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High-sensitivity silicon capacitive sensors for measuring medium-vacuum
gas pressures
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Abstract

The design, construction, and preliminary testing of an experimental capacitive silicon pressure sensor are described. The prototype sensor
is designed as a robust, precision barometer suitable for measurements on the planet Mars where the mean atmospheric pressure is ~ 6 mbar
(600 Pa). Most commercially available silicon pressure sensors tend to operate over pressure ranges = | bar, or measure gauge pressure, but
this sensor is specifically constructed to measure absolute pressure of 0~10 mbar with a very high sensitivity ~ 1 pF mbar ~". The transductional
mechanism is the deflection of a silicon diaphragm under applied pressure across a sealed vacuum cavity. Under storage conditions of | bar,
the diaphragm displacement is mechanically constrained by an underlying stopping surface. Finite-element analysis shows that typical
structures are extremely resistant to overpressure: fracture occurs at many tens of bar. The device is fabricated using a silicon fusion-bonded
vacuum cavity which provides for relative insensitivity to temperature changes. © 1998 Elsevier Science S.A.
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1. Introduction

This paper presents a preliminary investigation into the
feasibility of using fusion-bonded capacitive micro pressure
sensors for precise vacuum measurement. The effort was
motivated by a planetary exploration objective to measure
the global meteorology on Mars, where the average atmo-
spheric pressure at the surface is ~ 600 Pa (compared to the
Earth’s ~ 10 Pa). On Mars, a global network of about
20 pressure sensors on the planet’s surface combined with
orbiter measurements can provide the data necessary to solve
the fluid equations which describe the atmospheric circulation
(i.e., the three-dimensional wind field around the planet and
its variation in time). Surface anemometers would be unsuit-
able because these would only measure very local winds,
strongly affected by factors such as nearby surface topogra-
phy, whereas pressure gradients indicate large-scale winds.
Haberle and Catling [1] have discussed the rationale and
required performance of pressure sensors on Mars. The spec-
ifications are demanding: an absolute pressure range of 0-12
mbar, a resolution of 0.01 mbar, an accuracy of =+ 0.03 mbar,
and a long-term zero drift of <0.1 mbar per year (where 1
mbar= 100 Pa is the unit conventionally used in meteorol-
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0gy). Because pressure sensors can be miniaturized and do
not require specific orientation, the resulting probes (com-
prising landing systems, telemetry, electrical subsystems, and
housing) are small enough that 15-25 of them could be sent
to Mars with just one, low-cost launch vehicle {2]. Battery
power would allow operation over a Martian year ( 1.9 Earth
years) for the detection of seasonal weather changes, or a
small radioisotope power source could facilitate climate stud-
ies over many years. In either case, thermal control of —40
to +60°C inside the space probes (where pressure sensors
would be housed, connected to the external atmosphere via
tubing) would be necessary to ensure subsystem longevity.

Vacuum pressures from 107 to 1000 mbar are tradition-
ally measured using either a Pirani gauge or detection of the
deflection of a metallic diaphragm according to reluctance,
capacitance or strain. Conventional instruments do not com-
bine the size and performance requirements for small Mars
probes. However, micromachined sensors {3-5] offer the
possibility of satisfying the various demands and also have
the advantage of batch fabrication. A miniature, accurate,
high-resolution sensor operating over 0-10 mbar may also be
useful for other applications, e.g., measurements in the
Earth’s upper atmosphere, and research vacuum applications
where conventional gauges are currently used but smaller
sensors would be more appropriate.






