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Fig.1 A 3D schematic diagram of a silicon nanoplate used in

the simulation study
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Fig.4 Variation of piezoresistive coefficient with the thickness
of a silicon nanoplate Experimental data by Toriyama et al

(square) is also shown.
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A Theoretical Study of the Piezoresistivity of a p-Type Silicon Nanoplate”
Zhang Jiahong, Huang Qing’an’, Yu Hong, and Lei Shuangying
(Key Laboratory of MEMS of Ministry of Education , Southeast University, Nanjing 210096, China)

Abstract: Based on the 6 X6 Luttinger-Kohn Hamiltonian, including strain, and taking into account of the quantum-size effect and
spin-orbit coupling,a band structure model for p-type silicon nanoplate piezoresistors is established using the finite difference meth-
od. The effect of thickness, impurity concentration, and temperature on the piezoresistive coefficient of the silicon nanoplate was
quantitatively investigated based on its dependence on the band structure. The results indicate that the effect of the quantum confine-
ment of holes, which dramatically alters the band structure,enhances the piezoresistive coefficient of the p-type silicon nanoplate pie-
zoresistors. The spin-orbit coupling, which changes the band-edge energies, plays a significant role in the high strained silicon nano-
plates. The size-dependent piezoresistive coefficient of the p-type silicon nanoplate piezoresistors increases as the thickness decreases.
The piezoresistive coefficient was also observed to decrease with increased impurity concentration and temperature. In the extreme degen-
erate range,the piezoresistive coefficient is controlled only by the impurity concentration and becomes temperature-independent. In the non-
degenerate range.the opposite phenomenon occurs. Furthermore, according to the form change of constant energy surfaces for heavy and
light holes in the presence of stress,we qualitatively analyze the origin of the longitudinal piezoresistive effect in the silicon nanoplate.
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