pl (Humpkrey David) fl'W'Vl1Jlli'I1 11J~l'W'Vll'W 

'IJtJ.:j 1 "'11'~1J l .:j 'ln11Pl'il ~ t'l.J~f!'Wtdvvru '11' flilt'l.J~f!'W 'ii'Wm~i.:j 'Ill. rr. 2414 (1'1 . rr. 1871) 1"t~fl1J 
' " 

"' .. lipl '19) "'~ 1 ' 9) 
CJHlJ'W'ff (William Siemens) !\Pl'Vl\Pl"'e:J.:j 'lf"1\Pl'Vl" l \9l'W1JU'Vl'W"1\Pl "'11'~'Vl 1J 111'11 1 1J\9ll'W'Vll'W 

..:!,. J di ~ d J' .J d d ~ 9) 

t'VllJ'IJ'WtlJ'V'Vtu '11' fi1Jt'Vl1J'IJ'WCJI.:jfll':it'l.J"fl'WU'l.J".:jt1J'Wt'lf.:jt'ff'WU" ~ 'lu 'Vl.fY. 2475 (1'1. fY . 1932) 
' " 

\)fl-wi'JJ'W111Plfl9fW'!f tlJW'V':iri' (C.H. Meyers) '\'llt~'Wtcj}'Wt'li'V{'f;!W'11'.fJlll~flfl"ll'V1{'\1~ 

'V 1 {'\1~'\ll 1#1 1fl" 1\Pll "'11' ~ ~iirJW 'ff1JlJ~I'I111J#Il'W 'Vll'W 'il~t ~lJ'\1'~ 'V"\Pl\9111J fll':i t~lJ 
' < 

'IJtJ.:jtJtu'\1' fill 1'1111JV 1 1'1J'V.:j'e:Jl{'\1~'i1~ nl'I1''W\Pl~ l l'ld11J~l'W'Vll'W'\1~'V.:jnl':i'\1'Vtu '11' illl 0° C 
q 'U . q 'U 

QJ I d. d \1) -~ 9) I .<:::to o::!f 9) 

"11Pl1"'11' ~ 'ii ~ 'Vl'W'Vfl1J'WUfl'W'Vlt1lwil'W1'W t'I'J'I"' lU"~ 'Vl'WI'Idlll':i'V'W'ff.:j t'lf'W t'll':illJfl mmtm 
" " 

vru '11' fill fl~l.:j 'il ~ 1 ~\91 ':i1'ill\Pl'Vtu '11' fliJ'l lJ.:jl'W V\9l'ff1'11' m ':i1J1Jlfl 1'1 111J i 1'1J'eJ.:jtJl{Yi~'il~fi IPl 'illfl 
q 'U q 'U q 

~ , a 0 ~.:jt~'W~ l trlJ'l.J':i~iY'Vln'mllJ~l'W'Vll'W 11Plfl'Vlm~u1Jiim1 1J i1 0.0039/ o c ~1Yi 1 #11f! 

umfi"':ill'll'il~onu"~iimlll i 1 0.0067 I o c vl{Yi~'lfU\PlU mn"'ii~ Yll.:jl'W hidJ'Wt~.:jtff'W;).:j 
" 

"" ol <=t<=t 
10.5.1 'li'U\?I 'lHHtll':i'YI\?1 (Types ofRTDS) 

m{l1~Yi l#l1f! h'l1' ~ '11'1:llfl'lfU\Pl t'li'W 'Vlm~ulJ umfi" 'VltJ.:jU\Pl.:j tW~~.:j'fft\9l'WU~"~ 

'lfU\Pl'il ~ ii~l'Wl\Pl'fJW'I1'iJll trlJ 'l.J ':i~-ff'VlfmllJ~l'W'VlTW (a0 ) U\9lfl~l.:jnlJ~.:j\9ll':il.:j~ 10.6 

.c::t d'dd .::. I 

\>ll ':i Hfl 10.6 'fll'i'Yl\PI'li'W\PI\PIW] 

'I'Hll~lt!lJ (Platinum) 

i!mn~ (Nickel) 

Vl'fl ~!t\PI~ (Copper) 

'11~ffl\PI'W (Tungsten) 

- 184 0~ 8 15 

-73 0~ 149 

-51 0~ 149 .. 
-73 ()~ 276 

0.0039 

0.0067 

0.0042 

0.0045 



11 1n ~ 1vru 11 nil 'lHJ \! m { Vi ~u~t'l ~'ll'il ~~l ~1J !1'11 ~ tth.J~nwru 11 nil~ -en{ Vi~ ·vhnw 
q CIJ q q CIJ 

' " 1 u '!f1\! t~ ·:Uff'W 95" 1!5 \1"1 u~111 ~ '1'll \! l'W ~l'W vru 11 n il fl l l \1 n-hwt '!fu wm~u :JJ 11 d j ~l'W vru 11 n ii 
q CIJ q CIJ 

' 
~18Ul ·rfl 10.7 m{Vi~'ll'il~'Wm~u:JJ~ml:JJ~l'W Vl l 'W 1000 Vi 0°C 11 \l rll'W 1 tummmJ~CJ'W 

"'"" 0 11i'Yil 

.. I 9) I g) ~ .. I-=' ~I c1' d.<::t .<::t 9) 
ti1Jt'l\lf11l:IJ\91l'WV1l'WI'W ° C tlt'l~tll~W11iJ:IJtiJM'WilJ'U 100° C VllV1~1!~:1Jf111:1J\91l'UVll 'W 

t'l'llll 

R / ° C = a 0 x R 0 = 0.0039x !OOQ = 0.39Q / ° C . . ... # 

R=R 0 + R 0 = (0.39Q x i00 °C) + IOOQ = I39Q . .. .. # 
100 c 0 c 

1llfl l'11 t~~l\1Vi 1 o. 7 t~ 1 1Vi~'ll'U~'Wm~u:JJ1! ~ !U~ti'Wf111 :JJ ~l'WV11'W 0.390 l'i v 1" c 

~1Vtu11n:iJ tlJ~vw~u I00 °C ml:JJ~ll.!Vll'U~\It~u 390 l'l\ltTu ml:JJ~l'U'Vll'W~limJ~ 
' "' 

.. .. . .. . ... .. . . (10.14) 

~ g) ~ ~ 9) ~ 
R (To 1 rWf11l:IJ\91l'UVll'UVl ~ W11iJ :IJVl\l tJ\I ... Q 

~ QJ .:::::. cf '3) I ~ 
a 0 flfl'ff:JJ1h ~ 'ffVl'lif111JJ\911'UVll'W\91 V~ru 11 iJ:JJ . . ./ 0 c 

.... ..... . . .. .. (1 0.15) 

d 91 Cl" d d d c::.g) .:::::. 

R o flflf11 1 :JJ \911'UV11'U fl l l Vl~Vl ~W11 iJ :JJ fl l \lfl\1 . . . ° C 

(vru11n :iJ 0° c !~'UtJt!mn :iJol\I V\1) 
q cu q 'U 
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QJ ' ~ ~ Q.l d ..:::. ~ d : <=! ~ .J <=:1 

\>11fltll-:J'YI 10.8 !;l1~'1'lm\9l'Ul.ll'l'Qtl!l1iJl.l~~Htl'flf1U'U 'l 'IJ'fl 'l'U l 0° C l.lfnl l.l\9l l 'Ul1 l 'U lOOQ "lf 'l l.lf1l 'J 

"'"' 0 1 1i'nl 

tD~CJuulJ ];!'lfnll.ll'i'lumu 0.39 n / 0 c 1l'lrl l 'U1tumfil i:Yl.l 1J'J ~iYI1 fmll.ll'i'lumu'IJ'fl'l 
];j ')~'l'lm~ul.J 

' 

L-.R 0 ! R 0 
ao = oc 
a o = 0.39Q /I OOQ = 0.0039 / o C .. .. . # 

oc 

~1eldHfito.9 ];l')~'l'lm~ul.Jiiml l.ll'i'lumu 1son Vi 2ooc 0 !V 
1l'lfll 'U 1\U l'llfnll.J \9l l 'U l'll'U '\J'fl 'l 

"'"' 0 11i'nl 

R (T) = R (Tol (l +a0L-.T) 

R(T) = 150Q(l + 0.0039 / 0 C( SO - 20)° C = l67.64Q ..... # 

E = SV 

R3 . 
RR 

120Q 470kQ 
Rs 47kQ 

a b v 
Remote 

0 

~ Sensor 

151.7Q RT 
470kQ 



10.5.2 'Q'l!:J'I)~U'lW (Compensation Line) 

d cld.<::::i 1iJ 2I<:v .::::t. d .,.. 111 
L'Wtl'l111f1ill'J'VI~11~ !'b'1~f.lllit1fJlJHUU L'l5'WL'l5B'J'J~CJ~ !f1~ (Remote Sensor) f11'J 

l'lvm{-vi~hn'l1l'JU~~~'il~l'i'v'li:i'fflv'b'~L'b'VI'l'l'J 11~ 10.19 ~'lL~'W'fflVI'11t.h~i:im1:JJV11 
" 

Q 9J ..:!:! QJ CLI Q..l 0 9) d I Cf' d.:::! 

'U'W 1~ ~~~ ~ (l' .fll'W f.llli 'tfl'J lJH 1~ ~ B:I.H 'tflJ tl'W f)'W f)U 'ff1 CJ\911'W 1 ~ 1'W 'U11'VI \91 tl111f1 tJ U 'VI~~ 'l 

(Set Point Value) H~ 135 ° C f11UfJlJ 1~v1~vl{-vi~'b'iJ~'Wm~h!:JJ~'li1f11 1 :JJI'i'Tw'VI1'W 
' ' ' 

d .:::~. ..::!! ... I QJ o 9 9) .<::::to o~ ct. 

105.8Q 'VI 15 °C !W~ 151.7Q 'VI 135 °C LlJtllJ'JU R 2 = 151.7Q 'VI1!'11U'J~'ilftlJI'.]~'Wtl~ 

u\9lthiJ~!\911BU\910'W!!'Jf1i:if_Ju!HfJ:li 15 o C 11 ~vh lMU~I'I~iJ.ift:JJI'.]~ 1l'lrl1'W1lli'l11fl1UHI91t.! 

hHh V 11 ~ 15 °C' 

.::1 d .<::::to o'lll ' 
'111 l b, I" 'VI 15 "(' !lJt)U'J ~Hl lJ(l'JJI?j~ RRTD = 105. !-\Q 

E 5V o ~ oo I b = = I ,, _.) om A 
R 1 + R~ + R L 120Q + 151.7Q + I .4Q 

I = E 
" R 3 + R RTD + R L 

m vh , v" ~ 15 "c trltJu~l'l~'bJLt:JJ~i;!~ 
Vb = l b(R c + RJ. 

5V 
------- = 22.002m A 
120Q + I 05. 8Q + 1.4Q 

vh = I 8 .. 101\ mA ( 15 1.7Q + 1.4Q) = 2.803V 

V" =- I" ( R wm + R L ) 

V b = 22.002 mA ( I 0 ~\.8512 + 1.4Q) = 2.36V 

t>Vab =I Va - v bt=I2.36V - 2.t-:O:W I = 443mV 

. V,, Rx 
Galll =---=-

L'>Vab R s 

Rx 
Vo =L'>Vab x~ 

) 

_ , 1 470kQ _ \\V # V 0 - 44.)!ll \ X - -f.4. _ . . . .. 
47kQ 
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I d'dd 'l .<::io c/t:::i a:.d .:S 'l3) d'.d.d 
1 

fll~ l'ltl"'lCJ'Ji~H'lH.J tll ~ 'Vl ~ 'W1'1'\l ~ ln~'\l tl f111i 'I1 'W'I'\l ~ 'Jitl l~'Vl ~U'IJ 'IJ 3 "' 1 CJ~'I~1Jyj 

10.20 '\l ~ UCJ:IJ 'l ~'l 'W'I l 'WfJ~'~"'lllm~:wmn Lrlv~ vm{Vi~fim'l'\l~'IJ~~ ~"' lCJ~~v~~wil'l 
tJ 1 {Vj ~ r\'1J 1'1 '\l ~'IJ ~ ~ ~ '\l ~ ~ fl 'd l:IJ CJl'd:IJl f1 Vh l ,1'~ N~ ~ tl tltl! '11 fl iJu~ ~ fl 'dl:IJ I'i'l'W 'Vll'W 'Utl'l"fflCJ~ 

' " 
Ln~~W~'Wmi'J 'l 11'~~1m1:wN~'Vim~m~1~ 'l¢1 m~~MlCJ'li~t'liCJ~'I~~N~~'~f1~11 

RTD 

1.-----+-----'I ~----,1 
A B c 

~ t.l~ 10.20 m{1/i~mJ1J 3 1:1'1!'1 

'l "' ...... d ~ l 
fll~ 'JitllHl ~U'IJ'IJ 3 "' l CJ'\l~:IJ"fflCJ A U~~ B LlJ'W"fflCJ'Ji~t'JiCJ ~~CJ"fflCJ A, B tW~ C 

' ~ 

l?i'tJ'IlJfl'dl:IJCJl'dL'Vll tl'WU~~VrJ'l 'Wln~CJlfllfl'fiiJtJomfl:iJL~CJ'dtl'W tll{fi~U'IJ'IJ 3 "fflCJU '\l ~ 'l ,1' 
" ' " 

a 

E 

Differential 

ampl ifi er 

RTD 

Offset 

output 



.:::!, I ~I I liJ 9) I QJ 

(Specification Sheet) :JJM'WlfHlJ'W W /° C l'lf'W~~'l.J !l 25mW / ° C l1:1Jlflflll:!Jll'VH'l~~l'W 

9) d d <f'.cid I CV di .I .<:::I d. 9) e% 1 

fnlmV'W'Vl'ffili!IW'illf1 P = I2R fllfll'WU1'J'Vllili'Vllf1U 25mW I:JJVVl'J'Vllil'JV'W'U'W I ° C 9$~ 
"' u 

' y ' 91 

fl lfl~Vj fh~ ~ l vJVllffilll irviJ 'il ~ I Vi:JJ~'W \91l:JJVW l1 .fliJ 
<U C) q <U 

... ... .. . . . .... (10.16) 

. 
QJ ' ..::::1 d.:::tdd d. .:::r, 

Vl1elf.JH'YI 10.11 Vl~'Vllil:JJ cx 0 = 0.005Q / ° C, R = 500Q , Pct = 30mW / ° C 'VlfJWMJJ:JJ 20" C 

tl'ltJ 1Vl {Vi~~Vi'Wl~'il'JU11il~~)J~ 10.2 1 ~~ R 1 = R2 =500Q lM R3 !1Juml:JJI'i'l'W'V111A 

~D~Urlltl'i'rr1a1Mll~lil~'fflJiil~ iJvu E = l OY ililV~Iili~vl{Vi~t'W~~~UWM.fliJ 0°C 
' ' "' 

mfi1 R RTD 'IJV~Ul{Vi~~ o"c (eJ~lJJ~Iil~~ Self I-I eating) 

R(T) = R1111 1 [1 - cx 0 .6.T] 

' . . 
.:::::.d..:::::. .od 

l11Vflll1fl:IJ'Vli'I'I:JJ'U'W 
' "' 

R 1T 1 = R1T01 Il - cx 11 (T - T0 )] 

R o =soonu-ooosn ;" C(o"c -2o'' c d =450Q 
!0 Ci 

R RTD = 450Q 

E 
l =----

R 2 + R RTD 

l OY 
----=O.OII A 
500Q + 450Q 

1 ' P = I - R = (0 .0 11 An450£2) = 0 054W 

.6.T=~= 0.054W = !.SoC 
Pct 0.030W / ° C 



!V o' d. .:::t 

lfll'lJllJI'llU'VllU'l.I V..:Jtll':i 'Vlfl 

R RTD = 5oonp- o.oo5ru o C(l.8° c- 20° C) J= 454.5n 

R3 = R RTD = 454.5fl .. . .. # 
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fl1t~ciH~ 10.8 \I..:JVVf1UiJ1J1..:J\I':il'11iJt1lJVlli '\1.fllJ~1~vl{Vi~!iJu\9l1\9l':i1'il'Jf~Vlli'\1.fllJ 1 U'l.l1J1U 
" .. cu q 'U 

a 

"'"' 0 1li't'll 

f11 ':iVI'l'ff l'\1f1':i':ilJ'\1~..:J!~VI'11iJt1lltllli'\1.fllJ'l.IV..:J ivJl':i ::: WJl..:J 50° C - 80° C Ui:d:im..:~\9lu 
q q q <u 

' ~ 

ivHh 0-2V ihilmlllNfiVHllfl ±I o c \llf11'111ll~Vu1ul'11 t1'1fJlli'l1.fJlJ!Vill~UG..:J 100 o C 
~ 

QJ ~ QJ QJ .:::9 

'ff\)Jtyllli!l'lVU.fltJ\I:::fi..:J'l.IU 

E=5V 

.... 
lflfJW'I1.fJllf1..:Jf1i:ll'l (T0 ) 

fJlli'l1.fJlJ'l.IV'I ivJl':i :::Hll-:1 50° C -80° C 

G'..:::t.::::ld ..:::.. d.g./ QJ r1 
Vl':i'Vlfi'VlfJWH.fJlJ 6~ °C lJ'l.ltll,!~fi'IU 

RRm = J5on 

al650 C) =0.004fl / ° C 

Pct = 30mW /°C 

>--+-+ V o2 

In verting 
Ampli fier 

Co mparato r 

A !arm 



'illfH]']Jf)l'j R!Tl =R (TolU+cxot.T] 

RRTo =150QU+0.004 / 0 C(50°C-65° CJ=l41Q 

d o ~I ""' " Ill"' 'V1 50 C 'il~!lJ'Wfffll')~lnl91'il'fflJI'J1:11191 RRTD = 141Q .... # 

Vi 80°C RRTD =150QU+0.004 / 0 C(80°C-65°CJ=l59Q 

lflti15'11 '~141-QtytihrQ \1~191 
I ~ d I d! te:. d:. J ~ 

flll'ld l lJ~I91'1"l1:11191 ± J ° C t1J'Ufll! ~tl~WlflJlJ!'I"llJ'IJ'W!'Wtl\l'il l f1 Self Heating 

p 
'illf1 t.T =-

pd 

'il~1Jl P = Pdt.T = (30W / ° C)(1°C) = 30mW 

I RTD = ~- p = 
RRTD 

VRTo= I RTD x R n = 13.7mA x i 59Q=2. 17V 
RTD( Xll C') 

Hl R 2 !W~ R 1 

E-VRTn 5V-2 .1 7V 
R o = = = 206.5Q .... # 

- I RTD 13.7mA 

"' <;ll ' 9 "' !1:ltlf1 R 2 = 220Q l'l"l':il~!'u 'WflllJl\?l':i ~ ll.HW~ 111 R 1 = R 2 = 220Q .... # 
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~ 80°C Y; 11 =( 220~:159Q }159Q-( 220~:141Q }141Q = 0. 1447V 

11'1 V;11 =O.J 447V ~ 80°C 11~t~um~~u1vJvh~l1.J'Vjl'ltrlt~t;~tu'I11JiJ~ ,H!I'I~11~1'i't~~ 

tltlf1U1J1J 

fi 100°C V;11 =( SV ) x l59Q-( SV )x l41Q=0.2338V 
220Q+ 17JQ 220Q+ 14JQ 

!~Pi' V;11 = 0.2338V ~ 100° c u~I~'UU':i ~~'U tvHhB'U'Vjl'llrltnrtytyltul~e!'UtleJ~~~'U 

Vlul':itu11~u':i Differential Amplifier 

9" "'~ ~I ""~9" 
~'111~uUWI'l':il '\WlelllJ'U 111~111'1~'11 R 4 =R 5 =R 6 =R 7 =10kQ ... .. # 

111f1 

m-e)l'l':il 'IWleJ (Gain) Vi 80°C 

d 0 II]" 
'11 80 C ~1'1 V;11 =0. 1447V U~~ V0 1 =2V 

. V ol 2V 
Gam =-= = 13.8 

V; 11 0.1447V 

Vlul':itu11~u':i Inverting Amplifier 

"' 1~tlf1 R s = I OkQ ..... # 

u1n 
. R9 

Gam =-+1 
Rs 

R 9 =Gain x R 8 -1 = 13.8 x 1 OkQ - 1 = 12.8kQ . . .. . # 

V o2 =Ga in X Y; 11 = 13.8 x 0.2338V = 3.23V 

~ 100° C V 02 = 3.23V u ~l~'Ul!H~'U tvJvh~'U'Vjl'lff~ hJ 'lli'1~u':i Comparator 

Vl11l':itu11~u':i Comparator 

'111 R 10, R II 

~ I 00 ° C V 02 = 3.23V 11~1~'UUH~'U tW~l~'U'Vjl'lff~ t'll'l11'1~u':i Comparator ~.:J 
d Q.l lf] -~ 'J) ~ d .::::. a. rl~ 1.1] 'J) 

u~11Jum .:ti'I'U ~vJ~ltll~e!~~~~l'l'l'l'lllti'U'Vjl'lti'UI1tl':il'l~ u~ ~1'1 vrer = v 02 = 3.23 v 

"' Welf1 R11 = 1kQ ... .. # 

1 = V,er = 3.23V = 3.23mA 
Rll Rll 1kQ 

RIO= E - Yref = 5V-3.23V =548Q .... . # 
1R11 3.23mA 



0 I C::. 0 I Q.l ti c:. rl 

'f1111 Them1ister lJl'il1f1f11'H1"U1i'f11'j~1111~ The1mal f1'U Resistor !'VJtJ'jlJ'ff!\'l'eJ'j 

~ ~~ ~ U 'Vl 'j 1U bl'~ 1!'lftl { ~ ~~ U 1911 ~ 1 U 'Vl1U ~~ 191 1U 1 ~! JJ~ VU tl11'111lJ ~ lU 'V11U \91 1lJf11'j ttJ~vu 

rll'~f.UM.!J~~~~:w~u -n1'il1f1t!t!f1 i'lf~lJ 2 'li'U~fiv 
~ ?I tic::. r~d I 

1. 'liU~ NTC (Negative Temperature Coefficient) !1JU!'VltJ'jlJ'ff!\9ltJ'j'VJl;'l~'f11 

m1:w~ 1U'V11utrlvvttm nili ul911t'VltJ{~mlllv1n~:w~u 'il~iim1:w 1 1<Pi vvru 11 fl~lJlf1f1l'j 
q ~ q ~ 

n 1d n I O " " "> II] O ~~ " .. O 9 " 
! 1JMU!!1Jl;'l~'f111'111lJ\911U'V11Uf1'U ~f.U11.fJlJ'il~ !lJ!JJU!ftU\ll'j~ (Linearity) !!l;'l ~ lJ'li1~ !'li~ 1U 

!!'i'l'U'l (Nanow Range Device) 

R(kQ) 

40 -------··r··--------:··-------·r··------T·-------·r··------- -1 
: : : ' ! l 

:: •••.rr::r:r:TJ 
: : : : : : 25 

----- -- ·r ··------··r·---------r··------·r··------·r··-------: 
l l ~ l l f 

20 ......... j············t···-·······j············t···········j············i 

~ [ j j [ 

:: •••••t..ll :r:r•••• 
! ! ! ! ! ! 

-------··r·--------·r··-----·r··------·-r·--------·r·· --- ---- - ~ 

20 -10 60 so 100 
"c 

c::. ~I ric::. ,-,d.:::. I 

2. 'liU~ PTC (Positive Temperature Coeffi cient) ! 1JU!1~tJ'jlJ'ff!\9ltJ'j'VJ!'VW'i'11 

' ' w ' ' 'j) ~ .<::::t. G) Q.l o'f::!> rl C::. t::!1 ~ I 'j} ,.. j .:::i ... 1 
1'111lJ \91 1U mUtlJtl~f.U 11.fJlJ ! U\911!'VltJ'jlJ'ff!\?ltJ 'j !'WlJ'IJU 'lf~'i'll 'i'11 1lJ\9llU 'V11U 'il ~ !1Jl;'l VU!!1J l;'l~ 

tlth~'j'J~!~1l1-l'lh~~f.U11.!J~!!'i'l'U'l !cttl~'il1f1f1HvJ R-T 1JJt~utbY'U\9l'j~!'JiW)u f11 'j 1~~1U 
'il ~ 1JJ~'v~ f11 'j'i'1J llJl;'l ~ !VVI'IlJlm!n 
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Resistance 

--·-- -----,------------ ,. -----------.,------------,.----------- .,------------, 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I t 
I I I I I I 
I I I I I 1 
I I I I I I 
I I I I I I 

---------r ---------r--------r----------r----------r----------: 

t·:-r :-i--- (:: r: :[ RTD (PTC) 

:: r:: T~ : 1: :::~r:::: 1 ~:::: I 
-----------1------------r-----------j----------- ·-----------1------------: 

i i i i RTD (NTC) 
'------'----'---'-------'-----'-----'--... Temperature 

' tl "' . 1':0! .. . .1 ...... 
'i 'Yi l 0.23 tu 'HJ111'\'1011fl'lll"l R-T 'U tl 'ltl l 'i'\'1~1111 11 NTC u~:; PTC .. 

1,000,000 

1\ 
\ 1\ 100,000 

\ \ \ 
\ ,\ 

10,000 '\' l\ \ 1\ 
~ 

\ 

'1\ \ L\ 

1,000 l\ I".' l\ !'... ~ 

1'\ ''\ 

~ \ \ " " \ \ l\ '\ " !""-r---. soon r--.. 

4kl1 15kn= != 
I kl1: 2 kl1 

100 
100kl1 

1 
- 100 0 100 200 300 400 500 600 

Temperature (°F) 



'il 1 mtl~ 10.23 m 1vj R-T 'llti·Hll {Vi~'liUiil'V'Im ~h!lJ'il ~ "~ N1 'W! ~'lJi.J PTC Jufi't1~ 1 
" 

I !) I 'ZJ I 

!j} a, ~ d j} .::!:1 .0::::. -=l d I .:::t lfJ 0 I r/~ tl 

fl 11lJ \911 'W 'V1 1'W 'iJ ~ ~ 'l"llJ'IJ1...11J;l fl 'W tJ (HlJtltl\11 '11 fllJ~ \1 '\J 'W 'il~ ~ '11'W 11lJf'IJ1lJ i 1\911 f1J 1 ~'Vl tJ'j'lJ 'i:H\91tl'j' . " " 
u~ m1vjtfit~LJ~~'W~~"~"ff'whut~t~m ni'l'l ~\111...1 ~"n11\ln·;i1d1u m1vJ R-T 'Uti\I~'VltJ{iJm~<m{ . " 

U '!Ji.J NTC 'il~~ lilrl 1f'IJ1:JJI'i' 1'W V1 1'WlJlf1!ri t1 'e)W '11 JJiJ ~ ~lJ~'WU~ 'il ~ LJ.i~~'W~~\1 ~-ff'Wh'W l\il 
"""" 'e) ru 11 JJ:JJ 'il \!Ufl i.J 

'il1n~tl~ 10.24 m1vJ R-T 'll ti'I~'VltJ1iJm191t~1~iJri1m1lJ I'i'1'W1~ 1 'WI'i 1 \l'l ~'1fu ~~tlfl 
rl~ rl .. .1 d a. <d j) .. 1 

t'Vltl':ilJ'i:H\91tl':i flHv'l 4kQ VltlWHfllJ 100 ° F 'il ~ lJf'IJ1lJ\9111...1 '1'11'Wu':i ~lJ 1\!J 2.8 kQ . " 

r .,; o v IIL,L!M "' 
fll fl~'t'lfHtl~ ll"'l"'l~tyAtH.l (Dissipation Constant) 

ri lfl .:~ ~ n 11:1.:~1 vJVI1 'i!tl!~iYI'J'Utl'I~VltJ1iJ m191t~1J u 'il ~ m:Wt1u nu ni.J t111Vi~f\' t1 'il ~ tn~>~ 
'il1flf'IJ11J~ti'W'l'Wiih'U ~Vl 'il1':itlll\91 1 1Jfl'fll'l"ltt"Jiil~tl3Jt'1f'Wi'Wm':ii'Jlf11fl''U :d:ifi 1 lmW / ° C l14 
~ 

lJl~l!JJrl1 I Om W / ° C 

'e)tllliJJiJ 20°C rl1!lH~'W ll~VI1 v0 =5VtW~ m1vJ R-T JJ rllfl'htl - I0% / °C rllflTA~ 
"1 _.1-'i "" 0 

' " "" " 9 ~ lVH'll l);ty l.fi'I'J Pd = 5mW / ° C 'il'lfll'W"JWHlfll fi"J llJ\911 'Wm'W!1.!tl\l'il1flfi"Jl:J.J1ti'W 1 . 14\911l1Cl ~~ 

l!H~l...i 'lvJVI1 v 0 'ild'iriwvil'l -:i 

E = lO Y 

~'e)tiHI!JiJ 20 °C'il 1flJ 'l'il-:i .thtH~'W'lvJVJ1 v0 =5 V 'illrlrll-:ilJti'WU':i\I~'W'lvJVJ1 IO V 
• 

llfl'\il\l'",ll VR 1 = 5V ~·H!'W RT = R 1 = 3.5kQ 

H lrll i:l\ltvJVIlfl'tl l ttri'J!~ti.:I 'illflfi "J llJ ~mJ 11...1 ~1 
" u 

v 2 
(5 V) 2 

P=_Q_=-- =7.1mW 
R 1 3.5kQ 



'111tlU! '11 illJ~! ~].J ~'WI~ tl'l 'illflfnltl~ tl'U 'l 'U 1'1 1 . "' 
~T=~= 7. lmW =1.42oC 

Po SmW / ° C 

a 0 =-10% /° C = -0.1/ 0 c 
RT =RT0 (l+a 0~T) 

RT =3 .5H2~ -0 . l/° Cx l.42 °C] 

RT =-3H2 .. .. . # 

I ~ I .;:'1 a'.:::. r/ .0:::::. 

flll'l \Pl l.'l U !!ff \Pl 'l1 1 !u'U!'Vltl~tlff!\91m'lf'U\Pl NTC .... . # 

mm-:~~uivHh Y0 !~tl'l'illflfnltJ~tJ'U'lul'i'1 

Y0 = ( E )RT = ( JOY ) x3kQ = 4.6Y ..... # 
R1 + RT 3.5kQ +3kQ 

a r! "" \II "" !CUlW1Hl'J"~WYiJJ~H'l.J'l.J !flCU (IC Temperature Sensor) 
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'Vl~ l 'U ff~1!"li tJ{ 'QUI 'H.fJlJ!! UU!'Vl v{1:JJfl~!U 1.'1 'iJ::; 1 ,r tYt)Jt)JlU! l vJ~ l!t!ll'f ~1'1 ~ ltllfl 

Hl.'l ::; l'i , ili ~~ ut~mr'ul'll:JJt!ru 'H .n il ~hu tJ11Vi~l'i 1m1:JJI'i' 1'U'V11utu~vum.JI.'l-:~l'i 1\911tJ . "' 
..:::::. d I gJ rl -=::. rl -=-1!11 I gJ ... ld. ... I 

tltl! '11.f1:JJ'iJ ::; :JJf11'U eJ fJ:JJlfllll.'l ::; t'VltJ ':i :JJ ff!l'lel ':i 'iJ::; :JJu t1J'I11f11fl1 1:JJ l'l l 'U 'Vll'Utu l.'l fl'U!! ul.'l 'l\911tl . "' " 

tlU! 'H.fllJllJt~'Ul~'llff'Wt'li'W rl'U fll':i !!tlUW'I11'V11'1'11i1'1'il ::; 1~t~'Ut"lieJ{tJru 'H.fllJ!!UU lt!C\5~ 
q 'U u q 'U 

T0-92 
Plastic Package 

(f1) 

S0-8 
Surface Mount Package 

('IJ) 

T0--+6 
Metal Can Package 

(fl) 



"'"' 0 1'6'Yil 

IIJ "' "' IIJ oJ "' IIJ •• 1-~ "' "' :!1 "' IIJ • .1-"l "' 11J'Bftml1Hl:;; 1\'IU':i\ll'l'W ll'l1"11'1H'Wtl ':i (Zener Voltage : Vz) llJ'WU':i'll'l'W ll'l'l"'llelllll~l'l 

..... .. . . . . .... ( 10.17) 

tritl Vz ~'UUHfl'W1vJf41t'Bl~~lll . .. V 

"' "''l 0 T fl'B~W 'tUJll 1'1'1 ... C 

tlJ~tJ'W tl'lffllfl'f1l'Wl~'Wtl 'l ffll9HH'~lfcJ1;'( il'ltJ~ 0° C = 273 ° K fi'.:nJ'W U':i 'lfl'W 1vJvh 

Vz ~~W'I1JJ:iJ T 'il'l'l'il~lJ~lfl'l1.'l'1Jfll':i 

vz =2.73V+Co;;v )r ... · · ·· ··· ··· .. (10.18) 

Yz - · - + _. 7_> + X .) = 771v (IOmV}r = 7 ~ v (IOm V ) ~ ooc 
"C "C 

Yz = 2.73 V + 0.3V = 3.03\1 ..... # 

"" 111 Vz 'V1 o"c Yz = 2.73\1 .. ... # 

.::::t ' Ql ~ 
~l'iN'tl 10.7 £Jl'W'l~f,!U!1i!Jll'llil~ LM 135/235/335 

t,!tlmcl' 
' ~ 0 

(Jl'W f,! fi!H!Jll . c m:iHI.Jl'W 

"' LMI35 -55 tl~ + ISO Vll~Vl'Hl ) 

.. 
LM235 -40 tl~ +125 Vll.Jfll'l~l'Hm':i:u .. " LM 335 -40tl .J + IOO 1~ l ~fll)fil 



+V 

..... ---0----, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

JL~l 
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'il1f11~'il'j"H~,u'U-a~ LM335 trl-ail-aum~~u "lvlvh "lutJ'ffn~u1'11~tu-afl~ 1-a~'il~ 

tn~m~uffivlvh~tu-a{ Iz h1~~1u LM335 ~-a 

SmA > lz > 400f.l.A ............... (10.19) 

un~ml'1m~uff"lvlYh~l'UtJ{ I z 'il~VI~fft!Ulll'il1f1 b ~~1u1'11 I z = ImA ~~~~f11'j 

1 ~ 11 ~ u 'U -a~ m ~~~ ff i vJVl,~tu -a 1 .Yh 1 '11 tn ~ n1~ ~ i vlVl1fftu 1 iY v'ill nm1:w f-a u 1 u 191 1~ 1 ~:w~u 
"' u 

R . _ Ysupply - Yno-minal 
. btas lmA 

.... ....... .... (I 0.20) 

~ 4 ~ l:J.Jtl R bias 'i'ltl'i'111:J.J\911'UV11'Ut1'4m1l ... Q 

Ysupply ~tlm~~u"lvlVl1~fl-au1'111~'ilL .V 

Ynominal 11~tl Yo ~tlm~~u"lvJVl11~~1'U'Utl~ LM335 ... V 

nwt11~1'Ul'U'Jh~~;~!IluJum ~ uffivlVl1 i 11~~ (I L) 'il ~~-a~ '1'111!-avn11m~llff 

ivJVJ1~!'UtJ{ (I z ) 

lL <<I Z(min) 

YmaxT Y supply-YmaxT 
----<<--~~----

RL Rbias 

.. .. . . . . . ...... (10.21) 



LM335 

+V 

'<----+•oC I OkQ 

full sca le 

adjust 

R zero ~ 
-V~~ 

R, zero 1 -2.73V 
adjust -=- (Vul"fset ) 

_lei 9) - .d <d ..::. 

':iU'Yl 10.27 1 ~'il':il'liH\4'1Jtl~ LM335 'YllJf1l'HmH1J'.i'Vl 
<IJ 

LM335 '\l :t 'l'hm~l~ll!;,:Jlco/1...! li'ICJe;)UI11.1J il!tJ~m...!!!Di,'l'l ± I u C !u~ JJ~ 10.27 '\l :t 

t~JJfn:J rniltm'Vl (Ca librate) 2 ~~11r LM335 i~CJ R wu '\l :t 'I.Jfu!!"J'I~u1vh~1uu'I'Jt'lf'Vl 
I OJ . d 9) 9 9}.:::\ I :1) dt d QJ 

(Offset Voltage) l'l'11fl U - 273V 'lf 'l R zcro '\l:ti'JU,:J !'Kllf111...!UCJ:JJlfl!JJU!11JCJUflU R bias 

V f .c:l C:. 9) ..::! 0 I 

Vl16fJH'Yil0.14 '\l\lU'Elfll!UU1'1'\l'Jfi1U'fiJJ UW11fllJ~1CJ LM335 'JD'Vl 10.27 'Vll\11l!CJ11...! - 10 "C 
q q flJ 'U 

& l ,; "'9 " . ) l ... lJi • • 1)4 
T:\'1 + 50 ' C 'Vle;)WH J~JJ !'li-:)11...! (Nom111::d Temperature 20 ' C ll'J\1~1...! lV'fi"'1'U'El'l1'1'\l 'J ±SV 

lll,'l :t 'El81fl'Vl'J1Ul1l Hi,'ll?l~ri1~TC:1RD ci1,:J 'W 'El CJl'~1 'l 'J 

d 
111 Vz '1'1 20"C 

Vz = 2.73 \1 + ( lllmV )T =2.73V+ ( IOm V )x 20" C =2 .93V 
" C "C 

111 V0 Vi 20"C 

Vo = Vz + V,,rrsct = 2.93\1 +(-2 .73V) =200m \I 

111 R bias 

R . = V,upply- Vnomin :d 5V - 200mV 
b"" Jm A lmA 

R bia' = -1 .8 kQ .. . .. # 

"' !rltlfl R bias = 4. 7kQ . ... . # 



rn R zero 

d ~ 0 
'111 Vmax T 'VlfJtl.!t!iJll 50 C 

'illf1 

Vz = 2.73V +c00~V r = 2.73V +cO:~V }50° C =3.23V 

VmaxT = Vz + Voffset 

YmaxT = 3.23V +(- 2.73V) = 0.5V 

I L << I Z(min) 

Ymax T Ysupply - Vmax T - -- << _....:....:c_;_ __ _ 

RL Rbias 

RL >> Ymax TRbias 
Ysupply - YmaxT 

R 0.5V x 4.7kQ _ ? Q # 
L >> - 5_2 .. ... 

5V -0.5V 
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Q,.l ' .ct ~ fJ} ~ Clo.d fJ} g) Ql 

~rnlf.ll.:!'t'Jl0.27 tl1191eJ\If1l ~iTYl:JJfJtl.!t!lJll'V11J~ 0.25 ° C 'il\ltltlf1!l1J1J1\I'il ~ 'IH.Il f.JU1J ~ tl1191tl\lf1l~tll'l':il 

'Uf.llf.l 8tvh 'il\lriTW1tu'l11m\I~'ULvl~l V0 

+5V 

-5V 
R s R zero 

"""" 0 11i'fll 

d 
'111 Vnomin al 'V1 0.25 oC 

V nominal = Vz + Voffset 

(
IOmVJ 0 Ynomin al = 2.73V + ~ x 0.25 C+(- 2.73V) 

Ynomin al = 2.5mV 



m Yo 

I 

~· QJ ~ H'l.J'l.JHfl'Yi\?I'YI 10 

"' tl:'lflf1 R 1 = 3kQ . . ... # 

R~ 
Ay =-- +1 

Rt 

R 2 =(Av - l)R1 = (8 -l) x 3kQ=2lkQ .. .. . # 

Rcomp =Rt // R2 =3kQ // 2lkQ=3kQ .... . # 

Yo =A yxYin =8 x 2.5mY=20mY .. .. . # 

I. n)~ ·mJ~m.J -222°F t~'W ° C , °K 

' cJ 
'll) MtU~ti'W !50 o C tD'W o K UCI~ oF 

2. n) rvw111Jfi'VHUl:'l 'lfWIPl 1 l\Plll':i'.:J~'WivHh 22.5mV ~€JU!'Mflih11.:Jfl.:J 0° C €JU!'Mflii~IPl~mvhi. :; 
q 'U q 'U q 

'll) t'Vl€J{11Jfi''l'uul:'l'lfWIPl s l\Pl!t':i'.:J~'W !vJvh 12.12m v ~f.JU!'MlJiifll.:Jfl.:J 21 o c f.JU!'MlJil~IPl~o 

rvht ':i' 

3. Glt'Vl0111Jfl'I''HUl:'l 'lfW\Pl J t'h hl11Plf.)U!'MlJii 500 ll c ~f.JU!'MlJilfll.:J fl.:) -lO 0 c ~~N~\?IUH~1A 

!vJvhrvh"l'j 

t'Vl€Jf11JflVHUl:'l 'lfW\Pl K ~€J€J't-jm1Jfl'W~~l Glf.!U!'MlJil'!i'€J.:J (Nominal Room Temperature) 

70 ° F 

.d 
'Vl 25 ° C 

6. mfVi~'llfi.:J.u'€J~ 51~1m.:J~':i'iU~ 10.21 ll1 R1 = R2 = R3 = IOOQtW~ E =toY ~.:Jfi1mruH l 

u1 .:)~'W "l vJvh~l.:) ~nJ~\Pl~ ~lv€Jvnmtrl€J€Jru 'M fliitu~ v'W "l u 1 o c 
q "' 



259 

7. fl lfld llJ ~ l'W 'Vll'W 191 tHHU '11 fllJ'Utl ·Hll {li ~~ \lfl ll'lllJI'll ':i l \l '\1\l ~ l'W 101 '11lfidllJ~ l'W 'Vll'W t ~H.I 
q " 

U':i ~lJlU!WJ~'i'111lJ~l'W'Vll'W ti'I EJU'j ~ lJlU!tllt1\lfftl\l~tJU!'I1.fJlJ':i ~'\1'J l\l 100 ° c ii'l 130 ° c lll 

"'9 <JJ 9 <JJ o • I " d " ' "' fflll..jl'l !'11 T0 = 115° c IW~ !'11fll'W1U!'I111utl':il'lf'WI'lfl ll'111lll'li'I 'Vlml'l 

T(OC) 90 95 100 105 110 115 120 125 130 

R(Q) 562.66 568.03 573.40 578.77 584.13 589.48 594.84 600.18 605.52 

8. fflll..J~llt~l{YiWlu'li't~~ 5 ii~lfl\l~nlt1'ltvHhtJ;tytilv 25m WI o c l-lltuHiu1\l'\1':i~iim~Hff 

lvHh 8mA tml~l'Wt~'Wt'!fv{ lllm{Yi~iitJU!ll.fJlJ 100 o c '\1\lfil'W1Ul'l11~1'i'l11lll'i'l'W'Vll'W'Utl\l 
~ 

m{lfi~H'fl~'\l~~~ltJU! '11 fllJ!'Vll l ':i 
q " 

9. tll{lfi~iJ a 0 = 0.0034 / ° C iJ R =I OOQ ~ 20 ° C '\1\ltltlflltUU1\l'\1':iU~I'I~H'fl ~tlt1 Ut ltllJUI'llll 

~U~ 10.21 i'li't~HH~'WtvlVh 0-10V ~QU!ll.fJlJ 20 °C ii'l100 °C m{lfi~iJfilfl\l~nlt1\ltvHh 

ffUI!ffEJ28mW/°C 
" u 

I I I 'J} 

10. '\1lf11\l'\1':ifflll.,J~Yi~l'l a iim\l~'W lvHh Ya = I OV t~tll'VltJ{iJm191tJ{iJQU!'11.fJlJ!'VilJ~'Wl~'W 65 ° C 

+ 12V 

-12V 



'il'l~11-l1"""'1~1'lJel' ."I ' "" 0 "" o 11. I I "'"' '' " R bias , RL, Rzero 'l.Ji:JU v sup ply =±15V l'Jli-H.JlliYIJJlJ 20 Ctl'l 70 c 

il1~lliHJJin~'l1~J <!-0 ° C ~~~~ fhmrumrh R L ~1{jl'l~'il ~ H''l1n'l'il';i 

+ 15V 

Rbias 
I 

Rs R zcro 

' ' 
0 I r.::::!. 0 'l 9) ~ .<:::!. 1 ~ 

(;'{JJI'Jrl 'il ~ f'l1 U 1tll 'H 1fll V;11 lW~ R ~ 'Vl'Vll H V,..,
1 

= Y;11 !lHJ~1.li'HiJ1l'lltJ~ LM335 :JJ1f1f111H:itl 

UtWWh 49"C bl'fl11 ~GI O~ rl (Logic) ~ ll:i~~u'lvHh V0 dJ1-l tJ~ 1 ~ ·[J 

IOidJ IOkU 

a 


