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Abstract

Micromachining technologies enable the development of
low-cost devices capable of sensing motion in a reliable
and accurate manner. The development of various
surface micromachined accelerometers and gyroscopes to
sense motion is an ongoing activity at Sandia National
Laboratories. In addition, Sandia has developed a
fabrication  process for integrating both  the
micromechanical  structures and  microelectronics
circuitry of Micro-Electro-Mechanical Systems (MEMS)
on the same chip. This integrated surface
micromachining process  provides substantial
performance and  reliability advantages in the
development of MEMS accelerometers and gyros.

A Sandic MEMS team developed a single-axis,
micromachined  silicon  accelerometer capable of
surviving and measuring very high accelerations, up to
50,000 fimes the acceleration due to gravity or 50 k-G

{actually measured to 46,000 G). The Sandia integrated -

surface micromachining process was selected Jor
Jabrication of the sensor due 10 the extreme measurement
sensitivity  potential  associated  with  integrated
microelectronics. Measurement electronics capable of
measuring attoFarad (10" Farad) changes in
capacitance were required due to the very small
accelerometer proof mass (< 200 x 10°° gram) used in this
surface micromachining process. The small proof mass
corresponded to small sensor deflections which in tum
required very senmsitive electronics to enable accurate
acceleration measurement over a range of 1 10 50 k-G. A
prototype sensor, based on a suspended plate mass
configuration, was developed and the demils of the
design, modeling, and validation of the device will be
presented in this paper. The device was analyzed using
both conventional lumped parameter modeling technigues

and finite element analysis tools. The device was tested
and performed well over its design range.

1. Imntroduction

The acceleration environment experienced by the sensors
and electronics in some high shock environments -is
extreme, with average accelerations in the 20,000-G range
and peak transient accelerations up to several hundred
thousand G'. Commercially available accelerometers
used in shock testing of carth-penetrator weapons
components are both expensive ($1800 each) and prone to
failure.

The only reported silicon-based high-G accelerometers

are bulk-inicromachined. Preliminary failure analysis of

these comumercial sensors indicated that failure modes
included both undamped high-frequency resonances of the
sensor itself and catastrophic failure of the packaging® .

Specification for the nominal parallel-plate capacitance of
the 50 kG sensor was 100 fF at a 2 pm gap. This
capacitance level was constrained by the necessity to
interface with an existing CMOS microelectronics design.
When no acceleration was applied to the sensor, its
nominal capacitance requirement constrained both the gap
spacing and plate overlap area. This translated into a
plate overlap area of = 22, 500 um® (=150 ym x 150 um
square area), where the no-acceleration state gap spacing
was constrained by the 2 pm thick sacrificial oxide layer
used in the fabrication process. The desired gap spacing
during acceleration of 50 kG was 1 ym. The resonant
frequency of the sensor suspension was constrained to be
greater than 100 kHz to accommodate sampling
frequencies and the induced vibration caused by the
sampling voltage electrostatic attractive force. To obtain
adequate response, z target range of 0.7 for the damping
ratio was desired. Damping was significantly constrained
by fabrication considerations, specifically the requirement
for sufficient spacing of etch- release holes. In this case,
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