2001 54 AlxEks}=] A10W #3% 49

et LA ojst HHE riSEar dria]

e, =T, AN, olF ST, ofFZH T, A/, g AT AL AT

s

o]
rto
H
ML
Hel
g
1x

of

Finite Element Method Analysis for Temperature Profile
of a Planar Multijunction Thermal Converter
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Abstract

Real temperature profiles of a planar chromel-alumel mutli-junction thermal converter(TC 1) were
measured by thermal image. Temperature profiles as a function of input power of thermal
converters(TC 1~TC 6) were simulated by 3-dimensional ANSYS program based on finite element
method. Temperature difference between the hot junction and the cold junction for TC 1 was smallest
and largest for TC 6 and correspondingly, the voltage responsé for TC 1 and TC 6 showed the
smallest value of 3.09 mV/mW and the largest value of 4.03 mV/mW, respectively.
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Table 1. Design specifications of thermal converters.

Specifications TC 1 TC 2 TC 3 TC 4 TC 5 TC 6
Heater width [um] 60 60 50 40 30 20
Heater length {ym] 39502 | 3,385X2 | 3,055%x2 | 2,495%x2 | 1,855X2 | 1,470%x2

Input resistance of TC [Q] 300 248 270 280 270 320
Len = 70 60 50 40 30 20
Thermocouple width [zm]
Lai = 65 55 45 35 25 15
Thermocouple length [um) 350 350 350 350 350 350
Ratio of width to length 1/5 1/5.8 17 1/8.8 Y117 1/14
in thermocouple
No. of thermocouple 40 38 38 36 30 28
Output Resistance of TC {Q] 460 500 600 700 800 900
Diaphragm area [nn’] 371 321 2.85 231 1.73 1.37
Thermocouple arca [mmz] 1.96 1.68 1.32 1.00 0.63 0.39
Ratio of thermocouple area 0.53 0.52 0.47 044 036 0.29
to diaphragm area
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Table 2. Thermal conductivities and emissivities of materials.
NiCr SizN, SiO; Si Alumel Chromel Au
Thermal
conductivity 0.12 0.21 0.01 1.50 0.95 0.90 323
W' - KD
Emissivity 0.35 0.70 0.80 0.30 0.37 0.35 0.14
E 3@. TC 19 2% Aol WEHFW - am@- T
Table 3(a). Convection coefficients in the left side of TC 1.
dH A
10 24 70.8 120.4 152.8 196.2 244
(W)
Heat generation rate 4214 | 10114 | 29836 | 50737 | 6439.1 | 82680 | 94395
(W - cem™)
NiCr(heater) 8.61 8.92 10.09 11.26 11.86 12.47 13.05
Si3N4(Si-sub.) 2.30 2.32 2.44 2.69 2.71 2.82 2.87
SisNgy(back-side) 1.74 1.77 1.95 2.16 224 2.35 2.44
Chromel(center) 3.87 3.97 4.36 4.84 5.02 527 5.47
Alumel(hot junction) 4.08 423 4.78 534 5.62 591 6.18
Alumel(center) 391 4.00 4.40 4.89 5.07 532 5.52
Alumel(cold junction) 3.91 3.94 4.14 4.56 4.59 4.78 4.86
Au-pad(thermopile) 2.84 2.87 3.01 3.32 3.34 3.48 3.53
Au-pad(heater) 3.00 3.03 3.18 3.51 3.53 3.67 3.74
E 3b). TC19 = FdAolM YRAFW - m - T
Table 3(b). Convection coefficients in the middie of TC 1.
dH Ay -
- 10 24 70.8 1204 152.8 196.2 244
(m¥)
Heat i
eat generation rate 214 | 10114 | 29836 | 50737 | 6439.1 | 82680 | 94395
(W cm)
NiCr(heater) 8.61 8.92 10.09 11.26 11.86 12.47 13.05
Si3Ny(Si-sub.) 227 2.29 2.41 2.65 2.67 2.78 2.83
Si3Ns(back-side) 2.03 2.08 2.28 2.54 2.64 2.76 2.87
Chromel(center) 3.87 3.97 4.36 4.84 5.02 5.27 5.47
Alumel(hot junction) 4.08 4.23 4.78 5.34 5.62 591 6.18
Alumel(center) 391 4.00 4.40 4.89 5.07 5.32 5.52
Alumel(cold junction) 3.91 3.94 4.14 4.56 4.59 4.78 4.86
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Table 3(c). Convection coefficients in the right side of TC 1.
AH A
(W) i0 24 70.8 120.4 152.8 196.2 244
Heat generation rate 4214 | 10114 | 29836 | 50737 | 64391 | 82680 | 94395
W - cn™)
NiCr(heater) 8.53 8.85 10.00 11.17 11.76 12.37 12.94
Si3sN4(Si-sub.) 2.15 2.17 2.28 2.51 2.53 2.63 2.68
SisNg(back-side) 1.54 1.58 1.73 1.93 1.99 2.10 2.17
Chromel(center) 3.87 3.97 4,36 4.84 5.02. 5.27 5.47
Alumel(hot junction) 4.08 423 4.78 5.34 5.62 591 6.18
Alumel(center) 3.91 4.00 4.40 4.89 5.07 5.32 5.52
Alumel(cold junction) 391 3.94 4.14 4.56 4.59 4.78 4.86
E 4. AMEET|e) MM 371 Y AlE30|MH T
Table 4. Real and simulated dimensions of thermal converters.
TC 1 TC 2 TC 3 TC 4 TC 5 TC 6
AA =7
(mmz) 1.230x0.325 | 1.230x0.325 | 0.670x0.325 | 0.595x0.325 | 0.595x0.325 | 0.520x0.325
Alg e ol
7] 0.4825 X 0.14900.4280 % 0.14900.3910 X 0.1490|0.3395 X 0.1490|0.2765 X 0.1490/0.2395 X 0.1490
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Fig. 8. Heater temperature as a function of input
power of TC 1~TC 6.
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