Introduction to
Realtime Vision

Guided Motion
Control

Explore the transformative power of realtime vision-guided motion

control in the semiconductor assembly process. Discover how
advanced sensor systems and intelligent algorithms enable precise,

adaptive control for enhanced productivity and quality.




Challenges in Semiconductor Assembly

Semiconductor assembly requires precise, real-time motion control to ensure components are placed accurately. Tiny

tolerances, high speeds, and complex geometries create unique challenges. Vibration, thermal effects, and dynamic

disturbances can compromise positioning accuracy and repeatability.

Robust vision-guided systems are essential to monitor critical parameters and enable closed-loop control. Integrating
sensors, data acquisition,and adaptive algorithms is crucial for overcoming these obstacles and achieving the ultra-high

throughput demanded in semiconductor manufacturing.


https://www.eetimes.com/challenges-in-semiconductor-assembly/
https://www.eetimes.com/challenges-in-semiconductor-assembly/

Importance of Precision and Accuracy

Precision and accuracy are critical in semiconductor
assembly, where even minor deviations can lead to
defects, reduced yield, and costly rework. Tight
tolerances, complex geometries, and delicate

components demand a motion control system that can

reliably position parts with micrometer-level precision.




Principles of Realtime Vision Guidance

Precision Tracking

Realtime vision
guidance systems use
advanced computer
vision algorithms to
precisely track the
position and orientation
of components in the
semiconductor assembly
process, enabling highly
accurate robotic

movements.

Adaptive Feedback

By continuously
monitoring the system
and adjusting the
motion controls,
realtime vision guidance
can adapt to changes in
the environment,
component positioning,
and other variables,
ensuring consistent and

reliable assembly.

Intelligent
Decision Making

The vision system’s
ability to analyze the
assembly scene in real-
time allows it to make
intelligent decisions
about the optimal path
and sequence of
movements, optimizing

speed and efficiency.

Improved
Throughput

Realtime vision
guidance enables faster
and more precise
component placement,
reducing the time
required for each
assembly task and
increasing overall

production throughput.



Sensor Integration and Data Acquisition

Sensor Data

1 Capture real-time visual, force, and position feedback

Data Preprocessing

Filter, normalize, and synchronize sensor inputs

Real-time Acquisition

Rapidly sample and aggregate sensor data

Effective semiconductor assembly requires tight integration of various sensors to precisely track the position, force,and
visual characteristics of the components. Advanced data acquisition systems sample and aggregate this sensor data in
real-time, providing the critical feedback needed for closed-loop motion control.



Closed-Loop Motion
Control Algorithms

Closed-loop motion control algorithms play a critical role in ensuring
precise and accurate positioning of semiconductor assembly
equipment. These advanced algorithms leverage real-time feedback
from vision sensors to continuously monitor and adjust the motion of
robotic end-effectors, compensating for disturbances and variations in

the manufacturing process.



Adaptive Feedforward and Feedback Strategies

Feedforward Control

Leverages predictive models to anticipate

disturbances and proactively adjust motion

\parameters, improving speed and precision.
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Adaptive Algorithms

Dynamically tune control parameters based on
changing conditions, optimizing motion for varying

loads, temperatures, and other factors.
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Feedback Control

Utilizes real-time sensor data to continuously correct

errors and maintain tight tolerances, ensuring

/

\consistent performance.
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Multi-Sensor Fusion

Integrates data from multiple vision, force, and
position sensors to provide a comprehensive

understanding of the process, enabling more robust

\control.
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Calibration and Compensation Techniques
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Precision Calibration

Precise calibration of vision sensors,
motion systems, and end effectors is
crucial for accurate positioning and

assembly.
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Model-Based Compensation

Compensation algorithms account
for factors like thermal drift,
vibration,and load changes to
maintain precision throughout the

process.

Sensor Fusion

Integrating data from multiple
sensors, such as vision, force, and
inertial, provides a more
comprehensive understanding of the

process.



Vibration Suppression
and Disturbance Rejection

Semiconductor assembly processes require precise, high-speed
motion control to handle delicate components. Vibrations and
external disturbances can degrade positioning accuracy and impact
throughput. Advanced control techniques like feed-forward
compensation, notch filtering,and model-based vibration suppression

are critical to maintain tight tolerances and robust performance.

Predictive algorithms that anticipate and rapidly counteract dynamic
forces enable precise motion even in the presence of manufacturing
variations and environmental factors. Adaptive feedback control loops
continuously monitor the system and make real-time adjustments to

maintain optimal performance.




Cycle Time Optimization and Throughput
Improvement

Reduce Motion Time
1
Optimize trajectory planning and control algorithms

Minimize Waiting Time

Synchronize vision, control,and material handling

4 )

3 Leverage multi-axis coordination and concurrent
\ / operations

Realtime vision-guided motion control is key to maximizing productivity in semiconductor assembly. By reducing cycle times

Increase Parallel Processing

through optimized trajectory planning, synchronized material handling, and parallel processing, manufacturers can
dramatically improve throughput and efficiency. Careful integration of sensors, control algorithms, and mechanical systems is

essential to unlocking these productivity gains.



Safety and Reliability Considerations

O,

®

Workplace Safety

Implement robust safety protocols to protect

operators from potential hazards like high-speed

motion, pinch points,and electromagnetic

interference.

Preventive Maintenance

Establish a comprehensive preventive
maintenance program to identify and address
potential issues before they cause downtime or

damage.
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Redundancy and Fault Tolerance

Incorporate redundant sensors, backup control
systems, and error detection mechanisms to
ensure continued operation in the event of

component failures.

Cybersecurity

Secure the motion control system against cyber
threats, including unauthorized access, data
breaches, and malware, to safeguard critical

operations.



Future Trends and Emerging Technologies

Advanced Robotics

Robotic assembly systems with
enhanced vision-guided precision
and speed will revolutionize
semiconductor manufacturing,
enabling faster production cycles

and improved quality control.

3D Chip Integration

Innovative 3D chip stacking and
integration techniques will boost
performance and energy efficiency,

paving the way for more powerful

and compact semiconductor devices.

Al-Driven Inspection

Intelligent vision systems employing
machine learning and deep neural
networks will enable autonomous
defect detection and real-time
quality assurance in semiconductor

assembly.
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