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1. introduction

During this research, the possibility of realizing highly sensitive micromechanical sensors
was Investigated. Modulation of the resonance frequency of a vibrating micromechanical
structure which has high quality factors was used as the conversion principle. This principle
was applied to a new type of infrared sensor and to some inertial sensors like the resonant
angular rate sensor. On-chip NMOS circuitry was realized in order to reduce the influence of
parasitic and to prove process compatibility. One port electrostatic excitation, capacitive
detection with a floating electrode on the resonator was demonstrated as a highly efficient
configuration for thermally isolated resonators. Refined circuits for signal detection were
used in order to enhance the efficiency of the detecting step.

p+silicon was used as the thin etch-stop layer in some of the fabricated structures. Process
dependence of stress distribution in the p+layer was studied by using microphysical investi-
gations (Secondary lon Mass Spectroscopy and Microprobe Raman Spectroscopy). A new

theory is formulated for the appalition of the compressive stress in p+layers.



Dynamic behavior of p+resonators was also studied. Young's modulus, internal stress
and quality factor were studied in relation with process sequence. Such measurements clarified
the wide spread in the previously published values of these parameters. All the structures

were designed and studied by using ANSYS simulations.

2. The mechanism of compressive stress development in p+ silicon

In Figure 1 the elastic strain in a layer of boron doped silicon is shown as a function of
boron concentration [ 1 ]. In the elastic region (segment a), the strain is equal to lattice
mismatch. At a critical level, the yield strain of silicon at the diffusion temperature is
reached and the lattice will collapse through the generation of dislocations (segment b).
When boron ex-diffuses from the layer, like it happens actually in an oxidation process or a

long drive-in, the residual elastic strain will relax following the curve e in Figure 1.
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Figure 1 Dependence of intrinsic strain { €) on boron concentration in silicon tayers heavily
doped with boron.

The decrease of boron concentration under a certain level will be equivalent to doping silicon
lattice which is slightly smaller than ordinary silicon lattice. Silicon atoms will produce a

compressive Stress.

3. The resonant infrared sensor

When an optical power is incident on a microresonator a photothermally induced stress
variation is generated in the resonator giving rise to a change in the resonance frequency
related to the infrared power. The schematic structure of the resonant IR sensor is shown in
Figure 2. The excitation,“detection circuit for operation of resonator at constant amplitude

on a selected mode of vibration is shown in Figure 3. The responsitivity to IR power is shown



in Figure 4.

4 . The resonant angular rate sensor

A resonant angular rate sensor was fabricated in the next technical solutions : (2) tuning
fork motion for the excitation mode and torsional motion for the detection mode. These
resonators shows high @ factors. (b} electromagnetic excitation for large amplitude of
vibration ; suitable mechanical design for the matching of the resonance frequencies in the
two motions ; (d) symmetrical structure for reduced mechanical coupling. The structure is

shown in Figure 5. The response to angular rate is sown in Figure 6.

5. Conclusions

The problems of miniaturization in sensors based on micromechanical structures were
analyzed. The main applications were : the resonant infrared sensor, the angular rate sensor
with electromagnetic excitation and capacitive detection.

Statical behavior of p+silicon microstructures was analyzed using microphysical investi-
gations, Relevant parameters of p+silicon microresonators were evaluated.
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