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Abstract

Biodegradable electronic device that physically disappears in physiological or environmental
solutions is emerging for potentially widespread applications in healthcare management and
environmental sustainability [1-8]. Precise modulation of the lifetime with on-demand
expectation to constituent materials, however, remains a key challenge. For silicon
nanomembranes (Si NMs) that are the essential semiconductor component for high-performance
biodegradable electronics at system level, in this work, we present a new mechanism of their
hydrolysis behavior is presented (Figure 1) and a controlling strategy of Si NMs degradability
by tuning surface charge density associated with dopant type and level is demonstrated. The
experiments show a significant dependence of dissolution behavior on the surface charge status
and dimensional size of Si NMs and mechanical stirring to solution environments. The presence
of phosphates and potassium ions in solutions, lower dopant levels of p-type Si NMs or non-
stirring environment will facilitate the degradation of Si NMs with higher dissolution rates and
will also lead to a stronger size-dependent effect. Molecular dynamics (MD) simulations are
conducted to reveal the ion adsorption mechanism of Si NMs with different surface charge
densities and confirm the experimental observations. Tunable lifetime of the neural recording
array based on Si NMs is achieved through geometry design. These results shed light on
creation of new strategies to modulate the operational time frames of Si NMs and provide
important baseline understanding for engineering high-performance biodegradable electronics.

Figure 1. Chemical dependent hydrolysis mechanisms of silicon nanomembranes (p-type and n-type)
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