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The Multi-objective Optimal Design of Thermopile Sensor Having
Beam or Membrane Structure
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Abstract

This paper presents the multi-objective optimal design of thermopile sensor having beam or
membrane structure. The thermopile sensor is composed of SisNa/SiOz dielectric membrane,
Al-polysilicon thermocouples and RuQ: thin film for black body. The sensing method is based on the
Seeheck effect which is originated from the temperature difference of the two positions, black body and
silicon rim. The objective functions of the presented design are sensitivity, detectivity and thermal time
constant. The modelling of the sensor is proposed including the package. The multi-objective
optimization technique is applied to the design of the sensor not only inspecting the modelling equation
but also simulating mathematical programming method. Especially, fuzzy optimization technique is
adapted to get the optimal solution which enables the designer to reach the more practical solution. The
design constraint of the voltage output originated from the change of the environmental temperature is

included for practical use.
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Fig. 1. Schematic diagram of thermopile sensor.
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Fig. 2. Structures of sensing area of thermopile
sensor.
(a) Membrane structure, (b) One beam
structure, and (c) Four beams structure.
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Fig. 3. Heat transfer processes of thermopile
Sensor.
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Table 1. Upper, lower and initial values of design
parameters.
S 7))
Xi Xy X3 Xy Xs X6 7 Xg Xo
X 200 1000 1000 300 200 05 100 200 6e’
X 700 10000 10000 4000 10000 40 10000 700 8e'
X 600 5000 3500 1000 2000 20 2000 600 8e®

¥ 2 HHHAE F£X4.
Table 2. Numerical examples of optimal solutions.

(&% Xium, SVIW, D%

103 em Hz Y2 /W, £ misec)

X X» Xs X4 X5 Xs X; Xs Xy S D’ t
700.0 | 10000 | 10000 300 2000 05 100 7005 0.06 266.4 585 2410
700.0 | 51285 | 22035 | 9495 2000 05 100 7005 0.19 8.6 1858 | 7726
2000 | 49903 | 33555 | 1667.8 | 16209 26 2000 2026 6.67 0.09% 479 398
2745 | 5000.0 | 32866 | 16069 | 17395 05 19070 | 270 6.13 111.0 282 65.0
2000 | 48920 | 3354.0 | 16329 | 16546 25 19745 | 2025 6.45 3762 334 15.7
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