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ABSTRACT 
 Pressure measurements in industries, biomedical and marine environment are of utmost importance to better 
understand the process stability, ocean processes. The influence of in-plane stresses of silicon plate with square, 
rectangular and circular shape have been investigated. The area of square, rectangular and circular form of elastic element 
has been approximated to be equal and the thickness is about 1μm. It was shown, that in-plane stresses can have a great 
influence on plate deflection and stresses distributions that should be taken into account at designing of piezoresistive 
pressure sensors. Finite element method (FEM) is adopted to optimize the sensor parameters, such as the membrane shape 
the deflection and stress caused by the different elastic membrane was analyzed to achieve higher sensitivity, larger full 
scale span and linearity. 
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1.  INTRODUCTION  

 Silicon piezoresistive pressure sensors are used in 
various applications, which include automotive, aerospace 
and biomedical engineering. These sensors have small 
size, low power, good performance and mass production 
for the micro machined process. Design of micro 
piezoresistive pressure sensor extensively adopts finite 
element method (FEM) to realize stress distribution 
prediction, sensitivity enhancement and nonlinear 
reduction . In recent years substantial research has been 
carried out on micro machined, diaphragm-type pressure 
sensors [1-5]. The MEMS sensors are fabricated by 
different manufacturing technologies such as bulk-
micromachining [6], [7] or surface-micromachining [8], 
[9]. Many of them use silicon and its piezoresistivity as the 
detection mechanism. These transducers function when the 
resistivity of the sensing resistor changes as the diaphragm 
deflects due to applied pressure. In order to increase the 
sensitivity, the diaphragms are made thinner so that the 
diaphragm has maximum deflection towards the input 
load. On the other hand, thin diaphragm under high 
pressure may result in large deflection and nonlinear 
effects that are not desirable. It is important to characterize 
the relationship between diaphragm thickness, deflection, 
and linearity, both analytically and experimentally in order 
to establish the design guidelines for MEMS pressure 
sensors. Square or rectangular plates are widely used as 
planar elastic element (EE) in piezoresistive and capacitive 
pressure sensors [10-12].Usually from the definition of 
deflection of mechanical member and to analyse the 
stresses in such elastic element a simplest model of elastic 
element is used. The elastic model is a thin silicon 
membrane. The thin silicon membrane is rigidly clamped 
plate and is loaded by cross-distributed loads of measured 
pressure. Usually for obtaining of numerical results the 
case of small deflection (w10.2h, w is the deflection and h 
is the thickness of elastic element) should be considered 
[13].In the more accurate model [14-15] the cross-
distributed load takes into consideration as well as 

mechanical stresses in the plane of elastic element. These 
mechanical stresses arises due to two factors as follows:1. 
High level of impurity, which causes mechanical stresses 
in crystal lattice of silicon. 2. In plane forces, this acts on 
the side wall of the plate and causes mechanical stresses in 
silicon crystal lattice. However, even if simplest model is 
used, there are no analytical solutions. Thus, numerical 
methods, like finite element method (FEM), finite 
difference method (FDM) are widely used for finding the 
solution. The accuracy of result obtained depends on 
selection of initial functions for describing of deflections 
(shape functions) in the Elastic Element. 
 
 
 
 
 
 
 
 
 
 

 
Figure-1. Pressure sensor. 

 

 
 

Figure-2. Displacement in case of rectangular diaphragm. 
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Figure-3. Displacement in case of square diaphragm. 
 

 
 

Figure-4. Displacement in case of circular diaphragm. 
 

2. DESIGN OF ELASTIC MEMBER  
 The square, rectangular and circular-shape 
diaphragms have been designed, and characterized. 
Figure-2, Figure-3 and Figure-4 shows the deflection of 
the rectangular, square and circular diaphragm 
respectively. These pressure sensors are constructed with 
surface-micro machined diaphragms by a micromachining 
process which uses LPCVD sealing to create vacuum 
cavities [16]. The process starts with cleaning the wafer. A 
thin layer, 0.15 m, of LPCVD silicon nitride is then 
deposited. The cavity area is defined by a first mask via 
dry etching process to etch into the silicon of 1 m in depth. 
The wafer then goes through a thermal oxidation process 
to create about 2- m-thick silicon dioxide at the cavity area 
and to construct a flat surface LPCVD oxide of 0.5 m is 
then deposited to form the etch channels. These etch 
channels are defined by dry etching. The depth of the 
cavity is about 2 μm followed by a 1μm LPCVD 
polysilicon deposition, etch holes patterning (mask 3), and 
dry etching .The oxide in the etch channels and the cavity 
are now cleared by concentrated hydrofluoric acid (HF) 
etching. The second layer of polysilicon with 1μ m in 
thickness is then deposited by a second LPCVD 
polysilicon deposition step, which seals the etch holes and 
channels and creates a vacuum environment inside the 
cavity [17]. The size of the square diaphragm is 100 μm 
and the depth of the cavity is 2 μm and the thickness of the 
diaphragm is 1 μm.the circular diaphragm is also 
fabricated with the same procedure. Fig 1shows the cross 
sectional view of the fabricated pressure sensor. Times is 
specified, Times Roman or Times New Roman may be 
used. If neither is available on your word processor, please 
use the font closest in appearance to Times. Avoid using 
bit-mapped fonts. True Type 1 or Open Type fonts are 

required. Please embed all fonts, in particular symbol 
fonts, as well, for math, etc. 

 
3. SENSITIVITY ANALYSIS  
 The sensitivity analyses are based on small 
deflection theories of plates. In classic mechanics, 
analytical solutions can be found for the pressure-
deflection relationships of plates made of isotropic, 
homogeneous, linearly elastic materials [18]. Analytical 
models have been established for diaphragms with simple 
geometry such as square, rectangular, and circular shapes. 
For the case of circular-shape diaphragms under small 
deflection, the radial and circumferential strain with 
respect to the applied pressure can be derived as [18] 
 

 
 
 
 
 

 

 Where E is the Young’s modulus, q is the applied 
pressure, and υ is Poisson’s ratio. The thickness of the 
diaphragm is represented as h and the radius as a. 
Subscripts r and Φ represent the radial and circumferential 
directions, respectively.  
For the case of square-shape diaphragm under small 
deflection, a combination method suggested by 
Timoshenko is used in this paper [18]. It is assumed that 
the total deflection of a rectangular-shape plate with 
clamped edges is the summation of three components:ω1, 
ω2, and ω3. The first component comes from the deflection 
of a simply supported plate under the same applied 
pressure. The second and third components are introduced 
to preserve the clamped boundary conditions. The 
following equations are derived for a rectangular plate 
with widths of a and b and bending stiffness D under an 
applied pressure q. The strain is solved. The circular-shape 
diaphragms are found to have similar characteristics as the 
square ones. In order to characterize the diaphragm, a 
program has been developed for both the square and 
circular diaphragms 
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4. RESULTS AND DISCUSSIONS 
 Finite element analysis was performed for the 
diaphragms of square, rectangular and circular shape with 
approximately equal area .The thickness of the diaphragm 
was about 1μm.The analysis was carried out in room 
temperature. The diaphragms with different shapes were 
subjected to a range of pressure from 0 to 35 MPa. Figure-
5 shows the deflection of a square diaphragm. It has been 
seen that the deflection of the square diaphragm is nearly 
two times greater than the rectangular diaphragm 
displacement as shown in Figure-6.The pressure range of 
both the diaphragm is nearly equal. The Figure-7 shows 
the deflection of a circular diaphragm of radius 60 μm. 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure-5. Displacement versus pressure for Square 
diaphragm with side 100 X 100μm. 

 
 The deflection is greater than the square 
diaphragm with sides 100 μm, but the pressure range of 
the circular diaphragm is 2MPa, which is small compared 
to the square diaphragm. Figure-8 shows the comparisons 
obtained between the different shapes of the diaphragm. 

The x-component, y-component and z-component stress 
analysis graph is shown in Figure-9, 10, 11 for square, 
rectangular and circular diaphragm respectively. It was 
found that the graph was linear for square and circular 
diaphragm. The y and z-component graph was non-linear 
for rectangular diaphragm. This is due to the non 
distribution of stress at the breath of the rectangle 
 
 
 
 
 
 
 
 
 
 
 
Figure-6. Displacement versus pressure for rectangular 

diaphragm with sides 110 x 90 μm. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure-7. Displacement versus pressure for circular 
diaphragm with radius 60 μm. 

 

 
 

Figure-8. Displacement versus pressure for different 
shape diaphragm. 

 
 
 

 
 
 

(a)   (b)  (c) 
 

Figure-9. Stresses versus Displacement for Square 
diaphragm.  

(a) x-component stress (b) y-component stress (c) z-
component stress for square diaphragm  
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(a) (b) (c)  
Figure-10. Stresses versus displacement for rectangular 

diaphragm.  
(a) x-component stress (b) y-component stress (c) z-
component stress for rectangular diaphragm 
 
 
 
 
 
 
 
 

(a) (b) (c) 
 

Figure-11. Stresses versus  displacement for rectangular 
diaphragm.  

(a) x-component stress (b) y-component stress (c) z-
component stress for circular diaphragm 
 
5. CONCLUSIONS 
 Finite element analysis is performed on the 
elastic element of the pressure sensor. The square, 
rectangle and circular shape of diaphragm of a pressure 
sensor was taken for analysis. It was found that the square 
and circular diaphragm gave good performance than the 
rectangular diaphragm. For low pressure range the circular 
diaphragm is best suited were as for high pressure range 
square diaphragm type pressure sensor is suitable. 
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