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Abstract
This study presents advancements in the functionality and characterization of an electrophysiological mapping electrode probe equipped with 
directional carbonic macrocontacts. The probe's enhanced design and improved performance make it a valuable tool for precise neural recording 
and mapping applications. We discuss the methodology employed for the functional enhancements, provide a detailed characterization of the 
probe's capabilities, and highlight its potential contributions to neuroscientific research.
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Introduction

Electrophysiological mapping has revolutionized our understanding 
of neural circuits and brain function. The ability to record and analyze the 
electrical activity of neurons in vivo has opened doors to a myriad of research 
applications, from fundamental neuroscience studies to clinical investigations. 
In this context, electrode probes play a pivotal role in ensuring the accuracy 
and reliability of neural recordings [1].

This study focuses on the functional enhancement and characterization 
of an electrophysiological mapping electrode probe equipped with directional 
carbonic macrocontacts. Such probes are crucial for capturing precise 
neural signals and deciphering intricate neural networks. By improving the 
functionality of these probes and characterizing their capabilities, we aim to 
contribute to the advancement of neuroscientific research. In this introduction, 
we provide an overview of the significance of electrophysiological mapping, 
highlight the importance of electrode probes, and introduce the key innovations 
and goals of this study. Additionally, we outline the structure of the subsequent 
sections, which will delve into the methodology, results, and implications of 
our research. Ultimately, our work aims to provide researchers with a valuable 
tool for exploring the complexities of the nervous system and furthering our 
understanding of brain function [2].

Description

The functional enhancement and characterization of electrophysiological 
mapping electrode probes with directional carbonic macrocontacts have 
yielded valuable insights and practical advancements in the field of neural 
recording and mapping. In this discussion, we will delve into the key findings of 
our study, their implications, and the broader significance of our work.

Electrophysiological mapping using acute electrode probes is a common 
procedure in functional neurosurgery. However, these EM probes have been 
relatively stagnant in terms of innovation and improvements. In this study, 
we aimed to enhance the functionality of clinically employed EM probes by 
integrating carbonic and circumferentially segmented macrocontacts. These 
innovative additions allow the probe to perform neurophysiological sensing 
(recording) of local field potentials and test stimulation effectively. This paper 
provides a detailed account of the development process, which involves the 
direct fabrication of functional materials. Initially, unconventional fabrication 
techniques were optimized on planar surfaces before being adapted to the 
cylindrical shape of the probe body [3].

This article comprehensively discusses the probe's design and 
architecture, including insights into the electrochemical interface derived from 
voltammetry and chronopotentiometry. Furthermore, we present the results of 
in vitro and in vivo recording and pulse stimulation tests conducted with these 
enhanced probes. We introduced two- and three-directional macrocontacts 
on probes with shanks ranging from 550 to 770 μm in diameter and lengths 
spanning 10 to 23 cm. Notably, the graphitic material used in the probes 
exhibits a broad water electrolysis window of approximately 2.7 V, which is 
nearly symmetric, and demonstrates exceptional ultra-capacitive charge 
transfer capabilities. These enhancements hold promise for advancing the field 
of electrophysiological mapping and have the potential to significantly benefit 
both research and clinical applications [4].

Our study has demonstrated that the incorporation of directional carbonic 
macrocontacts into electrode probes significantly enhances their ability 
to capture neural signals accurately. The directional properties of these 
macrocontacts enable selective recording from specific neural populations or 
regions, reducing noise and improving signal-to-noise ratios. This improvement 
is particularly valuable in studies where precise localization of neural activity is 
critical, such as investigations into the functional organization of neural circuits [5].

The functional enhancements introduced in our electrode probes have 
resulted in improved spatial resolution during neural mapping. This is of 
paramount importance when studying brain regions with densely packed 
neurons or when investigating fine-scale neural connectivity. Researchers 
can now obtain more detailed and localized information, allowing for a deeper 
understanding of neural circuits and their dynamics.

The implications of our work extend to a wide range of neuroscientific 
research areas. These enhanced electrode probes can be employed in studies 
exploring neural plasticity, sensory processing, motor control, and cognitive 
functions, among others. Additionally, they hold promise for applications in 
clinical research, including the development of advanced neuroprosthetic 
devices and treatments for neurological disorders. While our study has 
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showcased significant improvements in electrode probe functionality, there are 
still challenges to be addressed. Further research is needed to optimize the 
design and materials used in these probes to maximize their biocompatibility 
and long-term stability. Additionally, efforts should focus on developing user-
friendly interfaces and data analysis tools to facilitate the widespread adoption 
of these advanced probes by researchers in various fields [6].

Conclusion

Our study has advanced the field of electrophysiological mapping by 
introducing functional enhancements and characterizing electrode probes with 
directional carbonic macrocontacts. These enhancements provide researchers 
with a powerful tool for precise neural recording and mapping, offering new 
insights into the complexities of the nervous system. As we continue to 
refine and expand the capabilities of these probes, we anticipate further 
breakthroughs in our understanding of brain function and the development of 
innovative neurotechnologies for both research and clinical applications.
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