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Figure 1 (Color online) (a) Multiple carbon fiber electrodes suspended in the aqueous phase (Scale bar: 100 mm); (b) neuron-like electrodes with
SU-8 polymer as the substrate (Scale bar: 50 pm); (c) gold nanofilm electrodes with PI as the substrate (Scale bars: (i) 100 pm, (ii) 10 um, and (iii)

100 nm); (d) a 1024-channel flexible PI electrode with miniaturized size.
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Figure 2 (Color online) (a) Layered modification of Au nanoparticles; (b) CNTs coating modification; (c) modification of PEDOT polymer coating

doped with CNTs; (d) modification of porous graphene films.
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Figure 3 (Color online) (a) The implantable biohybrid neural interface with a PDMS based nerve channel; (b) PAAm-Alg hydrogel matrix hybrid
probe for dehydration and swelling due to water absorption (Scale bars: 1 mm); (c) schematic diagram of the preparation of PEDOT gel electrode

induced by amylopectin.
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Figure 4 (Color online) The representative manufacturing method of
stretchable nerve electrodes. (a) Structure engineering; (b) metallic
microcracks; (c) inherently stretchable materials.
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Development and challenges of implantable neural electrodes in
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Abstract: Brain-computer interfaces offer a significant approach for the research of human brain functions and human-
machine intelligence interaction, inaugurating a new battlefield where life sciences and information technology blend in
the era of embodied intelligence. Implantable neural electrodes, serving as direct communication tools between neurons
and electronic devices, are capable of recording and modulating neural activities at the cellular scale, featuring
prominent advantages such as a wide signal range, high spatial resolution, and ease in achieving complex control.
Nevertheless, issues like tissue damage during the implantation process and mechanical mismatch between tissues and
interfaces severely restrict the long-term stable interaction function of neural electrodes, compelling them to gradually
transform from the initial rigid silicon-based ones to flexible, stretchable, and even degradable ones within a prescribed
time. This article reviews the development course and research progress of implantable neural electrodes in brain-
computer interface technology, highlighting the fabrication strategies of neural electrodes with low foreign body
responses from the perspectives of materials and devices, and discusses the future development trends and potential
challenges of implantable neural electrodes.
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