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Abstract: Microwave technology, foundational in quantum computing, utilizes precise control of quantum 

states via microwave pulses to manage quantum bits (qubits). This review explores the potential of leveraging 

these principles in neuroscience, where such technology could enable novel approaches to imaging, 

diagnosing, and treating neurological disorders. By comparing the techniques used in quantum computing 

with potential applications in neural circuit manipulation and brain activity monitoring, we highlight both the 

promising synergies and the significant challenges at the intersection of these fields. This interdisciplinary 

exploration not only underscores the transformative potential of microwave technology in neuroscience but 

also addresses the ethical considerations and technological hurdles that accompany the integration of advanced 

quantum mechanics into biological contexts. The convergence of microwave technology with neural science 

opens a pathway for breakthroughs in understanding and treating complex brain disorders, advocating for a 

cautious yet optimistic approach towards future research and application. 
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Introduction 

Microwave technology has been a cornerstone in the field of quantum computing, significantly 

impacting how quantum information is manipulated and measured. This technology utilizes 

electromagnetic waves in the microwave spectrum to control quantum bits (qubits), the fundamental 

units of quantum information. These advancements are not just limited to computing; they have the 

potential to reshape neuroscience research by offering new tools and methodologies for 

understanding complex neural dynamics (Bardin et al., 2021). 

Quantum computing represents a paradigm shift in our computational capabilities, enabling the 

performance of calculations at speeds unachievable by classical computers. This is achieved through 

unique quantum mechanical phenomena such as superposition and entanglement, where qubits exist 

simultaneously in multiple states and become intertwined in such a way that the state of one (no 

matter how far apart) is dependent on the state of another (Nielsen and Chuang, 2010). The 

manipulation of these qubits is predominantly executed using precisely controlled microwave pulses, 

which allow for the encoding, processing, and reading of quantum information (Gunyhó,, 2024; 

Fauseweh, Benedikt, 2024). 

The potential for microwave technology to impact neuroscience arises from the similarities in 

the underlying principles of quantum mechanics and certain theories of brain function. For instance, 

the principle of superposition could analogously be applied to how neural circuits process multiple 

streams of information simultaneously. Moreover, the phenomenon of entanglement could 

potentially model complex neural networks where distant neurons exhibit correlated activities that 

are fundamental to cognitive functions (Keppler, Joachim 2024, Parviz, 2023). 

Microwave Technology, Quantum Computing and Neuroscience 

This review aims to explore these potentials further, hypothesizing that the integration of 

microwave-based quantum computing techniques could offer novel insights into neural 
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mechanisms, potentially revolutionizing our approach to understanding cognitive functions and 

neurological disorders. 

As we delve deeper into this intersection, it is crucial to consider both the theoretical implications 

and practical applications of microwave technology in neuroscience. The prospect of leveraging 

quantum computing’s microwave technology in neuroscience promises not only to enhance our 

understanding of brain function but also to develop novel therapeutic strategies for neurological 

diseases (Pals, 2024; Barros BJ, 2024). 

The research into the connections between brain microwave emissions and consciousness is 

multifaceted and involves various innovative technologies and methodologies. Two recent studies 

highlight different aspects and potential applications of this research area. 

The first study introduces a novel microwave technique focused on the functional monitoring of 

the human brain. This technique utilizes ultra-wideband (UWB) modulated signals to locate and 

monitor low-frequency signals produced by the brain, which are indicative of biological activity. 

Specifically, this method was tested in a phantom model of the brain to simulate the action potential 

signals commonly associated with neural activity. This approach is promising for the non-invasive 

monitoring of brain function, potentially aiding in the diagnosis and understanding of neurological 

conditions such as Parkinson’s disease (Akazzim, Y., 2023). 

The second study explores the use of Medical Microwave Radiometry (MWR) for assessing the 

rehabilitation effectiveness in patients with severe brain injuries. MWR measures the brain’s cortical 

temperature, reflecting its different regions’ activity. This technique was applied in a study involving 

patients in vegetative or minimally conscious states, showing significant improvements in 

consciousness levels and temperature heterogeneity in patients undergoing a specific hypothermia 

treatment. This suggests that MWR could be a valuable tool in evaluating and enhancing 

rehabilitation strategies for patients with disorders of consciousness (Shevelev, O.A., 2023) Figure 1 

 

Figure 1. Microwave radiometer MWR2020. (CE MARK Class I, www.mmwr.co.uk). 

The same authors showed using MWR that severe brain damage that caused the development 

of disorders of consciousness (DOC) (strokes, traumatic brain injury) disrupts the activity of central 

circadian oscillators, by directly damaging or destroying the periphery links, and the level of 

preservation of circadian rhythms and the dynamics of their recovery can be informative diagnostic 

criteria for patient’s condition assessment. (Shevelev, O.A., 2022) (Figure 2) 

 

Figure 2. Circadian Microwave emission from the brain of the healthy patient, 2B disrupted circadian 

microwave emission from the patient in vegetative state. 
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These studies underscore the potential of microwave technologies in neurology, from functional 

monitoring to rehabilitation assessment, offering innovative tools for understanding and treating 

brain-related conditions. 

Microwave technology has been used to detect changes in brain tissue composition, such as 

edema and haemorrhage, which are critical conditions in stroke management. Studies have 

demonstrated the feasibility of using microwave imaging to differentiate between hemorrhagic and 

ischemic strokes by detecting the dielectric properties of the brain tissues involved (Semrov et al., 

2021). 

Research into microwave technology has extended into the monitoring of epileptic seizures. 

Microwaves can potentially detect the hyperactivity of neurons during seizures due to the associated 

changes in the dielectric properties of brain tissues. This could lead to the development of non-

invasive, continuous monitoring tools for epilepsy management (Li et al., 2019). 

There is ongoing research into the therapeutic applications of microwave exposure for treating 

psychiatric disorders such as depression and anxiety. Controlled exposure to specific microwave 

frequencies is being investigated for its potential to modulate neuronal activity and neurotransmitter 

release, which could offer a non-pharmacological treatment alternative (Rao et al., 2020). 

Microwave technology is being investigated for its potential in diagnosing Alzheimer’s disease 

early by detecting abnormalities in brain tissue before significant symptoms appear. This approach 

focuses on the distinctive dielectric properties of brain tissue altered by amyloid-beta plaques, a 

hallmark of Alzheimer’s disease (Ahmed et al., 2021). 

Research into the use of microwave ablation techniques for treating brain tumors has shown 

promise. This method involves using microwaves to generate heat to selectively destroy tumor cells 

with minimal damage to surrounding healthy tissue, offering a less invasive alternative to traditional 

surgical procedures (Zhang et al., 2020). 

Microwaves have been utilized in the development of advanced prosthetic devices, particularly 

in improving the interface between neural circuits and prosthetic limbs. This technology helps 

enhance signal transmission from the brain to the prosthetic, improving control and user 

responsiveness (Patel et al., 2018). 

Studies have explored the effects of low-intensity microwave exposure on sleep patterns and 

circadian rhythms. These studies examine how controlled microwave exposure could potentially be 

used to modulate sleep architecture and treat sleep disorders (Kim et al., 2019). 

Each of these examples illustrates the innovative ways in which microwave technology could 

impact neuroscience and clinical practice, offering new insights and tools for treatment and diagnosis 

across a spectrum of neurological conditions. 

Microwave technology is fundamental to the operation and development of quantum 

computers, acting as a critical tool in the control and manipulation of quantum bits (qubits), the 

building blocks of quantum information processing. This section delves into how microwaves are 

used to interact with qubits across various quantum computing platforms and the challenges and 

advancements in microwave engineering specific to quantum systems. 

Microwave pulses are essential for manipulating the quantum state of qubits, which can be made 

from superconducting materials, trapped ions, or semiconductor spins. Each type of qubit responds 

to microwave frequencies in a way that allows for the precise control necessary to perform quantum 

operations. For superconducting qubits, microwaves are used to cause transitions between energy 

levels within the qubit, effectively changing its state from 0 to 1, or to any superposition of these 

states. This is achieved through resonant frequency matching, where the frequency of the microwave 

pulse is tuned to the specific energy gap between the qubit states (Fauseweh B. 2024; Devoret and 

Schoelkopf, 2013). 

The precision with which microwave pulses are applied determines the accuracy of quantum 

gates—the basic operations that govern quantum computing algorithms. The development of high-

fidelity quantum gates relies heavily on the ability to generate and manipulate microwave pulses 

with high precision in terms of amplitude, phase, and timing. Advances in microwave engineering 

have led to the creation of sophisticated pulse-shaping techniques that minimize errors and 
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decoherence in quantum gate operations, enhancing the overall performance of quantum algorithms 

(Gambetta et al., 2017). 

Besides qubit manipulation, microwaves are integral to the process of qubit readout, where the 

state of a qubit is measured. In superconducting qubits, for example, microwave pulses are used to 

probe the state-dependent shift in the resonant frequency of an associated readout resonator. This 

technique, known as dispersive readout, allows quantum states to be determined by measuring the 

phase shift of the reflected microwave signal, providing a non-invasive method to ascertain qubit 

states without destroying the quantum information (W Masuda S, 2018). 

Discussion and Future Directions 

The intersection of microwave technology and neuroscience is a burgeoning field of research 

characterized by diverse applications and innovative methodologies. This exploration is significantly 

broadened by several recent studies that illuminate different facets and potential utilizations of this 

technology in medical and research contexts. 

The integration of microwave technology into both quantum computing and neuroscience 

presents a multidimensional opportunity to advance our understanding and manipulation of 

complex systems, whether they are quantum bits or neural circuits.  

Despite significant advancements, several challenges persist in utilizing microwave technology 

for quantum computing. One major issue is isolating qubits from unwanted microwave noise, which 

can lead to decoherence and information loss. Maintaining qubit coherence is crucial for effective 

quantum computation. As quantum systems scale, the complexity of microwave control increases 

exponentially, necessitating innovative solutions to manage and minimize cross-talk between 

densely packed qubits. 

Recent advancements highlight these challenges and potential solutions. For example, 

developing microwave components that can operate at extremely low temperatures required for 

quantum computing platforms presents a significant technical challenge. Innovations in cryogenic 

microwave components are essential to ensure reliable operation at millikelvin temperatures (NPL, 

2023). Additionally, advanced control architectures, such as bidirectional waveguides, are being 

explored to enhance scalability by reducing the need for multiple lossy components (MIT News, 2023) 

Furthermore, linking quantum processors through quantum networks, which use photons to 

connect processing nodes, presents both opportunities and difficulties. The fragility of quantum 

information requires robust methods to ensure reliable communication between qubits across 

different quantum computers (SciTechDaily, 2023) 

The potential applications of microwave technology in neuroscience are vast and intriguing. 

While the use of microwaves in quantum computing is well-established, their application in the study 

of neural processes represents an exciting frontier. This section explores how the principles 

underlying microwave manipulations in quantum systems could be analogous to processes in neural 

circuits, potentially leading to breakthroughs in understanding brain function and treating 

neurological disorders. 

Microwave technology could revolutionize neuroimaging techniques. Traditional methods like 

MRI and CT scans provide static images of brain structures. Microwaves, with their ability to 

penetrate biological tissues and reflect varying signals depending on the tissue composition, could 

provide dynamic, real-time imaging of brain activity. This could greatly enhance the resolution and 

speed of brain scans, providing clearer insights into neural dynamics as they occur (Rogers et al., 

2016). 

Emerging research suggests that microwaves could be used to modulate brain activity, offering 

potential non-invasive alternatives to current treatments for psychiatric and neurological disorders. 

This involves directing controlled microwave pulses at specific brain regions to modulate neuronal 

activity, potentially treating conditions by adjusting the activity levels in different brain areas. 

For instance, studies have explored the use of microwave technology for deep brain stimulation 

without the need for surgical intervention. Researchers are developing techniques to direct 

microwave energy to specific brain regions, which can influence neuronal activity and potentially 
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alleviate symptoms of various neurological disorders. This approach could serve as a non-invasive 

alternative to traditional deep brain stimulation, which requires implanting electrodes into the brain 

(Rogers et al., 2022). 

These advancements highlight the potential of microwave and ultrasound technologies to 

provide new therapeutic options that are less invasive than current methods, thereby reducing the 

risks associated with surgical interventions and potentially improving patient outcomes. 

Microwaves might be used to explore and map the complex connectivity in the brain. By 

analyzing how microwave signals are absorbed and reflected by different brain tissues, researchers 

could infer the functional connections between various brain regions. This approach could enhance 

our understanding of the neural basis of cognitive functions and behaviours, offering a new layer of 

information beyond current imaging technologies. Recent advancements in microwave technology 

for neural mapping and modulation have shown promising results in non-invasively targeting and 

influencing specific brain areas (Tucker Stuart et al., 2022; Yoo et al., 2023). 

The concept of quantum brain dynamics suggests that cognitive processes might involve 

quantum computations within neuronal structures, a hypothesis that, while still speculative, is highly 

intriguing. Recent research indicates that microwave technology, which is crucial for manipulating 

quantum states in quantum computing, could potentially be adapted to test these theories. This 

adaptation might help validate or refute the quantum nature of brain processes by observing how 

microwaves interact with neural tissues and influence cognitive functions (Kerskens et al., 2022; 

Vicario and Martino, 2023). 

One study, for example, suggests that brains might use quantum computations to process 

information, providing a possible explanation for why humans can outperform supercomputers in 

certain tasks involving decision-making and learning (Kerskens et al., 2022). Another study posits a 

quantum-classical model of brain dynamics, integrating quantum variables with classical systems to 

describe brain processes at the microscopic level, which could be explored further using advanced 

microwave techniques (Vicario and Martino, 2023). 

Microwave technology’s role in quantum computing demonstrates its capacity for precise 

control and manipulation at the quantum level. This precision can theoretically be transferred to 

neuroscience, enhancing our ability to understand and interact with neural networks on an 

unprecedented scale. For instance, the techniques used to manipulate qubits with microwave pulses 

in quantum computing could inform new methods for modulating neuronal activity with similar 

accuracy. This could lead to novel ways of understanding synaptic functions and neural pathways, 

potentially offering new treatments for neurological disorders. 

Recent research has shown that the RF and microwave components crucial for quantum 

computing can operate reliably at very low temperatures, which is essential for the stable 

manipulation of qubits. These advancements in microwave metrology are critical for characterizing 

the performance of quantum devices and could be adapted for similar precision in neuroscience 

applications (NPL, 2023). 

Additionally, the use of microwaves in quantum computing spans various platforms, including 

trapped atomic ion qubits, spin qubits in semiconductors, and superconducting qubits. These 

platforms have demonstrated significant progress in controlling quantum states using microwave 

systems, which could be leveraged to develop non-invasive neural modulation techniques (Bardin, 

Slichter, and Reilly, 2021) 

Despite the potential of microwave technology in neuroscience, significant challenges remain. 

One primary challenge is understanding and controlling the biological effects of microwave exposure 

on neural tissues to prevent adverse effects. This understanding is crucial for safely applying 

microwave technology to modulate neuronal activity without harming the delicate structures of the 

brain (NPL, 2023). 

Engineering challenges also abound, particularly in adapting quantum computing technologies 

for biological systems. These challenges include ensuring biocompatibility, achieving high resolution 

in targeting specific neural circuits, and addressing the complex and dynamic nature of living neural 

tissues. The precise control and manipulation capabilities of microwave technology, essential in 
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quantum computing, must be adapted to meet these unique requirements in neuroscience (Bardin et 

al., 2021). 

Further complicating these efforts are the inherent difficulties in maintaining stable and accurate 

microwave signal delivery in the fluctuating environments of biological systems. The integration of 

advanced microwave metrology and quantum computing techniques into neuroscience research 

necessitates overcoming substantial technical barriers related to the interface between electronic and 

biological systems (Sensors, 2023). 

The application of microwave technology in neuroscience, especially for modulating brain 

activity, raises significant ethical concerns regarding the manipulation and control of cognitive 

functions. These concerns necessitate the development of ethical guidelines to ensure responsible 

research and application. As technologies advance, it is essential to address issues related to mental 

privacy, cognitive liberty, and mental integrity. 

Recent discussions highlight the importance of neurorights, which aim to protect individuals’ 

cognitive functions and mental privacy against potential misuse of neurotechnologies. For instance, 

the concept of neurorights includes protections against unauthorized manipulation of brain activity 

and ensures that individuals retain control over their cognitive processes (Ligthart S, 2023) 

In addition to ethical considerations, there are significant engineering challenges in adapting 

quantum computing technologies for biological systems. These challenges include ensuring 

biocompatibility and achieving the necessary resolution to target specific neural circuits accurately. 

The dynamic and complex nature of living neural tissues adds another layer of complexity to this 

adaptation (Sensors, 2023) 

To ensure responsible development and use of these technologies, interdisciplinary 

collaboration among scientists, ethicists, and policymakers is crucial. This collaboration can help 

create comprehensive guidelines that address both the technical and ethical challenges associated 

with the use of microwave technology in neuroscience (Katrin Amunts, 2023 

Looking ahead, the future of microwave technology in neuroscience is promising but requires 

interdisciplinary collaboration. Continued advancements in quantum computing could provide new 

tools and models that might be adapted for neuroscience, potentially leading to breakthrough 

therapies for neurological disorders and deeper insights into the brain’s functioning. As this field 

evolves, ongoing dialogue between quantum physicists, engineers, neuroscientists, and ethicists will 

be essential to navigate the scientific challenges and ethical implications of this promising frontier 

(Stanley, M.; 2023, Various contributors, 2023, Bardin, 2021) 

Despite significant advancements, several challenges persist in utilizing microwave technology 

for quantum computing. One major issue is isolating qubits from unwanted microwave noise, which 

can lead to decoherence and information loss. Maintaining qubit coherence is crucial for effective 

quantum computation. As quantum systems scale, the complexity of microwave control increases 

exponentially, necessitating innovative solutions to manage and minimize cross-talk between 

densely packed qubits. 

Recent advancements highlight these challenges and potential solutions. For example, 

developing microwave components that can operate at extremely low temperatures required for 

quantum computing platforms presents a significant technical challenge. Innovations in cryogenic 

microwave components are essential to ensure reliable operation at millikelvin temperatures (NPL, 

2023). Additionally, advanced control architectures, such as bidirectional waveguides, are being 

explored to enhance scalability by reducing the need for multiple lossy components (MIT News, 2023) 

Furthermore, linking quantum processors through quantum networks, which use photons to 

connect processing nodes, presents both opportunities and difficulties. The fragility of quantum 

information requires robust methods to ensure reliable communication between qubits across 

different quantum computers (SciTechDaily, 2023) 

In addition to these advancements in quantum computing, the development of advanced brain 

helmets capable of continuous 24/7 monitoring is a significant leap forward in neuroscience and 

neurotechnology. These helmets integrate various technologies such as EEG, microwave radiometry, 
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and infrared (IG) sensors connected to AI systems to provide real-time monitoring and analysis of 

brain activity. 

EEG (Electroencephalography) measures electrical activity in the brain and is crucial for 

diagnosing and monitoring neurological disorders. Microwave radiometry can detect temperature 

changes in brain tissues, offering insights into metabolic and inflammatory processes. Infrared (IG) 

sensors provide additional data on blood flow and oxygenation levels, essential for understanding 

brain health and function. By integrating these technologies, brain helmets can offer a comprehensive, 

real-time picture of brain activity, which is invaluable for both clinical and research purposes (MIT 

Technology Review, 2023) 

These brain helmets can significantly enhance our ability to monitor neurological health, detect 

early signs of disorders, and tailor personalized treatment plans. The continuous data collected can 

be analyzed by AI systems to identify patterns and predict potential issues before they become 

symptomatic. This proactive approach could revolutionize the field of neurology, providing 

unprecedented insights into brain function and health. 

The exploration of microwave technology in quantum computing and its potential application 

in neuroscience represents a promising convergence of physics, engineering, and biology. This 

review has highlighted the critical role of microwave technology in manipulating quantum states in 

quantum computing platforms and speculated on its potential to transform neuroscience by enabling 

precise control and real-time imaging of neural activity. 

The precision with which microwaves are used in quantum computing to control qubit states 

and execute complex algorithms offers a glimpse into how similar methods could be employed to 

understand and influence neural processes. Such applications could revolutionize our approach to 

diagnosing and treating neurological disorders, potentially leading to breakthroughs in how we 

manage conditions that are currently difficult to treat. 

However, significant challenges remain. The adaptation of microwave technology from a highly 

controlled quantum environment to the complex and variable biological environment of the human 

brain requires innovative solutions and careful consideration of safety and ethical implications. The 

potential for unintended effects on neural tissue underscores the need for rigorous research and 

development. 

Moreover, as this field evolves, it will be crucial to foster interdisciplinary collaboration among 

scientists, engineers, and clinicians to ensure that advancements in microwave technology are safely 

and effectively translated into clinical applications. The ethical considerations surrounding the 

enhancement or manipulation of cognitive functions must also be addressed in parallel with 

technological developments. 

The future of microwave technology in neuroscience also depends heavily on advancements in 

artificial intelligence (AI), deep neural networks (DNN), and generative large language models 

(GLLMs). AI and DNNs can significantly enhance the analysis and interpretation of the vast amounts 

of data generated by microwave-based neuroimaging and modulation techniques. These tools can 

identify patterns and correlations that might be missed by traditional analysis methods, enabling 

more precise and personalized treatments for neurological disorders. 

Generative large language models (GLLMs) can aid in developing sophisticated algorithms for 

real-time processing and decision-making in neuroimaging and neuromodulation applications. By 

integrating GLLMs with microwave technology, researchers can create more adaptive and 

responsive systems that can adjust therapeutic interventions in real-time based on continuous 

feedback from neural data. 

Additionally, these advancements could provide new insights into the neural correlates of 

consciousness. Understanding how specific patterns of neural activity correspond to conscious 

experiences could lead to breakthroughs in fields such as psychology, cognitive science, and even 

philosophy. The potential to map and influence the neural underpinnings of consciousness could 

pave the way for novel therapeutic strategies for mental health conditions, such as depression, 

anxiety, and PTSD (Fisher et al., 2023) . 
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Moreover, the integration of these technologies could revolutionize healthcare by facilitating the 

development of brain-machine interfaces (BMIs) and neuroprosthetics that restore lost functions or 

enhance existing ones. For example, advanced neuroimaging combined with AI could improve the 

precision of brain stimulation therapies for conditions like epilepsy or Parkinson’s disease, thereby 

improving patient outcomes and quality of life (Lebedev & Nicolelis, 2017) . 

In conclusion, while the integration of microwave technology into neuroscience is still at a 

nascent stage, the continued cross-pollination of ideas and techniques from quantum computing, AI, 

DNNs, and GLLMs offers substantial potential. The future of this research depends on our ability to 

meld these disciplines into a cohesive framework that enhances our understanding of the brain and 

opens up new avenues for treating its disorders. The successful integration of these advanced 

technologies will require ongoing dialogue and collaboration among quantum physicists, engineers, 

neuroscientists, ethicists, and AI specialists to navigate the scientific challenges and ethical 

implications of this promising frontier.(Figure 3) 

 

Figure 3. Artistic view on the integration (with the help of ChatGTP). 
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