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ABSTRACT

A finite element method is developed to compute the

mechanical strain resuhing from boron doping in silicon.’
This technique is then applied to the bending of boron- -

doped silicon cantilevers. The silicon cantilever is modeled
as an isotropic elastic material. A lattice mismatch parame-
ter due to the substitutional boron is used as the strain
source. Qualitative agreement is resulted with experiments
in the literature for varying thickness cantilevers.
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INTRODUCTION

Silicon bulk micromachining is important for fabricat-
ing silicon-based sensors and transducers. Silicon sensors
are often composed of thin membranes, bridges, cantilevers,
and beams. These structures can be fabricated by various
buik micromachining methods. Anisotropic wet chemical
etching is often used to develop sensor structures due to its
simplicity and convenience as well as providing very accu-
rate dimensional contro [1].

~ Boron etch stops are often used as a method for con-
trolling etch depth in silicon substrates. Thin silicon film
_ structures can be fabricated by thermally diffusing or
implanting boron on one surface of the silicon wafer and
then by etching through 2 mask window on the other side of
the wafer. For wet chemical etchants sach as KOH, the etch
rate decreases significantly as the etch front approaches

boron concentrations greater than 7x10% cm>, It is believed
that the strong B-Si bond tends to bind the crystal more
stringently, therefore requiring more energy to release the
silicon atom [2].

1t is then possible to design thin silicon film structures
with the desired thickness by conirolling the diffusion of the
boron dopant profile so that the etch stop will occur at depth

where the boron concentration approaches ~7x10!% em3.
However due to these levels of boron concentration, high
levels of residual stress are generated. Since micromachined
thin membranes are critical componrents of silicon sensors
and transducers, residual stresses in these structures may
lead to mechanical failure of the device and/or deteriorate its

performance.

It is well known that boron is a substitutional dopant in
silicon and exerts a tensile strain when introduced into the
crystal lattice [3). As the smaller boron atom displaces the
silicon atom, there is a tendency for the lattice to contract
locally. However, the silicon lattice will restrain from con-

- tracting and therefore resuit in a local tensile strain, as is
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demonstrated in Figure 1.

Figure 1. A local tensile strain is generated as a boron
atom substitutes into a silicon lattice site,

The high concentrations of boron necessary to produce
the etch stop behavior results in residual tensile stress with

magnitudes approaching and exceeding levels of 1x10° dyn/

cm?. To relieve these high levels of stress the silicon crystal
yields and may generate dislocations that may be deleterious
to device and sensor performance [4]. This is one of the
main reasons for studying residual stress and its origins.

The residual stress resulting is dependent on the gradi-
ent and maximum magnitude of the boron dopant profile as
well as the thickness of the cantilever resulting after the
backside etch. Since the boron dopant profile is not uniform
the stress distribution varies with depth causing the cantile-
ver to bend in order to relieve the resulting residual stress.
This is evident in previous studies analyzing positive and
negative bending of boron-doped cantilevers under varying
diffusion conditions [5, 6.

This paper presents a finite element based model] that
computes the residual stress field resulting from a particular
boron diffusion process and its corresponding cantilever
bending behavior.






