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Discharge-Based Pressure Sensors for
High-Temperature Applications Using
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Abstract—Two versions of microdischarge-based pressure sen-
sors, which operate by measuring the change, with pressure, in
the spatial current distribution of pulsed dc microdischarges,
are reported. The inherently high temperatures of the ions and
electrons in the microdischarges make these devices amenable
to high-temperature operation. The first sensor type uses 3-D
arrays of horizontal bulk metal electrodes embedded in quartz
substrates with electrode diameters of 1–2 mm and 50–100-μm
interelectrode spacing. These devices were operated in nitrogen
over a range of 10–2000 torr, at temperatures as high as 1000 ◦C.
The maximum measured sensitivity was 5420 ppm/torr at the low
end of the dynamic range and 500 ppm/torr at the high end, while
the temperature coefficient of sensitivity ranged from −925 to
−550 ppm/K. Sensors of the second type use planar electrodes and
have active areas as small as 0.13 mm2. These devices, when tested
in a chemical sensing system flowing helium as a carrier gas, had
a maximum sensitivity of 9800 ppm/torr, a dynamic range of 25–
200 torr, and a temperature coefficient of sensitivity of approxi-
mately −1412 ppm/K. [2008-0262]

Index Terms—Plasma applications, plasma confinement,
plasma measurements, plasma properties, pressure effects,
sensitivity.

I. INTRODUCTION

P RESSURE sensors that can operate at high temperatures
have uses in numerous industrial sectors and have been

used in gas turbine engines, coal boilers, furnaces, and ma-
chinery for oil/gas exploration. A number of optical approaches
have been reported in the past, utilizing Fabry–Perot and other
interferometers. Typically, these use an optically reflective cav-
ity on the end of a fiber-optic cable; the cavity size changes with
pressure, causing measurable interference changes in reflected
light. A thin diaphragm is typically used as the reflective sur-
face. Operating temperatures up to 800 ◦C have been achieved
with sapphire membranes [1]. An interferometer-based sensor
has also been fabricated inside a fiber-optic cable [2]. Another

Manuscript received October 22, 2008; revised January 24, 2009. First
published April 24, 2009; current version published June 3, 2009. This work
was supported in part by the Engineering Research Centers Program of the
National Science Foundation under Award EEC-9986866. Y. Gianchandani
acknowledges support through the IR/D program while working at the National
Science Foundation. Subject Editor C. Hierold.

The authors are with the Department of Electrical Engineering and Com-
puter Science, University of Michigan, Ann Arbor, MI 48109 USA (e-mail:
scottwri@umich.edu; http://www.eecs.umich.edu/~yogesh/).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/JMEMS.2009.2017110

sensing technology uses Bragg gratings, which are photoin-
scribed into fibers and used to trace wavelength shifts caused
by pressure and temperature changes at temperatures exceeding
350 ◦C and potentially over 1500 ◦C [3]. Piezoresistive pressure
sensors with diaphragms made from silicon carbide [4], and
more recently even Si [5], have been reported to operate at
600 ◦C. Sapphire membranes have also been used in this
context [6].

Microdischarge-based pressure sensors can complement this
portfolio by offering an electrical transduction and structural
simplicity. Microdischarges are miniature localized plasmas
(and may include, more generally, arcs or sparks) created in gas
ambients between electrodes that, due to their size, demonstrate
characteristics different from those of plasma regions created
on a larger scale [7]. Microdischarges have been explored
for applications in a variety of micro total analysis systems,
including microscale optical emission spectroscopy systems for
chemical sensing [8], [9]. Devices utilizing microdischarges
are well suited for high-temperature operation as the electrons
have average thermal energies exceeding 3 eV (34 815 K) [10]
away from the cathode and small populations of very high
energy electrons with thermal energies exceeding 400 eV
near the cathode [11]. Ions have thermal energies exceeding
0.03 eV above ambient (644 K) in a 23 ◦C (269 K) ambient
environment. These temperatures allow the species to be only
minimally affected by a high- or low-temperature ambient,
making it possible for microdischarge-based devices to operate
at temperatures in excess of 1000 ◦C and potentially down to
cryogenic temperatures. The targeted performance range for
this work is 200 ◦C–1000 ◦C, but some baseline studies at
room temperature are included. With regard to pressure sensors,
microdischarge-based devices offer the possibility of structural
simplicity and a direct electrical readout.

We report microdischarge-based pressure sensors that op-
erate by measuring the change in spatial current distribution
of microdischarges with pressure. The targeted pressure range
is 10–2000 torr, as might be encountered in a variety of man-
ufacturing applications. As gas pressure increases, the mean
free path of ionized molecules is reduced, and consequently,
the breakdown and discharge characteristics are altered.
Microdischarge-based pressure sensors are fundamentally dif-
ferent than ion gauges, which are not effective at atmospheric
pressure because the small mean free path of the created ions,
i.e., 20–65 nm, makes them difficult to detect at the collec-
tor [12].
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Fig. 1. Schematic of (a) a bulk foil sensor with electrodes above a quartz chip,
illustrating placement, and the microdischarge chamber during operation, and
(b) a planar sensor with microdischarge.

This paper describes two microdischarge-based microscale
pressure sensor geometries—the bulk foil and the planar. Both
geometries use multiple cathodes and provide a differential
current readout. (Multiple anodes may also be used; however,
anode current shows excessive pressure dependence because
of the high mobility of electrons that dominate it [11]. This
high sensitivity results in relatively small dynamic ranges,
thereby limiting the utility of multianode configurations.) The
first geometry, namely, the bulk foil, uses bulk metal foils in a
stress-relieved two-cathode stack within a quartz substrate, and
the second geometry, namely, the planar, uses planar thin-film
metal electrodes on a Pyrex substrate.1 The bulk foil sensors
are designed for very high temperature operation, while the
planar sensors, which use thin-film metals, are designed for
conventional microfabrication. While this paper focuses on
the performance of these devices in a nitrogen ambient, with
appropriate encapsulation, they may be used in corrosive or
liquid ambients. The operation of the devices and a current
pulse circuit model is discussed in Section II. The fabrication
processes and device designs are addressed in Section III.
Experimental results from both sensor geometries are provided
in Section IV.

II. DEVICE OPERATION AND

THEORETICAL CONSIDERATIONS

The bulk foil sensor structure consists of several electrodes
suspended over a cavity in a quartz chip (Fig. 1). Each electrode
has a single lead for electrical contact and between one and
three additional supports, which maintain the suspended posi-
tion of the electrode. A microdischarge chamber exists in the
center of the chip, in a through-hole, as shown in Fig. 1(a). A
single disk-shaped anode electrode serves as the bottom of the

1Portions of this paper appear in conference abstract form in [13]–[15].

Fig. 2. Diagram of a microdischarge between a single anode and two cathodes
in a bulk foil structure.

chamber, while the center electrode is torus shaped, allowing
the discharges to exist between the bottom anode and both
cathodes. The top cathode is disk shaped as well, confining
the discharges. The planar sensor structure consists of several
patterned electrodes on a Pyrex substrate. A single circular
planar anode is partially surrounded by concentric C-shaped
cathodes, and microdischarges are created above the electrodes,
as shown schematically in Fig. 1(b).

It is necessary to separately determine the current in two of
the cathodes to determine the pressure. These current compo-
nents are denoted as I1 in the proximal cathode (cathode 1)
and I2 in the distal cathode (cathode 2). The differential current,
expressed as a fraction of the total peak current, i.e., (I1 − I2)/
(I1 + I2), is treated as the sensor output. At low pressures,
current favors the farthest cathode, while at high pressures, the
opposite occurs. An important benefit of using a differential
output that is expressed as a fraction of the total is that the exact
magnitudes are less important than fractional changes.

The basic operation of a dc microdischarge in a bulk foil
sensor is shown in Fig. 2, indicating electron and ion trans-
port. The electrons are drawn toward the anode, whereas the
positive ions are drawn to the two separate cathodes. Upon
cathode impact, the energetic ions eject high-energy secondary
electrons from the cathodes, which sustain the microdischarges
by ionizing additional neutral molecules and continuing the
breakdown process. High-energy ions are encountered in mi-
crodischarges at pressures higher than atmosphere as a result of
the high power densities and voltage gradients encountered in
the small gap spacing. The current in each cathode is composed
of a combination of positive ions impacting the cathode from
the microdischarge and secondary electrons ejected from the
cathode upon ion impact. Further away from the cathodes, the
current is carried primarily by the faster moving electrons.

A. Modeling Challenges

Power consumption and parasitic heating in the pressure
sensors are controlled by using pulsed dc microdischarges, as
opposed to constant dc discharges. The use of pulsed powering
creates high-current pulse arcs (40–100 ns in duration), which
initiate the microdischarges, as described by several authors
[16]–[18]. The magnitudes of the current pulses show much
greater sensitivity to pressure than the sustained dc current
levels. However, while steady-state models exist for plasmas,
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transient current pulses in microscale discharges have not been
reported.

Microdischarges differ from macroscale plasmas in several
aspects. In general, microdischarges can be sustained at higher
pressures. They also experience much higher power densi-
ties, voltage gradients, and electric field strengths. Despite the
high rate of collisions encountered at pressures approaching
atmosphere, the electrons are in nonequilibrium, as they have
much higher energies than the ions [7], [10], [11], [19]–[21].
When operating as glow discharges, microdischarge ionization
is based on the creation of high-energy secondary electrons. A
significant amount of these very energetic secondary electrons,
i.e., “beam electrons,” are accelerated to high velocities in
the positively charged sheath region proximal to the cathode.
This makes the models describing microdischarges complex,
as the electron energy distribution function is highly non-
Maxwellian [7], [11], [20], [21]. (The distribution function in
macroscale discharges is typically assumed to be Maxwellian.)
These differences between macroscale plasmas and microdis-
charges make the macroscale models [22] unrepresentative of
the microscale, even in steady-state conditions. Multielectrode
geometries, such as those proposed for this paper, pose addi-
tional challenges.

Several modeling techniques have been used to model
steady-state microdischarges, most of which concentrate on
cylindrically symmetric structures with a central hole through
a metal–dielectric–metal sandwich stack [7]. Fluid models
have been developed, which solve continuity, flux, and energy
equations for separate species in the microdischarges [23]. A
2-D fluid model has been developed by Kushner [10], which
takes into account both low-energy “bulk” and high-energy
“beam” electrons and their position at various time steps.
The model uses a Monte Carlo simulation to track the beam
electrons, accounting for nonlocal plasma kinetics, collisionless
heating, and nonequilibrium characteristics, which are pertinent
to microdischarge operation. These are not considered in fluid
models. Additional 1-D Monte Carlo models for steady-state
microdischarges have also been developed [20], [21]. Kushner
found the peak electric field near the cathode to be extremely
high (over 80 kV/cm). The bulk electron temperatures are found
to be 5.5–6.0 eV near the cathode and 2–3 eV between the
electrodes. In an argon microdischarge, the ion densities are
2 × 1013 cm−3 at 50 torr and 1.8 × 1014 cm−3 at 625 torr,
while densities up to 5 × 1016 cm−3 have been reported [24].
The development of a 3-D Monte Carlo simulation would be
useful, given the multiple path lengths and spatially varying
nonuniform fields in microdischarges.

B. Current Pulse Operation and Simulation

The current pulses in cathodes 1 and 2 of microdischarge-
based pressure sensors are roughly approximated by a circuit
model, which predicts the pulse profile in time as a function
of discharge voltage. The pulse power source is represented
by the discharging of a capacitor C, while the current pulse
is represented as a series combination of an inductance L and
a resistance R, as developed by Robiscoe et al. [25], [26]. A
large shunt resistance Rs is used to allow a secondary current

Fig. 3. Circuit model for high-current pulse arcs. The pulse power source is
represented by the discharging of the capacitor C that is switched on at time
t = 0. The current pulse is represented as a series combination of an inductance
L and a resistance R along the current path. Rs is a shunt resistance, which
allows a small amount of secondary current to flow during the main current
pulse.

Is to drain the capacitor, even if the pulse current I is zero.
The pulse circuit model is shown in Fig. 3. As all of the
circuit elements are passive, the relationships between voltage
drops across the circuit elements result in a linear system of
differential equations with constant coefficients. The solutions
to these systems are damped trigonometric oscillations if the
circuit rings, or exponentially decaying voltage profiles if the
circuit is overdamped.

The circuit elements in the model can be determined using
experimentally obtained pulse values. The pulse rise time, pulse
duration, peak current, and pulse energy are all functions of the
circuit element values and can thus be used to determine these
values for the particular pulses encountered in cathodes 1 and 2
of the microdischarge-based pressure sensors. The pulse rise
time is expressed as

tr = (1 + 2ε)
L

R

(
ln

1
ε
− r

)
(1)

where ε = L/(CR2) and r = R/Rs. The pulse duration is
expressed as

tp = [(1 + ε)RC] (1 − r). (2)

The pulse peak current is

Ip =
V0

R

[
1 − ε ln

(
1
εe

)
− r

]
(3)

where Vo is the initial applied voltage. The pulse energy is

Q =
1
2

CV 2
o /R

(1 + r)(1 + εr)
. (4)

Fig. 4(a) shows the theoretical current pulses in cathodes 1
and 2 of a pressure sensor with electrodes spaced 50 μm apart,
1 mm in diameter, and 125 μm thick at a pressure of 200 torr.
For cathode 1, the pulse rise time is 10 ns, the pulse duration,
measured from initiation to the Ip/e time, is 50 ns, and the peak
current is 235 mA. For cathode 2, the parameters are 20 ns,
40 ns, and 10.6 mA, respectively. Using these parameters and
(1)–(3), the values for R, L, and C are obtained numerically
for each cathode. Further refinement is possible by fitting to
experimental results. The circuit elements for cathode 1 in the
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Fig. 4. (a) Modeled and (b) experimentally measured current pulses in
cathodes 1 and 2 in a pressure sensor with electrodes spaced 50 μm apart,
1 mm in diameter, and 125 μm thick at 200 torr. The modeled current pulses in
cathodes 1 and 2 are referred to as M1 and M2, respectively.

described sensor are found to be 2.6 kΩ, 25 μH, and 6.8 pF,
respectively, and they are 48 kΩ, 600 μH, and 0.6 pF for
cathode 2. The shunt resistance is simulated with a large
impedance of 100 kΩ. The predicted current pulses as a func-
tion of time are determined through SPICE modeling. Similar
analysis can be applied to determine the circuit elements for
various pressure sensor configurations.

III. FABRICATION

The bulk foil sensors, which are intended for operation at
temperatures up to 1000 ◦C, use a quartz substrate. For the
electrodes, #302 stainless steel is used for several reasons.
Primarily, it is robust, inexpensive, easily machinable by micro-
electrodischarge machining and photochemical etching and has
a sufficient secondary emission coefficient (i.e., 0.04 secondary
electrons per incident 50-eV Na+ ion [27]). Additionally, it is
oxidation resistant at high temperatures and can be heated to
1420 ◦C before melting. Alternate refractory metals such as
tungsten, molybdenum, and niobium oxidize at high tempera-
tures in air, making them less desirable. Platinum, iridium, and
platinum–rhodium are attractive options but are significantly
more expensive than stainless steel.

The electrodes are lithographically patterned and etched
from stainless-steel foil, using photochemical machining
(Fig. 5) [28]. This process involves coating a thin sheet of metal

Fig. 5. Fabrication processes for bulk and planar sensors.

with photoresist, exposing the resist, and spraying the sheet
with a chemical etchant to dissolve the exposed metal. The
exposed metal is completely removed, leaving through-holes in
the sheet, and the resist is stripped (Fotofab, Chicago, IL).

An arrangement that accommodates the expansion mismatch
between electrodes and substrate is necessary as the electrodes
are integrated into the substrate. Trenches of specified depths
and a through-hole in the center are cut into the planar quartz
substrate. Both mechanical and wet-etch processes can be used
for this purpose. The electrodes are assembled into the trenches,
with the circular portions located in the through-hole. The dif-
ferent depths between the various trenches specify the discharge
gap spacing, as the electrodes lie flush with the bottom of the
trenches. Ceramic epoxy holds the electrode lead and support
arms in place, without adhering to the stainless steel. This
allows the leads and supports to expand separately from the
quartz chip and the ceramic epoxy without buckling. High-
temperature-compatible wires are soldered to the electrodes,
and the solder is encased in ceramic. This ceramic keeps the
solder in position, so it maintains electrical contact, even at high
temperatures.

The planar sensors, which are intended for operation at tem-
peratures up to 200 ◦C, are even easier to fabricate (Fig. 5). The
substrates are #7740 Pyrex glass wafers, which have a softening
temperature of 820 ◦C. A Ti film (1 μm thick) and a Au film
(500 nm thick) are thermally evaporated onto 500-μm-thick
glass wafers without removing the wafers from vacuum. Thin-
film titanium electrodes are used, as they have previously been
utilized to create sustained microdischarges [29]. The contact
pads are patterned on the gold layer by using photolithography,
and the film is removed using Transene GE-8148 gold etchant,
which does not etch titanium. The electrodes are then patterned
in the titanium layer using photolithography.

The sensitivity, pressure dynamic range, and temperature dy-
namic range depend on a variety of dimensional parameters, in-
cluding interelectrode spacing, electrode diameter, and cathode
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Fig. 6. (a) Bulk foil sensor with electrodes spaced 50 μm apart and 125 μm
in thickness. (b) Planar sensor with three circular cathodes spaced 50 μm apart
and 300 μm in width.

Fig. 7. Pulse-generating and readout circuitry used for sensor operation.

thickness. (Cathode thickness affects electrode spacing.) The
anode/cathode spacing in these sensors is set to produce mea-
surable results up to 1000 ◦C. (The sensors are designed to
function with an applied voltage of 1000 V; altering the voltage
results in different sensitivities.) A typical bulk foil design
with electrodes spaced 50 μm apart, 1–2 mm in diameter, and
125 μm thick is shown in Fig. 6(a). These sensors have active
areas of 0.8–3 mm2 and are fabricated on 1-cm2 chips.

The planar sensors used in this paper have three to seven
cathodes, of which two are selected for the pressure measure-
ment. The remaining are shunted to ground, and while they
draw currents, they are not used in pressure measurement at
this time. The cathodes are spaced 5–100 μm apart and are
5–300 μm in width. The sensors have active areas of 0.13–
3 mm2 and are fabricated on 0.25-cm2 chips. A typical planar
sensor design, with three circular cathodes spaced 50 μm apart
and 300 μm in width, is shown in Fig. 6(b).

IV. EXPERIMENTAL RESULTS

The bulk foil pressure sensors were fabricated and tested
at various temperatures up to 1000 ◦C, measuring pressures
between 10 and 2000 torr. Pulses, 1–20 ms in duration, were
applied at a rate of 2–10 Hz to the anodes of the sensors
with positive voltages between 700 and 1000 V. A computer-
controlled single-ended transformer-coupled gate drive circuit
created the pulses (Fig. 7). A current-limiting ballast resistor
was used in series with the anode, and 100-Ω resistors were
used in series with each cathode to measure current. The same
circuitry powered the planar sensors. The pulses consumed bet-
ween 168 μJ and 6 mJ each.

Current pulses were observed in each cathode. The current
pulses were approximately 40–100 ns in duration, with ampli-
tudes of 1.3 mA–2.85 A in the bulk foil sensors and 25 mA–2 A
in the planar sensors, varying with temperature and pressure.

Fig. 8. Measured current pulse peak values. (a) Sum of the pulse currents in
two bulk foil cathodes as a function of pressure and temperature. The empirical
curves for each temperature are indicated by the solid lines. (b) Temperature
trend for equation terms C1 and C2 in the peak current equation.

The experimentally obtained pulses in both cathodes are shown
in Fig. 4(b). They demonstrated damped trigonometric current
oscillations. The sum of the measured cathode current pulse
peaks for a bulk foil device is shown in Fig. 8(a). At each
temperature, this sum conforms to

Ipk1 + Ipk2 = C1 · ln(p) − C2. (5)

The terms C1 and C2, determined by a least squares fit to the
measured data in Fig. 8(a), are shown in Fig. 8(b) as a function
of temperature. At temperatures greater than 600 ◦C, terms C1

and C2 saturate, indicating that the total cathode peak current
becomes less dependent on temperature but remains dependent
on pressure at higher operating temperatures.

A nitrogen-filled chamber with temperature and pressure
control was used to test the bulk foil sensors. Fig. 9 shows
fractional cathode currents, at 1000 ◦C, for a sensor design with
electrodes spaced 50 μm apart, 1 mm in diameter, and 125 μm
thick. As noted, the output of the sensor is the differential peak
current between two cathodes, expressed as a fraction of the
total peak current. The typical output for this sensor is shown
in Fig. 10(a). Fig. 10(b) shows the typical output from a sensor
design with electrodes spaced 100 μm apart, 1 mm in diameter,
and 125 μm thick. The sensors demonstrate two regions of
sensitivity (similar in some sense to touch-mode capacitive
pressure sensors [30]). At low pressures, the response is highly
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Fig. 9. Percentage of total current in the cathodes at 1000 ◦C in a bulk foil
sensor with electrodes spaced 50 μm apart, 1 mm in diameter, and 125 μm
thick.

Fig. 10. Differential current output determined from the percentage of total
current in bulk foil sensors with electrodes (a) spaced 50 μm apart and
(b) spaced 100 μm apart, 1 mm in diameter, and 125 μm thick. Each data point
is the average of 100 measurements. The two empirical curves per temperature
are indicated by the solid lines.

linear, whereas at high pressures, it conforms to (5). The
transition between these two regions rises from about 100 torr
at room temperature to about 500 torr at 1000 ◦C. The average
sensitivities in the low- and high-pressure operating regions of
these sensors are shown in Fig. 11 as functions of temperature.
One sensor design typically demonstrated the maximum lower
pressure sensitivity, i.e., 5420 ppm/torr, as well as the maximum
higher pressure sensitivity, i.e., 500 ppm/torr. Other design
variations were also explored, and the typical results are listed
in Table I. The minimum average temperature coefficient of
sensitivity was −550 ppm/K.

Fig. 11. Average sensitivities in both the low- and high-pressure ranges for
the bulk foil sensors in Fig. 10(a) and (b) as functions of temperature.

TABLE I
TYPICAL PERFORMANCE OF FOUR DIFFERENT SENSOR DESIGNS, WITH

THE HIGHEST PERFORMANCE IN EACH CATEGORY BEING IN BOLD

The planar sensors were tested in the context of a chemical
sensing system, with an inert carrier gas (He) along with air
and organic vapors. (Packaging these sensors with other devices
and operating them concurrently demonstrated the ability of
microdischarge-based sensors to function in systems, without
disrupting the operation of other components.) Fig. 12 shows
the fractional cathode current and differential output of a planar
sensor packaged with other devices, as described earlier, with
three cathodes spaced 50 μm apart and 300 μm in width. In
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Fig. 12. Percentage of total current and differential current output in a planar
sensor at 200 ◦C. The sensor has electrodes spaced 50 μm apart and 300 μm in
width. Each data point is the average of 100 measurements.

this geometry, the intermediate cathode was grounded. Typical
sensitivities were 9800 ppm/torr in the lower pressures, from
30–100 torr, and 1400 ppm/torr in the higher pressures, from
100–200 torr.

Sensitivity, dynamic range, and the temperature coefficient
of sensitivity are the metrics used to compare microdischarge-
based pressure sensor designs to one another and other pressure
sensors. The performance of four different sensor designs, both
planar and bulk foil, are shown in Table I, with the highest
performance in each category being in bold. The data in the
table represent typical operation of each sensor design.

V. DISCUSSION

Several points concerning the sensor operation warrant a
discussion, i.e., the temperature coefficients of sensitivity, the
potential impact of electrode contamination, and the possibility
of encapsulation.

The sensors demonstrate a negative temperature coefficient
of sensitivity. For example, a sensor with electrodes spaced
50 μm apart, 1 mm in diameter, and 125 μm thick has sensitiv-
ities in the low-pressure region of 5060 ppm/torr at 23 ◦C and
1420 ppm/torr at 1000 ◦C. There are a number of possible con-
tributors to the temperature coefficient of sensitivity, ranging
from changes in the nature of the microdischarge to structural
effects such as minor variations in electrode separation caused
by expansion mismatch with the substrate. For comparison, typ-
ical piezoresistive and capacitive pressure sensors have sensi-
tivities of 100 and 1000 ppm/torr, respectively, and temperature
coefficients of sensitivity of ±1000 to ±5000 ppm/K [31], [32].

In nitrogen environments, coating of the electrode surfaces
with contaminating thin films is not a primary concern in these
sensors. In the past, microdischarges have been used to, and
can unintentionally, coat electrode surfaces in reactive envi-
ronments [33]. However, with discharges of sufficient energy,
thin films are sputtered off the electrodes. This is demonstrated
through the successful use of titanium electrodes, which form
native titanium oxide layers in air. Radio-frequency discharges
are also utilized to remove coatings [34].

In general, microdischarge-based pressure sensors should be
calibrated for the gas environment in which they operate. To
permit operation in variable environments that may additionally

contain corrosive gases or even liquids, the pressure sensors
can be encapsulated within a sealed cavity with a flexible
diaphragm. The sealed cavity could contain pure nitrogen,
helium, or other gas in which the discharges would be created.
The external fluidic pressure would be transferred to the encap-
sulated gas through the diaphragm, taking advantage of the high
sensitivity of the pressure sensor.

A logical progression for these sensors is the use of three,
or more, cathodes to simultaneously enhance both sensitivity
and dynamic range (albeit at the cost of increasing lead count
at the circuit interface). This has been explored in a preliminary
manner—devices with three or more cathodes were fabricated,
but the signal output involved only two of the cathodes. The
signal generated from two cathodes of a bulk foil device that
had three cathodes spaced 100 μm apart, 3 mm in diame-
ter, and 50 μm thick provides a relatively high sensitivity of
5000 ppm/torr but, not surprisingly, a compromised dynamic
range of only 300 torr. Conversely, a planar design with five
cathodes spaced 50 μm apart and 50 μm in width produces a
uniform sensitivity of 2000 ppm/torr over 25–275 torr, when
the signal is extracted from the two innermost electrodes.

The impact of electrode geometries is also worth investigat-
ing. In planar devices, for example, radial symmetry of the
cathodes around a central anode seems to be a feature worth
retaining. Experiments suggested that straight rectangular cath-
odes tend to compromise the sensitivity.

VI. CONCLUSION

The results indicate that microdischarge-based pressure sen-
sors could be promising for use at high temperatures, at least
up to 1000 ◦C, over the pressure range of 10–2000 torr. It is
expected that these sensors can potentially operate at tempera-
tures below room temperature and over larger dynamic pressure
ranges. They provide an electrical readout, avoiding an interme-
diate transduction step, which can be convenient in some cases.
The active areas for these devices are small enough to permit
hybrid or monolithic integration with other components that
constitute functional microsystems. The sensitivity achieved
compares favorably with conventional piezoresistive and ca-
pacitive pressure sensors of comparable size. The absence of
a diaphragm, which is commonly used in piezoresistive and
capacitive pressure sensors, also provides natural tolerance for
overpressure and, consequently, mechanical robustness. How-
ever, encapsulating the devices within a sealed cavity with a
flexible diaphragm would permit them to be operated in a broad
range of environments.
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