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ABSTRACT
A surface-micromachined MEMS process has
been used to demonstrate multiple-input chemi-
cal sensing using selectively coated cantilever
arrays. Combined hydrogen and mercury-vapor
detection was achieved with a palm-sized, self-
powered module with spread-spectrum telemetry
reporting.

INTRODUCTION
Microcantilevers, such as those used by atomic
force microscopes, have been demonstrated as a
universal platform for real-time, in-situ measure-
ment of physical and biochemical properties.
Sensitive detection of the cantilever deflection
due to adsorption-induced forces and resonance
frequency variation due to mass loading can re-
sult in part-per-billion (ppb) to part-per-trillion
(ppt) sensitivity. A spectrum of physical, chemi-
cal, and biological sensors based upon the mi-
crocantilever platform has been tested’”s.

The typical dimensions of commercially available,
micromachined, mass-produced microcantilevers
are 50-200 pm long, 10-40 pm wide and 0.3-3 pm
thick with mass in the range of a few nanograms.
Cantilever motion is typically accomplished for
AFM applications by laser-beam deflection or
piezoelectric transduction. For a low-power, mul-
tiple-input device, an array of capacitively read
cantilevers, each fabricated with a selected coat-
ing, appears to be ideal.

ARRAYED SENSOR SYSTEM
An initial demonstration of the concept of a uni-
versal platform is a one-dimensional, ten-element
microcantilever array (MUMPS process of
MCNC) selectively coated with gold for mercury
sensing and palladium for hydrogen sensing6.
The cantilevers, whose cross section is shown in
Fig. 1, utilized the stress effect from exposing the
coatings to a vapor of interest and measuring the
resultant deflection as the vapor and coatings

Fig. 1. MUMPS cantilever cross-section
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interact. As the cantilever bends, the spacing
between the beam itself and a polysilicon plate
underneath the beam changes. This change is
sensed as a change in capacitance. A simplified
version of the circuit used is shown in Fig. 2. The
readout was fabricated as an 8-channel chip in a
1.2-pm bulk CMOS process.

The cantilever chip, it’s associated readout chip
and interface support circuitry was all mounted as
a single boardset onto a battery pack that utilized
four AA batteries. The ‘palmtop’. package is
shown in Fig. 3.



DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government, Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.



.

t hydrogen in nitrogen (1000 ppm hydrogen con-
centration). The typical capacitance change for
this test was about 20 fF. This cantilever system
has also been used to detect hydrogen levels
down to approximately 100 ppm. Lower levels are
practical with thinner cantilevers and coatings.
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Fig. 6. Multichannel hydrogen data

RF TELEMETRY
A wireless network for data reporting is needed to
field arrays of distributed sensors. For this, we
have developed an RF-telemetry chip with on-
chip spread-spectrum encoding and modulation
circuitry to improve the robustness and security
of sensor data in typical interference- and mul-
tipath-impaired environmentsG’7. We have also
provided for a selection of distinct spreading
codes to serve groups of sensors in a common
environment by the application of code-division
multiple-access techniques. Our initial intended
operation is for use in the 915-MHz Industrial,
Scientific, and Medical (ISM) band.

The ‘Wirtxl’ chip, shown in Fig. 7, is comprised
of a 10-bit analog/digitai converter (ADC) with
four input multiplexer, a 63-bit digital spreading-
code generator, a state-machine controller that
allows the chip to act as an unattended data ac-
quisition system, and the radio-frequency modu-
lator and transmitter. The entire chip operates on
3.3V and is mounted on a printed-circuit board on
the bottom, side of the battery pack shown in
Fig. 3. The chip
CMOS process.

was fabricated in a 0.5-pm bulk

Fig. 7. Wirtxl wireless data acquisition chip

SUMMARY
We have developed a sensor-readout-telemetry
system that is battery-operated, utilizes multiple
microcantilever sensors that allow mixtures of
vapors to be measured with a high sensitivity.
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