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Charactenistics of a planar Bi-Sb multijunction thermal converter with Pt-heater
H C Lee’, J. S. Kim”, S. H Ham™, J. H Lee’, J. H Lee’, S. I Park™, and S. W. Kwon™™
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Abstract

A planar Bi-Sb multijunction thermal converter with high thermal sensitivity and small ac-dc transfer
error has been fabricated by preparing the bifilar thin film Pt-heater and the hot junctions of thin film Bi-Sb
thermopile on the SizN/SiO»/SisNs;-diaphragm, which functions as a thermal isolation layer, and the cold
junctions on the dielectric membrane supported with the Si-substrate, which acts as a heat sink, and its
ac~dc transfer characteristics were investigated with the fast reversed dc method. The respective thermal
sensitivities of the converter with single bifilar heater were about 10.1 w/a¥ and 148 w/W¥ in the air and
vacuum, and those of the converter with dual bifilar heater were about 5.1 W/ and 7.6 m/m¥, and about
53 w/mN and 7.8 wV/m¥ in the air and vacuum for the inputs of inside and outside heaters, indicating that
the thermal sensitivities in the vacuum, where there is rarely thermal loss caused by gas, are higher than
those in the air. The ac-dc veltage and current transfer difference ranges of the converter with single bifilar
heater were about *1.80 ppm and £0.58 ppm, and those of the converter with dual bifilar heater were about
+0.63 ppm and *0.25 ppm, and about £053 ppm and 027 ppm, respectively, for the inputs of inside and
outside heaters, in the frequency range below 10 Kk and in the air.
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Schematic diagrams of the thermal converter :

(a) cross-sectional view and (b) top view.
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Table 1. Characteristics of the thermal converters.
Heater type SBH DBHI DBHO 3-D MJTC
Heater resistance
77 185 207 340
(2)
Number of thermocouples 38 58 58 56
Total resistance of thermopile(k®) 78 11.8 11.8 5.0
Thermal sensitivity 10.1 51 53 (175)
{mV/ul) (14.8) (76) (7.8) '
AC-DC voltage transfer difference range
. o IEESY) +0,63 +053 -
{ppm)
AC-DC current transfer difference range 058 1095 027 +10
{(ppm)
R K in the air in the air in the air in the air
emarks
(in the vacuum)|{in the vacuum)|(in the vacuum)|(in the vacuum)
A8 A7 wReltl =& ¥ 1o Jed wlg  YEY A$ BEF dxd €7=g Jepdd 2%
2o 9d pifilar 362 AZY AWy = AFE  biflar IEHZ AFE dAAEr) e dAHI @
oA 339 UEHE A9 dpwr) guo]  bifilar SHZ AR EHEHI Y At R o ¥
Aol g & 4752 Jeh Y10 < drdoz FAHAIAE BFER, 2% bifilar
2% bifilar 3|E2 AzE QW= s £ 3EHe GAUEYIZE @ bifilar 3lE19 dABEI R
g e duxs Jedis ddoezde, oy
500 - 3(b)e] 2% bifilar 3|HY Z$ Z M 2AH
ir ®  S8H (n i) e fvieAD - do AFEFe UrA g2 HA T3t dHAEH
- mvim !
500 | t: Do ™ A o ne ggne duse I Ay gRojw, ¥
z v onen A @ guse 1o 3ERY 4498 dolozag A
o - Ve i
g, “° a7 oML g Ae @ a9 (frame)tole] Aelzh 18 3(a)
o ,
§ 300 | o] ©d bifilar 3]E 9 ALRU) O slrieA dARS
© | 5% AYE JBoze d&del g A7) YEY 7
£ 5.3 [mv/ By
$ 200 [me og Bt}
g @ bifilar Sl #F 5 ME AP T 1o B
E 100 5.1 [mV/mw] .
8 A 12025 BU1FAA AE EH daward
. o %8 471488 19 59 Jehidu &8 471439
Azt w2 i Hskgo] £% o 117.0 ppmol AT
T T T T ! 1 ke =] 1= r= =] T
o 5 10 15 20 2'5 3‘0 5 a0 @ bifilar “—1%0:]1510“ AF 26 VE °‘7};> o o
Mol Z2H g 5 B = nlrl 3 -
Input Power [mWI] 305 &3 o3 5 o 1035“]"’}’ t\;_]"\j']_l’—‘v 400=
Eot 3ee) A3gS HP 3458A digital volt meter
¥4 @EREve e gAY wE ¥ A A4 A2RE 19 69 JeEhidie 3iH
7148 54 Age AjZte] & Hy wzgd 29 <4 50 ppme
Fig. 4. Output thermoelectric voltage-input heater &4 3|8 A de] AL} vz A3 Aoz A

power characteristics of the thermal converters.
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