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Abstract

The paper describes the fabrication, designing and the performance analysis of a Piezoresistive MEMS pressure sensor.
This pressure sensor uses double polysilicon nanowires to increase the sensitivity of the pressure sensor.The pressure
sensor uses circular diaphragm which was fabricated using Reactive lon Etching method. The pressure sensor has a
radius of about 500 nm and thickness of about 10 nm. The polysilicon nanowires form a bridge like appearance between
the diaphragm and the substrate. Intellisuite software is extensively used to carry out the finite element analysis. Finite
element method (FEM) is adopted to optimize the sensor output and to improve the sensitivity of the circular shaped
diaphragm polysilicon nano wire Piezoresistive pressure sensor. The optimum position is also analyzed to place the
nanowire to get maximum output. The proposed double polysicon nanowire pressure sensor gave a sensitivity of about

440 mV/VK Pa.
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I. INTRODUCTION

The piezoresistive silicon pressure sensor was
one of the first micromachined products manufactured.
Silicon is the preferred material for making pressure
sensors, because it has the well-established electronic
properties with added mechanical properties. Other
advantages of silicon include drastically reduced
dimensions of the product and mass, batch fabrication
and easy interfacing. Silicon pressure sensors can be
fabricated either using bulk micromachining or surface
micromachining. In bulk micromachining, many methods
have been developed to fabricate silicon diaphragms.
The MEMS technology is been introduced in to the
biomedical applications. In biomedical application it
offers the potential to realize small and compact
devices with sophisticated functionality. Biomedical
application areas include diagnostic tools, surgical
Instrumentation, artificial organs and drug delivery
devices (1). Silicon piezoresistive pressure sensors are
also used in various applications, such as automotive
aerospace and biomedical engineering. They have the
advantages of 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 (2)—(6).
These sensors are fabricated by means of new
manufacturing technologies such as
bulk-micromachining (7), (8) or surface-micromachining
(9), (10). Many of them use silicon and its
piezoresistivity as the detection mechanism. The
fundamental concept of piezoresistive effect is the
change in receptivity of a material resulting from an
applied stress. Silicon is mainly used in semiconductors
because it remains as a semiconductor even at a high
temperature. The crystalline silicon is an ideal microme
chanical material, with young’s modulus and hardness
compared to those of stainless steel and its density
only one third and yield strength three times greater
than that of stainless steel. Polysilicon is a very good
Piezoresistive material for MEMS sensor because of its
higher sensitivity to change in strain than any other
metals. But the main disadvantage of the polysilicon is
it is highly dependent on temperature variation.
Piezoresistive type pressure sensors uses resistance
change and capacitive pressure sensors sense
capacitance variation under the applied pressure. The
Piezoresistive pressure sensor functions when the
resistivity of the sensing resistor changes as the
diaphragm defects due to applied pressure. In order to
increase the sensitivity, the diaphragm thickness should
be thin to maximize the load defection responses. On
the other hand, thin diaphragm under high pressure
may result in large deflection and nonlinear effects that
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are not desirable. It is therefore 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.

It was found that the silicon nanowire when made
to about 340nm has a good piezoresistive effect. It was
proposed that silicon nanowires has got seven times
the piezoresistive effect than the bulk silicon(11).In this
paper, a circular shaped diaphragm with nanowire
polysilicon piezoresistive pressure sensor is proposed
to enhance the sensitivity

Aluminium contact

Double Nano Wires

Fig. 1.The Piezoresistive pressure sensor with
double nanowire

IIl. DESIGN CONSIDERATION

The pressure sensor was fabricated using
reactive iron etching. The designed pressure sensor
has a radius of 500nm. The thickness of the diaphragm
is about 10nm.the polysilicon nanowires of a pressure
sensor is connected as a bridge between the
diaphragm and substrate.The fabricated nanowire has
a thickness of about 10nm.Each of the nano wires are
separated by 10nm spacing between them.These
nanowires are placed exactly at the center of the sides
of the diaphragm. These nanowires are placed exactly
at the center of the sides of the diaphragm because it
was found that maximum stress occurs at the center
of the sides of the diaphragm and these are positioned
such a way that the nanowires are lying in the high
stress area so that maximum Piezoresistive effect can
be realized. The piezoresistors were replaced by the
double nano wire assembly. In a paper that was
published it was shown that, silicon nanowire which had
the width or thickness of 340nm has good

piezoresistive  effect (11%. Particularly the silicon
nanowire of 140 x 200 nm“ size has reported to have
seven times more Piezoresistive effect than bulk silicon.
In order to get high output sensitivity a circular shaped
diaphragm with double nano wire polysilicon
piezoresitive pressure sensor is fabricated. Figure 1
shows the schematic of the piezoresistive pressure
senor using double polysilicon nanowire. The silicon
nanowires of high piezoresistive effect which are
exactly placed at the center of the sides of the
diaphragm are respectively connected like a bridge
between the silicon diaphragm and the edge of the
silicon substrate. When a pressure is applied on the
diaphragm, these silicon nanowires receive maximum
stress to change resistance of the silicon nanowire.

ll. FABRICATION

The pressure sensor is fabricated in the
INTELLIFAB module. The wafers substrate, on which
the device has to be fabricated, need to be bulk etched
using TMAH (tetra methyl ammonium hydroxide). Bulk
Silicon Oxide of about 1000nm is deposited over the
bare silicon wafer.

On the layer of SiO,, a thin layer of Polysilicon
is deposited. The thickness of the polysilicon is about
10nm.The film is deposited by a method called Low
Pressure Chemical Vapor Deposition (LPCVD). A
nitride film of 200nm is deposited on the silicon wafers
to act as an insulating. Silicon nitride is highly suitable
for this purpose because it behaves as a nearly
impervious barrier to diffusion. The film is deposited by
a method called Low Pressure Chemical Vapor
Deposition (LPCVD).Because a nitride film has been
deposited on the wafers and the fact that oxide can
be grown thermally only at the silicon oxide interface,
it is difficult to thermally grow oxide on these wafers.
Hence nitride deposited should be etched. Before
etching the whole substrate has to undergo a process
called “lithographic process”. Lithography is a process
of imprinting a geometric pattern from a mask onto a
thin layer of material called resist, which is a radiation
sensitive material. The mask layout is shown in the
figure 3. Then from the pattern formed, SigN, is etched
from inside. This etching is done using RIE method.
Aluminum of 1000 nm thickness was deposited to make
contact with the diffused resistors. After metal
deposition, it was patterned using the mask and then
the wafers were etched to remove unwanted Aluminum.
The aluminum etch is done in a solution composed of:
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Fig. 2. The process table for fabrication of the pressure sensor
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Fig. 3. The mask layout in intellisuite
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phosphoric acid (80%), nitric acid (5%), CoH4Oo (5%)
and distiled water. On the aluminum deposited
lithographic masking is done, which when exposed UV
radiation, helps to etch the aluminum. Lithographic
masking is done from the backside of Silicon, and by
using RIE process Si substrate along with SiO, is
etched out. This etching is done to make the diaphragm
for the sensor. The diaphragm formed is masked again
and the Polysilicon is patterned to make the thin wire
like structure that will connect diaphragm with the
aluminum metal. After masking, using lithographic
process, the Polysilicon is etched from outside. The
fabrication results in a double nanowire Piezoresistive
pressure sensor as shown in figure 1.

IV. RESULT

The fabricated circular shaped diaphragm with a
double polysilicon nanowire pressure sensor was tested
by applying pressure in the range of 0 to 30 Kilopascal.
When a pressure is applied to the diaphragm, the
resistance of the polysilicon nanowire changes .The
change in resistance causes a change in output
voltage. The sensitivity analysis of the double
polysilicon nanowire pressure sensor was carried out.
The bridge is exited by 1V supply voltage. The figure
4, shows the change in resistance of the bridge with
the applied pressure for a circular shaped diaphragm
double nanowire polysilicon pressure sensor. The figure
5 shows the graph for the sensitivity analysis that is
the change in output voltage for an applied pressure
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Fig. 4. The change resistance versus pressure of a
polysilicon nanowire pressure sensor
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Fig. 5. The output response of a polysilicon
nanowire pressure sensor
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Fig. 6. The displacement versus pressure response
of a polysilicon nanowire pressure sensor

for the circular shaped diaphragm with double
nanowire. The figure 6. shows the change in
displacement with the applied pressure for the circular
shaped diaphragm with double nanowire .

V. CONCLUSION

The fabricated circular shaped diaphragm with
double polysilicon pressure sensor of 1000nm diameter
and thickness of 10nm has enhanced the sensitivity to

-
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440 mV/V.KPa. It was shown in the published paper
an increase in the piezoresistive effect has been

observed in nanowires as large as 480 x 340 nm? (11).
It is observed from figure 4 that the change in
resistance is more effective for higher pressure ranges
than the lower pressure range. It is observed that from
figure 5. the increase in piezoresistive effect was
observed for the double nanowire polysilicon pressure
sensor as the output voltage increases significantly. It
is reported that as the thickness of the diaphragm is
reduced there is a increases in sensitivity, but the
nonlinearity effect predominates.So in order for a
proper design of a pressure sensor, consideration has
to be made on the diaphragm thickness. As the
piezoresistive effect depends on temperature, while we
decrease the thickness of the diaphragm the effect of
temperature also dominates. So it becomes important
to design a temperature compensation circuit in the
chip. Even though there is an increase in piezoresistive
effect brought about by polysilicon, the piezoresistive
effect due to crystalline silicon is incomparable.
Moreover the piezoresistivity of polysilicon pressure
sensor largely depends on the fabrication process. The
measurements show that decreasing the thickness of
causes the diaphragm causes a large increase in the
sensitivity of piezoresistors. This enables fabrication of
high sensitivity devices where fabrication complies with
conventional micro fabrication techniques.

REFERENCES

[1] Janusz Bryzek, BN Ventures: Principles of MEMS,
Fremont, CA, USA.

[2] Ko,W.H.,1986:  Solid-state  capacitive  pressure
transducers, Sensors and actuators,vol. 10, pp.
303-320.

[3] Chau, H. L. and Wise, K. D., 1987: Scaling limits in
batch-fabricated sili-con pressure sensors, IEEE
Transancation on Electron Devices, vol. ED-34,
pp.850-858.

[4] Suzuki, K., Suwazono, S. and lIshihara, T., 1987:
Cmos integrated silicon pressure sensor, |IEEE Journal
on Solid-State Circuits, vol. SSC-22, pp. 151-156.

5] Kung, J. T. and Lee, H. S., 1992: An integrated
air-gap-capacitor pressure sensor and digital readout
with sub-100 attofarad resolution, IEEE Journal on
Microelectromech. Syst., vol. 1, pp. 121-129.

[6] Mastrangelo, C. H., Zhang, X. and Tang, W. C.,1996:
Surface-micromachined capacitive differential pressure
sensor with lithographically defined silicon diaphragm,

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

IEEE Journal on Microelectromechanical Systems, vol.
5, pp. 89-105.

Clark, S. K. and Wise, K. D., 1979: Pressure sensitivity
in anisotropically etched thin-diaphragm pressure
sensors, |IEEE Transaction on Electron Devices,vol.
ED-26, pp. 1887-1896.

Motorola Semiconductor Products Sector,
1994:Pressure Sensors—Device Data, Phoenix, AZ.
Guckel,H., 1991:Surface micromachined pressure
transducers, Sensors and Actuators, vol. A28, pp.
133-146.

Sugiyama, S., Shimaoka, K. and. Tabata, O., 1991:
Surface micromachined micro-diaphragm pressure
sensors, in Proceeding of the 6th International
Conference, Solid-State Sensors and  Actuators
(Transducers’91), pp. 188-191.

Lin, L, Chu, H. and Lu, Y., 1999: A simulation
program for the sensitivity and linearity of piezoresistive
pressure SENsors, IEEE Journal on
Microelectromechanical System, vol. 8:514-522.
Gong, S. C., 2004: Effects of pressure sensor
dimensions on process window of membrane
thickness, Sensors and Actuators A, vol. 112, pp.
286-290.

Vlassis, S., Laopoulos, T. and Siskos, S. Oct. 1998:
Pressure sensors interfacing circuit with digital output,
Proc. Inst. Elect. Eng. Circuits Devices Syst., vol. 145,
pp. 332-336.

He, R., Yang, P., 2006: Giant Piezoresistance Effect in
Silicon Nanowires, Nature nanotechnology, vol. 1,pp.
42-48.

Jensenius, H., Thaysen, J.,. Rasmussen, A. AVeje, .,
L. H., Hansen, O., Boisen, A.,2000: A microcantilever-
based alcohol vapor sensor-application and response
model ,Applied Physics Letters, vol. 76, pp. 2615-2617.
Smith, C. S.,1954: Piezoresistance Effect in Germanium
and Silicon, Physical Review, vol. 94, pp. 42-49.

Tufte, O.N. and Steltzer, E.L. ,1963: Piezoresistive
properties of silicon diffused layers, Journal of Applied
Physics, vol. 34, pp. 313-318.

S.Maflin Shaby received her
B.E. from University of
Madras and M.E. from
Annamalai University. She is
currently working as an
Associate  Professor  at
Sathyabama University in the
Department of  Electronics
and Telecommunication
~ Engineering.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

