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Abstract

The piezoresistance effect is defined as change in resistance due to applied stress. Silicon has a
relatively large piezoresistance effect which has been known since 1954 [1]. A four point
bending setup is proposed and designed to analyze the piezoresistance effect in p-type silicon.
This setup is used to apply uniform and uniaxial stress along the <110> crystal direction [2]. The
main aim of this work is to investigate the piezoresistive characteristic of p-type resistors as a
function of doping concentrations using finite element modeling. Simulation results are compared
with experimental data. [3] 

A four point bending setup is modeled using COMSOL Multiphysics®. The 3D geometry
comprises three main components including a top support block, bottom support block and
silicon beam (as depicted in Figure 1). The support blocks are both made of plastic (Delrin). A 2
mm square area is allocated at the centre top surface of the silicon beam for placement of the
silicon piezoresistors (as demonstrated in Figure 2). To investigate the piezoresistance effect, a
two terminal resistor configuration with dimension of 500 × 20 μm is included to determine the
resistance change when the silicon beam is subjected to external loading. Four different doping
concentration values are used for the piezoresistors namely; 1.0×1019cm-3, 7.6×1019cm-3,
1.2×1020cm-3 and 1.3×1020cm-3. A thin conductive layer with doping concentration of 1.5×1020
cm-3 is defined for the contact regions. 

During simulation, a downwards force is applied to the silicon beam; the resultant displacement
and stress are recorded. Figure 3 illustrates the principle stresses across the length of silicon bar
subjected to 3N downwards force. It can be observed that the centre stress at the surface of
silicon beam between two inner supports is uniform and uniaxial (dominated by stress in the x
direction). Figure 4 depicts the change in resistance as a function of force up to 3N for the four
doping concentration values. The result demonstrates that the resistance change is linearly
proportional to applied stress for small force application. Results also show that the
piezoresistance effect decreases as doping concentration increases, a trend that is confirmed
with experimental measurements.

COMSOL Multiphysics® was employed to investigate piezoresistive effect in p-type silicon
for a range of doping concentrations. Simulation results demonstrate a similar trend to
experimental results and show that the piezoresistance effect decreases as the doping



concentration increases. The stress and deflection on the silicon beam using a four point bending
setup were also simulated.
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Figures used in the abstract

Figure 1: 3D geometry of four point bending setup

Figure 2: Location of 2 mm square and piezoresistor at the surface of silicon beam



Figure 3: Principal stresses across silicon beam subjected to -3N load

Figure 4: Resistance change vs load applied for a range of doping concentrations


