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Design of high g piezoresistive micro-accelerometer
LIU Feng-li, HAO Yong-ping
(R&.D Center of CAD/CAM Technology »Shenyang Ligong University »Shenyang 110168 ,China)

Abstract: The change in resistivity caused by the mechanical deformation in a micro-accelerometer was
used to design an accelerator to measure physical quantities such as high g acceleration. The process
and a solid model were constructed in CoventorWare. With changing the position of a piezoresistive
sensing element on the fix-end cantilever,the optimizing location of the sensing element as well as the
relationship between the output current and the location are obtained by using Finite Element Mothod
(FEM) in the MemPZR module. Changing the sensitivity by the same percentage, it is proved that e-
lectric conductivity changes are coincident with the sensitivity changes of the element. When 20 kg ac-
celeration is inputted, the potential distribution of piezoresistor device terminals, the corresponding
stresses of the piezoresistive element and the current location are also obtained,which testifies the an-
ti-over loading ability from the stress location in the fix-end cantilever.
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lectro-mechanical device that measures high G
1 Introduction acceleration. Compared to the other accelerome-

ters, this sensor for mechanical signals is based

The piezoresistive micro-accelerometer is an e- ) o ) o
on the piezoresistive effect. Piezoresistive phe-
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nomenon in semiconductor is linked to a change
in the resistivity in the response to an applied

[ The change in resistivity of the micro-

stress
accelerometer subject to a mechanical deforma-
tion is used to measure physical quantities such
as high g acceleration™,

There are several mechanisms for acceleration
sensing viz. , piezoelectric (Okada 1995), pie-
zoresistive (Roylance and Angell 1979; Allen et
al. 1989; Plaza et al. 1998; Pak et al. 1996;
Wang et al. 2003; Patridge et al. 2000; Limet
al. 1999; Sim et al. 1998; Kwon and Park 1998;
Ninget al. 1995; Chen et al. 1997; Eklund and
Shkel 2007 ; Amarasinghe et al. 2006; Kal et al.
2006) , capacitive (Butefisch et al. 2000; Yazadi
et al. 2003; Wang et al. 2007; Rodjegard et al.
2005; Takao et al. 2001), tunneling (Dong et
al.  2005), beam
(Aikele et al.

1999; Burns et al. 1996), etct .

vibrating beam/resonant

2001; Tabata and Yamamoto
Even though
each of the above acceleration sensing mecha-
nisms has its own advantages and limitations,
piezoresistive accelerometers are widely used due
to its structural simplicity, simple fabrication
process and read out circuit compared to the oth-
er accelerometers. Through optimizing the
structure parameters and by virtue of the pie-
zoresistive effect, an accelerometer is desired for
the high g, which can’t be detected by common
sensor or endure the shock in some particle envi-
ronment such as aeronautical and military indus-
tries.

CoventorWare is a typical state-of-the-art de-
sign tool for MEMS design and analysis with a
lot of advanced features. In this analysis the De-
signer and Analyzer module are used. The antic-

ipative models can be established in Designer

modules. The FEA and BEM analysis are per-
formed in the Analyzer module based on the

model.

2 Model constructions

2.1 Process design
The process sequences are shown in Tab. 1. A
planar deposit step was added to produce a cris-

talsilicon piezoresistive layer.

Tab. 1 Process step

Thickness Etch depth
Step  Action Material
(pm) (pm)
1 Base Silicon 40. 0 -
2 Planar Fill PSG 3.0 -
3 Planar Fill cristalsilicon 2.0 -
4 Stright cut cristalsilicon - 2.0

The material of piezoresistive sensing element
was cristalsilicon. The electrical conductivity is
the reciprocal of the resistivity value for p-type
silicon. Verify the cristalsilicon electrical con-
ductivity is and piezo-coefficients property values
are shown in Tab. 2. The elastic constants are

shown in Tab. 3.

Tab. 2 Piezo coefficients

Pi_11 6.6x10°
Pi_12 —1.1X107°
Pi_44 1.38X10°°*

Tab.3 Elastic Constants

E,E, E 1.30X10°
Poissonl2,13,23 2.78X10!
Gy Gis s Gos 7.96 10"

The material of the fix-end beam was polysili-
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con. When designing crystal silicon models, the
crystallographic axis of the crystal silicon mate-
rial should be aligned with the axis of the global
system of reference. The elastic constant of pol-
ysilicon is 1. 6 X 10° MPa and poisson is 2. 2 X
107", The density is 2. 23 X 107" kg/pum’ and
TCE is 4. 7X 10 %/K. Thermal conductivity is
1.48X10* W/(m « K).

2.2 Solid model construction

Three-dimension solid finite model is constructed
on the base of the process and the mask. This
sensor is a typical, fix-end beam and piezoresis-
tive sensing element model with a patch displace-
ment boundary condition as shown in Fig. 1 and
Fig. 2", The solid model is highly meshed using
“Manhattan brick” with element size 10 pm X 10
pmX1 pm. The FEM in this analysis was used

to model piezoresistive behavior.

&

Fig.1 Solid model

Fig. 2 Piezoresistive sensing element

3  Study of sensing element location

The position of the piezoresistive sensing ele-
ment in the fix-end beam directly influenced the
output i. e. device performance. Therefore, to
properly compute the change in sensitivity in a
numerical simulation, the piezoresistive sensing
element should be correctly positioned in the fix-

B3], CoventorWare is a special software

end beam
for MEMS device design and analysis. Its
MemPZR module is designed to compute the pie-
zoresistive sensor’s potential field and the resul-
ting change in current resulting from the applied
stress. In this analysis, a parametric study solu-
tion set was created that shows the current
change as the piezoresistor device was moved
longitudinally along the beam. Setting the mass
plate had 1 displacement in Z direction. Vary the
piezoresistive sensing element position from the
fix end of the fix-end beam to the other end at
each step of 20 pm. The graphical change in cur-
rent as the piezoresistor device is stepped along
the fix-end beam is obtained as shown in Fig. 3.
The fix-end beam stress results from previous
simulations confirm that the maximum stress is
near the fixed end, with the least amount of
stress near the end. The piezoresistor device ac-
curately senses this stress change and converts it
into a current that can be measured in an elec-
tronic circuit., Current change was shown in
Fig. 4. Minimum stress is at the center of the
beam.

Thus the two piezoresistive sensing elements
were located at the two fix ends of the fix-end
beam and mutual perpendicular to each other.
Linked the two piezoresistor sensing elements as
two vicinage resistances in the wheatstone
bridge*’.

subject to the inverse direction stress and vici-

For the two sensing elements were

nage in the wheatstone bridge, the output was
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Fig. 4 Minimum stress at beam center

augmented.

4 Simulation analysis

When the high g acceleration is inputted, the
displacement moves a single patch in a vector di-
rection, creating an internal larger stress on all
the internal nodes in the model. The piezoresis-
tive sensor’ s potential field and the resulting
change in current are due to applied stresses.

The piezoresistive sensing element created as a
separate piezoresistive model is initialized with a
potential across its terminals, with the problem
set up to sense current through the same termi-
nals.

Set the potential across the piezoresistor de-
vice terminals V1 and V2. When 20 kilo g accel-
eration is inputted and one volt is applied, the pi-
ezoresistor stress location is shown in Fig. 5 and

the current density is shown in Fig 6.

0.0 2.7 5.4 8.1 11.0
Mises stress/MPa

Fig. 5 Piezoresistor stress results
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Fig. 6 Current density after input 1 V

The displacement moves a single patch in a
vector direction, creating an internal stress on
all the internal nodes in the model.

A parametric study solution set is created that
shows the current change as the piezoresistor de-
vice moves longitudinally along the beam.

The conductivity of the piezoresistive sensing
element is critical for the amplitude of the out-
put. How a variation in the electric conductivity
for the piezoresistor material affects its resistivi-
ty and its ability to convert the beam stress re-
sults into a current were investigated. The elec-
tric conductivity is allowed to vary =10% dur-
ing the simulation. The results for —10% and
+10% variation in conductivity were contras-
ted. The results showed the current changed by
the same percentage when electric conductivity
changes as shown in Fig. 7, so the material
property variation make the piezoresistor device
conversion capability relatively insensitive to this

parameter.
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Fig. 7 Sensitivity changes wvs. electric conductivity

changes

Crystal silicon is a brittle material, so the reli-
ability is also considered under over loading"™.
When input 20 kg acceleration, the maximum
stress in the fix-end beam is smaller than the

yield strength as shown in Fig. 8.

0.0 2.7 5.5 82 11.0
Mises stress/MPa

Fig. 8 Fix-end beam stress location
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