U A
Acta Phys. -Chim. Sin. 2020, 36 (12), 2003014 (1 of 12)

[Review] doi: 10.3866/PKU.WHXB202003014 www.whxb.pku.edu.cn

Utah Neural Electrode Technology for Brain-Computer Interface

Fan Xie, Ye Xi, Qingda Xu, Jingquan Liu
National Key Laboratory of Science and Technology on Micro/Nano Fabrication, Department of Micro/Nano-electronics, Shanghai
Jiao Tong University, Shanghai 200240, P. R. China.

Abstract: A human brain is composed of a large number of

interconnected neurons forming a neural network. To study the functional

mechanism of the neural network, it is necessary to record the activity of

individual neurons over a large area simultaneously. Brain-computer

interface (BCI) refers to the connection established between the

human/animal brain and computers/other electronic devices, which

enables direct interaction between the brain and external devices. It plays

an important role in understanding, protecting, and simulating the brain,

especially in helping patients with neurological disorders to restore their

impaired motor and sensory functions. Neural electrodes are

electrophysiological devices that form the core of BCI, which convert

neuronal electrical signals (carried by ions) into general electrical signals

(carried by electrons). They can record or interfere with the state of neural activity. The Utah Electrode Array (UEA)
designed by the University of Utah is a mainstream neural electrode fabricated by bulk micromachining. Its unique three-
dimensional needle-like structure enables each electrode to obtain high spatiotemporal resolution and good insulation
between each other. After implantation, the tip of each electrode affects only a small group of neurons around it even
allowing to record the action potential of a single neuron. The availability of a large number of electrodes, high quality of
signals, and long service life has made UEA the first choice for collecting neuronal signals. Moreover, UEA is the only
implantable neural electrode that can record signals in the human cerebral cortex. This article mainly serves as an
introduction to the construction, manufacturing process, and functioning of UEA, with a focus on the research progress in
fabricating high-density electrode arrays, wireless neural interfaces, and optrode arrays using silicon, glass, and metal as
that material of construction. We also discuss the surface modification techniques that can be used to reduce the electrode
impedance, minimize the rejection by brain tissue, and improve the corrosion resistance of the electrode. In addition, we
summarize the clinical applications where patients can control external devices and get sensory feedback by implanting
UEA. Furthermore, we discuss the challenges faced by existing electrodes such as the difficulty in increasing electrode
density, poor response of integrated wireless neural interface, and the problems of biocompatibility. To achieve stability
and durability of the electrode, advancements in both material science and manufacturing technology are required. We
hope that this review can broaden the scope of ideas for the development of UEA. The realization of a fully implantable
neural microsystem can contribute to an improved understanding of the functional mechanisms of the neural network and
treatment of neurological diseases.
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Fig. 1 Utah electrode array '4.
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Fig. 2 The process flow of Utah electrode array.
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Fig. 4 (a) Schematic of Utah multisite electrode array 25; (b) the high-density Utah slanted electrode array 26;

(c) schematic of the integration concept of an wireless neural interface .
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Fig. 5 (a) Utah optrode array %; (b) the interposer restricts the spread of light to one optrode 3;

(c) the emission profile of the optrodes in fluorescein solution 3,
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Table 1 Strategies for improving microelectrode arrays (MEAs).

Modifications Surface features Neural cell adhesion Neural cell Forcign body Signal maintenance/ Ref.
growth/loss response (FBR) MEA longevity
PEDOT Various different Reduced microglial Limited neuronal ~ Less severe FBR Enhanced charge storage 53-57
properties adhesion cell death capacity and signal
maintenance
Nanomaterials/ Polypyrrol nanotubes N/A No significant N/A Tenfold decrease 58
nanostructures augmented with gold cytotoxicity in electrochemical
nanoparticles impedance
Carbon nanotubules N/A No significant N/A Decreased impedance 60
cytotoxicity and increased capacitance
PEDOT/CNT Stable cell adhesion Stable cell growth N/A Decreased impedance 63
and increased capacitance
Natural ECM Vary depending on Stable cell adhesion Limited neuronal cell ~ Limited FBR N/A 64-66
ECM coating type death
Neuro adhesive L1 Neuronal adhesion 83% reduction in microglial ~ Good neuroblast Reduction N/A 68, 69
molecule adhesion; good neuronal growth; limited in overall gliosis
adhesion neuronal cell death
Silica sol-gel ~ Smooth to rough texture, Good neuronal Limited astrocyte Limited FBR N/A 70

depending on composition cell adhesion

growth
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Fig. 7 (a) Impedance analysis of the SIROF- and Pt-coated electrodes of the UEA 3°; (b) SEM image of the
PEDOT:PSS redued graphene oxide 57; (¢c) CNTs attached to a tungsten electrode ; (d) a stainless steel electrode

polymerized with CNTs/polypyrrole composite ®; (¢) SEM of neurites grown on the PEDOT/CNT surface %;
(f) successful fabrication of a-SiC/SIROF UEA 31,
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Fig. 8 (a)Directing the neural cursor towards the orange square 3; (b) using neural activity recorded from motor

cortex to control a robotic arm 3%; (¢) the first clinical translational study of UEA in China *.
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