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Abstract — In this study, a novel MEMS pressure level
sensor using resistance change of pressure switch array
resulted from a physical contact of diaphragm with an applied
pressure is presented. First, concept and working principle of
the proposed pressure level sensor are introduced and basic
characteristics of the fabricated prototype are experimentally
investigated. Then, a new approach for linearity compensation
of the proposed mechanism is analytically investigated with
contact analysis results obtained by using commercial FEM
tools, which is to control a pattern slope of the deposited ITO
resistor. Finally, based on the obtained analysis results, the
pressure level sensor is re-fabricated and basic characteristics
including durability are experimentally investigated.

Keywords — Pressure Level Sensor, Contact Resistance,
Contact Analysis, Linearization

1 INTRODUCTION

Many pressure sensors such as piezoresistive and
capacitive types have been reported and investigated for
industrial applications [1-2]. However, most of these
sensors need some improvements on low stress strength,
offset drift with temperature change, complicated electric
circuit to amplify a feeble signal and so on. In general,
pressure level sensors used to measure a liquid level in
storage tank or vessel employ piezo-resistive type pressure
sensors or strain gauges. Those sensors need some
amplifiers due to the very week electric signals and
relatively complicated electric circuits for a noise or
temperature compensation. In this study, to overcome those
disadvantages, a novel pressure level sensor using contact
resistance change is presented.

2 PROPOSED PRESSURE LEVEL SENSOR

2.1 Concept and Working Principle

Figure 1 shows a concept and working principle of the
proposed pressure level sensor using contact resistance
change [3-4]. It basically consists of a silicon substrate that
has a thin-metal deposited diaphragm and a switch array
micro-patterned on Pyrex glass. The switch array to
measure the pressure change is formed by connecting
serially a few of electrodes and resistances on a resistor
made by indium tin oxide (ITO). The change of the
electrical resistance between both ends of the ITO resistor
is measured by using a simple electric circuit. When a
pressure based on a depth of liquid is applied to the
diaphragm, the diaphragm is expanded to the glass and an
initial contact between the diaphragm and the micro-
patterned pressure switch array is generated. Then, a
change of contact resistance is occurred with an applied
higher pressure and it is converted to sensor signal through
an electric circuit.
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Fig. 1: Concept and working principle of the proposed pressure
level sensor using contact resistance change

Specifications
- Sensorsize : 6 X 6 mm?
- Diaphragm thickness : 35pm
- Diaphragm size : 4.2X 4.2 mm?
- Electrode gap : 30um
- Au/Crthickness : 0.21um
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Fig. 2: Schematics of the designed pressure level sensor

2.2 Fabrication and Basic Characteristics

Figure 2 shows schematics of the designed pressure
level sensor. The fabrication process starts with a silicon
substrate (N-type, (100)) with a surface area of 6x6mm’
and a thickness of 0.3mm. The silicon substrate is etched up
to depth of 30um in tetramethyl ammonium hydroxide
(TMAH) 15% solution. The thin Au/Cr is then deposited by
RF sputtering and lift-off is performed. Then, the silicon
backside etching is also performed. On the other hands,
ITO patterning on Pyrex glass is performed and metal lift-
off is also performed. Here, a distance between Au/Cr
electrodes could be adjusted for linearity compensation of
sensor output. Finally, the glass is anodically bonded to the
silicon substrate after the sanding process. Figure 3 shows
photographs of the fabricated prototype sensor. Basic
characteristic between applied pressure and resistance
change is experimentally investigated and obtained result is
shown in Fig. 4. However, the result shows some problems
such as an insufficient linearity and low pressure
characteristic.
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Fig. 3: Photographs of the fabricated prototype sensor
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Fig. 4: Experimental result of the fabricated prototype sensor
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Fig. 5: Analysis results of contact length with different gap

3 LINEARIZATION

3.1 Contact Analysis

Based on shape parameters of sensor chip and
maximum stress with a pressure of 10bar, a thickness of
silicon diaphragm is changed to be 50um. First of all,
contact analysis is performed with different gap distance
between diaphragm and bottom surface of Pyrex glass.
Figure 5 shows obtained results of contact length with
applied pressure. Nonlinearity could be confirmed due to
the contact mechanism. Considering an easiness of
fabrication process, the gap distance of 30um is selected in
this study. Figure 6 shows analysis results of displacement
and stress with a pressure of 10bar. It is ascertained that the
contact length is 1.53mm and maximum stress is 526MPa
with a diaphragm thickness of 50um and a gap of 30pm.
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(a) Displacement characteristic

(b) Stress characteristic

Fig. 6: Displacement and stress characteristics obtained by
contact analysis with applied pressure of 10bar

Asistanoe pattern curve

Fig. 7: Model of resistance pattern for linearization

3.2 Design of Linearization

To compensate a nonlinearity of contact length with an
applied pressure, it is needed that a pattern slope of the
deposited ITO resistor should be properly controlled as
shown in Fig. 7. Differential resistance 4R at an arbitrary
distance of x from the center of diaphragm is derived as
follows:

Ax
AR=pe=o—F7—

B pQ-t Xil(ﬂ?) (1)
where ¢’ and p are thickness of resistor and specific
resistance, respectively. If resistance change along with
applied pressure is constant for linearization which is
written as follows.

dR
L
dP )

Considering x = f{P) and chain rule, equations (3) and (4)
are derived as follows.

Giv Qi 65

dP dx dP 3)
B__d®_

2" < h(z) dP )

It we derive dx/dP through curve fitting from the result of
Fig. 5, a resistance pattern slope 4(x) for compensation of
linearity could be obtained.
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3.3 Re-fabrication and Experiments

Figure 10 shows photographs of re-fabricated pressure
level sensor and ITO pattern. By using the re-fabricated
sensor, basic characteristics are experimentally investigated.
Obtained results are shown in Fig. 11. It could be
confirmed that dead zone of pressure is exit due to the
mechanism and better linearization is achieved up to the
pressure of 10bar than the previous prototype. Figure 12
shows a schematic of experimental apparatus for durability.
Air compressor and pressure booster is used for durability
test up to pressure of 10bar. Photographs of the constructed
experimental apparatus are shown in Fig. 13. Durability test
is performed with applied pressures of Sbar and 10bar,
respectively. The results are shown in Fig. 14. From the
above experiments, the validity of the proposed pressure
level sensor should be verified although the sensitivity
needs some improvements.
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Fig. 11: Experimental results of re-fabricated sensor
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Fig. 9: Resistance pattern for fabrication process

(a) Re-fabricated sensor

(b) ITO pattern

Fig. 10: Re-fabricated pressure level sensor

Figure 8 shows a sample of analysis results. Here, ¢’ =
100nm, p =9.2x10™* Q-cm and ¢ = 5,000. The upper figure
presents a pattern shape with applied pressure. Next figure
is a pattern shape with x-axis coordinate transformed from
the applied pressure. Bottom figure indicates resistance
change with applied pressure. Figure 9 shows a resistance
pattern from the center of diaphragm for fabrication process,
which is equivalent to first quadrant of ITO pattern on
Pyrex glass.
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Fig. 13: Photographs of constructed experimental apparatus
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Fig. 14: Experimental results of durability test

4 CONCLUSIONS

In this study, a novel MEMS pressure level sensor using
resistance change resulted from a physical contact of
diaphragm with an applied pressure was presented. For
improvement of nonlinearity of the fabricated prototype,
analytical study to control a pattern slope of the deposited
ITO resistor on Pyrex glass was performed. Re-fabrication
was also done and the basic characteristics including
durability were experimentally investigated. From the
results, we could confirm that the validity of the proposed
pressure level sensor is effective although the sensitivity
needs some improvements.
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