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Synthesized analysis and its verification of the piezoresistive pressure sensor

o] F 3 o] AT 5 QT
(SeungHwan Yi * Gon-Jae Lee - Seungoh Han)

Abstract - Piezoresistive pressure sensor have become the successfully-commercialized MEMS product and the related
technologies have been well developed over the past decades. Regarding the design methodology, however, the
coupled—physics FEM analyses of the transducer itself and the signal-processing circuitry design based on the
conventional EDA are separated and both of the analyses were sequentially processed for the full design of the pressure
sensor. For the fast and effective R&D, new design methodology is proposed in this paper where the FEM results are
linked to the EDA environment and therefore most of the design works can be done in the EDA environments, which
means the time-consuming FEM analyses can be minimized. In order to verify the proposed approach, a typical
piezoresistive pressure sensor having the silicon diaphragm and piezoresistors was modeled and analyzed based on the
proposed methodology. The verification results showed that the simulated results were matched well with the measured
data within the 7% difference while the simulation time was reduced less than 5% compared to the conventional
methodology. Through the proposed approach, various types of the piezoresistive pressure sensors can be developed in
more effective way.
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Fig. 1 Concept of the synthesized analysis: (a) Conventional
method, (b) Proposed method
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Fig. 2 Piezoresistive pressure sensor: (a) Cross-sectional
view, (b) Photograph of the fabricated sensor
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Table 1 Material properties and conditions
&= at
Si Young's modulus 112.4 GPa
Poisson ratio 0.28
oixiat Ty 6.6x10° /MPa
iy s -1.1x107 /MPa
T 138.1x107 /MPa
& A S 0.1 um
AejE Astet E=A 0.15 um
clojot=3 7|= 37| 1000 um
Si ctolot=® 7|= A 15 um
=7 ME 4 kQ
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Fig. 3 Stress and displacement distributions on the
(a) Displacement, (b) Stress
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Fig. 5 Synthesized model of the pressure sensor
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Fig. 6 Output voltage as a function of the piezoresistor
location
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