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Abstart--This project presents a Quantum
Enhanced AI  System for Predictive
Optimization in Semiconductor Fabrication
that uses Artificial Intelligence (Al), Quantum
Computing concepts, IoT sensors, and cloud-
based communication to improve
semiconductor manufacturing

processes. Semiconductor
fabrication is one of the most complex industrial
processes because it involves highly sensitive
operations such as wafer processing,
lithography, etching, doping, deposition, and
packaging. Small variations in temperature,
pressure, humidity, vibration, or chemical
concentration can  create defects in
semiconductor wafers and reduce production
quality. Traditional manufacturing systems
often struggle to analyze large amounts of
fabrication data in real time and are unable to
predict failures accurately.
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INTRODUCTION

Semiconductors play a major role in modern

medical systems, satellites, communication
equipment, electric vehicles, and industrial
automation systems.

Semiconductor fabrication is the process of
manufacturing integrated circuits and microchips
using highly advanced production techniques. The
fabrication process includes many stages such as
wafer preparation, oxidation, photolithography,
ion implantation, etching, deposition, testing, and
packaging. Each stage requires extreme precision
because even a very small error can reduce chip
quality and affect device performance. In recent
years, the semiconductor industry has experienced
rapid growth due to the increasing demand for
high-performance electronic devices. Modern
semiconductor manufacturing plants generate
massive amounts of process data every second
from fabrication equipment, sensors, and testing
systems. Traditional manufacturing methods often
face difficulties in handling these large datasets
and predicting process failures accurately.
Equipment malfunction, wafer contamination,
environmental variations, and process instability
can lead to defects, increased production costs, and
reduced manufacturing efficiency.

Artificial Intelligence (AI) has become an
important technology in semiconductor fabrication
because it can analyze production data, detect
abnormal conditions, identify hidden patterns, and

technology and are used in devices such as improve decision-making. Machine learning
smartphones, laptops, algorithms can continuously learn
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from fabrication data and improve prediction
accuracy over time. Al-based monitoring systems
help reduce equipment downtime, improve wafer
quality, and optimize manufacturing processes.

LITERATURE SURVEY

This literature survey focuses on recent
developments in Artificial Intelligence, Quantum
Computing, predictive optimization systems, and
smart  monitoring  technologies used in
semiconductor fabrication industries.

[1] Researchers explained that Al-based
predictive maintenance systems can reduce
machine failures in semiconductor industries by
continuously monitoring equipment conditions
and detecting abnormalities at an early stage.
Machine learning algorithms were used to analyze
vibration, temperature, and operational data
collected from fabrication machines. The study
showed that predictive maintenance improves
manufacturing reliability and reduces production
downtime.

[2] Studies on semiconductor fabrication
optimization = showed that manufacturing
parameters such as pressure, temperature, gas
concentration, and wafer alignment directly affect
chip quality. Al algorithms were used to optimize
these parameters automatically and improve
production efficiency. The research concluded
that automated optimization systems can reduce
process errors and improve wafer yield.

[3] Researchers  proposed  cloud-based
monitoring systems for semiconductor
manufacturing environments. These systems
collected fabrication data from multiple machines
and stored it in cloud databases for remote
monitoring and analysis. The study demonstrated
that cloud integration improves production
tracking, fault analysis, and system scalability.

[4] Quantum computing research showed
that quantum optimization algorithms can process
large industrial datasets faster than traditional
computing

systems. Researchers explained that quantum-
enhanced Al can improve predictive analysis,
optimization speed, and decision-making accuracy
in complex manufacturing environments.

[5] Another research paper focused on Al-
based wafer defect detection wusing image
processing techniques.

High-resolution camera modules captured wafer
images during fabrication, and deep learning
algorithms identified defects such as scratches,
contamination, cracks, and alignment issues with
high accuracy.

[6] IoT-based semiconductor monitoring
systems were developed to continuously track
fabrication machine performance. Sensors
monitored humidity, vibration, voltage,
temperature, and chemical conditions in real time.
The study showed that continuous monitoring
helps reduce unexpected failures and improves
process stability.

[7] Researchers  also  explained  that
combining Al with quantum computing improves
optimization speed in semiconductor
manufacturing  systems. Quantum  machine
learning  models  reduced  computational
complexity and helped improve process
scheduling, production efficiency, and predictive
maintenance.

[8] Recent studies on smart manufacturing
systems showed that integrating AIl, cloud
analytics, and IoT communication can improve
semiconductor production quality and reduce
operational costs. Real-time monitoring systems
also improved production safety and decision-
making.

[9] Some researchers proposed digital twin
technology for semiconductor fabrication, where
virtual models of manufacturing systems were
created for process simulation and optimization.
Al-based simulations helped engineers predict
process outcomes and reduce manufacturing
defects.

[10] Advanced research in semiconductor
industries showed that predictive optimization
systems can
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improve wafer yield, reduce energy consumption,
and support automated manufacturing processes.
These smart systems are becoming important for
nextgeneration semiconductor fabrication plants.

PROPOSED METHODOLOGY

The proposed solution introduces a Quantum
Enhanced Al System for predictive optimization
in  semiconductor fabrication to improve
manufacturing accuracy, reduce defects, and
increase  production yield. = Semiconductor
fabrication involves highly complex processes
where small variations in temperature, pressure, or
gas flow can lead to defects in microchips.
Traditional monitoring systems are often unable
to predict these issues accurately in real time. To
overcome this problem, the proposed system
combines Artificial Intelligence models with
Quantum Optimization techniques for intelligent
and efficient process control.

In this system, real-time process data such as
temperature, pressure, and gas flow are
continuously  collected from semiconductor
manufacturing equipment. A Transformer Model
is used to analyze this time-series process data
because it can efficiently learn sequential patterns
and detect process drift or abnormal changes. At
the same time, a Diffusion Model processes
semiconductor defect images and generates
realistic synthetic defect patterns for better defect
analysis and training. These two models share
information through bidirectional knowledge
sharing, which improves prediction performance
and learning capability. The prediction block
combines the outputs from both models to predict
defect probability and production yield.

Quantum optimization algorithms are then applied
to identify the optimal manufacturing parameters,
such as ideal temperature and gas flow settings, to
reduce fabrication errors and improve efficiency.
By integrating Al-based prediction with
quantumenhanced optimization, the proposed
system enables faster decision-making, accurate
defect prediction, reduced production cost,
improved  wafer  quality, and  higher
semiconductor manufacturing productivity.
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Figure.l General block diagram of
proposed system

The collected process data is sent to the
Transformer Model, which analyzes sequential
manufacturing information, identifies process
variations, and predicts possible defects or yield
reduction. Simultaneously, the defect images are
processed using a Diffusion Model, which learns
defect patterns and generates synthetic defect
images to improve training and detection
accuracy. Both models exchange information
through bidirectional knowledge sharing, allowing
the system to improve overall learning and
prediction capability.

Fig 2. Quantum-Enhanced Al system Dashboard
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Fig 5.Al-

BasedYieldandDefectPredictionDashboard

Fig 6.Quantum-Inspired Process Optimization

The proposed Quantum Enhanced Al System for
predictive  optimization in  semiconductor
fabrication uses several software components to
perform data processing, Al-based prediction,
image analysis, and quantum optimization. These
software components help in improving
manufacturing accuracy and reducing
semiconductor defects.

1. Python

Python is used as the main programming language
for developing the system. It is used for data
processing, Al model implementation, machine
learning algorithms, and system integration
because of its simplicity and strong library
support.

2. TensorFlow/PyTorch

TensorFlow or PyTorch frameworks are used to
build and train deep learning models such as the
Transformer Model and Diffusion Model. These
frameworks help in defect prediction, image
processing, and learning process patterns from
semiconductor data.

3. OpenCV

OpenCV is used for semiconductor defect image
processing and analysis. It helps in image
enhancement, defect detection, feature extraction,
and preprocessing of wafer images before giving
them to the Al models.

4. Quantum Computing Frameworks

Quantum computing frameworks such as Qiskit
or PennyLane are used for quantum optimization.
These frameworks help in finding optimal
manufacturing parameters like temperature and
gas flow settings for improving fabrication
efficiency.

5. Database Management System

A database system such as MySQL or
PostgreSQL is used to store process data, defect
images, prediction results, and manufacturing
records securely for future analysis and
monitoring.

© 2026, I]SREM

| https://ijsrem.com

DOI: 10.55041/IJSREM63486 |  Page4


https://ijsrem.com/

A-_’_'I \33‘
b R
@5“ International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.659 ISSN: 2582-3930

W Volume: 10 Issue: 05 | May - 2026

6. Data Visualization Tools

Visualization tools such as Matplotlib, Power BI,
or Tableau are used to display process
performance, defect statistics, prediction outputs,
and optimization results in graphical form for easy
understanding. 7. Cloud or Edge Computing
Platform

Cloud platforms or edge computing systems are
used for real-time data storage, processing, and
deployment of Al models. They help the system
handle large volumes of semiconductor
manufacturing data efficiently.

8. Operating System

The system can run on operating systems such as
Windows or Linux, which provide support for Al
frameworks, databases, and quantum computing
tools.

III. CONCLUSION

The proposed Quantum Enhanced Al System for
predictive  optimization in  semiconductor
fabrication provides an advanced and intelligent
approach ~ for  improving  semiconductor
manufacturing processes. By combining Artificial
Intelligence models such as Transformer and
Diffusion Models with Quantum Optimization
techniques, the system can accurately analyze
process data and defect images to predict defects
and optimize production parameters. The use of
bidirectional knowledge sharing between models
further improves prediction accuracy and system
performance.

This system helps manufacturers reduce
fabrication errors, improve wafer quality, increase
production yield, and minimize manufacturing
cost. Real-time monitoring and optimization of
parameters such as temperature, pressure, and gas
flow enable better process control and efficient
semiconductor production. In addition, the
integration of quantum computing techniques
provides faster and more effective optimization
compared to traditional methods.
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