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//Introduction: From the VLSI layout perspective, to\
study the relation between shape of the

diaphragm versus better sensitivity and reliability.
Diaphragm Dimension

type (Hm)

Circular 250

JTa Square 443
Rectangle  396<500

Figure 1. Shapes of various diaphragms  Table 1. Dimensions

\ Thickness of the diaphragm 30um. /

‘Sensor Diaphragm Design: Deflection is given by
4 4 4
0 "W(X, Y) 20, 0 WZ(X, 2y) . owxy) _ P
ox” 0X“0y A Dh’
ERS P: Differential pressure
D = 19197 h: Membrane of thickness
\ ( ) D: Rigidity parameter Y

//Application Mode Using COMSOL \
Structural Mechanics: Used for structural design
of the model which includes pre-setting of sub-
domain consists of silicon as substrate/diaphragm
and polysilicon as piezoresistor. Resultant
deflection and stress are also studied.

Material System: Uses anisotropic models that
include local and global coordinate systems.
Conductive Media DC Module: Used to
investigate the changes in electrical connectivity
when the piezoresistors are arranged in

‘Wheatstone bridge configuration. /
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/Results: Deflection Analysis:
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Figure 2.Comparison of deflection in (a) circular (b) square

. (c) rectangular diaphragms at an applied pressure of 1MPa. /
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/Results: Stress Analysis:
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Figure 3. Comparison of stress in (a) circular (b) square
(c) rectangular diaphragms at an applied pressure of
1MPa.

/Results: Electrical Anal
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Figure 4. (a) Potential distribution in a square
diaphragm (b) Wheatstone bridge output voltage
and (c) Sensor output voltage sensitivity
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Conclusions:

(i) Deflection is maximum at the center of the
diaphragm and minimum at edges.

(ii) Maximum deflection is more in case of circular
diaphragm when compared to the square and
rectangular diaphragms.

(ili) maximum stress position is at the edge of the
diaphragm.

(iv) Stress is much larger in a rectangular diaphragm
(v) Sensor output voltage is smaller in the case of
circular diaphragm. For square and rectangular
diaphragms, the output voltage is almost same.

(vi) From layout aspects, square or rectangular
shapes are better.

(vii) Due to more stress compared felt by rectangular
diaphragm, the probability for the sensor breakdown
IS more.

(viii) Square diaphragm is preferable.

J

' 2
References:

[1] L. Lin, W. Yun, “MEMS pressure sensors for aerospace applications”, Aerospace
Conference, IEEE, vol.1, March 1998, pp 429-436.

[2] X. Li, M. Bao, “Micromachining of multi t thickness sensor-array structures with
dual stage etching technology,” Journal of Micromechanics and Micro engineering,

Vol. 11 pp. 239-244, 2001.

[3] A.L. Herrera-May, B.S. Soto-Cruz, F. L'opez-Huerta, and L.A. Aguilera Cort’es,
“Electromechanical analysis of a piezoresistive pressure Micro Mexicana de fi'sica,

Vol. 55, No. 1, Feb 2009, pp 14-24.

[4] G. Blasquez, Y. Naciri, “Static response of capacitive pressure sensor with
square or rectangular silicon Diaphragm” Journal of Applied Physics, VI. 22/7,
1987, pp. 505-510. )

Excerpt from the Proceedings of the 2012 COMSOL Conference in Bangalore



