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The paper presents a simulation study on the sensitivity performance of CMOS-MEMS pressure sensors utilizing the 
Split channel MOSFET structures. These pressure sensors have been designed as split circular curved and split square 
curved channel MOSFETs integrated on corresponding silicon based circular and square diaphragms. These pressure 
sensors operate using the piezoresistive effect of MOSFET as a transduction mechanism, referred to as piezo-MOS. The 
research has been carried out using n-MOS, p-MOS, and CMOS (integrated p-MOS and n-MOS) current mirror circuits. 
Each circuit has been individually integrated with both diaphragm geometries. The proposed pressure sensors were 
redesigned using SCL 180 nm CMOS technology, with a 100 µm channel width and 10 µm channel length. The piezo-MOS 
structure has been split into four segments, resulting in a current mirror integrated split curved channel MOSFET pressure 
sensor. The mechanical properties of the proposed pressure sensors have been studied using the finite element analysis 
solver, COMSOL Multiphysics software. The circuit characteristics have been evaluated using Tanner T-Spice. The external 
pressure ranging from 0 kPa to 450 kPa has been applied to the pressure sensors. The sensitivities of n-MOS, p-MOS, and 
CMOS (integrated p-MOS and n-MOS) current mirrors, for Split circular curved channel pressure sensor, have been 
obtained as 122.051, 0.249, and 377.611 mV/MPa, respectively. Similarly, for the Split square curved channel, it has been 
obtained as 138.821, 0.401, and 492.250 mV/MPa, respectively, for the corresponding readout circuits. The sensitivity 
variation over different temperature ranges has also been studied and compared for the proposed pressure sensors. Enhanced 
sensitivity and compatibility with CMOS technology could make the proposed pressure sensors suitable for the next-
generation pressure sensing devices. 
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Introduction 
The rapidly growing MEMS (Micro-Electro-

Mechanical-System) industry and the demand for 
pressure sensors in recent years have developed many 
devices and standard smart pressure sensors utilizing 
the MEMS technology.1,2 Recently, it has been 
observed that researchers worldwide have been 
showing significant interest in the integration of 
MEMS and CMOS technology for creating micro-
scaled sensors.3 These integrated devices or pressure 
sensors enable the fabrication of mechanical sensing 
microstructure with CMOS-integrated microelectronic 

circuits in a single-chip package.3–5 The 
miniaturization of micro pressure sensors leads to cost 
reduction, enhanced performance, improved 
accessibility, space-saving, and low energy 
consumption.6,7 MEMS pressure sensors are the first 
device fabricated on silicon utilizing the 
piezoresistive effect and are being commercialized.2 
Nowadays, it is being frequently used in the field of 
medical diagnosis due to advanced treatments. Also, 
in the past few decades, miniaturized pressure sensors 
were developed with smaller chips in sizes that give 
precise measurements, finer resolutions, harsh 
environments adaptability, and are easy to handle. 
Some MEMS-based pressure sensors that are pivotal 
in medical healthcare are Intraocular pressure 
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monitoring for detecting Glaucoma, Digital 
Sphygmomanometers for blood pressure 
measurement, and Electrocardiogram (ECG) 
monitoring to detect Cardiovascular Disease (CVD), 
and measuring heartbeats.8–10 

The pressure sensors are designed using the 
mechanical sensing mechanisms that convert a 
physical form of energy into electrical energy.11 
Piezoresistive, Capacitive, Piezoelectric, and Optical 
are some of the sensing transduction mechanisms that 
are utilized in the field of Microelectro mechanical 
systems.11,12 However, they come with certain 
limitations: In piezoresistive, piezoresistors are 
arranged in straightforward construction using the 
Wheatstone bridge configuration. But it has a major 
drawback in the requirement of temperature 
compensation circuits, because the silicon 
piezoresistors are sensitive to temperature and suffer 
from temperature cross-sensitivity.13–15 In Capacitive, 
the distance between the electrodes and capacitance is 
inversely proportional to one another due to which it 
gives non-linearity output.16–18 In piezoelectric, it is 
well suited for dynamic measurement and is not good 
for every static sensing and also its properties degrade 
with increasing temperature.19,20 The optical causes 
the vulnerability to interference from environmental 
effects and bodily harm.21 

The recent advances in technology and CMOS 
integration with MEMS enable the development of a 
MOSFET-based sensing mechanism called piezo-
MOS. The mechanism leverages the piezoresistive 
effect of MOSFET to provide high-precision sensing.23 
It bases its hypothesis on the idea that the differences in 
the mobility of holes and electrons of the MOSFETs 
under applied pressure cause the variation in drain 
current and voltage in it.23,24 The integration of the 
current mirror with pressure sensing structure enhances 
the compatibility and provides better sensitivities.25,26 

The current mirror is an extensively used circuit that 
provides an active load and bias current to the circuit.22 
It supports CMOS-MEMS technology for designing 
the scaled-down miniaturized pressure sensor. Our 
research team has been focusing on the development of 
the piezo-MOS sensing mechanism integrated with 
current mirror using various structural designs and 
patterns for extracting better and higher sensitivities.27–

29 In some of our previous works on pressure and mass 
sensors utilizing piezo-MOS sensing mechanisms for 
different shapes and dimensions, it has been observed 
and found to have better sensitivities.30–33 Our team has 

also designed and fabricated the pressure sensing 
devices, utilizing the n-type and p-type MOSFET 
current mirror circuit.34,35 

In this work, the pressure sensors are designed using 
the SCL 180 nm CMOS technology. The Split circular 
and square curved channel piezoresistors have been 
integrated on the circular and square diaphragms, 
respectively. Each diaphragm structure has integrated 
three distinct current mirror readout circuits, n-MOS, 
p-MOS, and CMOS (integrated p-MOS and n-MOS)
independently on it. Here, the pressure-sensing
mechanisms and diaphragm dimensions were assumed
to be the same as in our previous work.31 However, the
piezoresistor has been split into four segments because
of the changing channel dimensions and technological
parameters in SCL 180 nm CMOS technology. The
pressure range for these pressure sensors has been
taken from 0 kPa to 450 kPa. The sensitivities to
different temperature ranges have also been studied and
compared. This work also includes a literature survey
on the various pressure sensors and their sensitivities,
including the applications of pressure sensors within 0–
500 kPa input range.

Methodology: Sensor structure, Working 
principle, and Fabrication process flow 

Structural and Theoretical model of Current Mirror 
integrated Split curved channel MOSFET pressure sensor 

The micro pressure sensor proposed in this paper 
contains the silicon-based Circular and Square 
diaphragms. This microstructure pressure sensor has 
been designed in the split form of curved shaped 
piezoresistors embedded on circular and square 
diaphragms and are integrated with (a) n-MOS 
resistive load current mirror circuit, (b) p-MOS 
resistive load current mirror circuit, and (c) CMOS 
(integrated p-MOS and n-MOS) current mirror circuit. 
Here, each circuit has been integrated independently 
on each circular and square structure. 

The circular and square Split curved channel 
MOSFETs integrated on circular and square 
diaphragms are represented in Figs. 1(a) and (b), 
respectively. The n-MOS resistive load current mirror 
readout circuit, which has two n-type MOSFETs (N1 
and N2), is shown in Fig. 2(a). Here, N1 is the 
transistor on the substrate as reference n-MOS, and 
N2 is the transistor on the edges of the diaphragm as 
pressure-sensing n-MOS. Likewise, Fig. 2(b) shows 
the p-MOS resistive load current mirror readout 
circuit that has two p-type MOSFETs, where P1 acts 
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Fig. 1 — Structural model of: (a) Split curved channel circular MOSFET integrated on the circular diaphragm, and (b) Split curved 
channel square MOSFET integrated on the square diaphragm 

Fig. 2 — Representation of current mirror circuit on proposed micro pressure sensor: (a) n-MOS resistive load current mirror on circular 
and square diaphragm, (b) p-MOS resistive load current mirror on circular and square diaphragm, (c) CMOS current mirror (integrated  
p-MOS & n-MOS) on circular and square diaphragm
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as a reference p-MOS on the substrate and P2 as a 
pressure-sensing p-MOS at the edges of the 
diaphragm. From Fig. 1, it can be observed that the 
Split curved channel MOSFETs are integrated on the 
diaphragm’s fixed edge. Therefore, the proposed 
pressure sensors will experience the highest stress at 
the mid-point of the periphery of square diaphragm, 
and in the circular diaphragm, the highest stresses are 
obtained on the entire periphery of diaphragm. These 
micro-pressure sensors work on the principle where 
the application of external pressures modulates the 
MOSFET electron and hole mobilities, which enables 
the change in the drain voltage and drain current. This 
change occurs due to the piezoresistive effect of the 
MOSFET. Therefore, the output voltages are obtained 
from the drain terminals of N1 and N2 for the n-type 
MOSFET, and P1 and P2 for the p-type MOSFET. 

The CMOS (integrated p-MOS and n-MOS) circuit 
integrated on circular and square diaphragms is 
presented in Fig. 2(c). This pressure sensor has two 
identical diaphragms (Circular or Square) as 
mechanical elements, and the circuit diagram has two 
p-type MOSFETs and two n-type MOSFETs. The
transistors N1 and P1 act as reference n-MOS and
reference p-MOS, respectively, whereas N2 and P2
are located at the periphery of the diaphragms and act
as pressure-sensing n-MOS and pressure-sensing p-
MOS, respectively. The pressure is applied on the
structure, due to which there is a deformation in the
diaphragm that causes changes in the mobilities in
MOSFETs (N2 and P2), resulting in the variation of
drain voltage and drain current of N2 and P2, thus,
obtaining the output voltages from the drain terminals
of MOSFETs (P1, N1 and P2, N2).

Mechanics of Diaphragm Structures 
The mechanical structures are the basic elements 

for the construction of MEMS sensors. The 
proposed Current Mirror integrated Split curved 
channel MOSFET pressure sensors are designed on 
Circular and Square diaphragms. The maximum 
displacement (Wmax) and Stress (Tmax) equations 
under applied pressure have been studied and are 
utilized for the proposed micro-pressure sensors.11 

The displacement equations for the circular and 
square diaphragms are given in Eqs (1) & (2). The 
center of the diaphragms gives maximum 
displacement due to the applied pressure, and 
therefore, the expressions are represented as: 

W୫ୟ୶ ሺେ୧୰ୡ୳୪ୟ୰ሻ ൌ  0.1875paସ
ሺ1 െ νଶሻ

Ehଷ … (1)

W୫ୟ୶ ሺୗ୯୳ୟ୰ୣሻ ൌ  0.255paସ
ሺ1 െ νଶሻ

Ehଷ … (2)

Due to the pressure exerted on the diaphragms, 
stresses are developed in them. The equations of 
stress for both circular and square diaphragms have 
been studied and utilized for the proposed micro-
pressure sensors. For the Circular diaphragm, stresses 
are developed at the entire diaphragm edges, and for 
the square, stresses are formed at the center of the 
diaphragm edges. Therefore, they are represented as: 

T୫ୟ୶ ሺେ୧୰ୡ୳୪ୟ୰ሻ ൌ  0.75p
aଶ

hଶ … (3)

T୫ୟ୶ሺୗ୯୳ୟ୰ୣሻ ൌ  1.02p
aଶ

hଶ … (4)

where, p, a, h, E, and ν are the pressure, the 
diaphragm’s diameter or side, thickness, Young’s 
modulus of elasticity, and Poisson ratio, respectively. 

Electrical Properties of MOSFET Sensing Pressure Sensor 
The Split curved channel current mirror integrated 

pressure sensors have a MOSFET equivalent 
piezoresistor, as shown in Fig. 3. The MOS transistors 
allow maximum current flow and operate in the 
saturation region. Therefore, the drain current (Iୈ) in 
saturation and at zero pressure application is defined 
in Eq. (5) for both n-MOSFET and p-MOSFET.  

Iୈ ൌ
1
2

µC୭୶
W
L
ሺVୋୗ െ V୲୦ሻଶ … (5)

Fig. 3 — Representation of the MOSFET equivalent piezoresistor
integrated on circular and square diaphragms 
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In the above formula, µ is the mobility in electrons 
and holes of MOSFET. C୭୶ is the capacitance on gate 
oxide per unit area, W and L are the width and length 
of the channel in MOSFET. The applied voltage in 
the gate-source is denoted as  Vୋୗ  and V୲୦ is the 
threshold voltage.  

The operational framework for the reported 
pressure sensor is that it works on the piezoresistive 
effect of MOSFET. Here, on applying pressure, 
carrier mobilities change their behavior with the 
changing drain current and drain voltage. Therefore, 
the change in the mobility of electrons and holes 
(∆µ µ⁄ ), is equivalent to the changes in channel 
resistance (∆Rୡ୦ Rୡ୦⁄ ), and the equation for this is 
defined as: 

∆µ
µ
ൎ െ

∆Rେ୦

Rେ୦
ൌ െπT … (6)

Here, and T are defined as the MOSFET 
piezoresistive coefficient and the stresses that 
occurred in the MOSFET channel region, 
respectively. Therefore, the drain current for 
p-channel and n-channel under stress and applying
pressure is defined in Eq. (7).

Iୈሺ୔୰ୣୱୱ୳୰ୣሻ ൌ ሺμ േ ΔμሻC୭୶
W
L

ሺVୋୗ െ V୲ሻ

2 … (7)

Readout Circuit for Proposed Pressure Sensors 
The Split curved channel pressure sensors utilize 

the Current mirror (CM) configuration circuit, whose 
output voltages are measured in the drain terminals of 
the transistors and are directly related to the input 
applying pressure. This section introduces the effect 
of stress on the MOSFET for each current mirror. 

pMOS and nMOS Resistive Load CM 
In the pMOS and nMOS resistive load current 

mirror, there are two MOSFETs for both p-channel 
(P1 & P2) and n-channel (N1 & N2), respectively. 
The MOSFETs P1 and N1 of the pressure sensors are 
integrated in the substrate, and therefore, they are 
independent of stresses. Hence, it will be independent 
of variation in mobilities, drain current, and drain 
voltage, and therefore:  

∆µሺ୔ଵሻ ൌ ∆µሺ୒ଵሻ ൌ 0 … (8)

Here, ∆µሺ୔ଵሻ and ∆µሺ୒ଵሻ are the changes in 
mobilities in p- and n-channel, respectively. 

Therefore, the drain current (Iୈ) and drain to source 
voltage (Vୈୗ) are represented as: 

For p-MOSFET: 

Iୈሺ୔ଵሻ ൌ ൛µሺ୔ଵሻ േ ∆µሺ୔ଵሻൟC୭୶
W
L

ሺVୋୗ െ V୲ሻ

2

ൌ µሺ୔ଵሻC୭୶
W
L

ሺVୋୗ െ V୲ሻ

2
 

… (9)

Vୈୗሺ୔ଵሻ ൌ Vୈୈ െ Iୈሺ୔ଵሻRୈ 
… (10)

For n-MOSFET: 

Iୈሺ୒ଵሻ ൌ ൛µሺ୒ଵሻ േ ∆µሺ୒ଵሻൟC୭୶
W
L

ሺVୋୗ െ V୲ሻ

2

ൌ µሺ୒ଵሻC୭୶
W
L

ሺVୋୗ െ V୲ሻ

2

… (11)

Vୈୗሺ୒ଵሻ ൌ Vୈୈ െ Iୈሺ୒ଵሻRୈ 
… (12)

where, ID(P1), ID(N1), μ(P1), μ(N1), VDS(P1), VDS(N1), VDD, 
and RD, are the drain current in p- channel, drain 
current in n-channel, mobility in p- channel, mobility 
in n-channel, drain-source voltage in p- channel, 
drain-source voltage in n-channel, supply voltage, and 
drain resistance, respectively, for the transistors in 
substrate. 

The MOSFETs P2 and N2 are at the edges of the 
diaphragm, and they will form the positive tensile 
stress (Tୣ ) under pressure. Hence, there will be 
variations in channel mobilities, drain current, and 
drain voltage, and therefore, the equations of change 
in mobilities are given as:  

∆µሺ୔ଶሻ ൌ െµሺ୔ଶሻ𝜋Tୣ  
∆µሺ୒ଶሻ ൌ െµሺ୒ଶሻ𝜋Tୣ  … (13)

Due to changes that are occurring in mobility, the 
drain current in p-channel and n-channel (ID(P2) & 
ID(N2)), and drain to source voltage in p-channel and n-
channel (VDS(P2) & VDS(N2)), for P2 and N2 are 
represented as: 

For p-MOSFET: 

Iୈሺ୔ଶሻ ൌ ൛µሺ୔ଶሻ ൅ ∆µሺ୔ଶሻൟC୭୶
W
L

ሺVୋୗ െ V୲ሻ

2
ൌ ሺ1 െ πTୣ ሻIୈሺ୔ଵሻ … (14)

Vୈୗሺ୔ଶሻ ൌ Vୈୈ െ Iୈሺ୔ଶሻRୈ … (15)
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For n-MOSFET: 

Iୈሺ୒ଶሻ ൌ ൛µሺ୒ଶሻ ൅ ∆µሺ୒ଶሻൟC୭୶
W
L

ሺVୋୗ െ V୲ሻ

2
ൌ ሺ1 െ πTୣ ሻIୈሺ୒ଵሻ …(16)

Vୈୗሺ୒ଶሻ ൌ Vୈୈ െ Iୈሺ୒ଶሻRୈ … (17)

Therefore, the output voltages are found in the 
drain terminals for both p-MOSFET and n-MOSFET 
under the applied pressure and are presented as: 

V୭୳୲ ൌ ൫Vୈୗሺ୔ଵሻ െ Vୈୗሺ୔ଶሻ൯ : For p-
MOSFET 
V୭୳୲ ൌ ൫Vୈୗሺ୒ଵሻ െ Vୈୗሺ୒ଶሻ൯ : For n-
MOSFET … (18)

CMOS (integrated p-MOS and n-MOS) CM 
The circuit CMOS (integrated p-MOS and n-MOS) 

has two transistors acting as reference transistors (P1 and 
N1) and another two transistors (P2 and N2) acting as 
sensing transistors, and the expressions have been given 
below:28 

Vୋୗଵ ൌ  Vୈୗଵ … (19)

Vୈୗଵ ൌ  
Vୈୈ െ หV୘୮ห ൅ V୘୬ට

µ౤భ
µ౦భ

1 ൅ ට
µ౤భ
µ౦భ … (20)

Vୈୗଶ ൌ  
Vୈୈ െ หV୘୮ห ൅ V୘୬ට

µ౤మ
µ౦మ

1 ൅ ට
µ౤మ
µ౦మ

… (21)

In the above equations Vୋୗଵ, V୘୮, and V୘୬ are the 
gate to source voltage, threshold voltage of PMOS, 
and threshold voltage of NMOS, respectively. Vୈୗଵ, 
µ୬ଵ, and µ୮ଵ are the drain to source voltages, electron 
mobility, and hole mobility, respectively, for the 
transistors P1 and N1. Similarly, Vୈୗଶ, µ୬ଶ, and µ୮ଶ 
are for the transistors P2and N2. The output voltages 
are obtained across the drain terminals of the 
MOSFETs (P1, N1 and P2, N2), under the application 
of pressure and are defined as: 

V୭୳୲ ൌ ሺVୈୗଵ െ Vୈୗଶሻ 
… (22)

Proposed Fabrication Process Flow 
The fabrication process flow for the proposed 

pressure sensors is represented in Fig. 4. It starts with 
a polished silicon wafer, doped in either boron or 
phosphorus. The procedure undergoes an initial RCA 
cleaning process, where DI (deionized) water is used 
to clean all the apparatus. This cleaning method is 
used to remove organic and ionic contaminants from 
the wafer. A SiO2 layer of 1 µm thick has been grown 

Fig. 4 — Fabrication steps: (a) Silicon wafer (both sides polished), (b) Photolithography (PLG) – 1: Patterning and forming active regions
(Mask–1), (c) PLG – 2: Patterning and etching of polysilicon (Mask–2), (d) PLG – 3: Patterning and forming contact vias (Mask–3), 
(e) PLG – 4: Patterning of metal contact lines and pads (Mask–4), (f) Aluminum deposition,
(g) Formation of metal contact line/pads using lift-off process, (h) DRIE etching of silicon from backside
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at 1100°C using an oxidation technique. Then, 
followed by the photolithography process, the active 
regions were defined by the thermal diffusion method. 
After that, using a dry oxidation process, a thin layer 
of oxide 85 nm has been developed at 1100°C. 
Utilizing the LPCVD (low-pressure chemical vapour 
deposition) technique, a 0.3 µm of thin layer 
polysilicon has been deposited and formed on the 
oxidized wafer of silicon. This forms a polysilicon 
gate of the MOSFET structure. Following the 
photolithography–2, the phosphorus or boron-doped 
impurities were introduced through the thermal 
diffusion process at 1000°C. This creates the sources 
and drains of the MOSFET structure. The 
phosphosilicate glass has been formed in n-MOSFET, 
and the borosilicate glass in p-MOSFET. Then, by 
using the photolithography–3 and 4 process, the vias, 
metal contact lines, and pads were patterned to define 
the regions. An Aluminum layer was deposited in the 
next step, and metal contact lines were formed using 
the lift-off process. The DRIE (deep reactive ion 

etching) process has been utilized for etching out the 
backside of the wafer to enable the formation of the 
diaphragm. 

Results and Discussions 
The Current Mirror integrated Split curved channel 

MOSFET pressure sensors are designed using the SCL 
180 nm CMOS technology. The technology parameters 
are given in Table 1. The COMSOL Multiphysics finite 
element analysis software has been utilized to determine 
the mechanical behavior and piezoresistive response of 
the pressure sensor. TSpice software has been utilized to 
obtain the electrical properties of the pressure sensors. 
The parameters for designing the proposed pressure 
sensors on respective circular and square diaphragms are 
given in Table 2. 

The dimensions of the circular and square silicon 
diaphragms are taken as 100 µm diameter and 100 µm 
sides, respectively, with 2.5 µm for the thicknesses 
for both the diaphragm structures. The pressure 
ranging from 0 to 450 kPa has been applied on the 

Table 1 — SCL 180 nm CMOS technology parameters 

Parameters Unit NMOS PMOS 
Minimum channel length, LMIN µm 0.5 0.5
Gate oxide thickness, tOX nm 7 7
Oxide capacitance, COX fF/µm2 4.929 4.929
Channel mobility, µ cm2/Vs 243 100
Transconductance parameter, µCOX µA/V2 119.761 49.291
Threshold voltage, Vth V 0.707 −0.687
Supply voltage, VDD V 3.3 3.3
Early voltage parameter, V´A V/µm 16.740 99.123

Table 2 — Parameters used for designing the proposed pressure sensors 

Split Circular curved channel pressure sensor Split Square curved channel pressure sensor 

NMOS PMOS CMOS circuit NMOS PMOS CMOS circuit 

NMOS PMOS NMOS PMOS 

A. Parameters used in T Spice for circuit simulation

Channel dimensions (µm) Channel length = 10, Channel width = 100, Channel thickness= 0.5 
Reference current (µA) 514 935 514 935 
Drain resistor (Ω) 3250 450 — — 3210 450 — — 
Gate-to-source voltage (V) 1.617 0.693 1.925 1.375 1.621 0.694 1.925 1.375 

B. Parameters used in COMSOL Multiphysics for structural simulation
Diaphragm dimensions Diameter = 100 µm, Thickness = 2.5 µm 

Material = Silicon 
Sides = 100 µm, Thickness = 2.5 µm 

Material = Silicon 
MOSFET piezoresistor (kΩ) 325.689 1928.457 179.042 1060.136 325.689 1928.457 179.042 1060.136 
Voltage applied across 
piezoresistor (V) 

167 991 167 991 167 991 167 991 

Piezoresistive coefficients 
(× 10-11 Pa-1) 

N-MOSFET: π11 = 102, π12 = −53.4, π44 = 13.6
P-MOSFET: π11 = −6.6, π12 = 1.1, π44 = −138

Pressure range (0 – 450) kPa in steps of 50 kPa 
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diaphragm, due to which deflection occurs, and the 
maximum displacement occurs at the center of 
circular and square diaphragms. The displacement and 
von Mises stress profiles of circular and square 
diaphragms at 450 kPa applied pressure are shown in 
Fig. 5. The higher displacement is found to be 
0.161 µm for the circular structure and 0.235 µm for 
the square structure. The maximum stress for the 
circular diaphragm occurs at the entire periphery of the 
diaphragm and is found to be 293.265 MPa, and the 
minimum stress is 0.889 MPa. Similarly, the maximum 
stress for square diaphragm occurs at the mid-point of 
the periphery of diaphragm and is found to be 152.270 
MPa, and the minimum stress is 0.721 MPa.  

The Electric potential and Electric conductivity 
profiles are shown in Fig. 6. The voltages applied 
across the piezoresistors of circular and square 
diaphragms are 167 V for n-MOSFET and 991 V for 
p-MOSFET. The highest and lowest electric
conductivity for the circular diaphragm structures are
found to be 0.499 S/m and 0.481 S/m, respectively.
Similarly, the highest and lowest electric conductivity
for the circular and square diaphragm structures are
found to be 0.574 S/m and 0.530 S/m, respectively.

Simulation Results on Variation of Channel Resistance & 
Channel Mobility in Proposed Pressure Sensors  

The variations of Channel Resistance and Channel 
Mobilities are represented in the graphs shown in 

Fig. 7. From Fig. 7 (a), it can be observed that for the 
n-MOS current mirror circuit, the channel resistance
increased with increasing pressure. The higher
channel resistance is obtained as 331 kΩ for split
circular curved n-MOS structure, whereas 333 kΩ for
split square curved n-MOS structure. For the p-MOS
current mirror circuit, the channel resistance
decreased with increasing pressure, as can be
observed from Fig. 7 (b). The higher channel
resistances are obtained as 1859 kΩ and 1825 kΩ for
the split circular and square curved p-MOS structures,
respectively. For CMOS (integrated p-MOS & n-
MOS), in Fig. 7 (c), the channel resistance for circular
is obtained as 1037 kΩ and 181.521 kΩ in p-MOS
and n-MOS, respectively. For the square, it is
obtained as 1013 kΩ and 182.310 kΩ in p-MOS and
n-MOS, respectively.

Similarly, from Fig. 7 (a), (b), and (c), the
variation in the carrier mobilities can be observed. 
The mobilities are decreasing in n-MOS and 
increasing in p-MOS with an increase in pressure. 
The channel mobilities for the split circular and 
square curved n-MOS structures are obtained as 
235 cmଶ/Vs and 234 cmଶ/Vs, respectively. 
Similarly, for p-MOS, the channel mobilities are 
obtained as 105 cmଶ/Vs and 107 cmଶ/Vs for 
circular and square, respectively. For CMOS 
(integrated p-MOS & n-MOS), the channel 

Fig. 5 — For input pressure of 450 kPa: (a) Displacement profile on circular diaphragm, (b) von Mises stress profile on circular 
diaphragm, (c) Displacement profile on square diaphragm, (d) von Mises stress profile on square diaphragm 



J SCI IND RES VOL 85 MARCH 2026 260 

mobilities for the circular are obtained as 105 
cmଶ/Vs and 235 cmଶ/Vs in p-MOS and n-MOS, 
respectively. For the square, it is obtained as 107 
cmଶ/Vs in p-MOS and 233 cmଶ/Vs in n-MOS. 

Simulation results on Variation of Drain Current & Drain 
Voltage in Proposed Pressure Sensors 

The graphical representations of the variation in 
drain current for various applied pressures are 
shown in Fig. 8 (a), (b), and (c). The maximum 
drain currents are 500.962 µA and 503.814 µA for 
the split circular and square curved n-MOS 
structures, respectively. Similarly, for p-MOS, the 
drain currents are 531.972 µA and 544.624 µA for 
circular and square, respectively. For CMOS 
(integrated p-MOS & n-MOS), the drain current 
for circular and square are 908.375 µA and 
903.950 µA, respectively. 

The variation in drain voltage for various applied 
pressures has also been represented in Fig. 8. It 
shows that for the higher applied pressure at 450 
kPa, the drain voltages are found to be 1.671 V and 
1.682 V for the split circular and square curved n-
MOS structures, respectively. Similarly, in the split 
circular and square curved p-MOS structures, the 
drain voltages are 0.693 V and 0.693 V, 
respectively — for CMOS (integrated p-MOS & 
n-MOS), they are found to be 2.098 V and 2.155 V
for the respective split circular and square curved
CMOS structures.

Fig. 6 — For the input pressure of 450 kPa: (a) Electric potential profile on circular diaphragm, (b) Electric conductivity profile on
circular diaphragm, (c) Electric potential profile on square diaphragm, (d) Electric conductivity profile on square diaphragm 

Fig. 7 — Graphs of channel resistance and channel mobility for
0 – 450 kPa pressure range: (a) n-MOS, (b) p-MOS, and
(c) CMOS (integrated p-MOS & n-MOS)
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Simulation Results of Output Voltage in Proposed Pressure 
Sensors  

The output voltage of the proposed n-MOS, 
p-MOS, and CMOS (integrated p-MOS & n-MOS)
current mirrors, individually integrated on the Split
circular curved channel pressure sensors and Split
square curved channel pressure sensors, has been
evaluated and represented in Fig. 9.

The sensitivities for n-MOS, p-MOS, and CMOS 
(integrated p-MOS & n-MOS) current mirrors, on the 
Split circular curved channel pressure sensors, are 
obtained as 122.051, 0.249, and 377.611 mV/MPa, 
respectively. Similarly, for the Split square curved 
channel pressure sensors, the sensitivities are obtained 
as 138.821, 0.401, and 492.250 mV/MPa, 
respectively. From Table 3, it can be observed that the 
sensitivity varies for different diaphragm thicknesses. 
It has been calculated, compared and observed that 
with the decreasing thickness of diaphragms, the 

pressure sensors become highly sensitive. A 
comparison of sensor sensitivity with various 
piezoresistive pressure sensor designs reported in 
recent literature is presented in Table 4. The pressure 
sensors proposed in this work may be used for various 
applications, as listed in Table 5, within a pressure 
range of 0–500 kPa. 

Temperature Effects on Current Mirror Integrated Split 
Curved Channel MOSFET Pressure Sensor 

This section explains the influence of temperatures 
on the proposed silicon-based pressure sensors. Here, 
the concept of temperature compensation has been 
utilized to study and observe the sensitivities at 
different temperatures for the proposed pressure 
sensors. The current mirror circuits are the most 
commonly used biasing circuits that provide steady 
currents to the integrated circuits (ICs).22 It is one of 
the simplest and most fundamental circuits, where the 

Fig. 8 — Graphs of drain current and drain voltage for 0 – 450
kPa pressure range: (a) n-MOS, (b) p-MOS, and (c) CMOS
(integrated p-MOS & n-MOS) 

Fig. 9 — Graphs of output voltage for 0 – 450 kPa pressure range: 
(a) n-MOS, (b) p-MOS, and (c) CMOS (integrated p-MOS &
n-MOS)
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Table 3 — Sensitivities of the proposed pressure sensors for different diaphragm thicknesses 

Diaphragm thickness Sensitivities for Split circular curved channel pressure sensor in mV/MPa 

NMOS PMOS CMOS
2.5 122.051 0.249 377.611
5 33.270 0.064 120.040

10 8.541 0.017 32.960
Diaphragm thickness Sensitivities for Split square curved channel pressure sensor in mV/MPa 

2.5 138.821 0.401 492.250
5 37.870 0.108 161.571

10 9.570 0.025 44.130

Table 4 — Comparison of sensor sensitivity with various piezoresistive pressure sensor design available in literature 

Reported works on various piezoresistive pressure sensors Sensitivity 

MOSFET-based rectangular-shaped piezoresistor27 782 mV/MPa
633 mV/MPa 

Piezoresistors are arranged on each side of the square diaphragm, making it in series and strip-shaped36 7.74 mV/V/MPa 
S-shaped piezoresistor piezoresistive pressure sensor37 0.802 mV/V/MPa
Grapheme piezoresistive pressure sensor integrating zig-zag shaped piezoresistors40  609.16 mV/MPa  
A piezoresistive pressure sensor for n-type Silicon diaphragm in Meander-shaped piezoresistor41 2360 mV/MPa 

1640 mV/MPa 
Split circular curved shape piezoresistor 122.051, 0.249, 377.611 

(mV/MPa) 
Split square curved shape piezoresistor 138.821, 0.401, 

492.250(mV/MPa) 

Table 5 — Existing applications of pressure sensors for 0–500 kPa input range 

Application Area Typical use of pressure sensor 0–500 kPa Range Market available pressure sensors 

Automotive and embedded control 
systems 

Air, gas, and moderate fluid pressure sensing in 
electronically controlled systems 

NXP Semiconductors, Differential Integrated 
Pressure Sensor (0 to 500 kPa), MPX5500D 
[https://www.nxp.com/docs/en/data-
sheet/MPX5500.pdf] 

Industrial process monitoring Pressure measurement in compressed air lines, 
pumps, process gas lines, and utility pressure 
monitoring 

NXP Semiconductors, MPXV5100: Differential, 
Gauge and Absolute Integrated Pressure Sensor 
(0 to 115 kPa) 
[https://www.nxp.com/docs/en/data-
sheet/MPX5100.pdf] 

HVAC and ventilation systems Filter monitoring, duct pressure, airflow 
verification, fan/blower monitoring, heat 
exchanger pressure drop 

WIKAA2G-40 [https://www.wika.com/en-
in/a2g_40.WIKA] 

Clean room and laboratory pressure 
control 

Positive / negative pressure control, room 
isolation, laboratory pressure balancing 

WIKAA2G-500 [https://www.wika.com/en-
in/a2g_500.WIKA] 

Medical and healthcare devices Ventilator pressure monitoring, patient monitoring, 
respiratory flow / gas pressure sensing, suction / 
pump systems 

NXP Semiconductors, MPXx4006 
[https://www.nxp.com/docs/en/data-
sheet/MPXV4006.pdf] 

Water and fluid management 
systems 

Water pipeline pressure, pump discharge/suction 
monitoring, filtration systems, leak detection 

NXP Semiconductors, MPX5500, and 
WIKA A2G-500 

Consumer appliances and smart 
systems 

Washing machines, air handling units, smart 
pumps, appliance pressure control, beverage / fluid 
systems 

NXP Semiconductors, MPX5500 series 
[https://www.nxp.com/docs/en/data-
sheet/MPX5500.pdf] 

Research and laboratory 
instrumentation 

Gas line pressure, pressure chamber testing, 
microfluidics, sensor calibration, diaphragm 
characterization 

NXP Semiconductors, MPX5500DP and related 
MEMS pressure sensor families 
[https://www.nxp.com/docs/en/data-
sheet/MPX5500.pdf]  
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constant current references are generated on the input 
transistors and imitate the same current in the output 
transistors of circuits.38,39 TSpice software has been 
utilized to study the effects of temperatures for n-
MOS, p-MOS, and CMOS (integrated p-MOS & n-
MOS) circuits that are individually integrated in each 
circular and square diaphragm. The operating 
temperatures are taken at 0°, 27°, 50°, 75°, and 100°C 
for all the proposed pressure sensors. 

The simulation result shows that under zero 
pressure, with the changing temperatures, the changes 
in the electrical properties of MOSFET transistors 
would be identical. Therefore, the drain terminals of 
the MOSFETs could have equal voltages, resulting in 
zero output voltages for the changing temperatures. 
However, under the applied input pressure, there will 
be change in mobilities, drain current, and drain 
voltages, due to which there will be a change in 
output voltages. The sensitivities in each given 
temperature have been found, and it has been 
observed that with the increase in temperature, the 
sensitivity increases. 

The variation in output voltage for the given 
different temperature ranges for various applied 
pressures from 0 kPa to 450 kPa has been represented 
graphically in Fig. 10. The pressure sensitivities in 
mV/MPa, for the proposed pressure sensors in 
circular and square structures for different 
temperature ranges are shown in Table 6. The 
sensitivities vary in both split circular and square 
structured pressure sensors. Among which, the CMOS 
(integrated p-MOS & n-MOS) is showing the better 
sensitivities for both diaphragm geometries. 

Conclusions 
The paper is a detailed study on the simulation of the 

current mirror integrated split curved channel MOSFET 
pressure sensor. The n-MOS, p-MOS, and CMOS 
(integrated p-MOS and n-MOS) current mirrors, each 
integrating on Split circular and square curved channel 
structures, were found to have better sensitivities. Also, 
the pressure sensors function beyond the room 
temperature and are capable of operating at higher 
temperatures. Therefore, these proposed pressure 
sensors have the potential to emerge as an alternative to 
the conventional Wheatstone bridge configured pressure 
sensors. Also, this design technology allows the pressure 
sensors to enable the monolithic integration of pressure 
sensors in a single-chip package, and is capable of 

Table 6 — Pressure sensitivities at different temperatures for the proposed pressure sensors 

Temperatures 
(degree Celsius) 

Pressure sensitivities for Split circular curved channel 
pressure sensor in mV/MPa 

Pressure sensitivities for Split square curved channel 
pressure sensor in mV/MPa 

NMOS PMOS CMOS NMOS PMOS CMOS
0°C 112 0.009 349 136 0.015 460.210

27°C (room temp.) 122.051 0.249 377.611 138.821 0.401 492.250 
50°C 137 4.066 414 141 6.545 531
75°C 172 19.085 458 147 30.442 574

100°C 184 24.368 484 191 41.222 617

Fig. 10 — Graphs of output voltage of split circular and square
curved channel MOSFET pressure sensors for different
temperatures: (a) n-MOS, (b) p-MOS, and (c) CMOS (integrated
p-MOS & n-MOS)
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CMOS fabrication process. They are cost-agnostic, 
space-saving, and provide enhanced sensitivity. Thus, 
these pressure sensors can be deployed in the 
foreseeable future across medical, industrial, and 
commercial applications. 
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