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Abstract

This review article presents an overview of brain—computer interface (BCI) technology, commonly
referred to as brain chips, with a focus on implantable memory devices within the fields of neuroengineering
and neuroprosthetics. It discusses the historical development, structural components, and mechanism of
action, including neural signal acquisition, processing, and decoding. Key advancements by Theodore Berger
and innovations from Neuralink are highlighted. The article further outlines major applications in
neurological disorders, paralysis, and memory restoration. Additionally, considerations related to safety,
biocompatibility, and ethical aspects are briefly addressed.
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1. Introduction

Brain—computer interface (BCI) or brain chip technology enables direct communication between the
brain and external devices. Implantable memory chips interact with neural circuits (especially the
hippocampus) to restore or enhance memory, with applications in disorders like Alzheimer’s disease and
brain injury. Advances by Theodore Berger and companies like Neuralink have accelerated development,
though safety and ethical concerns remain.

2. History

Brain chip development began with EEG-based brain signal recording in the early 20th century,
followed by experiments in the 1970s demonstrating control of devices using neural signals. Major progress
occurred in the 1990s-2000s with implantable electrodes and brain—machine interfaces. Research by
Theodore Berger laid the foundation for memory chips. Recent advancements in Al, microelectronics, and
wireless systems—Ied by organizations like Neuralink—have enabled modern, high-precision implantable
brain chips.

3. Parts of Brain Chip (Structural Components)

A brain chip or brain—computer interface (BCI) is composed of integrated components that function
collectively to acquire, process, and transmit neural signals. The major structural elements are described
below:
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3.1. Electrodes

Electrodes form the primary interface between the brain and the device. They are responsible for
detecting electrical activity generated by neurons, such as action potentials and local field potentials.
Depending on the design, electrodes may be invasive (implanted into brain tissue) or non-invasive (placed
on the scalp). Common materials include silicon, platinum—iridium, and conductive polymers to ensure
biocompatibility and signal fidelity.

3.2. Signal Amplifier

Neural signals are typically very weak, often in the microvolt range. The signal amplifier enhances
these signals to a measurable level while maintaining signal integrity. This step is essential for accurate signal
processing and analysis.

3.3. Signal Processor (Microchip Unit)

The signal processor converts analog neural signals into digital data. It performs filtering to remove
noise and artifacts, followed by feature extraction to identify meaningful neural patterns. This component
acts as the computational core of the brain chip.

3.4. Decoder Unit

The decoder interprets processed neural signals using computational algorithms or artificial
intelligence techniques. It translates neural activity into specific commands, such as movement intentions or
control signals for external devices.

3.5. Transmitter/Receiver System

This component enables communication between the implanted chip and external systems. Most
modern brain chips utilize wireless transmission technologies, such as radiofrequency or Bluetooth, to send
and receive data in real time.

3.6. Power Source

The brain chip requires a reliable power supply for continuous operation. This may be provided by
implanted batteries or through wireless energy transfer methods such as inductive coupling. Long-term
stability and safety are critical considerations in power design.

3.7. Output Interface

The output interface connects the decoded signals to external devices, such as prosthetic limbs,
computers, or assistive technologies. It executes the commands generated by the decoder, completing the
brain—machine communication loop.

4. Mechanism of Action

The functioning of a brain chip (brain—computer interface) involves a sequential process of neural
signal acquisition, processing, and response generation. The detailed mechanism is described below:

4.1. Neural Signal Generation

Neurons in the brain communicate through electrical impulses known as action potentials. These
signals are generated due to ionic movements (Na*, K*) across neuronal membranes and represent specific
brain activities such as movement intention or memory processing.
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4.2. Signal Acquisition

Electrodes placed on or within the brain detect these electrical signals. In invasive systems, signals
are recorded with high precision, whereas non-invasive systems capture aggregated brain activity.

4.3. Signal Amplification

The recorded neural signals are extremely weak (in microvolts). Amplifiers increase the signal
strength to make it suitable for further processing while preserving signal quality.

4.4. Signal Processing

The amplified signals are converted from analog to digital form. Noise and artifacts are removed
through filtering, and relevant features such as frequency and spike patterns are extracted.

4.5. Signal Decoding

Advanced algorithms, including artificial intelligence and machine learning models, interpret the
processed signals. These algorithms translate neural patterns into meaningful commands or outputs.

4.6. Output Execution

The decoded signals are transmitted to external devices such as prosthetic limbs, computers, or
assistive systems, enabling control based on brain activity.

4.7. Feedback Mechanism

In advanced systems, feedback is provided to the brain (closed-loop system). This improves accuracy
and allows real-time correction of actions, enhancing system performance.

5. Challenges

5.1.Safety improvements

Continuous advancements in surgical techniques and device design are enhancing safety and long-
term reliability.

5.2.Biocompatibility Enhancements

Development of advanced materials and coatings is reducing immune reactions and improving device
integration with brain tissue

5.3.Ethical Aspects

Growing focus on ethical guidelines, data privacy, and patient consent ensures responsible and secure
use of brain chip technology

6. Applications

Brain chip (BCI) technology has key applications in both medical and non-medical fields:
. Neurological disorders: Treatment of Parkinson’s disease, epilepsy, depression

. Paralysis: Control of prosthetic limbs and assistive devices

. Memory restoration: Support in Alzheimer’s disease and brain injury

. Sensory restoration: Vision and hearing recovery

. Human—computer interaction: Direct control of computers

. Gaming & VR: Enhanced immersive experiences

. Cognitive enhancement: Improvement of memory and learning abilities

7. Conclusion
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Brain chip technology represents a significant advancement in neuroengineering, offering
innovative solutions for treating neurological disorders and enhancing human capabilities. By integrating
neural signal processing with modern electronics, BCIs enable effective communication between the brain
and external systems. Despite rapid progress, issues such as long-term stability, surgical risks, and ethical
concerns must be addressed before widespread clinical use. Continued research and technological
development are essential to ensure safe, reliable, and accessible brain chip applications in the future.
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