Semiconductor Manufacturing — a Future With Al and Automation

In a world driven by technological progress, semiconductors play a crucial role. They are the backbone of modern
electronics and enable the development of highly complex innovations. However, while the demand for semiconductors is
steadily increasing, manufacturers are facing a whole host of challenges, including complex manufacturing processes and
rising costs. This is where artificial intelligence (Al) and automation come into play to shape the future of

semiconductor manufacturing.

Propelled by the unique combination of Al and advanced automation technologies, the semiconductor industry is
experiencing an unprecedented revolution. This innovative combination opens up a wide range of new possibilities,
including flexible production, expanded product diversity, and optimized processes. However, the implementation of this

project faces enormous challenges and not all aspects have been fully clarified, yet.
Challenges of traditional semiconductor manufacturing

Traditional semiconductor manufacturing is a highly complex process that requires precise control and monitoring.
From lithography to inspection, a semiconductor chip goes through several steps that demand high accuracy. However,
these processes are often time-consuming and prone to errors. In addition, the cost of manufacturing semiconductors

Is constantly rising due to the complex technologies and resources required.

The challenges of traditional semiconductor production are therefore diverse and increasingly demanding: a broad
portfolio is required, production cycles have to be shortened, continuous product changes have to be made, and
concurrently, high quality has to be guaranteed at low costs. For this, the majority of manufacturers primarily relies on
advanced process control (APC) technologies. APC will still remain a feature of the production process, but
technologies such as artificial intelligence (Al) and the Industrial Internet of Things (lloT) will replace it progressively

in order to operate more flexibly.
Another challenge is Moore's Law, which is reaching its limits. It states:

"The number of transistors that can fit into an integrated circuit of fixed size doubles approximately every 2

years." — Gordon Moore, 1960.

The problem: exponential growth is not sustainable. Physically, components cannot be made smaller and smaller, as
otherwise they can be subject to quantum mechanical effects such as the tunnel effect. This would cause unwanted

leakage currents in the transistors, which would lead to unreliable and low-performance ICs. Thus, new semiconductor



technologies are needed, which in turn require complex production facilities with advanced measurement systems. Al
can develop new ways and methods in simulations through sensors and the analysis of data to avoid time consuming

experiments and setbacks.

Data leakage as a further challenge
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Another decisive obstacle is the lack of high-quality data required for training Al algorithms. This data includes
process, sensor, and measurement data as well as historical data and information from external sources. The accuracy
and reliability of this data is crucial for every step of semiconductor processing — from critical dimensions to lithographic

pattern designs and material composition.

Additionally, qualified personnel who may train and implement such systems are rare. The successful integration of Al
requires a change of thinking within companies and a willingness to learn, accept, and integrate new techniques and
technologies into existing processes. With an increasing competitive pressure in the semiconductor industry focused on
reducing production times and costs, improving quality, shortening innovation cycles, and accelerating the

implementation of new technologies, overcoming these challenges is of utmost importance.

Disadvantages of Al & automation

Although Al and automation undoubtedly offer many benefits for the semiconductor industry and the future in general,

the reputation of technological change often has a negative connotation. The following effects have to be considered:



e Job losses: The introduction of automated systems and Al-driven technologies could lead to a decline in jobs in
semiconductor manufacturing. Many manual tasks previously performed by workers might be taken over by
machines, leading to a reduction in employment opportunities.

e Dependence on technology: Excessive reliance on Al and automation could make the industry more vulnerable
to technical failures and disruptions. For example, if a critical system fails or a software error occurs, this might lead
to production downtime and cause significant financial losses.

e Technological dependency: Overly dependence on Al and automation could make the industry less flexible and
innovative. If companies are heavily reliant on automated systems, they may have less incentive to invest in the
development of new technologies and processes.

e Data security and privacy: Increased use of Al also means increased use of data. This may raise concerns about
data security and privacy. Companies need to ensure an adequate protection of the data used by Al systems and

that the users’ privacy is respected.

It is important to recognize these potential negative impacts and respond appropriately to ensure that the benefits of Al

and automation in the semiconductor industry are maximized without disregarding employees, security, or social impacts.
The role of Artificial Intelligence

Despite many concerns, Al has the potential to revolutionize semiconductor manufacturing by optimizing processes,
reducing errors, and increasing efficiency. Through machine learning, algorithms can recognize patterns in large data
sets and perform predictive analyses. In semiconductor manufacturing, Al models may be used to identify defects in the
chips before they lead to a production failure. This allows an early intervention and improves the overall quality of the

semiconductors produced.

Furthermore, Al-driven systems may optimize process control by analyzing real-time data from sensors and production
equipment and then automatically adjusting the respective process accordingly. This allows manufacturers to

maximize production output while reducing energy consumption.

Automation for a more efficient production

Beside artificial intelligence, automation also plays a crucial role in the future of semiconductor manufacturing.
Automated systems can take over repetitive tasks that were previously performed manually, thus increasing production
speed and reducing error rate. From the handling of raw materials to the inspection of finished chips — robots and

automated machines can optimize the entire production line.

In addition, automation enables a more flexible production as it allows manufacturers to react quickly to changing demand
conditions. By using modular production units, manufacturers may adapt their production capacities and bring new
products to market faster.



Benefits of Al and automation in the semiconductor industry

The integration of Al and automation in semiconductor production offers a wide range of benefits for the industry.
Beside the improvement of product quality and higher production speed, manufacturers may also save costs and
strengthen their competitiveness. In addition, the more efficient use of resources helps to reduce the environmental

footprint of the semiconductor industry.

Nevertheless, the impact of Al and automation is not limited to the semiconductor industry. By optimizing manufacturing
processes, manufacturers of electronic devices and other industries that use semiconductors may benefit from the
improved availability and quality of chips. This could lead to more innovative products and a wider application of

electronics in various industries.
Summary

The future of semiconductor manufacturing will be significantly shaped by technologies such as artificial intelligence
and automation. By optimizing manufacturing processes, manufacturers may increase their efficiency, reduce costs, and
improve the quality of their products. This will not only revolutionize the semiconductor industry, but will also have a far-
reaching impact on other industries relying on semiconductors. It is clear that Al and automation not only represent the

future, but also a foundation for innovation in semiconductor manufacturing.
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