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Abstract
SiC is a well known wide band gap semiconductor explored for realizing the piezoresistive micro-electro-mechanical systems
(MEMS) pressure sensors for harsh environments. In this work a thin SiC diaphragm based piezoresistive pressure sensor was
designed by locating the resistors of different SiC polytypes such as 3C, 4H, and 6H-SiC, on highly stressed zone of the
diaphragm and analyzed. The sensor design parameters were extensively studied by executing the finite element method
(FEM) and piezoresistive simulation using device simulation software. The sensor characteristics were measured for different
SiC polytypes and compared for different design parameter variations to obtain the optimum sensor performance under the
influence of the pressure upto 8 MPa. Influence of temperature for heavily doped SiC polytypes is also studied. The simulation
results shows that the pressure sensor with 3C-SiC polytype offers higher sensitivity 7.3 μV/V/KPa as compared to 4H-SiC and
6H-SiC polytypes.
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1 Introduction

With the continuous increase in demand of high temperature
electronics and sensors for harsh environments, scientific
community concentrated the research and development on
large band gap materials such as SiC, GaN, diamond [1–3]
over the Si. In the case of Si, operation at increased tempera-
ture leads to high leakage current above 150 °C [1], and high
energetic radiation creates more defects which in turn device
fails [4]. As a semiconductor material, SiC is getting wide
acceptance because of extraordinary developments in wafer
growth technology, material deposition and etching process,
[5] and continuous decrease in the cost per wafer andmaturing
the SiC micro-electro-mechanical systems (MEMS) technol-
ogy. In the recent years, SiC is positioned as a prominent

candidate in sensing applications for harsh environments due
to its remarkable, extraordinary material properties such as
radiation resistance, higher thermal conductivity, low intrinsic
carrier concentration, chemical inertness [4]. SiC is being used
in terms of mechanical sensors in different fields such as
space, oil drilling, nuclear, military applications [6–8]. SiC is
not only suitable for creating the MEMS structure for sensing
applications but has also been used as a coating layer to pro-
tect the sensor in the corrosive environment [9].

SiC, due to the proximity of Si and C on the periodic table,
is a highly covalent material that forms tetrahedral which is
centered around either C or Si atoms [1]. The unique feature of
SiC is that it exists in a large number of different crystallo-
graphic structures, which are called polytypes, built from the
same Si-C subunit organized into a variety of stacking se-
quences [5]. These polytypes are described by the type of
the crystal lattice i.e. hexagonal, cubic, or rhombohedral and
the number of layers making up the repeat pattern [5]. There
are more than 200 polytypes broadly classified into α-SiC
formed at a temperature greater than 1700 °C and has a
hexagonalcrystal structure (similar to Wurtzite) and β-SiC,
with a zinc blende crystal structure (similar to diamond), is
formed at a temperature below 1700 °C [10, 11]. The most
common polytypes of SiC are 3C-SiC, 4H-SiC and 6H-SiC
which are extensively investigated by the researchers [12].
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The 3C-SiC is the only single β-SiC phase, whereas 4H-SiC
and 6H-SiC belong to α-SiC phase [12] and these polytypes
can be grown on the bulk SiC substrate [13, 14].

To understand the piezoresistive phenomenon in different
SiC polytypes, numerous studies have been dedicated.
Basically, SiC is an anisotropic material and its piezoresistive
coefficient depends on the crystallographic orientation of the
material. Phan et al. [15] characterized the orientation depen-
dence of p-type 3C-SiC. However, the interesting fact about
hexagonal lattice is that the piezoresistive coefficients on the
sides of (0001) plane for 4H-SiC and 6H-SiC areisotropic [4,
16]. The isotropic nature is more favourable for the design and
fabrication of the sensors.

The piezoresistive effect is one of the most significant and
widely used pressure sensing mechanism used for developing
MEMS sensors as compared to other physical effects such as
capacitive, optical fibre, and others. This sensing effect has
been extensively used to detect mechanical signals such as
pressure, force, inertia, acceleration, deflection, stress, among
others enabling the miniaturization, and integration capabili-
ties of MEMS devices with low power requirements, and sim-
ple readout circuits [17]. The different materials such as Si,
carbon nanotubes, SiC, Si nanowires, diamond etc. are exten-
sively used as piezoresistive sensing elements for realizing the
pressure sensors [4, 17–20]. Si is being widely used since the
discovery of the piezoresistive effect and greatly benefited by
mature fabrication technologies. However, Si is not a promis-
ing candidate for high temperature applications because of its
relatively low energy gap 1.12 eV and plastic formation at
elevated temperature [4]. The emergence of SiC as a
piezoresistive element in the semiconductor domain solves
this issue because of its wide band gap, low coefficient of
thermal expansion and chemical tolerance [4, 21]. In addition,
SiC offers high young modulus, and high carrier mobility
which makes it more attractivematerial to design and fabricate
the electronic devices and sensors to survive in high temper-
ature and the chemical environment without degrading their
performance.

All polytypes of SiC shows the piezoresistive effect. Many
researchers used 3C-SiC in form of the thin film grown on Si
substrate by anisotropic etching of Si in KOH solution and the
piezoresistors by reactive ion etching of SiC [22]. Generally,
4H as epilayer form on SiC substrate is commercially avail-
able [23]. The other polytype of 6H as epilayer, grown on SiC
substrate, is reported to be used as the pressure sensor. There
are also reports [24–26] for the growth of 3C-SiC on hexago-
nal SiC substrate which, however, is yet to be demonstrated
for sensor applications and they are also not available com-
mercially, to the best of our knowledge. These reports moti-
vate to compare the effect of SiC polytypism when SiC dia-
phragm is created using the bulk SiC substrate and different
polytypes of SiC are considered as epilayer to compare the
sensitivity of the pressure sensor.

This article investigates the piezoresistive MEMS pressure
sensor composed of a square size SiC diaphragm and SiC
polytype based piezoresistors. SiC polytypes such as 3C-
SiC, 4H-SiC and 6H-SiC were used as the piezoresistive sens-
ing elements and were placed on the top surface of the dia-
phragm at the highly concentrated stressed zone to maximize
the sensitivity of the pressure sensor. The physical dimension
of the diaphragm was designed using the bulk SiC substrate
and optimized for different parameters such as geometry, side
length, thickness, diaphragm deformation and mechanical
stress by executing the extensive finite element method
(FEM) simulation under the influence of uniform applied
pressure up to 8 MPa. The pressure sensor modeling and sim-
ulation was performed using the device simulation software to
calculate the effect of SiC polytypes on the sensitivity of the
pressure sensor by varying the doping concentration, bias
voltage and resistor thickness. The simulation results were
analyzed and compared for all the common SiC polytypes
which indicated that the proposed pressure sensor structure
could be used for all SiC polytypes for the fabrication of
piezoresistive pressure sensor for harsh environments.

2 Sensor Design Theory

The piezoresistivity effect is established as the main transduc-
tion mechanism for pressure sensing applications to measure
the pressure by recording the change in electrical resistance. A
diaphragm based pressure sensor is simple in design. The key
mechanical structure of a diaphragm based pressure sensor is a
flexible thin diaphragm and deflects under the influence of the
pressure diaphragm. In addition to deflection, the other param-
eter of the diaphragm is mechanical stress which is felt on the
application of the pressure. The other key sensing element is
piezoresistors. In the presence of external pressure leads to a
change in resistivity of the sensing elements accordingly [4].
The basic structure of the piezoresistive pressure sensor is
shown in Fig. 1. In the following sections, mathematical anal-
ysis is carried out for flexible diaphragm followed by
piezoresistor on the application of pressure sensor.

Piezoresistors

Diaphragm 

Fig. 1 The schematic of basic piezoresistive MEMS pressure sensor
structure
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2.1 Mathematical Analysis of Thin Diaphragm

The diaphragm can be made of different possible geometries
and among them, square, circular and rectangular are more
common. The square size diaphragm is considered over other
rest of the geometries because it offers maximum mechanical
stress, and therefore, maximum mechanical sensitivity can be
obtained over diaphragms of other geometries with the same
plane area [27]. Additionally, from the fabrication point of
view, it is easy to dice the square diaphragm from the standard
SiC wafers.

Mathematically, it is very much important to first quantify
the mechanical stress and the deflection in the diaphragm with
pressure. Elastic deflection of diaphragm is considered for the
calculation where the diaphragm is taken as a plate and its
deflection depends upon its material properties, geometric
configuration and boundary conditions, and on the magnitude
of the loading for which it is suspended. The commonmethod
for the analysis of suspended diaphragm as a function of pres-
sure is to adopt load-deflection method provided as the
pressure-deflection relationship of a flat square diaphragm
clamped at all four sides and is represented by the following
equation [28]:

Pa4

Yh4
¼ 66:2

1−v2ð Þ
y
h

� �
þ 31:1

1−v2ð Þ
y
h

� �3
ð1Þ

where P is applied pressure, Y is Young’s modulus, ν is
Poisson’s ratio of the diaphragm material, a is the side length
of the diaphragm, h is the diaphragm thickness, and y is the
centre deflection of the diaphragm.

The two terms related to y/h and the second term related to
(y/h)3 present in Eq. (1). The significant observation is that the
small deflection theory is considered when the diaphragm
deflects 1/5 times the diaphragm thickness, otherwise a large
deflection theory can be adopted for diaphragm analysis. To
maintain the linearity between applied pressure and stress it is
obvious that the diaphragm must deflect at the center and the
deflection must be less than the quarter thickness of the dia-
phragm. Thus, to understand the mechanical performance of
the square diaphragm, the first term of Eq. (1) is given below
is considered under the uniform load:

y ¼ Pa4 1−v2ð Þ
66:2 Yh3

ð2Þ

Mechanical stress is another crucial factor which deter-
mines the dimension of the diaphragm hence it is required to
establish the linear relation between the applied pressure and
the mechanical stress. The maximum stress σmax occurs in the
middle of the diaphragm edges, and is calculated by using the
following Eq. (3) [28]:

σmax ¼ 0:3078
Pa2

h2
ð3Þ

In square diaphragm, the symmetric stress component in xx
and yy directions are calculated by using the following
equation:

σxxð Þmax ¼ σyy
� �

max ¼ 0:3078
Pa2

h2
ð4Þ

where σxx and σyy are mechanical stresscomponents in xx and
yy directions, respectively.

For designing the square shaped SiC diaphragm mechani-
cal properties: Y = 448 GPa, ν = 0.21 and material density =
3.3 g/cm3 were considered [4]. The side length of the square
diaphragm was optimized at 1500 μmwhereas its thickness at
50 μm to measure the pressure upto 8 MPa (Table 1).

2.2 Mathematical Analysis of Piezoresistors

The next important sensing element of the pressure sensor is
piezoresistors. The mechanical stress due to pressurechange
the resistivity of the piezoresistors. The relative change of
resistivity is greatly influenced by the applied stress (σ) and
can also be presented as a function of the applied stress, and
piezoresistive coefficient.

The piezoresistance properties of SiC material were quan-
tified using piezoresistancecoefficients, π, which relate the
change in piezoresistivity to stress and are expressed in Pa−1

[21]:

Δρ
ρ

¼ π:σ ð5Þ

In a single crystal semiconductor material, the relationship
between electric field Eand electric current density J is given
as [29].

Ex
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2
4

3
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The change in electrical resistance R in SiC is given as
follows:

ΔR
R

¼ Δρ
ρ

¼ πlσl þ πtσt þ πsσs ð7Þ

where σl, σt, σs are the longitudinal, transverse and shear stress
respectively, and πl, πt, πs are the longitudinal piezoresistive
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coefficient and transverse piezoresistive coefficient respec-
tively. The πl, πt, πs can be represented as π11, π12, π44 as
the fundamental piezoresistive coefficient on the principal ax-
is. Table 2 shows the piezoresistive coefficients for 3C, 4H
and 6H-SiC. It is obvious that 3C-SiC offers the highest
piezoresistive coefficient as compared to other hexagonal
polytypes. These values are used in the piezoresistive simula-
tion to compare the sensor sensitivity of these polytypes.

The piezoresistors are arranged on the front side of the SiC
diaphragm and configured as a Wheatstone full bridge. The
electrical output voltage proportional to the pressure can be
represented using the following Eq. (8):

Vo ¼ 0:3078

2
πl−πtð Þ 1−υð Þ: a

h

� �2
:P:Vs ð8Þ

where Vo represents the output voltage and Vs as the bias
voltage for the operation of the pressure sensor.

The Wheatstone bridge circuit, an ultra sensitive and pre-
cise technique, is considered to measure the changes in elec-
trical resistancein voltage mode. In the presence of the exter-
nal pressure, there is a change in the bridge output voltage and
it is perfectly balanced under the condition when all the
piezoresistors viz. R1 = R2 = R3 = R4 and therefore a small
change in the resistance can be detected and measured. In
addition, a change in the temperature will affect all the resis-
tors equally, cancelling each other and reflecting zero change
in the output voltage. Thus if the resistance changes with
temperature then it is the same amount for all piezoresistors
and the bridge is balanced perfectly.

The pressure sensor sensitivity is defined as a change in
output voltage per unit change in applied pressure and it can
be expressed as Eq. (9):

S ¼ ΔVo

ΔP:Vs
¼ ΔR

ΔP:R
ð9Þ

3 Sensor Architecture

The pressure sensor consists of two key elements: Square flat
thin SiC diaphragm and p-type piezoresistors. The square di-
aphragm of size of 1500 μm sidelength and thickness in the
range of 30 to 70μm. This diaphragm is supported by 750 μm
wide structure underside of the surface around the diaphragm
edges. The split piezoresistors are placed in the centre of the
edges of all four side of the diaphragm as shown in Fig. 2 to
obtain the maximum mechanical sensitivity. The p-type
piezoresistors are doped with density in the range of 1014 to
1019 cm−3 and thickness 1 μm. All the piezoresistors are in-
terconnected using metal lines in Wheatstone bridge
configuration.

Table 1 Design parameters for SiC MEMS pressure sensor

Component Mechanical dimension (μm) Element thickness (μm)

SiC Diaphragm 1500×1500 50

SiC Polytype Piezoresistors 10(W) × 400(L) 1

Interconnector 10(W) 1

Metal Pads 160(W) × 160(L) 1

Table 2 The piezoresistive coefficient for SiC polytypes

Polytype Piezoresistive coefficient in 10−5 1/MPa Reference

3C-SiC π11=1.5, π12= −1.4
and π44 =18.1

[4]

4H-SiC π11=6.43, π12= −5.12
and π44 =0

[16]

6H-SiC π11=6.53, π12= −4.7∗
and π44 =0

[30]

*Assumption for simulation work due to non-availability of data

Piezoresistors

Metal lines

Diaphragm 

Fig. 2 Schematic of SiC split piezoresistors placement in Wheatstone
bridge configuration on the SiC diaphragm
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3.1 Sensor Simulation with SiC Polytypes

The pressure sensor simulation work is carried out by using
commercially availableMEMS device simulation software for
different design parameters such as pressure range, diaphragm
thickness, resistor thickness and SiC polytypes as different
sensing materials to calculate the mechanical stress, deflection
and sensor sensitivity.

To optimize the size of the flexible diaphragm for the op-
erating pressure range, the diaphragm was designed using
device simulation software. The diaphragm thickness is a cru-
cial factor to determine the operating range of the sensor. To
determine the optimum thickness of the square diaphragm of
side length of 1500 μm, FEM simulation was executed by
varying the operating pressure range and mechanical stress
induced in the diaphragm. The mechanical simulation was
executed by considering the diaphragm thickness in the range
of 30 to 70 μm and simulation results are obtained by varying
the pressure in 0 to 8 MPa range as depicted in Fig. 3. It is
obvious from Fig. 3 that mechanical stress generated due to
pressure increases linearly by varying the pressure for all the
considered thickness of the diaphragm. To optimize the dia-
phragm thickness, the mechanical stress with respect to thick-
ness at 8 MPa, FEM simulation is analyzed for 30 to 70 μm
range. The response curve Fig. 3 shows that as the diaphragm
thickness increases the stress magnitude gradually decreases.
To achieve the higher mechanical sensitivity for the sensor
higher stress plays a significant role but at the same stress must
be well below the yield strength of the material i.e. 21 GPa.
Thus the diaphragm thickness is decided at 50 μm by consid-
ering the safety margin of yield stress well below one fifth of
the yield strength to design the pressure sensor.

To know the stress profile at the surface of the diaphragm
further stress analysis was performed. Figure 4 shows the

mechanical stress components i.e. Sxx and Syy in the longitu-
dinal directions, and the same components are transverse di-
rections as well due to square shape geometry. The difference
between the stress components (Sxx and Syy) is significantly
less as shown in Fig. 4 with a flat line around the central zone
of the diaphragm and maximum value along the central edges
of the diaphragm. In addition, a contour plot of the Von Mises
stress produced in the diaphragm under the uniform pressure
is also depicted in Fig. 4. The plot indicates that the
piezoresistors can be placed along the centre of the edges.
The other important information is that there is a deformation
of diaphragm deflection in the presence of the pressure. Thus,
it is decided to place the piezoresistors along the centre of the
edges in the split form where the diaphragm offers maximum
stress which is very essential to change the resistance of all the
piezoresistors equally.

To obtain the linear performance of the pressure sensor, the
other factor is the diaphragm deflection. As discussed in sec-
tion 3.1, the diaphragm deflection is more linear when it de-
flects less as compared to its thickness. Figure 5 shows the
distribution of deflection on the SiC diaphragm at full load
which is significantly less as compared to the thickness of the
diaphragm to assist in obtaining the linear output voltage due
to linearly varying pressure. The maximum deflection is
10.5 μm as compared to the thickness of the diaphragm.
Thus diaphragm thickness at 50 μm is more favourable by
considering the mechanical stress and its deflection under
the measured pressure range.

4 Results and Discussion

To understand the effect of SiC polytypes on sensor sensitiv-
ity, the effect of different design parameters like diaphragm
thickness, pressure, power supply voltage, resistor thickness
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and resistivity are considered to execute the simulation using
device simulation software.

4.1 Supply Voltage

The piezoresistors arranged in a Wheatstone bridge
configurationare biased by applying the bias voltage. In the
absence of external pressure, all the piezoresistors are perfect-
ly balanced and ideally offer zero output voltage. In the pres-
ence of external pressure, the piezoresistors imbalance and
exhibit change in the electrical resistance and in turn produces
the output voltage. The sensor response at 8 MPa by varying
the biasing voltage from 1 to 5 V as shown in Fig. 6. It is
obvious from Eq. (5) as the stress (i.e. pressure) changes the
material resistivity which in turn change in the output voltage
showing a linear change in the output voltage with the change
in bias voltage applied to the bridge and it is uniformly true for

all the semiconductor materials. Hence, all the SiC polytypes
also show linear behaviour as the bias voltage is varied. It is
concluded that for a fixed pressure for the same diaphragm
thickness, same size, the output voltage increases linearly with
the input supply voltage. All the three SiC polytypes show the
linear behaviour as given by Eq. (8) and 3C-SiC generates
higher output voltage as compares to the other SiC polytypes
(Fig. 6).

4.2 Doping Concentration

Doping concentration is another important designing parame-
ter which affects the sensitivity of the pressure sensor. In this
simulation work, to investigate the effect on all the p-type

Fig. 5 Diaphragm deflection under the influence of pressure at full load
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piezoresistors were doped in between 1014 to 1019 cm−3range
by considering the resistor thickness at 1 μm. The metal line
connects all the piezoresistors in Wheatstone bridge configu-
ration and piezoresistive coefficients of metal were considered
at zero so that they can not affect the output voltage. The
doping concentration variation effect on sensor sensitivity is
shown in Fig. 7 under the influence of 8 MPa and operating
voltage at 5 Vdc. The 3C-SiC offers higher mobility over 4H-
and 6H-SiC [21, 30] and as the doping concentration in-
creases, the mobility decreases which in turn gradually de-
crease the gauge factor hence output voltage as well [31].
The higher output voltage shown by 3C-SiC is due to higher
piezoresistive coefficients. Thus, doping concentration affects
the performance of the pressure sensor and in turn, degrades
the sensitivity of the sensor.

4.3 Piezoresistor Thickness

The piezoresistor thickness is another crucial parameter which
affects the sensitivity of the pressure sensor. The maximum
stress due to external pressure is generated in the middle zone
of the side length diaphragm as depicted in Fig. 4. The
piezoresistors arranged in bridge configuration at the front
side of the diaphragm to experience the maximum change in
the stress. To further maximize the change in the electrical
resistance due to stress, all the piezoresistors are distributed
in the split form on the surface of the diaphragm as shown in
Fig. 2. To understand the SiC resistors thickness effect on
sensitivity of pressure sensor, piezoresistive simulation is ex-
ecuted for all polytypes of SiC by keeping the constant pres-
sure at 8 MPa and the simulation results are illustrated in
Fig. 8. It is the results shows as the thickness of the
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Fig. 9 Full scale output voltage as a function of temperature for sample
with high doping concentration of 1019 cm−3

Table 3 Comparative analysis of sensing parameters for SiC piezoresistive MEMS pressure sensor

SiC
Resistor

Diaphragm
Material

Diaphragm Size
(mm2)

Diaphragm Thickness
(μm)

Sensitivity (μV/V/KPa)
at RT

Pressure
(MPa)

Bias Voltage
(V)

References

3C-SiC Bulk SiC 1.5×1.5 50 7.3 8 5 Present
work

3C—SiC SOI ɸ 3.3 100 20 0.5 5 [32]

3C—SiC Si 0.75×0.75 150 14.73 0.5 10 [33]

4H-SiC Bulk SiC 1.5×1.5 50 6.5 8 5 Present
work

4H-SiC Bulk SiC ɸ 1 50 2.5 1.38 10 [34]

4H-SiC Bulk SiC ɸ 1 50 2.68 6 1 [35]

6H-SiC Bulk SiC 1.5×1.5 50 6.25 8 5 Present
work

6H-SiC Bulk SiC ɸ 1.48 50 1.2 6.9 5 [36]

6H-SiC* Bulk SiC NA NA 3.3 μV/KPa 30 1 mA [37]

*NA- Not Available
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piezoresistors increases, the hexagonal type SiC resistor
shows the linear drop in the sensitivity of the pressure sensor.
However, 3C-SiC resistor based pressure response shows a
drastic drop in the sensitivity. The anisotropy of piezoresistive
effect in 3C-SiC is the probable reason behind the drastic drop
in the sensitivity of 3C-SiC. On the other hand, hexagonal
polytypes exhibit isotropic piezoresistance [16].

4.4 Temperature Effect

The influence of temperature on the pressure sensor is the
other important parameter to investigate. The thermal stability
of the pressure sensor is very much demanded for high tem-
perature applications. To minimize the temperature effect, the
mobility of the SiC resistors can be optimized. The high dop-
ing concentration i.e. ~ 1019 cm−3 can minimize temperature
effect on the sensor. The temperature effect on pressure sen-
sors made of different polytypes is depicted in Fig. 9. At this
level the hole mobility saturates and more limited by phonon
scattering showing almost constant output voltage up to
500 °C.

4.5 Pressure Response

The effect of applied pressure on electrical output voltage for
different SiC polytypes based piezoresistive MEMS pressure
sensor for 1 μm thickness of the SiC diaphragm is shown in
Fig. 10. It shows that the output voltage increases linearly as
the applied pressure increases for all the SiC polytypes. The
comparison of sensing parameters with other reported works
has been shown in Table 3. The 3C-SiC comparative study
shows that the 3C-SiC based piezoresistive pressure sensors
fabricated on Si are included for the comparison because of
the non-availability of sensor data for 3C-SiC grown on SiC
diaphragm, as discussed earlier. The 3C-SiC piezoresistive
pressure sensor offers higher sensitivity for β-SiC
polytypes.Whereas between 4H-SiC and 6H-SiC polytypes,
piezoresistive pressure sensor using the former offers higher
sensitivity.

5 Conclusion

In the present study, SiC MEMS pressure sensor employing
the p-type piezoresistors on a thin flat SiC diaphragm is pro-
posed and its mechanical dimensions are optimized using de-
vice simulation software. The pressure sensor has been math-
ematically analysed to calculate the mechanical stress and
deflection of the diaphragm by applying the uniform pressure
up to 8 MPa and is optimized for the sensor performance. The
effect of mechanical stress is studied on piezoresistive element
made of different type of SiC polytypes at a given pressure for
similar square geometry. The sensor sensitivity of 7.3, 6.5,

and 6.25 μV/V/KPa for the 3C-SiC, 4H-SiC and 6H-SiC,
respectively for 1 μm thick SiC diaphragm were obtained
under the influence of 8 MPa pressure. Temperature depen-
dent output voltage in heavily doped polytypes is observed to
be constant as it is mostly limited by phonon scattering in the
lattice. The pressure sensormade using 3C-SiC resistors offers
the highest sensitivity whereas 6H-SiC resistors offer the low-
est sensitivity. This work suggests that 4H-SiC polytype, hav-
ing isotropic piezoresistive coefficients and significant sensi-
tivity, is more suitable for all practical purpose to obtain the
high sensitive MEMS piezoresistive pressure sensor.
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