s}
[e}

&) (resistivity) (Q  cm)

prpM1+1ht+aﬂ2+aﬂ3+~J
= py(1+ayt)

y -> 289 AL exel

A << 2=AS

(x107® @m) 20T LA S

1.62
1.69
2.83
10.5
10.0
10~20
(0.047200)x10"

0.0038
0.00393
0.009
0.003
0.0050

* RFJAHL 2574 0.0045
20°CollA] 8.2Q -> 2500°CoflA] 100Q (100V, 100W)

* 52 X3A]: resistance temperature detector (RTD)
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9.2 Thermistor

Ni, Co, Mn, Fe, Cu IS &F 454

ZEAS -
Aedd: -100 ~275°C

N eAs
_ 1 &
R, dT,

a

AH&H: bridge o]&
4, 854
At HB s

(o] p s
o 715} E
> E7t YstoR AYYS

ofl) ZIHE T RIEA(DE)
PBN-41E-K2 4] 5kQ(25°C)
ex C0) A (kQ), £5% &2
shetgk | 71egk | e
1 13.36 | 14.35 | 15.38
10 9.16 | 9.76 | 10.38
20 | 6.166 | 6.516 | 6.869
30 | 4.209 | 4.448 | 4.688
50 | 2.055 | 2.203 | 2.355
80  |0.08014|0.8745 | 0.9520
100 | 0.4609 | 0.5082 | 0.5590

sS4 A EY _eq
I5tH thermistor?t Y32, A F/d3

|
=

Al

PBN-43-D2 &4 10kQ(25°C)

ex C0) Ag (kQ), £5% &2t
shekzl | 71k | A skak

0 29.175 | 30.00 | 15.38
10 18.825 | 19.531 [20.248
20 12.458 | 13.033 |13.624
30 8.4382 | 8.3965 |9.3725
50 4.1203 | 4.4057 |4.7073
80 1.6065 | 1.7492 [1.9031
100 10.92386|1.0165|1.1176




9.3 Thermocouple

j(Thermo-couple, Thermo-junction)

J. Seebeck(1770~1831) o] 1822\ o] ¥
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9.3.2 XY &

NIR=
(1) B B

Wl=-30% Rhodium(¥AH s 45) + ¥z~ 6% Rh (0°C ~ 1820°C)
(2) K &<

Chromel(90% Ni-10% Cr) + Alumel(95% Ni-2% Mn-2% Al - 1% Si) (-270°C~1372°C)
(3) ] B

Fe + Constantan (Cu - 43% Ni) (-210°C~1200°C)
(4) T &4

Copper + Constantan (Cu - 43% Ni) (-270°C~400°C)

t°C

* AF1; NIST Monograph 175 *

(1) ] type A9 574:

E=c,+cttet’+et++c,t" (E [mV], t [°C])

-210°C 760°C
to to

760°C 1200°C
8y = 0.000 000 000 0 2.964 562 568 1 x 102
& = 5.038 118 781 5 x 107 -1.497 612778 6
€ = 3.047 583 693 0 x 107° 3.178 710392 4 x 107
c; = -8.568 106 572 0 x 107® -3.184 768 670 1 x 107°
o = 1.322 8195295 % 107™"° 1.572 081 900 4 x 107
cs = -1.705 295833 7 x 107" -3.069 136 905 6 x 107"°
cs = 2.094809 069 7 x 107 ... ..
¢ = -1.2538395336x 10" ...,
cg = 1.563 172569 7 < 102 ...

t=cy+c, B+, B4 e, B++c,E" (E [mV], t [°C])

Temperature -210°C 0°C 760°C
Range: to to to
0°C 760°C 1200°C
cint -8.095 mV 0.0 mV 42919 mV
Range: to to to
0.0 mV 42919 mV 69.553 mV
Co = 0.000 000 0 0.000 000 -3.113 581 87 x 10°
e = 1.952 826 8 x10" 1.978 425 x 10 3.005 436 84 x 107
= -1.228 618 5 -2.001 204 x 107 -9.947 732 30
e = -1.0752178 1.036 969 x 107 1.702 766 30 x 10™
o = -5.908 693 3 x 107 -2.549 687 x 107 -1.430334 68 x 107
cs = -1.725 671 3 x 107! 3.585153 x 10 4.738 860 84 x 10°
cs = -2.8131513 x 1072 -5.344285x10°% ...,
Gy -2.396 3370 x 107 5.099890 x 107 ...

cs = -83823321x10° ... ...



(2) T type AT 54:

E=cytettet+et*++c,t" (E [mV], t [°C])

-270°C 0°C
to to
0°C 400°C
o = 0.000 000 000 0 0.000 000 000 0
e = 3.874 810 636 4 x 107 3.874 810636 4 x 107
& = 4.419 443 434 7 % 10°° 3.329222 788 0 x 107
¢ = 1.184 4323105 % 107 2.061 8243404 x 107
¢ = 2.003 297 3554 x 10°® -2.188225 684 6 x 107
cs = 9.013 801 9559 x 107*° 1.099 688 092 8 x 107!
G = 22651156593 x 10! -3.081 5758772 x 10"
¢ = 3.607 1154205 x 10°7° 45479135290 % 1077
& = 3.849393 9883 x 1077 -2.751290 167 3 x 10™°
= 2.8213521925x 107 L.,
o = 1.4251594779= 10 ...
By = 4876866228 6x 102 ...........
&y = 1.0795539270= 107 ...,
o = 1.394502 706 2 x 107 ...
s = 7.9795153927x 10" ...,

t=cy+te, E+e, B +e, B2 4+, E" (E [mV], t [°C])

Temperature -200°C 0°C
Range: to to
0°C 400°C
emf -5.603 mV 0.0 mV
Range: to to
0.0 mV 20.872 mV
G = 0.000 000 0 0.000 000
¢ = 25949192 x 10 2.592 800 % 10
¢ = 221316967 x 107 -7.602 961 x 107
¢y = 7.901 8692 x 107 4.637 791 x 107
cy = 42527777 x 107 -2.165 394 x 107
= 1.3304473 x 10™ 6.048 144 % 107
5= 2.024 144 6 x 107 -7.293 422 x 107

c7 =

1266817 1x 107



(3) K type 409 57:

E=c,+ette,t +et® ++c,t" (E [mV], t [°C])

€10

-270°C 0°C
to to
0°C 1372°C
0.000 000 000 0 -1.760 041 368 6 x 107

3.892 120497 5 x 107
1.855877 003 2 x 107
-9.945 759 287 4 x10™®
3.184 094 5719 x 10
-5.607 284 488 9 x 107
5.607 505905 9 x 107'¢
-3.202 072 000 3 x 107"
9.715 1147152 x 10
-1.210472 1275 x 107%¢

3.945012 802 5 x 107
2.3622373598 x 107
-3.285890 678 4 x 107
-4.990 482 877 7 = 107
-6.750 905 917 3 x 107
-5.741 032 742 8 x 107°
-3.108 887289 4 x 107
-1.045 160 936 5 x 107"
-1.988 926 687 8 x 10™°
-1.632 269 748 6 x 107

t=cytc, B+, B4 cy E++c, E" (E [mV], t [°C])

Temperature

Range:

emf

Range:

0°C
to
1372°C
(exponential term)

1.185976 x 10™
-1.183 432 x 10™*

-200°C
to
0°C

-5.891 mV
to
0.0 mV

0.000 000 0
2.517 346 2 x 10"
-1.166 287 8

-1.083 363 8

-8.977 354 0 x 107
-3.734237 7 x 10™
-8.663 264 3 x 107
-1.045 059 8 x 107
-5.192 057 7 x 10

0°C
to
500°C

0.0 mV
to
20.644 mV

0.000 000 0
2.508 355 x 10"
7.860 106 x 107
-2.503 131 x 10™!
8.315270 x 107

-1.228 034 x 107
9.804 036 x 10

-4.413 030 x 107
1.057 734 x 10°®

-1.052 755 x 10°®

500°C
to
1372°C

20.644 mV
to
54.886 mV

-1.318 058 x 107
4.830 222 x 10"
-1.646 031

5.464 731 x 107
-9.650 715 x 10™
8.802 193 x 10°°
-3.110 810 x 10°®



o 16.1) AZ719 71E2%=: 20 °C, K& 24O, AR KA 2.759 mV




9.4 ¥le x| & &£& AxX}t
* Analog Device AD590

150 °C o]stofAf AL

PIN CONFIGURATIONS
v+ 1 4 Ne
i AD590
TOP VIEW
(Not to Scale)
PIN 5 (EXPOSED PAD
V-2 { )‘ 3 NC
NOTES
1. NC = NO CONNECT. THE NC PIN IS NOT
EONDED TO THE DIE INTERNALLY.
g 2. TO ENSURE CORRECT OPERATION, THE
3 EXPOSED PAD (EP) SHOULD BE LEFT FLOATING.
Ul 8
Figure 1. 2-Lead Figure 2. 4-Lead LFCSP
FLATPACK
'i; -
3
= NC = NO CONNECT g
Figure 3. 3-Pin TO-52 Figure 4. 8-Lead 50IC

The AD590 is a 2-terminal integrated circuit temperature trans-
ducer that produces an output current proportional to absolute
temperature. For supply voltages between 4 V and 30 V, the device
acts as a high impedance, constant current regulator passing

1 pA/K. Laser trimming of the chip’s thin-film resistors is used
to calibrate the device to 298.2 uA output at 298.2 K (25°C).

The AD590 should be used in any temperature-sensing
application below 150°C in which conventional electrical
temperature sensors are currently employed. The inherent

low cost of a monolithic integrated circuit combined with the
elimination of support circuitry makes the AD590 an attractive
alternative for many temperature measurement situations.
Linearization circuitry, precision voltage amplifiers, resistance
measuring circuitry, and cold junction compensation are not
needed in applying the AD590.



9.5 ] BEY L5

* Pyrometry

Wien H¥ A (Wien's displacement law) ©]-&

18931 W31 wlo] MY AWE vjPoR Wi

b
)‘max - 7

AU ZF 2ot B g2 Ao wof vha|g|stc.
b=2.897721x10"° mK

800

u()) [ki/nm]

P IR
1500 2000

. 1

i L i
0 500

1000
A [nm]

SA] 2Ap AMEYS] R B

Lot

https://www.fluke.com/ko-kr/product/thermal-cameras/rse600

ZA¥Ho]: -10°C~+1,200°C +2°C
A RIA spectrum:
8 pym~14 pm (J})



