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Flexible neural interfaces based on graphene solution-gated field-effect transistors (QSGFETSs)
have emerged as a powerful technology for brain interfacing. Over the past decade, these
devices have been developed, optimized, and in vivo validated, demonstrating their ability
to overcome the intrinsic limitations of passive metal electrodes and to capture the full
spectrum of brain activity, thereby enabling new avenues for studying neural dynamics|1,2].
Recent advances include multimodal platforms that integrate transparent gSGFET arrays with
cerebral blood-flow imaging, allowing simultaneous DC-coupled electrophysiology and
haemodynamic monitoring. This combination provides mechanistic insight intfo cortical
spreading depolarizations (CSDs), a key driver of secondary injury in stroke, and reveals how
CSD waveform morphology and duration reflect local tissue viability[3].

Beyond recording, bidirectional graphene interfaces have been realized by monolithically
integrating gSGFETs with high-charge-injection nanoporous graphene electrodes, enabling
high-precision stimulation together with artefact-resilient, full-bandwidth recordings for
closed-loop neuromodulation. These hybrid platforms maintain robust performance during
high-frequency stimulation while preserving the fidelity of infraslow and LFP recorded signals.
A critical step toward clinical franslation involves ensuring compliance with electrical-safety
and regulatory standards. Frequency-division-multiplexing (FDM) architectures are being
developed to support high-density brain-activity mapping while providing the protections
necessary o limit patient leakage currents and guarantee isolation and fault tolerance [4,5].
These system-level strategies enable scalable, high-channel-count clinical interfaces while
preserving the intrinsic advantages of graphene transducers, paving the way for safe
implantation in human neurophysiology.
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