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Coal has been a topic of debate for years as it has played a significant role in energy production and its
impact on climate change. But what if we told you that coal could be the future of microelectronics? In recent
years, coal has emerged as a promising material for microelectronics, and researchers, as reported in the
journal Communications Engineering, are exploring its potential to unlock new technologies. In this blog, we
will take a deep dive into the evolution of coal, how it could revolutionize the microelectronics industry for the
first time, and the research behind this breakthrough. We will also explore the technical aspects of coal char
to carbon dots conversion, assembling atomically thin membranes, and the superiority of coal-derived
carbon layers. Could coal be the unlikely hero of the microelectronics industry? Read on to find out more.

The Evolution of Coal
The industrial significance of coal is evident in various countries, and its abundance in the United States
highlights its potential for energy production. Ongoing AI technology implementation in coal processing and
the unique atomic structures of coal have sparked an ongoing search for new applications in next-gen
electronics. Additionally, thin insulators made from coal char could expedite the device fabrication process,
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emphasizing the evolving role of coal in microelectronics as it can be transformed into high-purity materials
just a couple of atoms thick.

The Historical Role of Coal in Energy Production

For decades, coal has been pivotal in traditional energy production, persisting as an abundant resource
despite the country’s shift to new means of energy production. Research efforts are advancing the
processing techniques of coal char, contributing to its ongoing role in country transitions. Ongoing research
at Oak Ridge National Laboratory and the National Energy Technology Laboratory is enabling the
development of new, innovative applications for coal in microelectronics.

The Impacts of Coal on Climate Change

With ongoing search for lower energy consumption, coal’s potential in electronic devices could reduce power
usage in advanced electronics. Research in less energy-intensive energy production involves coal, with thin
materials made from coal char enabling faster device fabrication processes. The potential of coal in this field
is evident in the fast formation of such filament in coal.

Unlocking New Potential for Coal: Microelectronics

Coal char’s conversion forms essential carbon layers for minute electronics. It contributes to ultrathin
nanoscale carbon disks in semiconductors. These thin membranes may introduce new, high-performance
devices. The ongoing search for superior fossil fuel-based electronic materials involves coal’s role. Research
at Oak Ridge National Laboratory and the National Energy Technology Laboratory advances this pursuit.

The Research behind the Revolution

The engineering breakthrough occurs when coal char first converts into carbon dots. Ongoing research
delves into coal’s role in transporting mobile charges in semiconductors. Coal’s involvement in
electrochemical reactions is of interest for efficient electronics. The fast formation of such filaments holds
promise for superior performance in small-scale devices. Large-scale utilization could lead to even more
efficient and powerful electronics.

The Role of National Laboratories and Universities

Joint efforts in materials science at national laboratories and universities delve into the atomic structures of
coal. Research groups collaborate on studying coal’s electrical properties. The filament form of coal char
attracts interest in exploring electrical currents.

The Contribution of the Taiwan Semiconductor Manufacturing Company

The Taiwan Semiconductor Manufacturing Company significantly advanced the role of coal in the
semiconductor industry through joint research efforts. The fast formation of filament in coal layers has
become an area of interest in semiconductor research, particularly in gate dielectric, aimed at creating more
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efficient electronics. This collaboration with the coal industry demonstrates the ongoing search for innovative
ways to enhance semiconductor performance superior to current standards, including the use of
semiconductor molybdenum disulfide.

Coal Char to Carbon Dots: A Technical Overview

The fast formation of such filament in coal layers, a vital step in carbon dots fabrication, plays a significant
role in semiconductor industry research. Coal char’s excellent insulator properties are of great interest in the
ongoing search for efficient electronics. Additionally, coal’s crucial role in electrochemical reactions further
enhances its potential in the field of microelectronics.

The Method of Conversion

Coal char, when arranged in thin layers of carbon, plays a crucial role in the creation of carbon dots.
Research into coal’s potential in these thin layers of carbon shows promise for reducing energy consumption
in electronics. The thin layers of coal char enable rapid formation of filaments in the fabrication of carbon
dots, enhancing their potential in microelectronics.

The Characteristics of Carbon Dots

Coal research exploring the electrical properties of carbon dots is pivotal for advancing efficient electronics.
Understanding the formation of filaments in coal layers is crucial for innovative research on carbon dots.
Additionally, investigating coal’s role as a gate dielectric in carbon dots holds significant interest for the
semiconductor industry.

Assembling Atomically Thin Membranes
Researchers have successfully developed atomically thin membranes, including ultrathin semiconductors,
with vital roles in advanced electronics and power consumption. These thin insulators, along with ultrathin
semiconductors, hold significant promise for climate change research, marking a milestone in the ongoing
search for small-scale, fast-forming filament in electric currents. The work has been a collaborative effort
involving the Oak Ridge National Laboratory and the Taiwan Semiconductor Manufacturing Company,
showcasing the potential of coal-based materials, such as ultrathin semiconductors, in next-gen technology.

The Importance of 2D Transistors and Memristors

2D transistors and memristors, crucial components in electronic devices, facilitate faster performance and
reduced energy consumption. The nanoscale carbon disks are driving a revolution in the semiconductor
industry. Their small-scale formation is of particular interest, with ongoing research focused on achieving
superior device performance and enhancing the implementation of AI technology greatly. Furthermore, the
fast formation of such filaments at large scales showcases the potential of these thin materials in shaping the
future of microelectronics.

The Process of Assembly
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Assembly of atomically thin membranes demands unique atomic structures, crucial for processing
techniques to create thin carbon layers. In the fabrication process, the NETL first converts coal char into
nanoscale carbon disks called “carbon dots”, which first converts coal char, setting the stage for advanced
electronic applications. This fast formation of such filaments at a small scale showcases the ongoing search
for performance superior to traditional semiconductors.

The Superiority of Coal-Derived Carbon Layers

Achieving faster operating speeds, coal-derived carbon layers are crucial for faster device performance and
lower energy consumption. Their unique atomic structures make them abundant resources for research and
vital in implementing AI technology in electronic components. The ongoing search for performance superior
and fast formation of such filament makes coal a potential game-changer in microelectronics. The new
devices developed by the Cao group provide proof-of-principle for using coal-derived carbon layers in two-
dimensional devices. What remains is to show that such devices can be manufactured on large scales.

Achieving Faster Operating Speeds

Enabling rapid electrical current formation, coal-derived carbon layers expedite the transport of mobile
charges, enhancing electronic efficiency. These materials boast superior electrical properties, serving as
excellent insulators.

Lowering Energy Consumption

Coal’s carbon layers, with their thin membranes, play a crucial role in minimizing energy consumption in
electronic devices. These materials contribute to reduced power usage in large-scale industrial settings and
microelectronics. The fast formation of electrical currents and the efficient transport of mobile charges are
made possible by coal-based thin membranes. Their superior electrical properties make them excellent
insulators, effectively lowering energy consumption.

Could Coal Be the Unlikely Hero of the Microelectronics Industry?
Coal’s potential role in microelectronics is groundbreaking. It could revolutionize the industry by enabling
faster, smaller, and more energy-efficient electronics. This implementation in research is transforming energy
production, making coal an unlikely hero in the world of microelectronics.

Frequently Asked Questions

How can coal be used to produce better microelectronics?

Coal’s potential in microelectronics lies in its ability to be converted into graphene, a material with excellent
electrical conductivity. This opens up possibilities for faster and more efficient microelectronic devices.
Moreover, coal-based graphene production is cost-effective and environmentally friendly compared to
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traditional methods. Researchers are actively exploring the full potential of coal-based graphene in
revolutionizing the microelectronics industry.

What are the advantages of using coal for microelectronics
compared to other materials?
Using coal for microelectronics offers several advantages. Its high carbon content makes it a valuable source
of graphene, a highly conductive material. Additionally, coal is inexpensive and abundant, making it an
attractive option for large-scale production. Furthermore, coal-based microelectronics have the potential to
be faster and more energy-efficient than traditional silicon-based microelectronics. However, it’s important to
consider the environmental concerns associated with coal mining and processing.

Is it cost-effective to use coal for microelectronics?
While coal is not currently cost-effective for microelectronics due to high extraction and processing costs,
ongoing research aims to make it a viable option. However, environmental concerns and the prevalence of
alternative materials like silicon and graphene make coal less commonly used in the industry.

Can the process of producing microelectronics from coal
contribute to environmental sustainability?

Producing microelectronics from coal has the potential to contribute to environmental sustainability. The
abundant availability of coal reduces the need for importing rare earth metals, and the process can also help
reduce greenhouse gas emissions compared to traditional methods. However, further research and
development are needed for long-term environmental friendliness.

What kind of innovations in microelectronics can be achieved with
the use of coal?
Innovations in microelectronics using coal can lead to high-performance, cost-effective devices with
improved thermal management and power efficiency. One potential innovation is the development of flexible
displays using coal-based materials. Additionally, coal can be used to produce graphene, which has diverse
applications in microelectronics.

Are there any potential drawbacks to using coal for
microelectronics?

While coal is an attractive material for microelectronics due to its abundance and low cost, there are potential
drawbacks. Impurities in coal can impact device performance, and coal mining and processing can lead to
environmental pollution. Further research is needed to fully understand the feasibility and drawbacks of
using coal for microelectronics.
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How does the quality of microelectronics produced from coal
compare to those produced from other materials like silicon or
graphene?

Microelectronics produced from coal show comparable or better performance than those made from silicon
or graphene. They have the potential to be more cost-effective and environmentally friendly. However, the
final step in the ongoing search for smaller, faster, and more efficient electronics, including those made from
coal, will be devices made with materials just one or two atoms thick. It is impossible for devices to be
smaller than this limit, and their small scale often makes them operate much quicker and consume far less
energy. The quality of microelectronics depends on specific use cases and requirements.

What companies are currently working on developing better
microelectronics from coal?

Several companies, such as Sila Nanotechnologies, Carbon Clean Solutions, and C-Zero, are actively
developing microelectronics from coal. Sila Nanotechnologies focuses on high-performance battery
materials, Carbon Clean Solutions converts CO2 emissions into usable materials, and C-Zero transforms
coal into hydrogen gas for fuel cells.

Conclusion
In conclusion, the future of microelectronics could potentially be shaped by coal. Despite its historical role in
energy production and the impacts it has had on climate change, coal is now being explored for its potential
in the field of microelectronics. Extensive research, collaborations with national laboratories and universities,
and the contributions of companies like the Taiwan Semiconductor Manufacturing Company have paved the
way for this revolution. From converting coal char to carbon dots to assembling atomically thin membranes,
coal-derived carbon layers have shown superiority in achieving faster operating speeds and lowering energy
consumption. While the idea of coal playing a role in the future of microelectronics may seem unlikely, the
advancements and possibilities in this field cannot be ignored.


