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ABSTRACT

The GFET accelerometer is an integrated inertial
sensor based or a movable-gate field effect transistor. The
complexity of the transduction principle and the tight
tolerances associated with its manufacture necessitated a large
range of simulation and modeling techniques in order to
predict its performance, characterize its behavior and diagnose
processing .issues.  These techniques included circuit-
equivalent models, finite element ‘models, compact models
and anziytical models. This collection of modeling
techniques enabled the prediction of system-level performance
and the successful development of an innovative accelerometer
design.
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ACCELEROMETER DESCRIPTION

The concept behind the GFET accelerometer is
illustrated schematically in Figure 1. The device consists of &
suspended polysilicon mass which is designed to mrve up and
down in response to either an electrostatic excss: or an
acceleration. - The motion of the polysilicon gaz :rdulates
- the effective gate dielectric thickness of a dep! mode
FET. Since changing the effective dielectric thickness alters
both the threshold voltage and the transconductance of the
FET, this gate motion results in a time dependent variation in
the drain current of the device. With minimal additional signal
processing, this drain current modulation can then be
converted directly into an analog or digital voltage output.
This represents an important advantage cover the traditional
capacitive accelerometer, which requires a s:gmficant amount
of signal processing circuitry.

Figure 1: Schernatic representation of a - surface-
micromachined GFET acceleration sensor. In practice, the
FET channel would extend into the page.

The sensor and supporting electronics were fabricated
using an interleaved process which combines- polysilicon
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surface micromachining techniques with a conventional
enhancement/depletion NMOS process flow. The GFET flow
is a 13 mask process with the MOSFETs and transducer
sharing many common process modules.
A top-view SEM micrograph of the GFET
. wansducer is shown in Figure 2. The polysilicon proof mass
provides the inertial load under acceleration and serves as a
self-test electrode. The thin curved struciures connecting the
anchors to the cormers of the plate serve as springs and
suspend the proof mass above the plane of the substrate.
Several fingers extend from opposite edges of the proof mass,
three per edge for this particular design. These fingers serve
as the gates for a series of depletion-mode MOSFETs that
have been fabricated in the underlying substrate. Motion of
the proof mass under acceleration causes a vertical
displacement of these gate fingers, resulting in a change in
the MOSFET drain current. A close-up view of the active
FET finger portion of the device is shown in Figure 3.

Figure 2: Top view of accelerometer
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CIRCUIT-EQUIVALENT MODEL

In order to gain a qualitative understanding of the
integrated accelerometer, a second-crder differential equation
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