


- AHCH (Thermocouple)
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4.4 ALY
- PO X2

ST CH(ZEAEH, thermocouple)= X EO| CHE 2 SFC :L**JOE T,

2 @2f €0 MZ CHE 54 A, BE EEotd 272 & J,.2F JAOJG 2=
AT, > T.)2 TH Yot o= M7 S EL}E > thermoelectric ol At
(Thomas Seebeck, 1821)

a8 (b)2 20| Hz|=o| ot & £ a4 BE =50 BTt 7iWstH 2 HFE
7o 2 =XI0f| H|2|5t= 7| & (emf)O| LIEHHCE O 42 K| 8 W (Seebeck
effect)2f StOH, O|Mf 2l i RS K| TR L= 7|F = (Seebeck voltage or

emf)O|2f1 FEC,
O|et &2 a2 HEZ dd5t= F 0|F==5 At0|9] &t=(work function) X}O|
off 7| QletL}.

T4 A & A

+ ©
Tc< > L (@ €as > i b
C

o 4B Efj i 24 B E%j
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Ae,,=a(l,—1T,)

O : K| B A %=(Seebeck coefficient)

2| Of C}.

P UL, O] gOM 2=
'OEI

12

Cu

copper-constantan (Type T)
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« Thermocouple assembly

R
-ou“-

WMEASUREMENT JURCTION

‘.: %-# -. t a ==y '-

" B

THERMACOLUPLE
COMNECTQRS

x . m
:—THEEMDCUUPLE
COMNDUCTARS

INSTRUMENT

y
=

THEEMOUOUPLE
EXTEMSION WIRE

COLD JURETION COMPENSATION
CIRCUIT WITHIN INSTRUMENT
{REFERENCE JUMNCTION)

PO
PO
D
)

@

~

%

JO0F |
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« IS5 XL L EM R, AIR2CHE, EN
=e A Ng 2= w9 W =
e (1) (—)
PO [% ) PEOAI%D | o |-}, 894 B9/ g
B | R0 [%]) RhG %D P LCTIRIC) e e n g ay
PEOD[%]) 1 3o}, 24 24 9
S| Rh(10[%) Pt OICI-MRIC]) 5o’z 5
Pt [% ] , v |2 27H, BRAA B ot
R | Rnqs[%) ™ PC-Ule)]. e 253
ZEA(Chromel)| € F=2(Alumel) o [C] - ?H} de] AHgE
K | N#90[%) NI [%]) N R R
Cr1ol%) | ALMp.SiE 4% a9 2EA BoriaA A
= A eheH Constant an) 0[] ey | M B R
E 23w Cal55 [%)) MLy |- 294 2979 o
Nité5 [%]) Kan Az
e o ter |- 29 5€7 4T
] . =2gw  PICH00C] | D) 29a sae
o W] Ae 248
Cu z2dd “350[c] |- sEas] 4o
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30

a,+ax+ ax*+ ax* +axt + 0+ a,x"

60
4

2500

o

20}

—

L—

1500

2E("0)
= == 20 CHsHA

1000

000

~
H

F7] ol A

o = Hit

o ClA



= TS| 24

- gHOfol ¥IIMEe £ FHHL 7| FHH
J|FHEO 222 YNSA RXIsHs 0| IS SRt

- X, QHOY QI FHL JIFEH 257 0PCY Ul HOE B
St QICH WatM, 7| EH ™| 227} 0CI7t OFE Z2E S7HX 22 o)
PHEEE J|FHY 220 oot TIIMES B BT

- E7]0)= Y20|Lt HAHAZIO 2 0 °C B WSO} 20| 22 H
oz Malsta 9ok

182 25 Xtof oohiM 28EEE,

=
o 1 —
ZER|0 24 (software compensation)

> otEQ0] E2&f(hardware compensation)

HARDWARE COMPENSATION SOFTWARE COMPENSATION
Fast Requires more computer
Restricted to one thermocouple manipulation time
type per card Versatile - accepts any thermocouple

2 1PCL ”
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« 2T EQ|0 E e (software compensation)

- BRHE 0|80 Y AAEHHME 7882 E R CHE =22 A
MNE F510 AFHE EL EHNOQ 2E5FAUZE AZTEQOFL
= HATHO}

- O8I0 7[E BE (et )2 B2 2E2 RAEHEE S22 =5
(isothermal block)dl BH=0{TICH HA 7|&F HHEO| 2L E L& 2/
M(RTD, MO|AH, ICZEMM S)E 589 7|22 T2 2854 O
A=s 7t 7|88 1Y V. Halol O, MYAZE 5= MY Vo
N VS WMCEH O] A28 E V.0 #A5fX|H O] V.= 2 T,2= H#
StolCh O 82 AFE 7t ="t}

- ATEQO HagAR O
Ao = M8 7Is%t Ot Slock

oC
%I:AC-Dlol (JBJIKE_LHl_l-DI_:I 7|Z'|_SII=_I|II:-II o ‘/‘TemperaturezTREF
2L & Aok O 719 Fe

AlZHO| @ FL=ICH e |

JB
) >
| Mg
- ez =™ E X O e =4 @J et
2 37| YBIMLE B A &) %
HAN HFAIS A}

—ZZiPCL |
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- SIES|0| B & (software compensation)
- dEl(a)et £0| 7|8 Ee =il MY

o Qotd, O EM4My 7[&EEE M

HE HY0| orC) BAL MY LD

= o =

- 18 (o= O|2t €2 J2[E 0|8t &

(electronic ice [)oint reference)O| 2t
T MM R2 &0|0, O|X| 7|&=&H 2

el ve Ay 22 Wl 28 Ho

- 5PE%I401 HYEMUNE 7|e2 =S
0

=2 X}
-

o
S80| AL}, 7h7Hel ML FF

VIR
v

ﬂ____
i)
T
-
|
|
] =
L]
Pl
L 4+ 11

L — —_——

HARDWARE COMPENSATION CIRCUIT
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= Al7|7
| 2K

Srd

g

oF =
o d
HSHD

o
O

HFA
= O

]

Mo
:

o HI

DVM
CLD

Z1&3A

CH b A

_l

A
L

]
=

b AlZIAO12] AE|7F B E2 SH0

LR 2 ki

<

gn, Fel gMo=
AL 227t HAE O QA7

S PS|
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2
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0] &2
L—I| O TT

;

HL
z
|.|-|
>

o
> E.F“a(extension) '
Moot sst MAES *f

A ZESE 2 O [H_Q_'é'I-ZLQ JyK-]

S A AT ocHO=
- N g
- A E2ERR0 Hfs Be
- QXA

- ESEANNM X7 2l
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Lol =L

2
ADVANTAGES DISADVANTAGES
Mo Excitation Required Non-Linear
Inexpensive Needs Absolute
Temperature Reference
Wide Variety of Materials Small Voltage
Qutput Signals

Wide Temperature
Ranges

Very Rugged
Thermocouple Advantages and Disad-

vantages

2 1PCL
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4.5 Bt X 2= AA

M8z 2k AAMSHH MO[AR, EMO], RTD 0| =2 AL L[RUALT.
Ol B2 S40| HAMds &7 MZ0f F0M A Mo ELR
1t; linearization)& &5}0 &M =HZ =L}

i HT
A&

=0 = CHO|RELE ERIX|AE 2EAIMQ A Aot 325 ZH|teH IC
=AM 7L IREE[O] AREE[LL RULY,

N LM14zD0C
LM12454C IV
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» CIO|QEQI ESHX|AE 2 MM
dHE | CIO|QEE 0|83t 2 EMAlE pn HEto| Za|e wuet Mol 2
T O|=EME 0| 83T}
CHO|REQ MY = Q7SS = I CIO|REY S E= HF= Ca A=

Fofzict

V

I:Iﬂ[exp ( E:T)_ 1] ]=IS(6VT —lj Vs, :k—T=25mV (@ room temperature
q

V:@m(iﬂ) AN

@ (b)

L2 1IPCL
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Zt
A

A AMOUM Y22 BA7 HHL2 2 A ZX2, 2H 2 CO|REN M=
ALY ZATF 7 O 7 S22 = A950 A Eot 25 9|EF=
HX7] W20 2Xr7F T A oHCt

CHOjRE 2EAINe 5§ HE= -2 mV/°CO|Ct.

ZZ71PCL
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= IC dIMe] 7= e

M2 CHe M Ys 2 Skt
9| base — emitter Y X}E 0| &L}
Ve = Ve - Ve

M3t RO YEIHQrS EFMX|AE Q1 Q,0 B-E
MO Xjot Ztom

Jer @ ey O B (g /e, )7F LESHH SR E|= B, O]
AMBH R Sk 25 o 1C 2EMAMQ| CiE 0| o Y22 0|8t}

2 1PCL
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= |C MM O () - AD

+ EE 2l
18 @9 LiEs|Z0A, MF 0|2 | e
(current mirror) 2| 20 2|5 A lco=lc11 é %‘ % ﬁi @
2 0ts3, Q0 MRUELE Q9 8t (e L L
7} 5|3 QIck 1 20| Q.0 H#|0]A0] it
OB TR Vgeo 2 Q2] H|O[A0[0[E & —é‘; Ll
B Vggqq ATO[Of ®R{Xp7F okt :u:rm|— -

Ve = Vg Ve ) 3. 2 )
O MRUXIZ} L@ RMZHAZ =IC} O o Ny ’
Mefkte W2 eEA4+E 2 gaNy ST
Rs 2t Vg & S8l MR =2 Hetelr s [ 116
(@} HF3=
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=27 =4
- MF Z=Y(currentoutput) : ZE= 1 uA/°C ~ 3 uA/°C
- M =" (voltageoutput) : == 10 mV/°C

+ +
| i=1uA/K T
63 E‘ﬂ,’;ﬂ T » To DV
-

10ks: To DVM
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o
- 250 st =8| AM-d0o| 252
- =8 QUOEAVHE
- S8 M o] 2
- M7 BRs 480l Yl AUS
- 48 EHX[AHS 2R EY HeE O|2otd Q7| 0| AFE2EH
{71 ot E| 0 F
Ol 20 &2 4= Z4ZE |0 2EMM2 E4 o
z2d A AR =2 HY =N
ADS92CN 1[eA/K] | —B[T]~+106[T] 10.5[T]
ADT43 20.0[my/T] 5[T]~+100[1] £1.0[7]
ADZ2I00K | 2Z.5[mV/T] |-50[T]~-+1501[T] £2.0[T]
LM3BA 0.0my/T] |-5%[t]-+150[T] £1.0[ 7]
LM35D 10.0[mV/ ] o[e]-+100 (1] 12.0[7T]
LM3B 0.0mv/T] |-3o[T]-+10[T] 12.0[T]
LME2 5.6[myv/c] |-wWwlcl~-+125[T] 12.0[T]
TC1046 6.25[mVv/T] | —40[T]~-+15[1T] +2.0[T]
TMP1 5mV/K] | -5[TC]~+125([1T] +1.0[T]
TMPLTF 1[eA/K] | —40[T]~-+105[T] 12.5[7T]

2 1PCL
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= IC WAM2 S8
(a) Analog temperature sensor

An ideal analog sensor provides an output voltage that

Is a perfectly linear function of temperature .

Analog
'

[
Vaur

o1l

-

T

Voltage output analog sensor

LM335
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%m

10k

+Vg
(+5V to +20V)

OUTPUT 10mV/°K
OuUTPUT

UDUT = +10mV/°F

LM34

4-21



Summary

Thermocouple
_»

-

VOLTAGE

-
TEMPERATURE

RTD
AN~

R

-

RESISTANCE

T
TEMPERATURE

Thermistor
R

LL

3

=

=

A,

LA

LL

(Wl

T
TEMPERATURE

|IC Sensor

Woorl é

i

VOLTAGE
or CURRENT

-
TEMPERATURE

[ ] =elf-powered

[ ] Most stable

[ ] High output

[ ] Most linear

o
% [ ] Simple [ ] Most accurate [ ]Fast [ ] Highest output
T [ ] Rugged [ ] More linear than [ ] Two-wire ohms [ ] Inexpensive
E [ ] Inexpensive thermocouple measurement
% [ ] Wide variety
=T [ ] Wide temperature
range
& [ ] Non-linear [ ] Expensive [ ] Non-linear [ ] T=200°C
@ [ ] Low voltage [ ] Current source re- [ ] Limited temperature [ ] Power supply re-
= [ ] Reference required quired range quired
o [ ] Least stable [[]amall AR [ ] Fragile [ ] slow
d [ ] Least sensitive [ ] Low absolute [ ] Current source re- [ ] =elf-heating
R resistance guired [ ] Limited configurations
= [ ] =elf-heating [ ] =elf-heating

L2 1PCL
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Sensor System Design




- Stepping motor, Buzzer, Relay
- Stepping motor & & 2|

- WAL E

« 7|12 OX| =218 0|5} (stepping motor)

O Z2IUS £HC] AQIK|0t BE M 4, YWY SS H
25|

e Buzzer, Relay ZE217H O|sliotl Of|N| == 1340 Cl{st S =
215}7|




