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The epidermal electronic devices (EEDs) with distinctive adaptability have drawn much attention in many fields, such as biological monitoring and biomedicine [1,2]. Due to the tight contact between exothermic electronics and biological tissue, pain sensation is susceptive to the noxious stimulation, which is critically important for practical application. An axisymmetric analytical heat transfer model is developed to predict temperature distribution in the EED/skin system, accounting for the non-Fourier effect in skin tissues via Dual-Phase-Lag (DPL) model. The phase lag parameters in the model are obtained from the two-temperature model and then validated credibly by a series of experiments with three substrate thicknesses. Furthermore, a holistic theoretical frame is established to build a relationship between pain level and peripheral stimuli from flexible electronics. The frame consists of the thermo-mechanical model for temporal and spatial distribution of temperature and stress, Arrhenius burn model for thermal damage, modified Hodgkin–Huxley model for nociceptor conduction and gate control theory for modulation and perception. It paves the theoretical foundation for comfort design guidelines of EEDs.
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Fig1. Skin pain pathway.
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