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- About this book

This FG for Assembly Process Sr. Engineer — Laser Marking is designed to enable training for the specific
Qualification Pack (QP). Each National Occupational (NOS) is covered across Unit/s. Key Learning
Objectives for the specific NOS mark the beginning of the Unit/s for that NOS.

The individual for this job role is tasked with operating laser machines to accurately etch identification
marks on semiconductor wafers. The individual is also responsible to set up laser parameters, ensuring
the precision of markings, and maintaining equipment. In addition, he also need to inspect marked
wafers for quality and adherence to specifications, documenting the process and outcomes.
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- Key Learning Outcomes | ¢

At the end of this unit, the participants will be able to:
1. Explain, in basic terms, how semiconductors are used in telecom devices.
2. Describe the importance of quality control in the production of telecom equipment.

3. Explain, in general terms, how quality control procedures ensure the functionality of telecom
equipment.

List the key safety precautions to be followed when working in a cleanroom environment.
Explain the role of Assembly Process Specialists in laser marking wafers for the telecom industry.

Identify key interpersonal and communication skills required for success in this role.

N o v &

Identify the technical skills required for career advancement in laser marking for the telecom
industry.

8. Utilize online resources to research safety protocols and best practices in laser marking
environments.
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Unit 1.1: Semiconductors in Telecom Devices

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Understand the basic properties and functions of semiconductors.

2. Explain the role of semiconductors in enabling signal transmission and data processing in
telecom devices.

3. Identify key semiconductor components used in telecom equipment.

Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the fundamental properties and functions of semiconductors, exploring their
vital role in enabling signal transmission and data processing in telecommunications devices. We will
also identify key semiconductor components, such as diodes, transistors, and integrated circuits, that
are widely used in telecom equipment. By the end of this unit, you will understand how semiconductors
underpin modern communication technologies.

- Ask

Ask the participants the following questions:

e What is a semiconductor, and why is it important in electronic devices?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Understanding the Basic Properties and Functions of Semiconductors

Semiconductors are materials that exhibit electrical conductivity between conductors (like metals)
and insulators (like ceramics). Their unique properties arise from their atomic structure and the ability
to manipulate their electrical behavior. Key characteristics include:

1. Intermediate Conductivity: Semiconductors, such as silicon and germanium, have moderate
electrical Wconductivity, which can be altered by introducing impurities, a process called doping.
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1.

1.

Band Gap: They have a specific energy gap between the valence and conduction bands, allowing
control over electron flow.

Temperature Dependence: Their conductivity increases with temperature, unlike metals, where
conductivity decreases.

Doping: Adding impurities like phosphorus (n-type) or boron (p-type) introduces free electrons or
holes, enhancing conductivity.

PN Junction: The interface between p-type and n-type materials creates a diode effect, allowing
current to flow in one direction only.

These properties enable semiconductors to function as the foundation for various electronic
components, such as diodes, transistors, and integrated circuits (ICs).

The Role of Semiconductors in Signal Transmission and Data Processing in Telecom Devices

Telecommunication devices rely heavily on semiconductors to facilitate signal transmission,
processing, and storage. Their role can be categorized into several crucial functions:

Signal Amplification: Semiconductors are used in transistors, which amplify weak signals in devices
like cell phones and base stations. This ensures strong and clear signal transmission over long
distances.

Signal Switching: Integrated circuits, made of semiconductors, act as switches to manage signal
routing and processing in telecom networks. High-speed switching is vital for data transfer in
modern networks.

Data Encoding and Modulation: Semiconductors enable modulation and encoding of signals for
transmission through media like fiber optics or wireless frequencies. For instance, they assist in
modulating carrier waves in frequency, amplitude, or phase.

Digital Signal Processing (DSP): Semiconductor-based DSP chips process signals in real-time,
converting analog signals to digital and vice versa. This is critical in voice calls, video transmission,
and data compression.

Power Management: Semiconductors regulate power usage and ensure efficiency in telecom
devices, reducing energy consumption while maintaining performance.

Storage and Memory: Semiconductors are used in non-volatile memory, such as NAND flash,
essential for storing data in devices like smartphones and telecom servers.

Optical Communication: In fiber-optic networks, semiconductors power laser diodes and
photodetectors that enable high-speed data transmission using light.

Key Semiconductor Components Used in Telecom Equipment

Several semiconductor components are integral to the functioning of telecom equipment. Each plays a
specific role in the network’s reliability and efficiency:

Transistors: The building blocks of modern electronics, transistors serve as switches and amplifiers
in telecom devices. They are fundamental to signal processing and digital circuits.

Diodes: Used for signal rectification and protection, diodes are crucial in power management and
ensuring unidirectional current flow in circuits.

Integrated Circuits (ICs): ICs house multiple transistors and other components on a single chip,
enabling complex signal processing, switching, and control in compact designs.

Field-Effect Transistors (FETs): Commonly used in RF (radio frequency) circuits, FETs handle high-
frequency signals in wireless communication systems.
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5. Laser Diodes: These are essential in fiber-optic communication, converting electrical signals into
optical signals for high-speed data transmission.

6. Photodetectors: Used at the receiving end of fiber-optic systems, they convert light signals back
into electrical signals.

7. Oscillators and Filters: Quartz oscillators and semiconductor filters manage signal frequencies and
remove noise, ensuring clarity and precision in telecom networks.

8. Power Management ICs: These regulate voltage and current in devices, improving energy efficiency
and thermal performance.

9. Analog-to-Digital Converters (ADCs) and Digital-to-Analog Converters (DACs): These components
bridge analog signals from the environment and digital processing in telecom devices.

10. Semiconductor Memory: Flash memory and dynamic RAM (DRAM) provide the storage backbone
for data-heavy telecom operations.

Semiconductors are indispensable in the telecom industry, driving innovation in signal transmission,
data processing, and network efficiency. Their versatile properties, such as tunable conductivity and
miniaturization potential, make them the backbone of modern telecom devices and infrastructure.
From enabling 5G networks to facilitating cloud communication, semiconductors continue to shape the
future of telecommunications.

Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity &

e Arrange the class in a semi-circle/circle.

e Eachofuswilltell the class their name, hometown, hobbies and special quality about themselves,
starting with the 1st letter of their name. | will start with mine.

e Say your name aloud and start playing the game with your name.

e Say, “Now, each of one you shall continue with the game with your names till the last person in
the circle/ semi-circle participates”.

e Listen to and watch the trainees while they play the game.

e Ask questions and clarify if you are unable to understand or hear a trainee.

Activity Duration Resources used
Ice Breaker 60 minutes Pen, Notebook, etc.
Remember to:

e Discourage any queries related to one’s financial status, gender orientation or religious bias
during the game.

e Try recognising each trainee by their name because it is not recommended for a trainer to ask
the name of a trainee during every interaction
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Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Provide handouts or videos on semiconductor properties and telecom applications before the
activity.

e Ensure availability of basic electronics kits (breadboards, diodes, transistors, resistors).

e Guide groups to focus on their specific task but encourage cross-group collaboration during the
presentation phase.

e Encourage groups to think creatively in explaining concepts (e.g., using diagrams, role-play, or
animations).
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Unit 1.2: Quality Control in Telecom Manufacturing

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Define quality control and its importance in ensuring the functionality and reliability of telecom
equipment.

2. Describe procedures and standards for maintaining quality during production.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the concept of quality control and its critical role in ensuring the functionality
and reliability of telecom equipment. You will learn about various procedures and standards used
during production to maintain high-quality outputs. By understanding these principles, you will see how
rigorous quality control ensures that telecom devices meet performance expectations and regulatory
requirements.

- Ask

Ask the participants the following questions:

e Why is quality control important in the production of telecom equipment?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Quality Control and Its Importance in Telecom Equipment
Definition of Quality Control:

Quality control (QC) refers to the systematic process of ensuring that products and services meet
specific quality requirements. In the telecom industry, QC involves monitoring and evaluating processes,
components, and final products to ensure functionality, reliability, and compliance with industry
standards.

o
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Importance of Quality Control in Telecom Equipment:

1.

Ensuring Reliability: Telecom equipment operates in critical systems where downtime can have
significant consequences. QC ensures that devices function reliably under various conditions,
minimizing failures.

Customer Satisfaction: High-quality equipment meets user expectations, enhancing trust and
satisfaction among consumers and clients.

Compliance with Standards: Adherence to international standards (e.g., ISO, IEC) ensures that
telecom equipment is interoperable, safe, and efficient.

Cost Reduction: Identifying and addressing defects during production prevents costly post-
production repairs and replacements.

Market Competitiveness: High-quality products increase a company’s reputation, making it more
competitive in the global telecom market.

Safety and Legal Compliance: Ensuring the safety of telecom equipment reduces liability and
ensures compliance with regulatory frameworks.

Procedures and Standards for Maintaining Quality During Production
1.

Component Selection and Inspection:

e Use high-quality materials and components from reliable suppliers.

e Inspect raw materials and components before they enter the production line.

Standardized Production Processes:

¢ Implement standardized manufacturing protocols to minimize variability and defects.

e Use automation and advanced technologies like Al for precision in production processes.
Testing During Production:

e Conduct in-line testing at critical stages of production to identify and rectify defects early.

e Perform environmental and stress tests to ensure equipment can withstand harsh conditions.
Final Product Inspection:

e Conduct functional testing of finished products to verify performance under real-world
conditions.

e Test for compliance with telecom standards, such as 3GPP for mobile communications or IEEE
standards for networking devices.

Quality Management Systems (QMS):

e Implement a robust QMS, such as ISO 9001, to guide all quality-related processes.

e Use Six Sigma or Total Quality Management (TQM) methodologies for continuous improvement.
Documentation and Traceability:

e Maintain detailed records of all production and quality control activities to track issues back to
their source.

e Use serial numbers or barcodes for product traceability.
Employee Training and Awareness:
e Train staff on quality control standards and the importance of following procedures.

e Encourage a culture of quality, where employees feel responsible for maintaining high standards.




Assembly Process Engineer —
Laser Marking

8. Regulatory Compliance and Certification:

e Ensure equipment meets regional and international standards, such as FCC (USA), CE (Europe),
or RoHS for environmental safety.

e Obtain certifications to demonstrate compliance, enhancing marketability and trust.

9. Customer Feedback Integration:
e Use feedback from customers and field technicians to identify and resolve recurring issues.
e Continuously update production processes to meet evolving market demands.

Quality control is essential in the telecom industry to ensure the performance, safety, and reliability
of equipment. Through rigorous procedures and adherence to standards, telecom manufacturers can
minimize defects, comply with regulations, and enhance customer satisfaction. A systematic focus
on QC not only protects users but also strengthens a company’s position in the competitive telecom
market.

Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity |2

Group Activity: Telecom Equipment Quality Control and Production Standards

Group Size: 4-6 participants

Materials:
e Whiteboard or flipchart
e Markers
e Quality control checklists (printed or on a digital device)

e Scenario cards (described below)
Activity Duration: 60 minutes

Objective of the Activity:

The activity will help participants understand the key concepts of quality control in the telecom
industry and how it ensures the functionality and reliability of telecom equipment. It will also explore
the procedures and standards used to maintain quality during production.

Instructions:
1. Introduction (10 minutes):

e Briefly explain what quality control (QC) is in the context of telecom equipment production.
Highlight how QC ensures that equipment meets specified standards, minimizes defects,
and maximizes reliability.
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e Review key procedures and standards for maintaining quality during production, such as
testing, inspections, certifications, and adherence to industry standards.

e Distribute the quality control checklists and explain their purpose.
2. Scenario Distribution (5 minutes):
e Divide participants into small groups (4-6 people per group).

e Distribute one scenario card to each group. Each card will describe a potential situation in
the telecom production process that challenges quality control.

Group Discussion and Planning (25 minutes):

Each group will discuss their scenario, considering the following aspects:
e |dentifying the Issue:
o What quality control issues arise in this scenario?
o How might these issues affect the functionality or reliability of the telecom equipment?
e Applying QC Procedures and Standards:
o Which quality control procedures or standards should be applied to address the issue?
o What steps should be taken to maintain quality during production and prevent defects?
e Proposed Solutions:

o What actions should the team take to resolve the quality issues while ensuring compliance
with industry standards?

o How can the team improve the production process to minimize the risk of similar issues in
the future?

o Each group should create an action plan or solution proposal to address the scenario, using
their knowledge of quality control procedures and industry standards.

Group Presentations (15 minutes):

1. Each group will present their scenario, the issues they identified, the quality control procedures
they applied, and the proposed solutions.

2. Encourage other groups to ask questions or provide feedback after each presentation.
Debriefing and Key Takeaways (10 minutes):

Facilitate a class-wide discussion to summarize the key points learned:
e QC Standards and Procedures:
o How did the groups incorporate QC standards and procedures into their solutions?
e Practical Application of QC:

o How can the knowledge of QC procedures and standards help ensure telecom equipment
functionality and reliability?

e Lessons Learned:

o What are some key strategies for maintaining quality during production?
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Examples for Scenario Cards:
Scenario 1: Defective Components in Assembly
Description:

During the assembly process, you notice that a batch of circuit boards has irregular soldering on key
connection points. Some connections appear loose, and others are missing entirely.

Task for Teams:

e Production Team: Identify the root cause of the soldering issue and suggest preventive
measures.

e Quality Control Team: Inspect and categorize the defects. Decide whether to approve, reject, or
rework the batch.

e Standards Team: Verify if the defective components comply with industry standards.
Scenario 2: Signal Transmission Failure
Description:

A completed telecom device fails to maintain a stable signal during testing. The issue seems intermittent,
and its source is unclear.

Task for Teams:

e Production Team: Revisit the production process to identify possible flaws (e.g., misaligned
antennas, faulty chips).

e Quality Control Team: Perform a thorough diagnostic to pinpoint the failure and document the
findings.

e Standards Team: Ensure that the testing procedures align with international telecom quality
standards.

Scenario 3: Standards Non-Compliance
Description:

An external audit finds that some products lack the proper labeling and certifications required for
telecom equipment. This oversight could delay product launch and impact company reputation.

Task for Teams:

e Production Team: Check the production line for missing certification processes and suggest
corrective actions.

e Quality Control Team: Conduct a comprehensive review of products to ensure compliance
moving forward.

e Standards Team: Create a checklist to ensure all future products meet labeling and certification
requirements.
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Activity Duration Resources used
Telecom Equipment 60 minutes Whiteboard or flipchart, Markers, Quality
Quiality Control and control checklists (printed or on a digital
Production Standards device), Scenario cards (described below)
etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Share telecom equipment samples, defect reports, and quality checklists. Use real-life examples
of quality issues.

e Discuss the impact of poor quality on users and telecom companies. Highlight the importance
of adhering to standards.

e Stress collaboration between production, quality control, and standards teams to simulate
professional environments.
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Unit 1.3: Cleanroom Safety and Best Practices

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Explain the purpose of a cleanroom and its importance in semiconductor manufacturing.

2. List essential safety precautions to follow, including proper use of personal protective equipment
(PPE).

3. Research and identify safety protocols and best practices for cleanroom and laser marking
environments.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the purpose and importance of cleanrooms in semiconductor manufacturing,
including how they ensure the production of high-quality, contamination-free components. We will
explore essential safety precautions, including the proper use of personal protective equipment (PPE),
and learn about safety protocols and best practices in both cleanroom and laser marking environments.
These practices are critical to maintaining product integrity and ensuring worker safety in these
specialized environments.

- Ask

Ask the participants the following questions:

e What do you think is the main reason why cleanrooms are necessary in semiconductor
manufacturing?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Purpose of a Cleanroom and Its Importance in Semiconductor Manufacturing

A cleanroom is a controlled environment designed to minimize the introduction, generation, and
retention of airborne particles. It plays a critical role in semiconductor manufacturing, where even
the smallest contaminant can compromise the performance and functionality of the devices.
Cleanrooms are particularly important in semiconductor production due to the precision required in
the fabrication of microchips, which are often smaller than the width of a human hair.

In semiconductor manufacturing, the production of integrated circuits (ICs) involves extremely intricate
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processes such as photolithography, etching, and deposition. These processes require highly controlled
conditions to ensure the accuracy of the patterns and the integrity of the materials used. Dust, lint, oil,
and other airborne particles can interfere with the patterning process, leading to defects, malfunctions,
and ultimately lower yields. Cleanrooms provide an environment where the number of particles per
cubic foot of air is strictly regulated to prevent contamination.

In addition to controlling particulate matter, cleanrooms also maintain stable temperature and
humidity levels, which are crucial for the proper functioning of sensitive equipment. These factors
help prevent electrostatic discharge, chemical reactions, and other environmental influences that
could damage delicate semiconductor devices.

Essential Safety Precautions and PPE Use

Working in a cleanroom and semiconductor manufacturing environment involves significant safety
concerns due to the potential hazards posed by chemicals, machinery, and the risk of contamination.
To mitigate these risks, strict safety precautions must be followed, including the proper use of
Personal Protective Equipment (PPE).

1. Cleanroom Garb: To maintain cleanliness and protect the equipment, workers must wear specialized
cleanroom clothing. This includes bunny suits (full-body suits), face masks, gloves, hairnets, and
shoe covers. These garments prevent contamination from human particles such as skin flakes, hair,
and sweat, which can otherwise compromise the quality of semiconductor production. The suits
are designed to ensure that no particles from clothing or the body are released into the air.

2. Hand Protection: Gloves are mandatory for handling sensitive materials and semiconductor
components. Cleanroom gloves are typically made from latex, nitrile, or other non-contaminating
materials to prevent oils, dirt, and static charges from transferring to the products.

3. Eye Protection and Masks: Face masks and goggles are necessary for safeguarding against exposure
to chemicals, lasers, and particulate matter. They also serve to minimize human contact with
sensitive areas of the semiconductor wafers. Full-face shields may also be required when working
with hazardous chemicals or equipment that could cause splashes or sprays.

4. Footwear: Special shoe covers or cleanroom slippers are worn to avoid bringing dirt or contaminants
from outside into the controlled environment. These also help to prevent static discharge, which
could damage the electronic components being manufactured.

5. Regular Hygiene and Entry Protocols: Cleanroom workers are expected to follow rigorous hygiene
practices before entering the room. This includes changing into cleanroom garb, washing hands
thoroughly, and passing through an air shower to eliminate any particles from their clothing.
Workers must also follow specific protocols when entering and exiting the cleanroom to minimize
contamination risks.

Safety Protocols and Best Practices for Cleanroom and Laser Marking Environments

In addition to the basic precautions mentioned above, there are additional protocols and best practices
that ensure safety in cleanroom environments and during laser marking processes, which are common
in semiconductor and electronics manufacturing.

1. Cleanroom Best Practices:

e Airflow and Filtration Systems: Cleanrooms rely on advanced HEPA (High-Efficiency Particulate
Air) filters to maintain air purity. Regular checks and maintenance of the airflow system are
essential to prevent contamination. Air is typically filtered multiple times before it enters the
cleanroom, and laminar flow is often used to ensure uniform air distribution. Workers must
avoid disrupting airflow patterns by not blocking vents or fan units.
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e Regular Cleaning: Cleanrooms must be regularly sanitized using approved cleaning agents. Only
designated cleaning staff, trained in cleanroom protocols, are permitted to clean inside the
controlled environment to avoid introducing contaminants. Surfaces and tools must be wiped
down frequently to prevent build-up of dust and particulate matter.

e Strict No-Food/No-Drink Policy: Since even the smallest particle can damage semiconductor
equipment, food and drink are strictly prohibited within the cleanroom. Workers are also
discouraged from using personal items, such as phones or pens, which could introduce
contaminants.

e Monitoring Environmental Conditions: Cleanrooms are equipped with sensors that monitor key
parameters such as temperature, humidity, and air quality. These sensors allow for continuous
monitoring and immediate corrective action if the conditions drift out of the acceptable range.

2. Laser Marking Safety Protocols: Laser marking is commonly used for etching serial numbers,
barcodes, or other important data on semiconductor components. While the process is highly
precise, it also carries some risks due to the high-intensity light and potential for eye damage.

e LaserSafety Glasses: Operators must wear laser safety goggles with appropriate filters to protect
their eyes from potentially damaging laser radiation. These goggles are specifically designed for
the wavelength of light used in laser marking.

e Proper Ventilation: Laser marking produces fumes and particulate matter that can be harmful if
inhaled. It is essential to have proper ventilation systems in place to capture and filter out these
byproducts. Local exhaust systems or fume hoods should be used to direct fumes away from
workers.

e Equipment Safety Checks: Regular inspections of the laser equipment should be performed to
ensure there are no malfunctioning parts or safety failures. This includes checking the alignment
of lasers, ensuring protective covers are in place, and verifying the functionality of emergency
stop systemes.

e Training and Procedure Compliance: All personnel handling laser equipment must undergo
comprehensive training on safe operating procedures, including the correct handling of lasers,
emergency procedures, and appropriate use of PPE.

The semiconductor manufacturing process is highly sensitive, with cleanliness and safety being
paramount to ensure product quality and worker health. Cleanrooms provide an environment where
contaminants are kept at bay, allowing for the precise fabrication of semiconductor devices. The proper
use of PPE, such as cleanroom suits, gloves, masks, and goggles, is essential to protect both workers
and products from contamination and harmful exposure. Additionally, safety protocols in laser marking
environments are critical for preventing eye injuries and ensuring that harmful fumes are effectively
controlled. By following these strict protocols, semiconductor manufacturing facilities can maintain
high standards of safety, cleanliness, and quality.
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- Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity |2

Group Activity: Cleanroom and Laser Marking Safety Protocol Simulation

Objective:

This activity simulates a scenario in which participants need to identify and address safety issues
in a cleanroom and laser marking environment. The goal is to help participants understand the
importance of safety protocols, personal protective equipment (PPE), and best practices in these
sensitive environments.

Group Size: 4-6 participants

Materials:
e Whiteboard or flipchart
e Markers
e Sticky notes (for brainstorming)
e Scenario cards (described below)
e PPE checklist handouts

e Laser marking safety protocol documents
Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Briefly introduce the activity’s objectives, focusing on cleanroom safety and laser marking
protocols.

e Discuss the purpose of cleanrooms in semiconductor manufacturing, emphasizing their role
in preventing contamination and maintaining high product quality.

e Explain the critical importance of PPE in maintaining safety and ensuring compliance with
cleanroom standards.

e Highlight laser marking protocols, including safety risks and the necessary precautions for
using lasers in production environments.

2. Scenario Distribution (5 minutes):

e Distribute one scenario card to each group. Each card will present a potential safety issue in
a cleanroom or laser marking environment that requires a solution.

Group Discussion and Planning (20 minutes):
e Each group will discuss the scenario using the following prompts:
1. Identifying the Issue:
e What specific safety issue is presented in the scenario?

¢ How might it affect employees, equipment, or the manufacturing process?
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2. Safety Protocols and PPE:

e What safety precautions should be followed to address the situation?

e List essential PPE that must be used in the scenario (e.g., gloves, lab coats, face shields, etc.).
3. Laser Marking Safety:

e Ifthescenarioinvolves laser marking, what specific protocols should be followed to minimize
hazards (e.g., eye protection, ventilation, training)?

4. Proposed Solutions:
e Asateam, propose actionable solutions or steps to address the safety issue.

e Consider how to maintain compliance with safety standards while promoting a safe work
environment.

Group Presentations (20 minutes):

Each group will present their scenario, analysis, and proposed safety measures to the class.
e Presentations should include:
o A description of the identified safety issue.
o The PPE and protocols recommended to address the issue.
o0 An action plan to ensure that safety measures are followed.

e After each presentation, encourage questions and open discussion about different approaches
to safety in cleanroom and laser marking environments.

Debriefing and Key Takeaways (10 minutes):
e Facilitate a class-wide discussion to debrief the activity:
o What were the different approaches to solving the safety issue presented in each scenario?
o How did safety protocols and PPE play a critical role in addressing the challenges?

o What are the best practices for maintaining safety in cleanrooms and laser marking
environments?

Examples for Scenario Cards:
Scenario 1: Contamination Risk in the Cleanroom
Description:

A technician accidentally leaves a tool outside the cleanroom, and upon entry, some particles from the
tool are carried inside, potentially contaminating the environment.

Task for Teams:

e Cleanroom Team: Identify potential contamination risks from improper handling and suggest
corrective actions (e.g., implementing better tool storage protocols).

e PPE Team: Ensure all personnel follow proper gowning procedures to prevent contamination.

o Safety Protocol Team: Review cleanroom entry and exit protocols to prevent future incidents.

Scenario 2: Laser Exposure Incident
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Description:

A worker accidentally steps too close to an operating laser marking machine without proper protective
eyewear, risking exposure to the laser beam.

Task for Teams:

o Laser Marking Team: Discuss the immediate actions to take to ensure no harm (e.g., stopping
the machine, providing first aid).

e PPE Team: Demonstrate the correct use of laser safety goggles and other PPE for laser marking
operations.

o Safety Protocol Team: Create a checklist for laser safety and ensure all operators are trained
and equipped with proper gear.
Scenario 3: Cleanroom Air Filtration System Failure

Description:

The air filtration system in the cleanroom experiences a malfunction, potentially allowing airborne
contaminants into the environment.

Task for Teams:

e Cleanroom Team: Identify potential sources of contamination and develop contingency
measures for when the filtration system fails.

e PPE Team: Reinforce the importance of using protective clothing and masks in the event of
filtration issues.

e Safety Protocol Team: Create an emergency protocol for dealing with cleanroom system failures
and ensure all team members know how to respond.

Activity Duration Resources used
Cleanroom and Laser 60 minutes Whiteboard or flipchart, Markers, Sticky
Marking Safety Protocol notes (for brainstorming)
Simulation , Scenario cards (described below), PPE

checklist handouts, Laser marking safety
protocol documents etc.

- Do |\

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Provide necessary PPE, laser marking tools, and cleanroom setup materials.

e Stress the importance of following safety protocols to prevent contamination and ensure worker
safety in high-tech environments.

e Encourage active participationin setting up scenarios and problem-solving, and foster discussions
about how safety impacts manufacturing quality.
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Unit 1.4: Laser Marking and the Role of Assembly Process
Specialists

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Understand the laser marking process and its application in telecom device manufacturing.
2. Explain the responsibilities of Assembly Process Specialists in ensuring accurate wafer marking.

3. Highlight the importance of precision, safety, and efficiency in laser marking operations.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

Inthisunit, we will discussthe laser marking processanditsessential rolein telecom device manufacturing.
We will explore the responsibilities of Assembly Process Specialists in ensuring precise wafer marking,
focusing on the importance of accuracy, safety, and efficiency in laser marking operations. Through this
unit, you'’ll gain an understanding of how these factors contribute to the overall quality and functionality
of telecom devices.

- Ask

Ask the participants the following questions:

e How do you think laser marking impacts the quality and identification of components in telecom
devices?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Laser Marking Process and Its Application in Telecom Device Manufacturing

Laser marking is a precise and efficient method of engraving, etching, or labeling materials using a laser
beam. It involves focusing a high-intensity laser onto the surface of a material, such as metal, plastic,
or semiconductor wafers, to create markings that are permanent, highly detailed, and resistant to wear
or environmental factors. The laser marking process is widely used in the manufacturing of telecom
devices for labeling components, part numbers, serial numbers, and other identification marks.

How the Laser Marking Process Works:

1. Laser Source: The process begins with a laser beam generated by a laser source, such as a CO2,
fiber, or diode laser. The type of laser used depends on the material being marked and the desired
effect.

R ———




e — Facilitator Guide

1.

2. Beam Focusing: The laser beam is focused onto the material’s surface using optics such as lenses or

mirrors. The size and shape of the beam can be adjusted to produce different types of marks.

Material Interaction: As the laser beam interacts with the material’s surface, it causes physical or
chemical changes, such as oxidation, ablation, or discoloration, depending on the material and the
laser’s energy. The mark is typically a high-contrast engraving that remains readable over time.

Marking Process Control: The laser marking system is usually controlled by a computer, where the
design or text to be marked is uploaded. The system ensures precise movement of the laser across
the material’s surface, following the required pattern.

Applications in Telecom Device Manufacturing:

In the telecom industry, laser marking is used for various purposes, such as:

Component Identification: Telecom devices often have small components like chips, connectors,
and circuit boards that require precise labeling. Laser marking provides high-definition,
permanent identifiers such as part numbers, barcodes, and serial numbers.

Branding and Traceability: Each telecom device must be traceable throughout its life cycle.
Laser marking enables manufacturers to engrave unique codes and QR codes, facilitating device
tracking for repairs, maintenance, and warranty claims.

Quality Control: Laser markings can be used to verify manufacturing quality. For example, if
components are misaligned or incorrectly assembled, the laser marks can indicate a defective
product in quality control inspections.

Responsibilities of Assembly Process Specialists in Ensuring Accurate Wafer Marking

Assembly Process Specialists play a crucial role in ensuring that the wafer marking process is accurate,
efficient, and aligned with the overall production quality standards in semiconductor and telecom
device manufacturing.

Key Responsibilities:

Pre-Mark Preparation:

Material Inspection: Assembly Process Specialists are responsible for inspecting the
semiconductor wafers or substrates before marking. This includes verifying their size, condition,
and cleanliness. Any contaminants or debris on the wafer can result in poor marking quality.

Setting Parameters: The specialist sets up the laser marking machine, configuring parameters
such as laser power, speed, pulse rate, and focus to match the specific wafer material and the
desired marking effect. This requires a thorough understanding of both the equipment and the
material properties.

Quality Assurance:

Precise Positioning: The Assembly Process Specialist ensures that the wafer is properly aligned
on the laser marking platform. Misalignment during marking can lead to inaccurate or misplaced
marks, which may affect the product’s traceability and identification.

Marking Consistency: They also monitor the consistency of the laser markings during production.
Any irregularities, such as incomplete or faint markings, must be immediately addressed to
maintain product quality.

Maintenance and Calibration:

Laser Maintenance: Regular maintenance of the laser system is essential to avoid malfunction
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or degradation in marking quality. The specialist is responsible for checking the system’s
alignment, cleaning optical components, and replacing consumables as needed.

e Calibration: They are also in charge of calibrating the laser equipment to ensure that it performs
optimally and that the markings remain accurate over time.

4. Safety and Compliance:

e Safety Protocols: The specialist ensures that safety protocols are followed during the marking
process. Laser marking involves high-intensity beams that can be harmful to the eyes and skin.
The specialist ensures the correct usage of protective gear and safety measures to prevent
accidents.

5. Troubleshooting and Optimization:

e Problem Solving: If marking errors or inconsistencies occur, the Assembly Process Specialist is
responsible for troubleshooting. They must identify whether the issue is related to the machine,
the material, or the environmental conditions, and make adjustments as necessary.

e Process Improvement: Specialists also play arole in optimizing the marking process for efficiency
and cost-effectiveness. They may analyze marking patterns and data to suggest improvements
that enhance throughput or reduce waste.

Importance of Precision, Safety, and Efficiency in Laser Marking Operations

Precision:

Laser marking is valued for its high level of precision, which is essential in industries such as
telecommunications and semiconductor manufacturing, where small components are involved.
Precision in laser marking ensures that the markings are accurate, readable, and correctly positioned
on the product. This is especially important in applications where serial numbers, part numbers, or
other critical identifiers are used for traceability. Even slight deviations in the marking position or
clarity could lead to significant problems, including product recalls or misidentification of components.

Safety:

Laser marking involves powerful lasers that can pose significant risks if not properly managed. The
safety of workers and the integrity of the equipment are paramount. This includes ensuring that
workers wear the proper personal protective equipment (PPE), such as laser safety goggles, protective
clothing, and gloves, to prevent exposure to harmful radiation. Furthermore, cleanroom environments
must be maintained to avoid contamination, and proper ventilation is necessary to ensure that fumes
or particles created during the marking process are safely removed.

Efficiency:

Efficiency in laser marking operations is crucial for maintaining productivity and meeting
manufacturing deadlines. Laser marking systems are designed to be fast and reliable, but this requires
the assembly process specialists to ensure that the equipment is well-maintained, properly calibrated,
and used correctly. Efficiency also involves minimizing downtime, optimizing laser power settings

for different materials, and ensuring that the marking process is consistent. Streamlining operations
without sacrificing quality helps companies remain competitive in the fast-paced telecom industry,
where timely delivery of products is vital.

In conclusion, laser marking is an essential process in telecom device manufacturing, offering
precision, durability, and reliability for product identification. Assembly Process Specialists play a
pivotal role in ensuring the accuracy and quality of wafer markings, and their responsibilities span
from preparation and maintenance to quality assurance and troubleshooting. Precision, safety, and
efficiency are central to the success of laser marking operations, ensuring that the process contributes
to the overall quality, traceability, and safety of telecom devices.
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Let us participate in an activity to explore the unit a little more.
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Group Activity: Laser Marking Process Simulation in Telecom Device Manufacturing

Group Size: 4-6 participants

Materials:
e  Whiteboard or flipchart
e Markers
e Laser marking simulation tools or software (optional)

e Scenario cards (described below)
Activity Duration: 60 minutes

Instructions:
1. Introduction (10 minutes):

e Briefly introduce the laser marking process used in telecom device manufacturing,
emphasizing its importance for device identification, traceability, and quality control.

e Highlight the role of Assembly Process Specialists in overseeing wafer marking, ensuring
that the laser marking process is precise and that the correct data is applied to each wafer.

e Discuss the core principles of precision, safety, and efficiency in laser marking, ensuring that
specialists meet these requirements in all stages of the process.

2. Group Discussion & Scenario Analysis (25 minutes):
e Divide participants into small groups (4-6 people per group).

e Distribute Scenario Cards (one per group), each presenting a situation related to the laser
marking process in telecom device manufacturing.

e Instruct each group to:
o Analyze the scenario to identify potential challenges in precision, safety, and efficiency.

o Discuss how the Assembly Process Specialist would address these challenges to ensure
accurate wafer marking.

o Consider the balance between precision, safety, and efficiency in their response.

Group Presentation (15 minutes):
e Each group will present their scenario, analysis, and proposed solutions to the class.
e Presentations should cover:
o The specific challenge the scenario presents.
o How the group would ensure precision in the laser marking process.

o How safety protocols would be maintained.
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o How efficiency would be balanced with quality and safety considerations.

Debriefing & Key Takeaways (10 minutes):
e Facilitate a class-wide discussion to reflect on the activity.

e Encourage participants to share their thoughts on the importance of laser marking precision,
safety protocols, and efficiency in telecom device manufacturing.

Examples for Scenario Cards:
Scenario 1: Misaligned Wafer During Marking
Description:

During the laser marking process, the wafer is misaligned on the marking machine, causing the marks
to appear off-center, potentially affecting the device’s functionality.

Task for Teams:

e Assembly Process Specialist Team: Inspect the wafer alighment and suggest corrective actions
(e.g., realignment techniques, improved fixture design).

e Laser Marking Team: Adjust the laser settings to ensure the marks are accurate and centered on
the wafer.

e Safety Team: Ensure all equipment is secure and there is no risk of damage to the wafer or
equipment during adjustments.

Scenario 2: Safety Breach During Laser Operation
Description:

A team member forgets to wear the required laser safety goggles during the marking process, exposing
them to potential laser hazards.

Task for Teams:

e Safety Team: Immediately stop the operation, provide first aid if necessary, and review safety
protocols for laser equipment use.

o Assembly Process Specialist Team: Ensure that all personnel are equipped with proper PPE
before resuming the laser marking process.

o Laser Marking Team: Reassess the machine’s setup and remind all team members of the
importance of safety measures before proceeding.

Scenario 3: Inefficient Laser Marking Process
Description:

The laser marking process is taking longer than expected due to slow machine settings, which could
delay the overall production timeline for telecom devices.
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Task for Teams:

e Assembly Process Specialist Team: Analyze the production workflow and suggest adjustments
to improve efficiency without compromising quality.

e Laser Marking Team: Test different machine settings to increase speed without affecting the
precision of the laser marks.

e Safety Team: Ensure that any changes to the machine settings do not compromise safety, and
maintain proper monitoring during faster operations.

Activity Duration Resources used
Laser Marking Process 60 minutes Whiteboard or flipchart, Markers, Laser
Simulation in Telecom marking simulation tools or, software
Device Manufacturing (optional), Scenario cards (described
below) etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Ensure access to tools or simulations for laser marking and materials for “wafer” marking.

e Focus on the importance of accuracy in marking and following safety protocols, particularly
when using laser equipment.

e Promoteteamworkacrossroles, ensuring smooth problem-solving whenissues like misalignment
or safety breaches arise.
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Unit 1.5: Essential Skills for Success in Laser Marking

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Identify key interpersonal and communication skills necessary for effective teamwork and role
execution.

2. Discusstechnical skills required for laser marking, including machine operation and maintenance.

3. Explore opportunities for skill development and career advancement in the telecom industry.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the key interpersonal and communication skills necessary for effective
teamwork in the telecom industry, as well as the technical skills required for laser marking, including
machine operation and maintenance. We will also explore opportunities for skill development and career
advancement within the telecom sector, emphasizing the importance of both technical proficiency and
soft skills in professional growth.

- Ask

Ask the participants the following questions:

e What are some key skills you think are important when working in a team within the telecom
industry?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Key Interpersonal and Communication Skills for Effective Teamwork and Role Execution

In any industry, especially in high-precision fields like semiconductor manufacturing or telecom device
production, effective teamwork and role execution are critical to achieving high-quality outcomes.
Interpersonal and communication skills play a pivotal role in fostering collaboration and ensuring
smooth operations.

1. Active Listening: Active listening is a cornerstone of effective communication within teams. It
involves fully concentrating on the speaker, understanding their message, responding appropriately,
and remembering the information. For example, in a telecom manufacturing setting, understanding
the instructions from supervisors and peers ensures that technical tasks are carried out accurately.




e — Facilitator Guide

1.

Clear and Concise Communication: The ability to communicate ideas clearly and succinctly
is essential for reducing misunderstandings and enhancing efficiency. Whether it’s explaining
the technical aspects of laser marking or coordinating between different departments, clear
communication minimizes the chances of errors. This includes using the appropriate language,
avoiding jargon, and adapting communication style to the audience.

Collaboration and Teamwork: Team members should be able to work together cohesively,
leveraging individual strengths for collective success. Collaboration involves sharing knowledge,
offering support, and respecting diverse perspectives. In a telecom manufacturing environment, for
example, assembly specialists, safety teams, and laser operators must collaborate to ensure both
safety and precision in marking processes.

Conflict Resolution: Conflicts may arise in any work environment, and the ability to resolve them
professionally is crucial for maintaining productivity and morale. Effective conflict resolution
involves addressing disagreements diplomatically, focusing on solutions rather than problems, and
maintaining a positive team atmosphere.

Adaptability and Flexibility: Telecom manufacturing environments often involve fast-paced and
changing conditions. Team members need to be adaptable and open to change. Whether it’s
adjusting to new technologies or responding to unexpected challenges in production, flexibility
ensures that the team can continue to perform effectively.

Technical Skills Required for Laser Marking, Machine Operation, and Maintenance

Laser marking is a specialized process commonly used in telecom manufacturing to mark wafers or
components with high precision. This process requires technical expertise in both the operation and
maintenance of laser marking machines.

Machine Operation: Operating laser marking machines requires an understanding of the equipment
and its software. Technicians must be familiar with machine controls, settings, and calibration to
ensure precise marking. The operation includes setting the correct parameters for laser intensity,
speed, and focus, depending on the material being marked (e.g., semiconductor wafers, telecom
device housings). Knowledge of the specific marking requirements, such as logos, serial numbers,
or barcodes, is essential.

Laser Safety Knowledge: Safety is a critical aspect of laser operation. Operators need to be familiar
with laser safety protocols, including wearing protective eyewear and ensuring that the working
environment is secured against potential exposure to harmful laser radiation. Proper maintenance
of safety equipment, such as shielding and emergency shut-off systems, is equally important.

Machine Calibration and Troubleshooting: Laser marking machines need periodic calibration to
maintain high accuracy and performance. Technicians must understand how to calibrate lasers,
check alignment, and adjust focus to achieve optimal marking quality. Regular machine maintenance
and troubleshooting skills are crucial to avoid downtime and ensure the system’s reliability.

Software Proficiency: Many laser marking systems are controlled by specialized software that
allows for precise control over the marking parameters. Proficiency in this software is necessary to
program the machine for specific tasks and modify settings based on production needs. This also
involves troubleshooting software-related issues and ensuring smooth communication between
the machine and the central control system.

Quality Control and Inspection: Once the laser marking process is completed, the marked
components must be inspected for quality. Operators need to be trained in visual inspection
techniques and be able to use tools like magnification or measurement instruments to check the
accuracy of the markings. They must also know how to conduct tests to ensure that the markings
are permanent and legible, even under stress conditions like high temperature or mechanical wear.
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Opportunities for Skill Development and Career Advancement in the Telecom Industry

The telecom industry is fast-evolving, with new technologies like 5G, Internet of Things (loT), and
advanced data processing driving demand for skilled professionals. As the industry grows, there are
abundant opportunities for skill development and career advancement.

1. Continued Education and Training: One of the most valuable opportunities for career growth is
continued education. Telecom professionals can enhance their technical skills by enrolling in
specialized courses related to new telecom technologies, laser marking, or advanced manufacturing
techniques. Certifications in areas such as laser safety or advanced machine operations can add
credibility and open doors for higher-level positions.

2. Cross-Functional Experience: Gaining experience in various departments, such as production,
quality control, machine maintenance, and R&D, allows professionals to broaden their expertise.
Cross-functional training gives individuals a comprehensive understanding of telecom manufacturing
processes, making them valuable assets to the organization. Moving between different roles can
also lead to higher management positions, such as a production manager or technical director.

3. Leadership and Management Training: For those interested in advancing into management,
developing leadership skills is essential. Telecom professionals can benefit from leadership programs,
mentoring, and management certifications. These skills are vital for roles like team lead, supervisor,
or department manager, where overseeing teams and processes becomes a key responsibility.

4. Emerging Technologies Expertise: As telecom technology continues to advance, there is growing
demand for professionals skilled in emerging fields like 5G deployment, loT integration, and software
development for telecom systems. Professionals who stay up to date with these technologies can
position themselves as experts and take on more strategic roles within the company.

5. Industry Networking: Building a professional network through industry conferences, seminars, and
online communities is an excellent way to learn about new developments and job opportunities in
the telecom industry. Networking can also lead to mentorship opportunities, which are valuable for
career progression.

6. Innovation and Process Improvement: Telecom professionals who engage in innovation and
process improvement initiatives can drive significant advancements within their organizations. By
staying proactive in identifying ways to enhance efficiency, quality, or safety in manufacturing or
operations, individuals can position themselves as key contributors to the company’s success and
increase their potential for career advancement.

The telecom industry offers ample opportunities for professionals to advance their careers through
continuous learning, skill development, and adaptability. Whether enhancing communication and
teamwork skills or mastering technical operations like laser marking, individuals can position themselves
for success. By focusing on precision, safety, and efficiency, professionals can thrive in this dynamic and
evolving field.
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Group Activity: “Laser Marking and Teamwork Simulation”

Objective:

This activity aims to integrate key interpersonal and communication skills with technical skills required
in the laser marking process, while encouraging exploration of career development opportunities in
the telecom industry.

Group Size: 4-6 participants

Materials:

Whiteboard or flipchart

Markers

Scenario cards (described below)

Laptop/tablet with laser marking machine software demo (optional)

Role cards for team members

Activity Duration: 60 minutes

Instructions:

Introduction (5 minutes):

e Briefly introduce the activity, highlighting the focus on teamwork, communication, and
technical skills for laser marking.

e Provide a quick overview of laser marking processes, machine operation, and common
maintenance needs.

e Discuss career pathways and skill development opportunities in the telecom industry.
Scenario Assignment (5 minutes):
e Divide the participants into groups of 4-6 people.

e Each group will receive a scenario card that describes a situation involving the laser marking
process, where they will have to address communication and teamwork challenges while
applying technical skills.

Examples for Scenario Cards:
Scenario 1: Machine Malfunction During Marking Process
Description:

During the laser marking operation, the machine suddenly stops working, potentially causing delays in
production.
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Task for Teams:

e Machine Operator Team: Troubleshoot the issue, check if the machine needs recalibration, and
attempt to resolve the malfunction.

¢ Maintenance Team: Diagnose the machine’s internal components to identify any maintenance
issues or errors.

e Communication Team: Coordinate with all teams to ensure they’re informed about the delay
and adjust the timeline accordingly.

Scenario 2: Miscommunication in Task Assignment
Description:

There is confusion about who is responsible for a specific task in the laser marking process, leading to
overlapping efforts or missed tasks.

Task for Teams:

e Communication Team: Clarify roles and tasks, ensuring everyone knows their specific
responsibilities.

¢ Machine Operator Team: Focus on aligning and setting up the machine for optimal marking.

e Maintenance Team: Ensure equipment is ready to go before beginning the marking process.
Scenario 3: Quality Control Feedback on Inaccurate Marks
Description:

The quality control team notices that some of the marks on the wafers are misaligned, which could
affect the functionality of the telecom device.

Task for Teams:

e Machine Operator Team: Investigate the alignment issue and adjust machine settings or realign
wafers as needed.

e Communication Team: Notify all team members of the quality control feedback and facilitate a
quick meeting to discuss improvements.

e Maintenance Team: Check for any technical issues that could cause misalignment and perform
necessary maintenance on the laser machine.
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Activity Duration Resources used
“Laser Marking and 60 minutes Whiteboard or flipchart, Markers, Scenario
Teamwork Simulation” cards (described below), Laptop/tablet

with laser marking machine software demo
(optional), Role cards for team members
etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Emphasize the importance of technical skills (machine operation, maintenance) and
communication skills (team coordination, task delegation) in effective teamwork.

e Ensure each team member is engaged in their role and collaborating to solve issues that arise
during the simulation.

e Discuss potential career paths in telecom, such as machine technician, production manager, and
other roles requiring specialized skills and training.
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Multiple Choice Questions (MCQs):

1. Whatis the primary role of semiconductors in telecom devices?
a) To store data
b) To amplify signals
c) To transmit light signals
d) To provide power

Answer: b) To amplify signals

2. Why is quality control important in the production of telecom equipment?
a) Itincreases the production speed
b) It ensures the equipment is visually appealing
¢) It guarantees the functionality and reliability of the equipment
d) It reduces the cost of production

Answer: c) It guarantees the functionality and reliability of the equipment

3. Which of the following is a key safety precaution to follow in a cleanroom environment?
a) Wear only regular office attire
b) Avoid using protective gloves
¢) Follow proper gowning and use of PPE
d) Handle equipment without checking for contamination

Answer: c) Follow proper gowning and use of PPE

4.  What is a crucial skill required for an Assembly Process Specialist working in laser marking?
a) Strong writing skills
b) Proficiency in machine operation and maintenance
c) Ability to work in marketing
d) High-level software development skills
Answer: b) Proficiency in machine operation and maintenance

Fill in the Blanks:

1. Semiconductors in telecom devices are used to amplify signals and allow data
transmission.

Answer: electrical

2. Quality control procedures in telecom equipment production ensure that the equipment meets
and safety standards.

Answer: performance
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3. The role of an Assembly Process Specialist in laser marking is to ensure accurate on
telecom wafers to ensure their functionality.

Answer: markings

4. An essential safety measure when working in a cleanroom environment is to wear personal
protective equipment (PPE), including and face masks.

Answer: gloves
Match the Following:

1. Match the role with its responsibility:

Role Responsibility

1) Assembly Process Specialist a) Ensure accuracy of laser markings
2) Quality Control Technician b) Check the functionality and reliability of equipment
3) Cleanroom Technician ¢) Maintain proper gowning and hygiene protocols

Answers:1-3a,2-b,3-C,

2. Match the following:

Skill Relevance

1) Technical Skills a) Career advancement in laser marking

2) Communication Skills b) Effective teamwork and role execution

3) Laser Marking Machine c) Ensures accuracy and efficiency in marking
Operation

Answers:1-3a,2-b,3-C,
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- Key Learning Outcomes | ¢
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At the end of this unit, the participants will be able to:

Explain laser-material interaction & impact on marking quality.

Compare laser types for suitability with materials & safety.

Describe safe work practices for operating the laser marking machine.

Explain properties of common semiconductor materials for laser marking.
Identify proper handling techniques for semiconductor wafers.

Explain functions of laser marking machine components and their role in marking.
Explain functionalities of the control panel & data interpretation for monitoring.
Interpret data to identify deviations from optimal laser marking parameters.

Describe safe loading/unloading procedures for wafers.

. Explain the importance of consistent marking quality and its impact on product function.

. Identify inspection techniques explain their effectiveness for various defects.

. Explain the significance of data interpretation for process improvement.

. Describe documentation procedures for recording process parameters &amp; adjustments.
. Explain the importance of adhering to SOPs for safe and efficient operation.

. Identify SOP content & emphasize critical steps for setup, operation, maintenance, and

troubleshooting.

Identify common warning signs of potential equipment malfunctions and explain preventative
maintenance.

Perform pre-operation system checks and prepare the laser marking machine for operation
following SOPs.

Demonstrate safe work practices while operating the laser marking machine.
Apply appropriate handling techniques to load and unload semiconductor wafers.

Select laser parameters based on customer specifications and material properties using the
machine control panel.

Execute the laser marking process for semiconductor wafers.

Monitor the marking process visually and using the machine’s camera system (if available) to
identify any deviations.

Evaluate the marking quality and make adjustments to laser parameters within allowable range
to maintain consistent results.

Document adjustments made to laser parameters and the reason for the adjustments in the
designated logbook.

Troubleshoot minor operational issues by consulting troubleshooting guides and SOPs, and
implement basic solutions (e.g., cleaning laser optics, restarting software).

Report unresolved issues or suspected major malfunctions to designated personnel for further
action.

Document the troubleshooting attempts made and the outcome in the maintenance log
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Unit 2.1: Laser-Material Interaction and Semiconductor
Properties

- Unit Objectives |@

At the end of this unit, the participants will be able to:

1. Explain laser-material interaction and its impact on marking quality.
2. Compare laser types for suitability with different materials and safety considerations.

3. Explain properties of common semiconductor materials used in laser marking.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss laser-material interaction and how it affects marking quality in the telecom
industry. We will explore different types of lasers and their suitability for various materials, considering
safety precautions. Additionally, we will examine the properties of common semiconductor materials
used in laser marking, focusing on their interaction with lasers and the impact on marking precision.

- Ask

Ask the participants the following questions:

e What do you think happens when a laser interacts with a material, and why is it important for
laser marking in semiconductor manufacturing?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Laser-Material Interaction and its Impact on Marking Quality

Laser marking is a precise method used to etch or mark materials by focusing high-energy laser beams
onto the surface of a substrate. When a laser interacts with a material, the energy causes a variety of
physical and chemical changes on the surface. The marking process depends on the material’s response
to the laser, which involves both thermal and non-thermal effects.

The key components of laser-material interaction include:

e Absorption of Laser Energy: The laser beam transfers energy to the material, and the material
absorbs it based on its optical properties (reflectivity, absorption coefficient, etc.). Different
materials absorb laser energy at varying rates and wavelengths.

R ——
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Thermal Effects: The absorbed energy increases the material’s temperature. Depending on
the intensity, the material may undergo vaporization, melting, or a combination of both. These
effects result in different types of marks, such as dark, light, or etched marks, depending on how
the material reacts to the heat.

Mechanical Changes: For some materials, the thermal effects can induce mechanical stresses,
leading to surface deformation, cracking, or spalling. This is especially true for brittle materials
like ceramics and glass.

Chemical Reactions: In some cases, laser marking can induce chemical reactions that change
the surface’s chemical composition, often creating oxidation or reduction effects that change
the color or appearance of the material.

The impact on marking quality is largely dependent on:

Marking Resolution: Precision is critical in laser marking, particularly in applications like
semiconductor manufacturing, where even tiny defects can lead to equipment failure.

Contrast and Legibility: Effective laser marking should produce clear, legible, and durable marks.
Poor interaction between the laser and material may lead to faded or incomplete marks, making
it difficult to read or scan the marking over time.

Consistency: For high-volume manufacturing, it is essential that the laser produces consistent
quality across large batches. Variability in material properties or laser settings can lead to
inconsistent results.

Comparison of Laser Types for Suitability with Different Materials and Safety Considerations

Different types of lasers are used in marking applications, with each type offering distinct advantages
based on material properties, marking requirements, and safety considerations.

1. CO2 Lasers:

Suitability: CO2 lasers are ideal for non-metallic materials, such as plastics, ceramics, and glass.
They are highly efficient at marking organic materials due to their wavelength of around 10.6
microns, which is well absorbed by most non-metals.

Marking Quality: CO2 lasers can produce high-contrast, smooth marks with fine detail on
plastics and glass. However, they are less effective on metals without specific coatings or pre-
treatment.

Safety Considerations: CO2 lasers are powerful and can pose significant hazards, particularly
eye damage. Proper safety protocols, such as using safety goggles with appropriate wavelength
protection and enclosed laser systems, are essential.

2. Fiber Lasers:

Suitability: Fiber lasers are highly suitable for marking metals, including stainless steel,
aluminum, and titanium. Their wavelength, typically around 1.06 microns, is well absorbed by
metals, providing high-quality marks.

Marking Quality: Fiber lasers can create precise, high-resolution markings with excellent contrast
on metals. The marks produced are often permanent and resistant to wear and corrosion, which
is ideal for harsh environments.

Safety Considerations: Fiber lasers can be hazardous due to their high power and focused energy.
Eye protection and controlled environments are critical, especially since they can penetrate the
skin and cause injury. Ensuring proper ventilation is also essential to deal with potential fume
emissions from certain materials.
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3. Diode-Pumped Solid-State (DPSS) Lasers:

e Suitability: DPSS lasers, with wavelengths typicallyaround 532 nm (green) or 355 nm (ultraviolet),
are versatile and work well with both metals and non-metals. They are ideal for high-precision
applications, including micro-marking on small components like semiconductors.

e Marking Quality: DPSS lasers are excellent for high-precision, fine marking, such as those
required in the semiconductor industry. They can produce extremely fine, durable marks that
are resistant to wear.

e Safety Considerations: DPSS lasers can emit high-intensity beams and require appropriate
safety measures. The use of appropriate laser eyewear and protective equipment is necessary
to avoid eye injury.

4. YAG Lasers:

e Suitability: YAG lasers (e.g., Nd:YAG) are suitable for marking metals and certain plastics. Their
wavelengths are typically 1064 nm, which is well absorbed by metals, allowing them to make
deep, precise marks on harder materials like steel and titanium.

e Marking Quality: YAG lasers are capable of making deep, permanent marks, even on tough
materials like stainless steel and titanium. They are commonly used in aerospace and automotive
applications.

o Safety Considerations: YAG lasers are very powerful and require strict safety measures, including
the use of laser safety glasses and protective barriers around the laser system.

Properties of Common Semiconductor Materials Used in Laser Marking

Semiconductor materials, such as silicon (Si), gallium arsenide (GaAs), and silicon carbide (SiC), are
essential components in laser marking, especially in the telecom industry. These materials possess
distinct properties that influence their behavior during the laser marking process.

1. Silicon (Si):

e Properties: Silicon is the most commonly used semiconductor material in electronics and
telecom devices due to its abundance, low cost, and excellent electrical properties. Silicon has
a relatively high reflectivity, especially for lasers in the infrared spectrum.

e Laser Marking: Silicon is often difficult to mark directly with conventional lasers without pre-
treatment because of its high reflectivity. However, the use of specific wavelengths or adding a
thin coating can improve absorption and allow high-quality marks.

2. Gallium Arsenide (GaAs):

e Properties: GaAs is used in high-speed and optoelectronic devices due to its superior electron
mobility. It has a direct bandgap, which makes it an ideal material for laser-based optoelectronic
applications. GaAs absorbs laser light efficiently at specific wavelengths, particularly in the
infrared spectrum.

e Laser Marking: GaAs can be effectively marked with lasers, especially in applications requiring
high precision, such as semiconductor devices. The material responds well to shorter laser
wavelengths, providing high-resolution markings.

3. Silicon Carbide (SiC):

e Properties: SiC is a high-performance material used in high-voltage and high-frequency
applications. It has excellent thermal conductivity and mechanical strength. SiC is more resistant
to wear and high temperatures compared to other semiconductor materials.
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Laser Marking: SiC requires powerful lasers to produce marks due to its hardness and resistance
to thermal effects. Typically, fiber lasers are used for marking SiC, which provides high-quality,
durable marks.

4. Indium Phosphide (InP):

Properties: InP is often used in high-speed electronic and optoelectronic devices, including
telecom and fiber-optic components. InP has high absorption for certain laser wavelengths,
which makes it amenable to laser marking.

Laser Marking: InP is commonly marked using fiber lasers, providing precise and durable marks
that are crucial for semiconductor identification and traceability in telecom applications.

Laser marking is a vital technology in the telecom industry, and understanding the interaction
between lasers and materials is key to achieving high-quality, durable marks. The suitability of
different laser types for specific materials, along with the properties of semiconductor materials,
significantly impacts marking outcomes. Safety considerations must also be factored in, as lasers can
be hazardous. Overall, laser marking is an effective technique for marking semiconductor components
used in telecom devices, providing high precision and reliability for the industry’s demanding
standards.

- Say

(@

Let us participate in an activity to explore the unit a little more.

— Activity |7

Group Activity: Laser Marking Process Simulation and Material Suitability

Group Size: 4-6 participants

Materials:

Whiteboard or flipchart

Markers

Printed scenario cards (described below)

Sample materials or images representing different materials (metals, plastics, ceramics, etc.)

Laser equipment (if available) or images/videos of laser marking processes (optional)

Activity Duration: 60 minutes

Objective:

The activity aims to help participants understand laser-material interaction, compare different laser
types for various materials, and recognize the properties of semiconductor materials used in laser
marking. By engaging with hypothetical scenarios, participants will analyze how different laser types
interact with various materials and discuss safety protocols to ensure optimal marking quality.
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Instructions:
1. Introduction (5 minutes):
e Briefly review laser-material interactions and their impact on marking quality.

e Introduce different types of lasers (e.g., CO2, fiber, diode) and their suitability with various
materials (metals, plastics, ceramics).

e Discuss the importance of semiconductor materials in laser marking systems (e.g., gallium
arsenide, silicon).

e Highlight the safety considerations when working with lasers and different materials.
2. Group Assignment (5 minutes):
e Divide participants into small groups (4-6 people).

e Distribute scenario cards to each group. Each card will present a different material and laser
type combination.

e Ask each group to:
o ldentify the appropriate laser type for the material.
o Analyze the potential effects of the laser on marking quality.
o Consider any safety issues related to the interaction.

o Propose a strategy to achieve the best marking quality for that material using the
assigned laser type.

Group Discussion and Planning (20 minutes):
e Participants will discuss the following prompts within their groups:

o Material and Laser Compatibility: What laser type is best suited for the material on your
scenario card (e.g., CO2 laser for wood, fiber laser for metal)? Explain why.

o Impact on Marking Quality: What kind of marking quality (e.g., contrast, durability,
precision) can be expected with this combination? Are there any challenges or limitations in
achieving high-quality marks on this material?

o Safety Considerations: What safety protocols should be followed when marking with this
laser on the given material? Consider issues such as fumes, heat, and reflective surfaces.

Group Presentations (20 minutes):
e Each group will present their scenario, analysis, and proposed solution to the class.
o Describe the material, laser type, marking quality considerations, and safety protocols.
o Present a strategy for optimizing the marking process on the given material.

e After each presentation, allow for questions and feedback from other groups to encourage
discussion and clarification of concepts.

Debriefing and Key Takeaways (10 minutes):

Facilitate a class-wide discussion to debrief the activity:

e Approaches to Laser-Process Optimization: What were the key differences in how groups
approached material-laser combinations? Were there any surprising insights or considerations
that emerged from the discussions?
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e Safety Protocols: What were the safety protocols discussed for working with different materials
and lasers? How important is safety in ensuring both marking quality and operator protection?

e Material-Laser Suitability: How do the properties of different materials influence the laser
choice for marking? What fac  tors (e.g., reflectivity, absorption, thermal conductivity) must
be considered?

Examples for Scenario Cards:
Scenario 1: Choosing the Right Laser for Marking Silicon Wafers
Description:

You are tasked with marking silicon wafers for a telecom device. The wafers need precise marks, but you
must choose the right laser type to avoid damaging the delicate surface.

Task for Teams:

e Group A (Laser Selection Team): Analyze the properties of silicon and determine the most
suitable laser type (e.g., fiber laser, CO2 laser) based on power, focus, and marking quality.

e Group B (Safety Team): Identify the safety precautions needed when using the selected laser
type for silicon wafers.

e Group C (Impact Assessment Team): Evaluate the potential impact of laser-material interaction
on the wafer’s surface, such as heat-affected zones or material degradation.

Scenario 2: Marking a Metal Telecom Component with a CO2 Laser
Description:

A metal component of a telecom device needs to be marked with a unique identification number. The
laser type selected for marking must ensure high contrast and fine detail, while minimizing thermal
damage to the metal surface.

Task for Teams:

e Group A (Laser Selection Team): Research the characteristics of CO2 lasers and assess their
suitability for metal components, considering marking depth and quality.

e Group B (Material Compatibility Team): Determine how different metal materials (e.g.,
aluminum, steel) affect the laser’s performance and its ability to produce high-quality marks.

e Group C (Safety Team): Establish safety protocols specific to using CO2 lasers for metal marking,
including ventilation and protective gear.

Scenario 3: Marking Plastic Components with a Diode Laser
Description:

You need to mark plastic components in a telecom device with a diode laser. The challenge is to ensure
the marking is clear and durable, while avoiding any unwanted material burn or discoloration.
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Task for Teams:

e Group A (Laser Selection Team): Investigate the properties of diode lasers and their suitability
for plastic materials.

e Group B (Material Interaction Team): Examine the interaction between the diode laser and
different types of plastic (e.g., ABS, polycarbonate) and how to optimize the laser’s power
settings to ensure quality marks.

e Group C (Safety Team): Identify safety precautions for working with diode lasers when marking
plastic, including fire prevention and handling fumes.

Activity Duration Resources used
Group Activity: Laser 60 minutes Whiteboard or flipchart, Markers, Printed
Marking Process scenario cards (described below), Sample
Simulation and Material materials or images representing different
Suitability materials (metals, plastics, ceramics,

etc.), Laser equipment (if available) or
images/videos of laser marking processes
(optional) etc.

- Do |V

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Explain how different lasers (e.g., fiber, CO2, diode) interact with materials like silicon, metal,
and plastic.

e Discuss how laser power, focus, and wavelength affect marking quality (e.g., depth, contrast).
e Emphasize the importance of choosing the right laser for each material to avoid damage.

e Guide students on selecting the most suitable laser for different semiconductor materials.
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Unit 2.2: Operating the Laser Marking Machine Safely

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Identify proper handling techniques for semiconductor wafers.
Describe safe work practices for operating the laser marking machine.

Explain the functions of laser marking machine components and their role in marking.

2
3
4. Explain functionalities of the control panel and data interpretation for monitoring.
5. Describe safe loading and unloading procedures for semiconductor wafers.

6

Explain the importance of adhering to SOPs for safe and efficient operation.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the proper handling techniques for semiconductor wafers, focusing on safe
practices during laser marking machine operation. We will cover the functions of the laser marking
machine components, control panel functionalities, and data interpretation for effective monitoring.
The importance of adhering to SOPs for wafer loading, unloading, and overall safety will also be
emphasized to ensure efficient and safe operation.

- Ask

Ask the participants the following questions:

e What are the key safety precautions you should follow when handling semiconductor wafers
and operating a laser marking machine

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Summary of Key Topics: Safe Handling and Operation in Semiconductor Laser Marking

1. Proper Handling Techniques for Semiconductor Wafers: Semiconductor wafers are delicate and
must be handled with care to prevent contamination, damage, or degradation of their surface.
Improper handling can lead to defects in the final telecom product.

e Cleanliness: Always wear gloves to avoid leaving fingerprints, oils, or dirt on the wafer.
Contaminants can cause failures during later stages of processing. It’s also essential to ensure a
clean environment with minimal dust and particulates.

e Handling Tools: Use proper wafer handling tools, such as wafer tweezers or vacuum pens, which
ensure a firm but gentle grip. Avoid using bare hands to touch the wafer.

R — - ——
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e Wafer Orientation: Ensure the wafer is held correctly, with the patterned side facing up to
prevent any damage or scratching during handling.

e Storage: Store wafers in clean containers or wafer carriers, keeping them secure and in a stable
environment. This helps prevent accidental slips or exposure to contaminants.

e Humidity and Temperature Control: Wafers should be stored at appropriate humidity and
temperature levels to avoid expansion or contraction, which could distort the wafer structure
or affect the marking process.

Safe Work Practices for Operating the Laser Marking Machine: Laser marking machines are
complex and powerful equipment, and proper safety practices must be followed to ensure both
operator safety and machine longevity.

e Personal Protective Equipment (PPE): Always wear appropriate PPE when operating the laser
marking machine. This typically includes safety goggles to protect against laser exposure to the
eyes, lab coats or gloves for protection against handling, and hearing protection if the machine
produces significant noise.

e Laser Safety: Understand the specific laser safety guidelines for the machine being used. For
example, avoid direct exposure to laser beams, even during non-operational periods, as some
lasers can cause serious eye injury.

e Machine Calibration: Regularly check the calibration of the laser marking machine to ensure it
is functioning properly. Incorrect calibration can lead to errors in marking, wasting materials, or
damaging the machine.

e Environmental Controls: Ensure that the workspace is adequately ventilated, particularly when
marking materials that may release fumes. Laser marking of certain substances can produce
hazardous gases, which can be harmful if inhaled.

e Emergency Shutdown Procedures: Operators should be trained in how to safely shut down
the machine in case of emergency. This includes understanding emergency stop buttons and
isolation switches.

e Regular Maintenance: Perform routine maintenance checks on all machine components. This
includes cleaning the laser head, checking the lens for contamination, and ensuring the moving
parts are free of debris.

Functions of Laser Marking Machine Components and Their Role in Marking: A laser marking
machine is made up of several critical components, each playing a crucial role in the marking
process.

e Laser Source: The heart of the system, providing the focused energy required to etch or mark
the material. The most common types of lasers in semiconductor marking are CO2, fiber, and
diode lasers. Each laser type is suitable for marking specific materials based on their interaction
with light.

e Focusing Lens: This component directs the laser beam to a fine point on the material surface.
The focusing lens plays a crucial role in determining the depth and quality of the mark. A high-
quality lens ensures precise, clean, and sharp marks.

e Scanner System: This system controls the movement of the laser across the surface of the
material, typically using mirrors or galvo systems. The scanner enables the laser to create
intricate and precise designs or markings on the wafer.

e Cooling System: Lasers generate heat during operation, which can affect their efficiency and
longevity. A cooling system is essential to maintain optimal operating temperature for both the
laser and other components, preventing overheating and ensuring accurate operation.
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Control Panel: The control panel is the interface for the operator to interact with the machine,
input settings, and monitor progress. It allows for adjustments to parameters like laser power,
speed, and focus, which directly impact the marking process.

Material Loading/Unloading Mechanism: This component ensures proper and safe positioning
of semiconductor wafers in the machine. The mechanism should be able to securely hold the
wafer in place, preventing movement during marking.

4. Functions of the Control Panel and Data Interpretation for Monitoring: The control panel is the
main interface for operators to manage and monitor the laser marking process. Its functions are
essential for ensuring precision and safety throughout the operation.

Laser Settings Adjustment: Operators can adjust key parameters such as laser power, speed,
and focal distance through the control panel. These settings control the intensity and depth of
the laser’s interaction with the material, affecting marking quality.

Program Selection: The control panel allows the operator to select or load pre-programmed
marking designs. This ensures consistency and precision across multiple parts or batches.

Monitoring and Feedback: The control panel typically includes a feedback system that informs
the operator about the current status of the machine, including laser performance, marking
progress, and potential errors. Real-time feedback helps in early identification of issues, reducing
downtime.

Safety Indicators: It also displays safety warnings, such as overheating warnings or maintenance
reminders, to ensure safe operation.

Data Logging: The control panel can store data from each marking session, including time,
machine settings, and material used. This data helps track machine performance and serves as
a record for troubleshooting or quality assurance audits.

5. Safe Loading and Unloading Procedures for Semiconductor Wafers: The loading and unloading of
semiconductor wafers must be done with extreme care to avoid any damage or contamination.

Proper Orientation: Ensure that wafers are loaded into the machine in the correct orientation.
Incorrect loading can lead to misalignment during marking, potentially causing defects.

Wafer Holder: Use the appropriate wafer holder to keep the wafer steady during marking. This
prevents any accidental displacement or damage from external contact.

Slow and Steady Motion: Always load and unload wafers slowly and carefully to avoid sudden
movements that could cause wafers to slip or fall. Using vacuum-assisted tools or robotic arms
helps in safely transferring the wafer to and from the machine.

Check Alignment: Before starting the laser marking process, verify that the wafer is properly
aligned. Misalignment can result in inaccurate or incomplete marks, wasting both time and
materials.

Avoid External Contamination: Before loading the wafer into the machine, ensure the wafer is
clean. Avoid touching the wafer directly with hands or other items that may introduce dust or
oils, as even minor contaminants can affect the marking quality.

Unloading Process: When unloading, handle wafers with care to avoid cracking or breaking.
Place wafers in a clean, designated container to maintain cleanliness.

6. Importance of Adhering to SOPs for Safe and Efficient Operation: Standard Operating Procedures
(SOPs) are essential for ensuring the safe, efficient, and consistent operation of the laser marking
system. Following SOPs helps reduce the risk of accidents, ensures high-quality marking, and
minimizes waste.




Assembly Process Engineer —
Laser Marking

e Safety Consistency: SOPs provide a standardized approach to handling machinery and materials,
ensuring that all operators follow the same safety procedures. This helps minimize the risk of
injuries, particularly when dealing with high-powered lasers.

e Operational Efficiency: By adhering to SOPs, operators can maximize machine efficiency, reduce
downtime, and ensure that marking processes are completed on time. SOPs outline the proper
steps for machine calibration, maintenance, and operation, making processes more predictable.

e Quality Control: SOPs help maintain the quality of the markings by ensuring that machine
settings, such as power, speed, and focus, are consistently applied. This ensures that each batch
meets the required standards without defects.

¢ Troubleshooting and Maintenance: SOPs also include guidelines for identifying and resolving
common machine issues. Regular adherence to these procedures can prevent malfunctions and
extend the life of the equipment.

e Compliance and Documentation: For quality assurance and regulatory compliance, SOPs help
document the processes used during production. This documentation can be invaluable during
audits or reviews, providing evidence of safe and efficient operation.

Effective and safe operation of laser marking systems is essential in semiconductor manufacturing,
particularly in telecom device production. By understanding the proper handling techniques for
semiconductor wafers, following safe work practices, comprehending the functions of the machine
components, and adhering to SOPs, operators can achieve high-quality marks, ensure the safety of the
production process, and contribute to the overall success of telecom manufacturing. These practices
and processes also support long-term equipment performance and help minimize risks associated with
laser marking operations.

Say [fa

Let us participate in an activity to explore the unit a little more.

- Activity | 7=

Group Activity: Safe Handling and Operation of Laser Marking Machines for Semiconductor Wafers

Group Size: 4-6 participants

Materials:
e Flipchart or whiteboard
e Markers

e Printed copies of Standard Operating Procedures (SOPs) for wafer handling and laser marking
machine operation

e Laser marking machine diagrams (optional, for reference)

e Scenario cards with challenges related to wafer handling and laser marking

Activity Duration: 60 minutes
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Objective:

To simulate real-life challenges related to handling semiconductor wafers and operating laser marking
machines while emphasizing safety protocols and effective SOPs. The goal is for participants to
understand the importance of safe work practices, equipment handling, and data interpretation in
semiconductor production.

Instructions:
1. Introduction (10 minutes):

e Briefly introduce the importance of semiconductor wafer handling and the operation of
laser marking machines.

e Provide a brief overview of the laser marking machine’s components, control panel
functionalities, and the role of SOPs in ensuring safety and operational efficiency.

e Discuss the key safety procedures for wafer handling, loading/unloading, and operating
laser machines.

2. Scenario Distribution (5 minutes):

e Divide participants into small groups and distribute scenario cards to each group. Each
scenario should pose a challenge related to safe wafer handling, laser marking machine
operation, or troubleshooting a marking issue.

Examples of scenarios:

Scenario 1: A wafer has been accidentally dropped while loading into the laser marking machine. How
would you handle the situation safely and without damaging the wafer?

Scenario 2: The laser marking machine malfunctions during a production run, and the control panel is
showing an error. How would you interpret the data, troubleshoot, and ensure the machine is safely
restored to operation?

Scenario 3: You are loading a batch of wafers into the laser marking machine, but you notice an
inconsistency in the alignment. What safe procedures should you follow to ensure proper loading and
avoid damage?

3. Group Discussion (20 minutes):
e Each group discusses the assigned scenario and answers the following prompts:
o What safety risks are involved in this situation, and how can they be mitigated?
o What SOPs should be followed in this scenario to ensure safe operation?
o How would the control panel help in troubleshooting or monitoring the issue?
o What would be the proper steps for loading/unloading the wafers safely in this case?
4. Group Presentations (15 minutes):

e Each group will present their scenario, analysis, and solutions to the class. Presentations
should cover:

o The main safety risks identified.
o The SOPs or control panel features that were referenced.
o The proposed safe handling and troubleshooting steps.

o Encourage questions and feedback from other groups.
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5. Debrief and Key Takeaways (10 minutes):
e Facilitate a class discussion about the different approaches taken to solve the scenarios.

e Summarize the importance of adhering to safety practices, handling procedures, and
interpreting control panel data for efficient and safe operation.

e Emphasize how following SOPs helps prevent errors and accidents in wafer handling and
laser marking processes.

Examples for Scenario Cards:
Scenario 1: Wafer Damage During Loading/Unloading
Description:

During the loading process, a semiconductor wafer is accidentally dropped while being placed into the
laser marking machine, causing cracks or chips.

Task for Teams:

e Group A (Wafer Handling Team): Identify the cause of the wafer damage (e.g., improper
handling or lack of proper tools) and suggest the correct handling procedures to avoid such
accidents.

e Group B (Safety and SOP Compliance Team): Ensure that the correct loading and unloading
procedures are followed, and verify the need for protective gloves and tools.

e Group C (Machine Operation Team): Recommend how the machine settings could be adjusted
to ensure wafers are safely handled during the loading/unloading process.

Scenario 2: Incorrect Marking Due to Control Panel Settings
Description:

After operating the laser marking machine, it is noticed that the marks on the semiconductor wafer are
faint or misaligned due to incorrect settings on the control panel.

Task for Teams:

e Group A (Wafer Handling Team): Ensure that the wafers are correctly aligned before starting
the marking process.

e Group B (Machine Operation Team): Review the control panel settings (e.g., laser power, focus,
speed) and correct the settings to ensure proper marking.

e Group C (Safety and SOP Compliance Team): Check that the machine was used according to
standard operating procedures (SOPs) to ensure safe and accurate operation.

Scenario 3: Laser Marking Machine Overheating
Description:

The laser marking machine begins to overheat during extended use, potentially leading to malfunction
or equipment damage.
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Task for Teams:

e Group A (Wafer Handling Team) : Ensure proper wafer loading/unloading intervals to allow the
machine to cool down between processes.

e Group B (Machine Operation Team): Identify the cause of overheating (e.g., prolonged use
without breaks, improper cooling system) and troubleshoot by adjusting operation times or
using cooling features.

e Group C (Safety and SOP Compliance Team): Verify that SOPs for machine maintenance,
including cooling systems and operational breaks, are being followed.

Activity Duration Resources used
Safe Handling and 60 minutes Flipchart or whiteboard, Markers, Printed
Operation of Laser copies of Standard Operating Procedures
Marking Machines for (SOPs) for wafer handling and laser
Semiconductor Wafers marking machine operation, Laser marking

machine diagrams (optional, for reference,
Scenario cards with challenges related to
wafer handling and laser marking etc.

- Do |\

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Empbhasize correct wafer loading/unloading techniques and handling tools to prevent damage.

e Guide students in adjusting machine settings on the control panel for optimal marking and
troubleshoot misalignment or faint marks.

e Reinforce the importance of following SOPs for safe and efficient machine operation, including
cooling procedures and maintenance checks.




Assembly Process Engineer —
Laser Marking

Unit 2.3: Ensuring Consistent Marking Quality

- Unit Objectives |@

At the end of this unit, the participants will be able to:

1. Explain the importance of consistent marking quality and its impact on product function.
2. Identify inspection techniques and explain their effectiveness for detecting various defects.

3. Evaluate marking quality and make adjustments to laser parameters within the allowable range
to maintain consistency.

4. Monitor the marking process visually and using the machine’s camera system (if available) to
identify deviations.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the importance of consistent marking quality in semiconductor wafer
processing and its direct impact on product functionality. We will explore various inspection techniques
to detect defects, evaluate marking quality, and learn how to adjust laser parameters to ensure
consistency. Additionally, we will cover the use of visual monitoring and camera systems for real-time
process evaluation.

- Ask

Ask the participants the following questions:

e Why is it important to maintain consistent marking quality during the laser marking process?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Summary of Key Points: Laser Marking Quality in Semiconductor Manufacturing

1. Importance of Consistent Marking Quality and Its Impact on Product Function: In semiconductor
manufacturing, marking is a crucial step that involves applying unique identifiers, barcodes, or other
critical information to semiconductor wafers. The consistency and quality of these markings are
essential because they directly affect the functionality, reliability, and traceability of the product.
The following points highlight the importance of consistent marking quality:

¢ |dentification and Traceability: Proper marking ensures that each semiconductor wafer can
be tracked through the manufacturing process. This traceability is critical for quality control,
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identifying defects, and troubleshooting potential issues during testing or later in the device’s
lifecycle.

Functionality and Reliability: High-quality, consistent marks are essential for accurate
data processing. If the marking is too faint, misaligned, or inconsistent, it could result in
misidentification, leading to faulty communication between components or even total failure
of the telecom device. For example, improper laser marking could impair the ability of optical
sensors to read the marking, affecting device performance.

Aesthetic and Precision: While functionality is paramount, a clean and precise marking also
reflects the product’s quality. In high-precision industries like semiconductors and telecom,
inconsistent or poor-quality marks can suggest substandard manufacturing, negatively impacting
the perception of the product and company. This can ultimately reduce customer confidence
and sales.

Long-term Performance: Over time, marks that are improperly made might wear off or become
unreadable, leading to challenges in maintaining and repairing equipment. Consistent marking
ensures long-term durability of the identifier and guarantees that the device can be tracked or
serviced even after years of use.

2. Inspection Techniques for Detecting Various Defects: Inspection techniques are vital in detecting
defects in the marking process to ensure product quality and consistency. The most common
inspection methods used in laser marking processes include:

Visual Inspection: The most straightforward and commonly used technique, visual inspection
involves manually checking the markings for any obvious defects, such as misalignment,
smudging, or faintness. Skilled operators look for inconsistencies that could lead to defective
parts. However, this method can be subjective and prone to human error.

Camera-Based Systems: Many laser marking systems are equipped with camera-basedinspection
systems that automatically check the quality of markings during and after the process. These
systems can capture high-resolution images of the wafer and use algorithms to detect defects
like missing marks, misalignment, or under/overexposure. Camera systems significantly reduce
human error and provide objective assessments.

Automated Optical Inspection (AOl): AOI systems are sophisticated tools that use advanced
optical technology to detect a range of defects in markings. These systems can detect subtle
issues such as incorrect contrast, blurred marks, or even microscopic alignment problems. They
provide high throughput and help ensure that every marked wafer meets quality standards.

Microscopic Examination: In some cases, defects that are not visible to the naked eye require
further inspection with a microscope. This method is often used to check the quality of fine
markings, particularly when high-resolution marks are needed for identification or functionality.

Laser Power and Focus Tests: Testing the laser’s power output and focus can also be crucial
for detecting defects. Variations in the laser’s power or misalighment in its focus can lead
to inconsistent marks. Performing regular maintenance and calibration of the laser marking
machine ensures that the laser remains within specified limits.

Contrast and Readability Analysis: Automated software tools can measure the contrast of the
marks against the surface of the wafer. Marks that are too faint or excessively dark can be
flagged for adjustment. The software may also measure the readability of barcodes or QR codes
to ensure they are scannable by readers.

3. Evaluating Marking Quality and Adjusting Laser Parameters: Marking quality evaluation is an
ongoing process that requires continuous monitoring and adjustments. Operators must assess the
marking’s quality and make adjustments as needed to maintain consistency. The evaluation process
involves:
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e Visual Monitoring: The first step in evaluating marking quality is to inspect the marks visually.
Factors such as clarity, alignment, depth, and uniformity should be assessed regularly. Any
marks that are too faint, too deep, or misaligned should be flagged for correction.

e Laser Parameter Adjustment: If defects are detected during the evaluation process, adjustments
to the laser parameters may be necessary. These parameters include laser power, focus, pulse
frequency, and speed. Each of these factors impacts the depth, contrast, and resolution of the
markings:

o Laser Power: Too much power can cause excessive heat and material damage, while too
little power can result in faint marks that are difficult to read.

o Focus: The focal point of the laser must be aligned with the wafer’s surface to ensure precise,
sharp marks. A misfocused laser can cause blurry or incomplete marks.

o Pulse Frequency: Higher pulse frequencies can create sharper, more defined markings,
while lower frequencies may result in less precise marks.

o Speed: The speed of the laser movement affects the amount of time the laser is in contact
with the material. If the speed is too high, marks may be shallow, while too slow speeds may
result in over-marking or damage.

e Adjustment Based on Defect Type: Different types of defects may require different corrective
actions:

o Faint Marks: Increase the laser power or slow down the marking speed to allow for deeper
or more intense marks.

o Overly Dark Marks: Decrease the power or increase the speed to ensure that the mark
remains clear without burning or damaging the surface.

o Misalignment or Skewing: Check the alignment of the wafer and ensure that the laser is
properly calibrated to prevent misalignment.

4. Monitoring the Marking Process Visually and Using Machine’s Camera System: Monitoring
the marking process is critical for maintaining high-quality marks. This can be done in two ways:
through visual monitoring by operators and using automated camera systems integrated into the
laser marking machine.

e Visual Monitoring by Operators: During the marking process, operators should continuously
monitor the output to ensure that marks are consistent in terms of color, depth, and alignment.
Any changes in the appearance of the marks should be immediately addressed. Operators
should be trained to quickly identify common defects such as missing marks, excessive burning,
or poor contrast.

e Machine Camera Systems: Many modern laser marking systems are equipped with camera-
based inspection systems that provide real-time feedback during the marking process. These
systems capture images of the marks and compare them against predetermined standards.
Deviations such as blurred marks, misalignment, or inconsistent depth can be detected and
flagged for corrective action.

e Real-Time Monitoring and Feedback: Using real-time monitoring allows for quick detection
and adjustment during the marking process, rather than after the fact. This reduces the risk
of producing a batch of defective parts and allows for quick corrections without halting the
production line.

e Post-Marking Inspection: After the marking process, the wafers should be inspected using a
camera system to ensure that no defects are present. If any issues are detected, the parameters
of the laser marking machine can be adjusted for subsequent wafers.
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Consistent marking quality is fundamental in semiconductor manufacturing, ensuring the functionality,
reliability, and traceability of telecom devices. By utilizing effective inspection techniques, such as visual
inspection, camera systems, and automated optical inspection, manufacturers can detect and correct
defects early in the process. Regular evaluation of marking quality and adjustments to laser parameters
help maintain consistency across production batches. Continuous monitoring, both visually and using
advanced camera systems, ensures that any deviations are promptly addressed, preventing defective
products from reaching the market. Ultimately, maintaining high-quality laser markings is essential for
the long-term success and reliability of semiconductor devices in the telecom industry.

— Say |fe

Let us participate in an activity to explore the unit a little more.

— Activity |/

Group Activity: Ensuring Consistent Marking Quality in Laser Marking Processes

Group Size: 4-6 participants

Materials:
e Whiteboard or flipchart
e Markers
e Printed examples of laser markings (good vs. defective)
e Access to a machine’s camera system (if available) or a mock-up video of a marking process

e Laser marking parameter charts (to adjust settings)
Activity Duration: 60 minutes

Instructions:
1. Introduction (10 minutes):

e Begin by explaining the importance of consistent marking quality in industrial processes,
especially in applications where product function is directly influenced by marking (e.g.,
traceability, part identification, etc.).

e Discuss the role of proper inspection techniques, such as visual inspections and machine
camera systems, to detect defects.

e Introduce the machine’s laser parameters that can be adjusted to control the marking
quality (e.g., power, speed, frequency).

2. Scenario Distribution (5 minutes):

e Divide participants into small groups and provide each group with a scenario card that
outlines a marking issue. For example:

o Scenario 1: “Inconsistent mark depth across different areas of the part.”
o Scenario 2: “Faded or illegible markings that are hard to read.”

o Scenario 3: “Burn marks caused by excessive power.”
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e Ask each group to identify potential defects, inspect the marking quality, and propose
solutions using visual inspection or the machine’s camera system. They should consider how
adjustments to the laser parameters might address the issue.

3. Group Discussion and Planning (20 minutes):

e Groups will discuss and analyze the given scenario, identifying the type of defect and the
underlying causes.

e They will then work together to propose the necessary adjustments to the laser parameters
within the allowable range to correct the issue, ensuring consistent marking quality.

4. Demonstration and Adjustment (15 minutes):

e |[ffeasible, use a mock-up video or live machine demonstration (if a laser system is available)
to simulate making adjustments to the laser parameters.

e Allow groups to propose changes to the settings, observe the impact, and confirm the
improvements.

5. Group Presentations (10 minutes):

e Each group will present their scenario, findings, and proposed adjustments to the class.
Encourage a brief discussion on the effectiveness of their solutions.

Examples for Scenario Cards:
Scenario 1: Misalignment of Marks on Semiconductor Wafer
Description:

During the marking process, you notice that the marks are not aligned properly on the wafer. This
misalignment could affect the functionality of the component in the final product.

Task for Teams:

e Group A (Inspection Team): Identify the signs of misalignment using both visual inspection and
the machine’s camera system.

e Group B (Adjustment Team): Make necessary adjustments to the wafer alignment or laser
settings to correct the misalignment.

e Group C (Monitoring Team): Monitor the adjusted process to ensure that the marking quality
remains consistent and aligned.

Scenario 2: Faint Laser Marks on Semiconductor Wafer
Description:

Upon inspecting the marked wafer, it is found that the laser marks are faint, which could make
identification difficult and lead to quality issues in the final product.

Task for Teams:

e Group A (Inspection Team): Confirm the faint marks by checking the laser intensity and the
surface of the wafer for any inconsistencies.

e Group B (Adjustment Team): Adjust the laser power, speed, or focus settings to ensure the
marks are clearer and more visible, staying within the allowable range.
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o Group C (Monitoring Team): Continuously observe the marking process to ensure the
adjustments produce consistent results across all wafers.

Scenario 3: Overburning of Semiconductor Wafer Due to Excessive Laser Power
Description:

You observe that the laser marks are showing signs of overburning, where the material around the mark
appears scorched, which can affect the performance of the semiconductor component.

Task for Teams:

e Group A (Inspection Team): Identify signs of overburning on the wafer and assess the potential
causes (e.g., too much laser power or incorrect speed).

e Group B (Adjustment Team): Adjust the laser parameters (e.g., reduce power, adjust speed) to
prevent further overburning while ensuring clear, consistent marks.

e Group C (Monitoring Team): Observe the changes to ensure that the adjustments resolve the
issue and that marking quality is consistent.

Activity Duration Resources used
Ensuring Consistent 60 minutes Whiteboard or flipchart, Markers, Printed
Marking Quality in Laser examples of laser markings (good vs.
Marking Processes defective), Access to a machine’s camera

system (if available) or a mock-up video
of a marking process, Laser marking
parameter charts (to adjust settings). etc.

Do [/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Highlight the critical role of consistent marking quality in product function and quality control.

e Encourage careful visual and camera-based inspection to detect defects like misalignment, faint
marks, or overburning.

e Guide teams to adjust laser parameters (power, speed, focus) within safe ranges and monitor
the process to ensure consistent results across all wafers.
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Unit 2.4: Process Monitoring and Troubleshooting

- Unit Objectives |@

At the end of this unit, the participants will be able to:

1. Interpret data to identify deviations from optimal laser marking parameters.
2. Explain the significance of data interpretation for process improvement.

3. Document adjustments made to laser parameters and the reason for these adjustments in the
designated logbook.

4. Troubleshoot minor operational issues by consulting troubleshooting guides and SOPs.
5. Implement basic solutions, such as cleaning laser optics or restarting software.

6. Report unresolved issues or suspected major malfunctions to designated personnel for further
action.

7. Document troubleshooting attempts and outcomes in the maintenance log.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss how to interpret data to identify deviations from optimal laser marking
parameters and make necessary adjustments to maintain consistent quality. You will learn the
importance of data interpretation for process improvement, document adjustments in logbooks,
troubleshoot minor issues, and implement solutions such as cleaning optics or restarting software.
Additionally, you will learn how to report unresolved issues to the designated personnel.

- Ask

Ask the participants the following questions:

e What do you think happens when the laser marking machine is not calibrated properly or when
there is a deviation from optimal settings?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Interpreting Data and Adjusting Laser Marking Parameters

Effective laser marking relies heavily on precision and consistency to ensure product functionality
and quality. Understanding how to interpret data from the laser marking process and make necessary
adjustments is crucial in maintaining optimal performance. This process involves monitoring and
analyzing the data generated by the machine and comparing it against optimal settings to identify
deviations, ensuring the quality and functionality of marked components.
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1.

Interpreting Data to Identify Deviations: Laser marking machines typically provide data on a
variety of metrics that directly influence the quality of the marking process. These metrics include
laser power, marking speed, focus, and sometimes temperature readings. Interpreting this data
helps operators understand if the machine is functioning within its optimal parameters or if any
adjustments are needed.

e Laser Power: The intensity of the laser beam is crucial in determining the depth, contrast, and
clarity of the marking. If the power is too low, the mark may be faint or unclear. Conversely,
excessive power could cause overburning or damage the material.

e Marking Speed: This refers to the rate at which the laser moves across the surface. If the speed
is too high, the mark might be incomplete, and if it’s too slow, it can cause overheating or
unwanted burn marks.

e Focus: The focus of the laser affects how sharp and clear the mark is. An unfocused laser could
result in blurry or distorted markings.

e Temperature Readings: In some advanced systems, temperature data from the laser or the
material can indicate overheating, which may affect the quality of the marks or cause damage
to the material.

By regularly monitoring these parameters and interpreting the resulting data, operators can
identify when a deviation from optimal conditions occurs, prompting adjustments to correct
the issue.

Significance of Data Interpretation for Process Improvement: Data interpretation is not just about
identifying issues; it also plays a vital role in process improvement. By consistently analyzing data,
operators can optimize the marking process, improve product quality, and reduce waste or rework.

e Consistent Quality Control: Regular monitoring allows operators to detect patterns in the data,
ensuring that the laser marking process remains consistent over time. Identifying and addressing
small deviations early can prevent larger quality issues and improve overall production efficiency.

e Process Optimization: Analyzing data can reveal opportunities for process optimization. For
example, if data suggests that a certain laser power setting consistently produces the best
results across a range of materials, operators can standardize that setting to enhance efficiency.

e Cost Efficiency: Monitoring and adjusting the parameters can also reduce operational costs. By
preventing overuse of the laser or material waste due to incorrect settings, companies can save
on resources while ensuring higher product yield.

Documenting Adjustments Made to Laser Parameters: Documentation is a critical aspect of the
laser marking process. Adjustments to machine settings should be logged in a designated logbook
or digital system for reference. This ensures traceability, accountability, and consistent performance
over time.

e Reason for Adjustment: Each entry in the logbook should include the reason for the adjustment,
whether it’s due to detected deviations in the marking quality, changes in material properties,
or external factors like environmental conditions. For example, if an operator increases the laser
power due to faint markings, this should be documented.

e Date and Time of Adjustment: Documenting when adjustments were made helps track when
issues occurred and provides a history of the machine’s performance. This information is
valuable for troubleshooting and identifying recurring issues.

e Outcome of Adjustment: After an adjustment, it’s important to record the outcome, whether
the marking quality improved, stayed the same, or required further changes. This helps build a
historical record of effective adjustments and assists in future process improvements.
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4. Troubleshooting Minor Operational Issues: Even with precise monitoring and adjustments,
operational issues can still arise. Troubleshooting is essential for maintaining smooth machine
operation. The first step is identifying minor issues that can be solved quickly, reducing downtime.

e Common Issues: Some of the most common operational issues that can arise during laser
marking include misalignment of the laser, focus drift, and inconsistent marking quality. These
may be caused by factors like dirt on the lens, improper calibration, or software glitches.

e Consulting Troubleshooting Guides and SOPs: When troubleshooting minor issues, the first
step is to consult the troubleshooting guides and Standard Operating Procedures (SOPs). These
resources provide step-by-step instructions for diagnosing and addressing common problems,
allowing operators to solve issues without escalating them.

e Laser Optics Cleaning: One common solution to operational issues is cleaning the laser optics.
Dust or contaminants on the lens can result in poor marking quality. Regular cleaning ensures
that the laser beam remains focused and that the marking quality stays consistent.

e Software Restart: In some cases, software glitches can cause issues with the laser marking
machine. Restarting the machine or the software can clear temporary errors and restore normal
functionality.

5. Implementing Basic Solutions: When minor issues arise, operators should be equipped to
implement basic solutions that do not require external assistance. These solutions are essential for
keeping the machine running smoothly and minimizing downtime.

e Laser Optics Maintenance: As mentioned earlier, regular cleaning of the laser optics is an
essential task. Over time, dust and debris can accumulate on the lenses, causing a degradation
in marking quality. Cleaning the optics helps restore the laser’s efficiency, improving marking
accuracy.

e System Reboot: Sometimes, restarting the machine or its software is the simplest way to resolve
temporary issues. A reboot can reset the system and eliminate errors caused by software bugs
or glitches.

e (Calibrating the Laser: If the laser starts producing inconsistent marks or the focus drifts, it may
need recalibration. Regular calibration ensures that the laser remains aligned and focused,
producing precise and consistent marks.

e Material Adjustment: Minor variations in the material properties (e.g., thickness, texture) could
also affect marking quality. In such cases, adjusting laser parameters (power, speed, or focus)
based on material specifications may resolve the issue.

6. Reporting Unresolved Issues or Suspected Major Malfunctions: Despite best efforts, some issues
may not be solvable through basic troubleshooting methods. When this happens, it’s essential
to report unresolved issues or suspected major malfunctions to designated personnel for further
investigation and resolution.

e |dentifying Major Malfunctions: Major malfunctions may include laser failure, critical software
issues, or mechanical breakdowns that impede machine operation. If the problem cannot be
fixed with basic troubleshooting, it is crucial to escalate the issue to the appropriate personnel.

e Clear Reporting: When reporting major issues, operators should provide clear and detailed
information, including the nature of the problem, troubleshooting attempts, and any unusual
symptoms observed. This information helps technicians or engineers diagnose and repair the
issue more effectively.

e Maintenance Personnel Involvement: In the case of major malfunctions, maintenance
personnel or technical experts should be involved to investigate the issue further. These experts
may need to repair or replace faulty components, conduct deeper diagnostic tests, or recalibrate
the machine.
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7. Documenting Troubleshooting Attempts and Outcomes: It’s important to maintain a detailed log of
all troubleshooting attempts and their outcomes. This documentation provides a historical record
of the issues that have been encountered and helps identify patterns or recurring problems.

e Troubleshooting Logs: Every time troubleshooting is performed, operators should document
the following:

o Theissue being addressed

o The steps taken to resolve the issue

o The outcome of those steps

o Any further actions required (e.g., escalating the issue or calling for maintenance)

e Tracking Patterns: Over time, the documentation can help identify patterns or recurring
issues with the laser marking machine. This allows for proactive maintenance and process
improvements, preventing future issues before they become major problems.

In laser marking operations, interpreting data, adjusting parameters, troubleshooting issues, and
maintaining thorough documentation are critical tasks that ensure consistent marking quality and
machine performance. By understanding the importance of data interpretation, making appropriate
adjustments, and following proper troubleshooting procedures, operators can minimize downtime,
improve product quality, and maintain the smooth operation of laser marking systems.

Furthermore, clear documentation of adjustments, troubleshooting attempts, and outcomes
enhances traceability and accountability, supporting continuous improvement efforts in laser marking
processes. As technology advances and laser marking systems become more complex, these skills will
become even more critical for operators, ensuring that the telecom industry can meet the growing
demand for high-quality, precision-marked components.

Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity |2

Group Activity: Laser Marking Process Optimization & Troubleshooting Simulation

Group Size: 4-6 participants

Materials:
e Laser marking machine simulation software or actual equipment (if available)
e Data logs or reports with sample laser marking parameters
e Troubleshooting guides and Standard Operating Procedures (SOPs)
e Whiteboard or flipchart
e Markers

e Sticky notes for documentation
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Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Briefly explain the key learning objectives: interpreting laser marking parameters, identifying
deviations, and applying basic troubleshooting techniques.

e Highlight the importance of documenting adjustments and troubleshooting attempts for
process improvement and continuous monitoring.

2. Group Task Assignment (5 minutes):
e Divide participants into small groups of 4-6 people.

e Provide each group with sample data reports that include laser marking parameters
(e.g., power, speed, frequency, focus). Some data should show deviations from optimal
parameters, while others should be correct.

e Provide troubleshooting guides and SOPs for handling common laser marking issues, such
as poor marking quality, misalignment, or software errors.

3. Group Analysis & Decision-Making (20 minutes):

e Each group will analyze their data to identify any deviations from optimal laser marking
parameters.

e After identifying any issues, the group will:

o Document their findings, including the reason for any adjustments made to the
parameters.

o Refer to troubleshooting guides and SOPs to determine if any minor operational issues
(e.g., dirty optics or software glitches) could be contributing to the problem.

o Implement solutions like cleaning the optics or restarting the software as needed.

o0 Record the actions taken and document the reasons for adjustments or troubleshooting
attempts in the maintenance log.

4. Group Presentations & Discussion (20 minutes):

e Each group will present their analysis, the adjustments or solutions they implemented, and
the reasons for those actions.

e After each presentation, facilitate a group discussion about the possible improvements and
what could be done to optimize the laser marking process further.

5. Wrap-Up & Reflection (10 minutes):

e Leadaclass-wide discussion on the key takeaways from the activity. Highlight the importance
of data interpretation, process adjustments, troubleshooting, and documentation.

e Encourage participantsto reflect on how effective communication and careful documentation
contribute to process improvement in a real-world production environment.

Examples for Scenario Cards:

Scenario 1: Underpowered Laser Marks
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Description:

After analyzing the laser marking data, you notice that the marks are too faint, suggesting that the laser
power might be too low. This could result in the marks being unreadable or ineffective.

Task for Teams:

e Data Interpretation Team: Identify the laser power settings from the data and confirm if they
are below the optimal level.

e Adjustment Team: Increase the laser power to an optimal range and document the change in
the logbook.

e Troubleshooting Team: Ensure that the issue isn’t related to dirty optics or any software settings,
following troubleshooting guides.

Scenario 2: Misalignment of Laser Marks
Description:

The laser marking data shows that the marks are misaligned across multiple wafers, indicating that the
alignment or focus settings may have shifted during operation.

Task for Teams:

e Data Interpretation Team: Review the data for any indication of misalignment, such as position
discrepancies in the marking pattern.

e Adjustment Team: Re-align the wafer or adjust the focus settings to correct the alignment, and
document these changes.

¢ Troubleshooting Team: If the alignment persists as an issue, consult troubleshooting guides for
steps to check machine calibration or optics.

Scenario 3: Software Glitch Affecting Marking Process
Description:

During the marking process, the software controlling the laser marking machine freezes or crashes,
causing interruptions in the marking sequence.

Task for Teams:

e Data Interpretation Team: Ensure that no data corruption has occurred due to the software
glitch and identify any affected parameters.

e Adjustment Team: Adjust the machine settings if necessary to continue the process after the
software issue is resolved.

¢ Troubleshooting Team: Restart the software, check for updates, or consult the troubleshooting
guide for software-related issues. Document the steps taken in the maintenance log.
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Activity Duration Resources used
Laser Marking 60 minutes Laser marking machine simulation software
Process Optimization or actual equipment (if available), Data
& Troubleshooting logs or reports with sample laser marking
Simulation parameters, Troubleshooting guides and

Standard Operating Procedures (SOPs,)
Whiteboard or flipchart, Markers, Sticky
notes for documentation. etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Emphasize the importance of interpreting data correctly to identify laser parameter deviations
that affect marking quality.

e Reinforce the need to document all adjustments and troubleshooting efforts clearly in the
logbooks for future reference and process improvement.

e Encourage teams to collaborate and communicate, especially when troubleshooting minor
issues and making adjustments to improve the marking process.
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Unit 2.5: Pre-Operation and Maintenance Procedures

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Identify SOP content and emphasize critical steps for setup, operation, maintenance, and
troubleshooting.

2. Perform pre-operation system checks to prepare the laser marking machine for operation
following SOPs.

3. Identify common warning signs of potential equipment malfunctions.

4. Explain preventative maintenance procedures to ensure optimal machine performance.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the essential Standard Operating Procedures (SOPs) for laser marking
machine setup, operation, maintenance, and troubleshooting. We will also focus on performing pre-
operation checks, identifying warning signs of potential malfunctions, and understanding preventative
maintenance procedures to ensure optimal machine performance. These practices are critical for
ensuring consistent quality and efficient operation of laser marking machines.

- Ask

Ask the participants the following questions:

e What are some important steps you think are necessary to prepare a laser marking machine
before starting a production run?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

1. Identifying SOP Contentand Critical Steps for Setup, Operation, Maintenance, and Troubleshooting:
Standard Operating Procedures (SOPs) are essential documents that outline the standardized, step-
by-step processes for safely and effectively operating equipment. For laser marking machines, SOPs
ensure that all tasks—such as setup, operation, maintenance, and troubleshooting—are performed
consistently, safely, and efficiently.

e Setup: SOPs outline the procedure for preparing the laser marking machine for operation. This
includes verifying the availability of required materials (such as semiconductor wafers), ensuring
proper placement of the wafer in the machine, adjusting the laser’s focus, power, and speed
according to the specifications, and aligning the laser correctly with the marking surface.

o
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e Operation: The operation phase is governed by SOPs that detail the correct procedure for starting
and running the machine. The steps cover loading the wafer, ensuring the system is operating
within optimal parameters, monitoring marking quality during the process, and making real-
time adjustments. SOPs also specify safety protocols to avoid hazards such as overexposure to
laser radiation or handling materials improperly.

e Maintenance: Preventative maintenance is crucial for ensuring the machine’s longevity and
consistent performance. SOPs guide users on regular maintenance tasks such as cleaning laser
optics, checking and replacing worn-out components (like lenses or filters), verifying machine
calibration, and inspecting the cooling system. Proper maintenance minimizes breakdowns and
extends machine life.

e Troubleshooting: SOPs for troubleshooting provide clear instructions on how to identify and
address common equipment malfunctions. This includes interpreting error codes or diagnostic
messages, understanding warning signs like misalignment or inconsistent marking, and
following step-by-step procedures to resolve issues. SOPs also specify when to contact higher-
level technical support if the problem cannot be solved on-site.

Performing Pre-Operation System Checks According to SOPs: Before operating the laser marking
machine, it is critical to perform pre-operation checks to ensure the system is functioning properly
and safely. These checks help prevent unexpected errors or equipment failures during operation.
The pre-operation checks typically include:

¢ Inspection of Components: Inspect the laser marking machine’s key components, including the
laser source, optics, control panel, and cooling system. Ensure there are no signs of damage or
wear.

e Cleaning and Calibration: Ensure the optics and lenses are clean and free of debris. Dirty lenses
or optics can affect the quality of the laser marks. Calibration should be checked to confirm the
laser is correctly focused and aligned with the wafer’s surface.

e System and Safety Checks: Verify that all safety features are enabled (e.g., emergency stop
buttons, safety shields) to prevent accidents. Check the cooling system to ensure the laser will
not overheat during operation. Confirm that all software and hardware are functioning correctly,
with no pending updates or issues.

e Wafer Preparation: Ensure the wafer is clean and positioned correctly on the machine bed or
stage. Any misalignment can lead to poor marking results.

e Input of Parameters: Confirm that the correct laser parameters (power, speed, focus) are
inputted based on the material being marked and the desired output quality. These parameters
should be in line with the specifications set by the manufacturer or process engineers.

e Function Test: Run a brief test cycle without material to confirm that the machine’s systems—
like the laser firing mechanism, motion system, and cooling—are working properly. This step
ensures everything is functioning as intended before starting the full marking process.

Identifying Common Warning Signs of Potential Equipment Malfunctions: It’s important to be
able to recognize early warning signs of potential equipment malfunctions, as early detection can
prevent more serious damage. Common signs to watch for in laser marking machines include:

¢ Inconsistent Marking Quality: If the laser marks are faint, misaligned, or blurry, it could indicate
a problem with the laser settings, such as inadequate power, incorrect focus, or issues with the
wafer alignment.

e Overheating: Overheating of the laser marking machine can be a sign of malfunction in the
cooling system or an improper operating environment (e.g., too high ambient temperature).
Overheating could cause permanent damage to the laser or other components.




e — Facilitator Guide

Strange Noises or Vibrations: Unusual sounds such as grinding or rattling may signal issues with
the mechanical components, such as misalignment in the motor, laser head, or moving parts.
Unusual vibrations could indicate loose parts or problems with the motion system.

Error Codes or Warning Messages: Laser marking machines are typically equipped with
diagnostic systems that display error codes when there’s a malfunction. These codes should be
documented and referred to the troubleshooting section of the SOPs.

Increased Power Consumption: If the machine begins consuming more power than usual, it
could be a sign of a malfunction in the laser or cooling system. This may also be due to improper
maintenance or environmental factors.

Software Glitches: A system crash, freezing of the software, or unresponsiveness could indicate
software-related problems. These may arise due to compatibility issues, corrupt files, or the
need for updates.

4. Explaining Preventative Maintenance Procedures: Preventative maintenance is crucial for ensuring
that the laser marking machine operates smoothly, reduces downtime, and avoids costly repairs.
The key aspects of preventative maintenance include:

Cleaning the Optics and Lenses: Over time, dust and debris can accumulate on the optics,
affecting the clarity and quality of the laser marks. Regularly clean the lenses and mirrors with
appropriate tools and cleaning solutions. Always use lint-free cloths and follow manufacturer
guidelines to avoid scratching the delicate components.

Checking and Replacing Worn Components: Components such as laser diodes, lenses, and
filters can wear out over time due to repeated exposure to high-intensity light. Regularly check
for signs of wear and replace components as needed to maintain consistent marking quality.

System Calibration: The laser marking machine should be recalibrated regularly to ensure
accurate alignment and focus. A poorly calibrated system can cause inaccurate or inconsistent
markings. Calibration should be performed as per the manufacturer’s schedule or after any
major component replacement.

Inspecting the Cooling System: The cooling system is critical for preventing overheating during
prolonged operations. Check coolant levels, inspect fans and air filters for blockages, and ensure
that the system is operating efficiently. If cooling issues are detected, they should be addressed
immediately to avoid laser damage.

Lubricating Moving Parts: The moving parts of the laser marking machine, such as the motion
system and any sliding or rotating components, should be regularly lubricated according to the
manufacturer’s recommendations. Lack of lubrication can cause friction, wear, and mechanical
failures.

Software Updates and Backups: Keep the machine’s software up to date by regularly installing
manufacturer-recommended updates. Also, back up system configurations and data to prevent
loss in the event of a system crash.

Scheduling Downtime for Maintenance: Plan periodic maintenance during off-peak hours to
minimize production downtime. Performing tasks like cleaning and calibration during scheduled
downtimes ensures continuous operation without interruption.

In conclusion, understanding and following SOPs for setup, operation, maintenance, and troubleshooting
is essential for the efficient and safe operation of a laser marking machine. By performing pre-operation
checks, identifying warning signs of potential malfunctions, and adhering to preventative maintenance
procedures, operators can significantly reduce the risk of equipment failure and improve the overall
productivity and lifespan of the machine. Regular maintenance and careful monitoring are the keys to
sustaining high-quality laser marking processes in semiconductor or telecom device manufacturing.
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- Say |fa

Let us participate in an activity to explore the unit a little more.

- Activity | &

Group Activity: Laser Marking Machine Operation, Maintenance, and Troubleshooting Simulation

Group Size: 4-6 participants

Materials:

e Printed SOPs (Standard Operating Procedures) for laser marking machine setup, operation,
maintenance, and troubleshooting.

e Laser marking machine (or a model/diagram if an actual machine is unavailable)
e Checklist for pre-operation system checks
e Sticky notes (for note-taking and recording observations)

e Markers and whiteboard or flipchart
Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Begin by providing an overview of the laser marking machine’s operation, highlighting its
setup, maintenance, troubleshooting procedures, and key safety considerations. Briefly
review the content of the SOPs with the group, emphasizing critical steps for each section
(setup, operation, maintenance, and troubleshooting).

2. Group Assignment (5 minutes):

e Divide the participants into small groups (4-6 people). Each group will be assigned one of
the following tasks:

o Setup and Pre-Operation Checks: Prepare the machine for operation by following the
SOP and performing the necessary system checks.

o Operation: Demonstrate how to run the laser marking machine following the operation
SOP, ensuring safety and proper usage.

o Maintenance: Review and simulate key preventative maintenance tasks, including
cleaning, adjusting, and inspecting the machine to ensure optimal performance.

o Troubleshooting: Identify and simulate troubleshooting steps based on common
warning signs of equipment malfunctions (e.g., poor marking quality, machine errors).

3. Activity Execution (30 minutes):

Each group will follow the SOP steps related to their task. They will need to:
o0 Review the relevant SOP content to identify key actions.
o Discuss and practice the critical steps involved.

o Perform the task, either physically or by simulating actions if the equipment is not
available.
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o Record observations on sticky notes, particularly focusing on any challenges, potential
safety concerns, or missed steps during the process.

4. Group Presentations (15 minutes):
e Each group will present their task to the rest of the class, demonstrating:
o The correct steps taken for their assigned task.
o Any common issues or challenges faced.

o Key observations related to safety, machine performance, and engagement with the
SOP.

o Encourage questions and feedback from other groups.
5. Debriefing and Key Takeaways (5 minutes):

e Facilitate a class-wide discussion on the importance of SOPs for safe and efficient operation.
Discuss how these procedures are critical in maintaining optimal performance and
troubleshooting issues promptly.

Examples for Scenario Cards:
Scenario 1: Laser Marking Machine Fails to Start After Power-On
Description:

After powering on the laser marking machine, the system fails to initialize properly. There are no error
messages on the screen, but the machine does not start its marking sequence.

Task for Teams:

e Pre-Operation Check Team: Verify that the machine is connected to power, the emergency stop
button is not engaged, and all system settings are configured correctly.

¢ Malfunction Identification Team: Identify possible causes for the failure, such as electrical
issues or problems with the software initialization.

e Preventative Maintenance Team: Suggest any maintenance steps that could prevent this issue
from occurring in the future, such as regularly checking power connections and system updates.

Scenario 2: Inconsistent Laser Marks on Wafers
Description:

During operation, the laser marking process produces inconsistent marks. Some marks are too faint,
while others are too dark, affecting product quality.

Task for Teams:

e Pre-Operation Check Team: Review and ensure the laser power and focus settings are correctly
configured as per SOPs.

e Malfunction Identification Team: Investigate possible causes for inconsistent marking, such as
faulty optics, fluctuating laser power, or incorrect wafer alignment.

e Preventative Maintenance Team: Suggest maintenance actions like cleaning the optics, ensuring
proper calibration, or inspecting the power supply.
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Scenario 3: Error Message Displayed During Operation
Description:

An error message appears on the machine’s screen during the marking process, indicating a malfunction
with the laser module. The message reads “Laser Module Error: Overheating.”

Task for Teams:

e Pre-Operation Check Team: Verify that the cooling system is functioning properly and that the
machine’s temperature settings are within the recommended range.

e Malfunction Identification Team: Identify the potential cause of overheating (e.g., insufficient
cooling, dirty heat sinks, or prolonged operation without breaks).

e Preventative Maintenance Team: Recommend preventative actions like cleaning the cooling
system, ensuring proper airflow, and scheduling regular system checks to prevent overheating
in the future.

Activity Duration Resources used
Laser Marking 60 minutes Printed SOPs (Standard Operating
Machine Operation, Procedures) for laser marking machine
Maintenance, and setup, operation, maintenance, and
Troubleshooting troubleshooting., Laser marking machine
Simulation (or a model/diagram if an actual machine

is unavailable), Checklist for pre-operation
system checks, Sticky notes (for note-taking
and recording observations), Markers and
whiteboard or flipchart. etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Stress the importance of following SOPs to ensure safe, efficient, and consistent operation of
the laser marking machine.

e Highlight critical steps for setup, operation, maintenance, and troubleshooting to prevent errors
and improve productivity.

e Guide students to always perform thorough pre-operation checks to ensure the machine is
ready and operating optimally.

e Focus on checking connections, system settings, laser calibration, and safety features before
starting the operation.
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Unit 2.6: Executing the Laser Marking Process

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Select laser parameters based on customer specifications and material properties using the
machine control panel.

2. Apply appropriate handling techniques to load and unload semiconductor wafers.
3. Execute the laser marking process for semiconductor wafers.

4. Document process parameters and adjustments in the designated logbook.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the essential steps for selecting laser parameters based on customer
specifications and material properties, using the machine control panel. We will also cover the proper
handling techniques for loading and unloading semiconductor wafers, executing the laser marking
process, and the importance of documenting process parameters and adjustments to maintain
consistency and traceability.

- Ask

Ask the participants the following questions:

e What factors do you think are important when selecting laser parameters for marking
semiconductor wafers?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Laser Marking Process for Semiconductor Wafers: Key Topics Overview

1. Selecting Laser Parameters Based on Customer Specifications and Material Properties: Selecting
the appropriate laser parameters is a crucial step in ensuring successful and precise laser marking
on semiconductor wafers. The selection process must align with both the customer’s specific
requirements and the inherent properties of the material being marked. These factors play a
significant role in determining the quality, accuracy, and functionality of the final product. The
following key parameters should be carefully considered:

e Laser Power: The power level of the laser determines the intensity of the beam and the depth of
the mark. For semiconductor wafers, too much power can lead to excessive heat, damaging the
wafer, while too little power might result in faint or inconsistent marks. Customers may specify
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the required mark visibility, which guides the laser power selection. Additionally, material
properties, such as reflectivity, absorbance, and thermal conductivity, must be considered, as
these characteristics impact how the material interacts with the laser beam.

e Pulse Duration and Frequency: Laser pulse duration and frequency control how long the laser
stays on the material during marking. Shorter pulse durations are ideal for delicate materials
like semiconductors, as they help avoid overheating. Higher pulse frequencies allow for faster
marking without compromising quality. Customer specifications might dictate the need for fast
production cycles or very precise marks, which would guide the pulse frequency selection.

e Laser Wavelength: Different materials absorb different wavelengths of light, making it crucial
to choose the right wavelength for effective marking. Semiconductor materials like silicon, for
example, may absorb certain wavelengths better than others, which should be matched with
the laser’s characteristics to optimize marking quality.

e Focus and Spot Size: The focal point and spot size influence the precision of the mark. A smaller
spot size allows for higher resolution, ideal for detailed or micro-marking applications. The wafer
material’s surface roughness and the type of information to be marked (e.g., serial numbers,
logos) help determine the appropriate spot size.

2. Handling Techniques for Loading and Unloading Semiconductor Wafers: Semiconductor wafers
are extremely delicate, and improper handling can result in contamination, physical damage, or
defects that affect the performance of the final product. Therefore, proper handling techniques are
essential during both the loading and unloading processes:

e Use of Cleanroom Protocols: Semiconductor wafers are highly susceptible to contamination by
dust, static charges, and oils from human skin. Hence, wafers are typically handled in cleanroom
environments to minimize particle exposure. Operators must wear protective gear such as
gloves, cleanroom suits, and hair nets to ensure that no contaminants are transferred to the
wafers.

e Proper Handling Tools: To avoid direct contact with the wafer surface, operators use special
tweezers or vacuum-based handling tools. These tools are designed to grip the wafer by its
edges without touching the surface, which helps prevent contamination and physical damage.
Handling equipment should be free of contaminants and regularly cleaned to maintain a
contamination-free environment.

¢ Alignment and Placement: Proper wafer alignment is critical to ensure that the laser marking
is accurately applied to the correct location on the wafer. This is particularly important in
applications where precise identification or circuitry is involved. Before loading the wafer into
the machine, operators must confirm that the wafer is oriented correctly and seated properly
on the stage.

e Unloading Process: When unloading marked wafers, it’s essential to follow the same procedures
as during loading. Wafers should be carefully transferred to a clean transport container or storage
solution, ensuring that they are not subjected to shocks or rough handling. In some cases, a
protective film or carrier may be used to shield the wafer from contamination or scratches.

3. Executing the Laser Marking Process for Semiconductor Wafers: Once the laser parameters are
selected and the wafers are properly handled and loaded, the actual laser marking process begins.
This process involves a series of precise steps that require careful monitoring and control:

e Machine Setup and Calibration: The laser marking machine must be set up according to the
previously selected parameters. This includes calibrating the laser, ensuring the alignment of
the laser beam with the wafer, and adjusting the focus to optimize the mark quality. Calibration
is vital for achieving consistent results across all wafers being processed.
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Laser Operation: The laser is then used to mark the wafer’s surface, creating a visible mark
through either engraving, etching, or ablation. Depending on the material and laser settings, the
laser can either remove material from the surface (ablative marking) or change the material’s
color or properties without removing it (such as via discoloration or carbonization). The machine
operator monitors the laser’s performance to ensure the parameters stay within the optimal
range.

Precision and Consistency: One of the key challenges in semiconductor wafer markingisachieving
precision and consistency. Semiconductor devices often require very fine markings, such as
barcodes, serial numbers, or even micro-circuitry, which necessitate high precision. Ensuring
that each wafer receives identical or near-identical marks is essential for the functionality of the
final product.

Monitoring the Marking Process: The laser marking process should be monitored closely, and
modern machines often include camera systems for real-time monitoring. These systems can
identify any issues such as misalignment, inconsistent power levels, or unwanted marks. The
operator must respond quickly if any issues arise to minimize the impact on the production
process.

4. Documenting Process Parameters and Adjustments: Documentation is a critical part of the laser
marking process, as it ensures traceability, quality control, and consistency across production runs:

Recording Parameters: After selecting and applying the laser parameters, it’s essential to
document the settings used, including power, speed, pulse duration, and focus. This data serves
as a reference for future operations and troubleshooting. If a problem arises, having an accurate
record of the parameters can help identify where adjustments need to be made.

Logging Adjustments: If the machine operator makes any adjustments to the laser parameters
during the marking process (e.g., modifying laser power or adjusting focus), these changes
should be recorded. This helps ensure that any deviations from the standard procedure are
noted and can be tracked for future analysis. Proper documentation also helps in identifying
trends and potential improvements to the process.

Compliance and Traceability: In highly regulated industries like semiconductor manufacturing,
maintaining accurate logs is often required for compliance with industry standards or customer
specifications. Detailed documentation ensures that the process can be audited, helping to
demonstrate that proper procedures were followed and any issues were promptly addressed.

Quality Control and Continuous Improvement: Documenting adjustments and results also
supports continuous improvement. By reviewing logged data, teams can analyze performance
over time, identify recurring issues, and optimize the laser marking process for better efficiency,
quality, and cost-effectiveness.

The laser marking process for semiconductor wafers is a complex and precise operation that demands
careful consideration of various parameters, including material properties, customer specifications,
and machine settings. Proper handling techniques during wafer loading and unloading are essential
to maintain the integrity of the semiconductor, while the execution of the laser marking itself requires
attention to detail, precision, and real-time monitoring. Documenting process parameters and
adjustments ensures traceability, quality control, and continuous improvement in the manufacturing
process. By understanding andfollowingthese practices, operators can ensure that semiconductor wafers
are marked consistently and accurately, meeting both quality standards and customer requirements.
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- Say |fa

Let us participate in an activity to explore the unit a little more.

- Activity |2

Group Activity: Laser Marking Process Simulation for Semiconductor Wafers

Group Size: 4-6 participants

Materials:
e Machine control panel mockup (could be digital or physical)
e Semiconductor wafer samples (could be representative or mock wafers)
e Logbooks or digital record-keeping tools
e Markers or labels to simulate laser marking

e Printed customer specifications (varied for each group)
Activity Duration: 60 minutes

Instructions:
1. Introduction (10 minutes):

e Briefly introduce the key concepts: laser marking of semiconductor wafers, the importance
of selecting appropriate laser parameters, safe handling of wafers, and documentation
practices.

e Explain the importance of adhering to customer specifications and material properties
when selecting laser parameters.

2. Scenario Setup (5 minutes):
e Divide participants into small groups (4-6 people per group).

e Provide each group with a different set of customer specifications and material properties
for the semiconductor wafer (e.g., type of material, desired marking depth, marking speed,
etc.).

e Each group will use the mock control panel to select the appropriate laser parameters based
on these specifications and simulate loading and unloading the wafers.

3. Activity (30 minutes):

e Step 1: Each group will review the customer specifications and material properties to
determine the correct laser settings (power, speed, frequency, etc.).

e Step 2: Using the control panel mockup, groups will adjust the settings accordingly and
simulate the laser marking process for the wafer.

e Step 3:Each group will then simulate loading and unloading the wafer, ensuring safe handling
practices.

e Step 4: As the process unfolds, participants will document their parameters, adjustments,
and any process changes in the logbook.
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4. Group Presentation (10 minutes):

e Each group will present their selected laser parameters, the rationale behind their choices,
and the logging process.

e Groupswilldiscuss howthey ensured safe handlingand adherence to customer specifications.
5. Debriefing (5 minutes):

e Discuss common challenges faced by groups, the importance of precise documentation, and
the application of safe handling techniques in real-life scenarios.

Examples for Scenario Cards:

Scenal: Incorrect Laser Parameter Selection Description:

After reviewing customer specifications and material properties, you select laser parameters for a
semiconductor wafer, but the markings turn out too faint and poorly defined.

Task for Teams:

e Laser Parameters Selection Team: Re-evaluate the selected parameters based on the material
properties and customer specifications. Consider adjusting laser power, speed, or focus to
improve the marking quality.

e Marking Execution Team: Perform the marking again with the adjusted parameters and ensure
the marks are clear and consistent.

Scenario 2: Wafer Handling Error Description:

While unloading a semiconductor wafer, it slips from the handling tool, causing a slight scratch on the
surface of the wafer.

Task for Teams:

e Wafer Handling Team: Review proper wafer handling procedures to ensure it is done safely
without causing damage. Consider using specialized tools for wafer handling.

e Documentation Team: Document the incident, including details about the wafer’s condition
and any potential impact on production.

Scenario 3: Inconsistent Marking Across Multiple Wafers Description:

When running a batch of semiconductor wafers, the laser marking process yields inconsistent results,
with some wafers showing overburning or faint marks.

Task for Teams:

e Laser Parameters Selection Team: Check the laser parameters and make sure they are consistent
across all wafers. Recalibrate the laser if necessary.

e Marking Execution Team: Adjust the laser parameters for uniform results across all wafers and
re-run the process.

e Documentation Team: Record any parameter adjustments made to ensure consistency across
future operations.
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Activity Duration Resources used
Laser Marking 60 minutes Machine control panel mockup (could be
Process Simulation for digital or physical), Semiconductor wafer
Semiconductor Wafers samples (could be representative or mock

wafers), Logbooks or digital record-keeping
tools, Markers or labels to simulate laser
marking, Printed customer specifications
(varied for each group) etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Emphasize the importance of selecting the right laser settings based on material properties and
customer needs for optimal marking.

e Reinforce the need for careful handling to avoid damage, ensuring cleanroom practices are
followed.

e Highlight the necessity of documenting all parameters and adjustments to ensure traceability
and support process consistency.
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Multiple Choice Questions (MCQs):

1.  Which of the following laser types is best suited for marking semiconductor wafers?
a) CO2 Laser
b) Fiber Laser
c) Diode Laser
d) Excimer Laser

Answer: b) Fiber Laser

2. What is the primary reason for selecting the appropriate laser parameters in the laser marking
process?

a) To improve aesthetic appearance

b) To reduce the operating costs of the laser

¢) To ensure consistent marking quality and avoid damaging the material
d) Toincrease production speed

Answer: c) To ensure consistent marking quality and avoid damaging the material

3. Which of the following is NOT a common semiconductor material used for laser marking?
a) Silicon
b) Gallium arsenide
c) Copper
d) Aluminum oxide

Answer: d) Aluminum oxide

4. What is the purpose of performing pre-operation system checks before starting the laser marking
machine?

a) To check for any recent software updates

b) To ensure the machine is clean and ready for operation
c) To confirm the wafer’s material properties

d) To adjust the cooling system

Answer: b) To ensure the machine is clean and ready for operation
Fill in the Blanks:

1. Laser-material interaction can affect the marking quality by determining the and
of the laser beam on the material.

Answer: depth, width

o
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2. A laser is commonly used in laser marking of metals and semiconductors because it
offers precision and higher efficiency.

Answer: fiber

3. The primary function of the in the laser marking machine is to control the laser
parameters such as power, speed, and focus.

Answer: control panel

4. Proper techniques are essential when handling semiconductor wafers to prevent
damage and contamination during the loading and unloading process.

Answer: handling

1. Match the Following:

Column A Column B

1. Laser Parameters Selection a) Monitor the laser’s power, speed, and focus
settings
2. Pre-operation System Checks b) Inspect the machine for any wear and tear before
use
3. Data Interpretation for Process c) Identify deviations from optimal parameters and
Improvement adjust settings
4. Troubleshooting Minor d) Consult the troubleshooting guide and implement
Operational Issues basic fixes

Answers:1-a,2-b,3-¢c,4-d

2. Match the following:

Column A Column B

1. Safe Work Practices a) Prevent damage to the wafer during handling
2. Laser Material Interaction b) Avoid hazards from laser beams and chemical
exposure

3. Monitoring the Marking Process [ c) Observe the marking process for any irregularities

4. Importance of SOPs for Laser d) Ensure consistent quality and safe operation
Marking Operations

Answers:1-b,2-d,3-c,4-a
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Unit 3.1:
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Unit 3.3:
Unit 3.4:
Unit 3.5:
Unit 3.6:

Safe Operation and Handling Procedures
Maintenance and Cleaning of Laser Marking
Machines

Equipment Functionality and Diagnostics
Quality Control and Troubleshooting
Consumables and Data Management
Documentation and Record-Keeping
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- Key Learning Outcomes | ¢

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

At the end of this unit, the participants will be able to:

Explain the principles of safe operation and handling procedures for laser marking machines,
emphasizing the importance of adhering to SOPs.

Describe proper cleaning techniques for the laser marking machine’s exterior surfaces and
optical components (lenses) according to SOPs.

Explain the function and importance of safety interlocks and emergency stop buttons, and the
procedures for verifying their functionality.

Describe procedures for verifying and adjusting laser beam alignment and focus using a
designated target according to SOPs.

Explain how to interpret system logs to identify potential errors or unusual operating parameters,
and the importance of following SOPs for troubleshooting.

Discuss the appropriate cleaning methods and frequency for the objective and focusing lenses
based on usage and SOPs, explaining the impact on marking quality.

Explain the importance of maintaining proper airflow and filter condition in the exhaust system
based on usage and SOPs, and its role in system performance and safety.

Identify the types of consumables used in the marking process and the procedures for
replenishing them according to SOPs.

Explain data backup procedures as outlined in IT policies (frequency may vary), emphasizing the
importance of data security.

Describe the importance of accurate and complete documentation for all maintenance tasks
performed, following SOP guidelines.

Explain the normal operating sounds, vibrations, and error messages associated with the laser
marking machine.

Describe how to identify deviations from expected marking quality, such as uneven depth,
burning, or flickering laser beam, recognizing their potential causes.

Explain warning signs of potential equipment malfunctions based on training and SOPs (e.g.,
unusual odor, excessive heat), and the importance of preventive maintenance.

Describe safe procedures for shutting down operations and securing the work area in case of a
major malfunction, following SOPs.

Explain how to document equipment malfunctions, including error messages, symptoms, and
observations, to facilitate troubleshooting and repair.

Identify the proper channels for reporting major equipment malfunctions to designated
personnel (supervisor, technician) as per SOPs.

Describe record-keeping procedures for documenting all maintenance activities, including date,
time, tasks performed, adjustments made, and troubleshooting steps taken, following SOPs.

Explain the importance of maintaining accurate, legible, and signed records of all maintenance
activities for future reference and ensuring traceability.

Demonstrate how to conduct visual inspection to identify damage or leaks on the laser marking
machine, following SOP guidelines.

Perform cleaning of the exterior surfaces of the machine using appropriate cleaning agents as
per SOPs.
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21. Verify functionality of safety interlocks and emergency stop buttons according to SOPs.

22. Practice procedures for verifying and adjusting laser beam alignment and focus using a simulator
or non-functional equipment (if applicable).

23. Analyze system logs to identify potential errors or unusual operating parameters.

24. Perform cleaning of the laser marking machine’s objective and focusing lenses following SOPs
(consider weekly or monthly based on usage).

25. Inspect the laser marking machine’s exhaust system for proper airflow and filter condition
(consider weekly or monthly based on usage).

26. Replenish consumables used in the marking process, such as cleaning supplies or compressed
air, following SOPs.

27. Simulate or role-play the process of identifying and replenishing consumables in a classroom
setting.

28. Practice filling out documentation forms for maintenance tasks performed.

29. Demonstrate utilizing recordings or simulations to familiarize with the normal operating sounds,
vibrations, and error messages associated with the laser marking machine.

30. Observe simulated or pre-recorded examples of deviations from expected marking quality
(uneven depth, burning, flickering) and discuss potential causes.
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Unit 3.1: Safe Operation and Handling Procedures

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Explain the principles of safe operation and handling procedures for laser marking machines,
emphasizing the importance of adhering to SOPs.

2. Explain the function and importance of safety interlocks and emergency stop buttons, and
describe procedures for verifying their functionality.

3. Describe safe procedures for shutting down operations and securing the work area in case of a
major malfunction, following SOPs.

4. Verify the functionality of safety interlocks and emergency stop buttons according to SOPs.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the principles of safe operation and handling procedures for laser marking
machines, highlighting the importance of adhering to SOPs. You will learn about the roles of safety
interlocks and emergency stop buttons, how to verify their functionality, and safe procedures for
shutting down operations in case of malfunctions. Emphasis will be placed on maintaining safety and
operational efficiency.

- Ask

Ask the participants the following questions:

e What is the purpose of safety interlocks in a laser marking machine?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Principles of Safe Operation and Handling Procedures for Laser Marking Machines

Safe operation and handling of laser marking machines are critical for ensuring workplace safety and
equipment reliability. Adhering to Standard Operating Procedures (SOPs) ensures that operators follow
consistent and safe practices. Key principles include:

1. Laser Classification Awareness:

e Understand the laser class (e.g., Class 3B or Class 4) and associated hazards such as eye and skin
damage or fire risks.

o
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2. Use of Personal Protective Equipment (PPE):

e Always wear laser-specific safety goggles, gloves, and lab coats to mitigate exposure to hazards.
3. Pre-operation Inspections:

e Conduct checks to ensure safety features like interlocks and beam enclosures are functional.
4. Organized Work Environment:

e Maintain a clean and uncluttered workspace to minimize risks of stray beam reflections and
contamination.

5. Proper Handling Techniques:
e Use gloves or tools to handle wafers, avoiding contamination and damage.
6. Training and Certification:

e Only trained and authorized personnel should operate laser equipment to ensure adherence to
safety standards.

Function and Importance of Safety Interlocks and Emergency Stop Buttons

Safety interlocks and emergency stop buttons are vital features in laser marking systems, ensuring
operator and equipment safety during operations.

1. Safety Interlocks:
e Functionality: Prevent laser activation when protective covers or access points are open.

¢ Importance: Protect operators from direct laser exposure by automatically halting operations
when barriers are compromised.

e Verification: Regularly test interlocks to confirm they disable the laser system effectively.
2. Emergency Stop Buttons:

e Functionality: Provide a quick method to halt machine operations during emergencies like
overheating or accidental exposure.

e Importance: Ensure rapid intervention to prevent injuries or equipment damage.

e Placement: Must be easily accessible and identifiable in the work area.
Safe Procedures for Shutting Down Operations and Securing the Work Area

Proper shutdown and work area security are essential to minimize risks during and after laser operations,
particularly during malfunctions.

1. Routine Shutdown Procedures:
e Step 1: Deactivate laser emission and allow components to cool.

e Step 2: Power down the control system and disconnect from the main power source if not in
use.

e Step 3: Store wafers and materials securely to prevent contamination or damage.
2. Emergency Shutdown Procedures:

e Step 1: Use the emergency stop button to immediately halt operations.

e Step 2: Notify personnel of the malfunction and evacuate if necessary.

e Step 3: Contact maintenance or designated personnel to address the issue.
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3. Securing the Work Area:
e Inspect for hazards such as exposed beams or damaged components.
e Post warning signs to indicate maintenance or non-operational status.

e Implement Lockout/Tagout (LOTO) procedures to prevent unauthorized machine access.
Verification of Safety Interlocks and Emergency Stop Buttons

Regular checks of safety features are critical to ensuring the ongoing safety of laser marking operations.

1. Interlock Verification:
e Inspect covers, doors, and other protective barriers for proper alignment and functionality.

e Test interlocks by attempting to operate the machine with barriers open to confirm laser
emission is disabled.

e Ensure error messages or alerts display appropriately on the control panel during interlock
activation.

2. Emergency Stop Button Verification:

e Testthe emergency stop button by pressing it during a controlled setup. Confirm that all machine
operations cease immediately.

e Reset the button to verify it does not resume operation automatically without user input.
e Check for unobstructed access and visibility of the emergency stop button.
3. Documentation and Reporting:

e Log verification results, noting any irregularities. Report malfunctions to maintenance teams
promptly for resolution.

Adherence to SOPs and safety protocols is essential for the safe and efficient operation of laser marking
machines. Safety interlocks and emergency stop buttons play a pivotal role in minimizing risks and
ensuring operational security. By following established procedures for shutdown, securing work areas,
and verifying safety features, operators can maintain a safe environment while optimizing equipment
performance. Regular training and diligent adherence to safety standards foster a culture of safety and
reliability in laser marking operations.

- Say |fe

Let us participate in an activity to explore the unit a little more.

— Activity |Z

Group Activity: Laser Marking Machine Safety Protocols Simulation

Group Size: 4-6 participants

Materials:
e Whiteboard or flipchart

e Markers
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e Safety Procedure Cards (described below)

e Sample SOPs (Standard Operating Procedures) for laser marking machines
Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Begin by explaining the objectives of the activity: to simulate real-world scenarios that
require participants to apply laser marking machine safety protocols, including safe
operation, handling procedures, and emergency procedures.

e Briefly review the following key concepts:
o Safe operation and handling procedures for laser marking machines.
o The role of safety interlocks and emergency stop buttons.
o Proper shutdown procedures in case of malfunction.
o Verifying the functionality of safety features according to SOPs.
2. Scenario Distribution (5 minutes):

e Distribute one safety scenario card to each group. Each card will describe a situation
involving laser marking machines where safety measures need to be addressed.

e The groups will discuss and identify the appropriate actions to follow based on the given
scenario, focusing on the safety procedures related to interlocks, emergency stops,
shutdown protocols, and securing the work area.

Group Discussion and Planning (20 minutes):

e In groups, participants will discuss and plan responses to their scenario using the following
prompts:

1. Safety Protocols:
e What are the key safety protocols that apply to this scenario?
e How would you operate the laser marking machine safely, considering the situation?
e What safety features, such as interlocks and emergency stop buttons, are involved?
2. Functionality Check:
e How would you verify the functionality of the safety interlocks and emergency stop buttons?
e What steps would you take to ensure that these features are working properly?
3. Shutting Down Operations:

e |f there is a major malfunction, what steps would you take to safely shut down the operations
of the machine?

e How would you secure the work area, ensuring that no risks are posed to personnel or
equipment?

4. Adherence to SOPs:
e How would you ensure that all actions align with the relevant SOPs?

e What documentation or steps are necessary for verifying compliance with safety procedures?
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Group Presentations (20 minutes):

e Each group will present their scenario, their analysis, and their proposed safety measures to the
class.

e Presentations should include:
o An overview of the scenario and the risks involved.

o Step-by-step actions for ensuring safety, such as operating the machine, checking safety
features, shutting down operations, and securing the area.

o Verification of the functionality of the safety interlocks and emergency stop buttons.

e After each presentation, allow for a brief Q&A to encourage peer feedback and promote
discussion.

Debriefing and Key Takeaways (10 minutes):

e Facilitate a group discussion to reflect on the activity, encouraging participants to share insights
and lessons learned.

1. SOP Adherence:

e How did the groups ensure that they followed the SOPs during the activity?

e Were there any challenges in ensuring compliance, and how were they addressed?
2. Safety Measures in Practice:

e How did the groups prioritize safety when responding to their scenarios?

e What actions were taken to prevent accidents or malfunctions?
3. Verifying Safety Systems:

e How important is it to verify safety systems, such as interlocks and emergency stop buttons,
before operating the machinery?

e What is the impact of failing to verify these safety features?
Examples for Scenario Cards:
Scenario Card 1: Faulty Safety Interlock
Situation:

During the pre-operation check, you discover that one of the safety interlocks is not functioning
correctly. When the protective cover is lifted, the laser still activates.

Task:
e |dentify and document the issue.
e Refer to the SOP and determine the appropriate action to address the malfunction.

e Simulate reporting the problem to the designated personnel.
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Scenario Card 2: Emergency Shutdown
Situation:

During a routine marking process, the machine starts emitting an unusual noise and the temperature
indicator shows an abnormal rise.

Task:
e Activate the emergency stop button immediately.
¢ Follow the emergency shutdown procedures outlined in the SOP.

e Document the steps taken and notify the relevant authority.
Scenario Card 3: Incomplete Shutdown
Situation:

At the end of the shift, an operator forgets to power down the machine’s laser source and leaves the
workstation unsecured.

Task:
e |dentify the risks associated with leaving the laser source active.

e Perform the correct shutdown and workstation securing procedure.

e Document the incident and suggest preventive measures to avoid recurrence.

Activity Duration Resources used
Laser Marking Machine 60 minutes Whiteboard or flipchart, Markers, Safety
Safety Protocols Procedure Cards (described below), Sample
Simulation SOPs (Standard Operating Procedures) for

laser marking machines etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Emphasize the importance of selecting the right laser settings based on material properties and
customer needs for optimal marking.

e Reinforce the need for careful handling to avoid damage, ensuring cleanroom practices are
followed.

e Highlight the necessity of documenting all parameters and adjustments to ensure traceability
and support process consistency.
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Unit 3.2: Maintenance and Cleaning of Laser Marking
Machines

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Describe proper cleaning techniques for the laser marking machine’s exterior surfaces and
optical components (lenses) according to SOPs.

2. Discuss appropriate cleaning methods and frequency for objective and focusing lenses based on
usage and SOPs, explaining the impact on marking quality.

3. Perform cleaning of the exterior surfaces of the machine using appropriate cleaning agents as
per SOPs.

4. Perform cleaning of the laser marking machine’s objective and focusing lenses following SOPs
(consider weekly or monthly based on usage).

5. Explain the importance of maintaining proper airflow and filter condition in the exhaust system
based on usage and SOPs, and its role in system performance and safety.

6. Inspect the laser marking machine’s exhaust system for proper airflow and filter condition
(consider weekly or monthly based on usage).

Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the essential maintenance procedures for laser marking machines, including
proper cleaning techniques for the machine’s exterior and optical components, the significance of
maintaining clean objective and focusing lenses for optimal marking quality, and the importance of
airflow and filter condition in the exhaust system. Additionally, we will cover inspection and cleaning
schedules to ensure consistent performance and safety of the equipment

- Ask

Ask the participants the following questions:

e Why is it important to regularly clean the lenses and maintain the exhaust system of a laser
marking machine?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

o



— Elaborate
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Proper Cleaning Techniques for Laser Marking Machines

Maintaining a laser marking machine involves regular cleaning to ensure optimal performance and
longevity. Cleaning procedures for the exterior surfaces and optical components must adhere to SOPs
to prevent damage and ensure marking quality.

1. Exterior Surface Cleaning:

Procedure:

o Use non-abrasive cleaning agents and lint-free cloths to wipe down the machine’s exterior.
o Avoid using excessive moisture to prevent damage to internal components.

Frequency:

o Perform cleaning after each shift to remove dust, debris, and fingerprints.

Importance:

o Prevents buildup of contaminants that can affect machine operation and overall cleanliness
of the workspace.

2. Optical Components Cleaning:

Lenses:

o Procedure: Use lens-specific cleaning solutions and microfiber cloths or lens tissues to
gently clean objective and focusing lenses.

o Avoid touching the lens surface directly with fingers or non-approved materials.
o Inspect lenses for scratches or residue after cleaning.

Frequency:

o Weekly or monthly, depending on the intensity of machine usage.

Impact on Quality:

o Clean lenses ensure precise beam focus, resulting in consistent and high-quality marking.
Dirty lenses can scatter the laser beam, causing uneven markings or system inefficiencies.

Appropriate Cleaning Methods for Lenses

Proper cleaning of objective and focusing lenses is crucial for maintaining marking quality and extending
the lifespan of the optical components.

1. Step-by-Step Cleaning:

Turn off the machine and allow components to cool before cleaning.
Use a blower or brush to remove loose particles from the lens surface.

Apply a few drops of lens-cleaning solution to a microfiber cloth and gently wipe in circular
motions.

Dry the lens with a clean, dry lens tissue.

2. Tools and Materials:

Lens-specific cleaning solutions (non-abrasive, non-reactive).

Microfiber cloths, lens tissues, and air blowers.
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3. Frequency:

e Perform cleaning based on the machine’s operational frequency, typically weekly for high-use
environments and monthly for lower-use setups.

4. Impact on Performance:
e Regular cleaning prevents residue buildup that can distort the laser beam and affect precision.

e Properly maintained lenses reduce the risk of overheating and optical degradation.
Importance of Airflow and Filter Maintenance

The laser marking machine’s exhaust system plays a critical role in ensuring safe and efficient operation.
Maintaining airflow and filter conditions is essential to avoid contamination and system inefficiency.

1. Proper Airflow:
e Functionality: Removes fumes, particulates, and heat generated during marking.

e Inspection: Check airflow rates regularly to ensure the system operates within SOP-defined
parameters.

e Impact: Proper airflow prevents overheating, maintains marking quality, and ensures operator
safety by reducing exposure to harmful fumes.

2. Filter Condition:
¢ Inspection:
o Inspect filters weekly or monthly based on usage.
o Replace filters showing signs of clogging, discoloration, or wear.
e Procedure:
o Turn off the system and follow SOPs to remove and inspect filters.
o Dispose of used filters according to environmental and safety regulations.
e |Importance:

o Cloggedfiltersreduce airflow efficiency and increase strain on the exhaust system, potentially
causing equipment damage.

Cleaning the Exhaust System
1. Inspection and Cleaning:
e Inspection Steps:
o Check ductwork and vents for blockages or buildup.
o Monitor airflow indicators for reduced efficiency.
e Cleaning Procedure:
o Use vacuum equipment or compressed air to clear ducts and vents.
o0 Replace filters and clean exterior components of the exhaust system.
2. Frequency:
e Weekly inspections are recommended for high-use machines.

e Monthly maintenance suffices for moderate use.
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3. Impact:
e Ensures consistent removal of contaminants.

e Extends the lifespan of the exhaust system and reduces energy consumption.
Importance of Adhering to SOPs

Standard Operating Procedures (SOPs) ensure that cleaning and maintenance tasks are performed
systematically and safely.

1. Consistency:

e SOPs provide a standardized approach, minimizing errors and equipment damage.
2. Safety:

e Reduces the risk of exposure to harmful chemicals and laser hazards during maintenance.
3. Documentation:

e SOPs include record-keeping requirements for maintenance activities, aiding in troubleshooting
and compliance audits.

4. Operator Training:

e SOPs ensure that operators are adequately trained to handle maintenance tasks safely and
effectively.

Proper cleaning and maintenance of laser marking machines are essential for operational efficiency,
safety, and product quality. Following SOPs for cleaning exterior surfaces, optical components, and the
exhaust system ensures that the machine operates at optimal performance. Regular inspections and
adherence to maintenance schedules prevent long-term damage, minimize downtime, and contribute
to a safe and efficient workplace. Operators must be trained to carry out these procedures with precision
and care, reinforcing a culture of safety and reliability in laser marking operations.

- Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity |7

Group Activity: Laser Marking Machine Maintenance and Cleaning Protocols

Group Size: 4-6 participants

Materials:
e Whiteboard or flipchart
e Markers
e Cleaning agents (in accordance with SOPs) or cleaning materials (e.g., soft cloths, brushes)
e Sample laser marking machine (or detailed diagrams of its components, if available)

e SOP documentation (standard operating procedures for cleaning, maintenance, and inspection)
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Activity Duration: 60 minutes
Instructions:
1. Introduction (5 minutes):

e Divide the participants into small groups (4-6 people each).

e Briefly explain the objectives of the activity: to simulate and practice proper cleaning
techniques and maintenance for laser marking machines as per the standard operating
procedures (SOPs).

e Qutline the importance of maintaining the exterior surfaces, optical components (lenses),
airflow, and filter conditions in ensuring high marking quality and system safety.

2. Scenario Distribution and Group Discussion (15 minutes):

e Provide each group with a scenario card describing different maintenance and cleaning
tasks related to the laser marking machine. Examples of scenarios could include:
o Cleaning the objective lens after heavy usage.

o Inspecting the exhaust system for airflow problems and clogged filters.
o Performing exterior surface cleaning after a week of operation.
¢ Instruct each group to:
o Discuss the appropriate cleaning methods for the components mentioned in their
scenario.
o ldentify the frequency of cleaning and inspection based on usage and SOP guidelines.
o Highlight how improper cleaning or maintenance can impact the machine’s performance
and safety.
3. Hands-on Practice (20 minutes):

e |If possible, set up a laser marking machine (or use a model/diagram) for the group to
practice. If a machine is not available, use a detailed diagram to simulate the cleaning and
maintenance procedures.

e Each group will perform the following tasks:

o Clean the machine’s exterior surfaces using the appropriate cleaning agents (following
SOPs).
o Demonstrate the process of cleaning the objective and focusing lenses (using mock
lenses if necessary).
o Inspect and check the airflow and filter conditions in the exhaust system (based on
hypothetical usage).
4. Group Presentations (15 minutes):

e Each group will present their findings and describe how they would approach the
maintenance and cleaning tasks.

e They should explain the cleaning techniques, frequency, and how each procedure impacts
the system’s performance and safety.

5. Debriefing and Key Takeaways (5 minutes):

e Conclude the activity with a group discussion to reflect on the importance of maintaining

cleanliness and proper airflow in the machine.
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e Discuss the impact of poor maintenance and cleaning on marking quality, machine lifespan,
and safety.

Examples for Scenario Cards:
Scenario Card 1: Exterior Cleaning Challenge

Scenario: Your team has just finished a busy production day, and the laser marking machine is covered in
dust and debris. The exterior surfaces, including the control panel and ventilation areas, need cleaning.
You have a variety of cleaning agents and tools available, but you must follow the correct SOPs to
ensure the machine is not damaged and remains in optimal working condition.

Task:
e |dentify the correct cleaning agents and tools to use on the exterior surfaces.

e Perform a thorough cleaning according to the SOPs, paying attention to sensitive areas like the
control panel and vents.

e Ensure the cleaning process is done in a way that avoids contamination of the machine’s internal
components.

Scenario Card 2: Lens Cleaning and Inspection

Scenario: After several hours of marking, the quality of the laser engraving has started to degrade.
You suspect that the objective and focusing lenses have accumulated dust or other contaminants. The
machine is still in operation, but you need to determine the right time and method for cleaning the
lenses without affecting the marking quality.

Task:
e Inspect the objective and focusing lenses for any visible dust or residue.
e Follow the SOPs to clean the lenses carefully and without damaging the coating.

e Discuss the recommended cleaning frequency for the lenses based on machine usage and
explain how regular cleaning affects marking quality.

Scenario Card 3: Exhaust System Maintenance

Scenario: The laser marking machine’s exhaust system is responsible for ensuring proper ventilation
during operations. You’ve noticed that the airflow seems to be weaker than usual, and there is a slight
odorin the room. It’s time for a routine inspection to ensure the exhaust system is functioning optimally.

Task:
e Inspect the exhaust system for any blockages, dust buildup, or damaged filters.
e Follow the SOPs to check the airflow, ensuring it meets the required specifications.

e Replace or clean the filters as necessary to maintain system performance and ensure safety.
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Activity Duration Resources used
Laser Marking Machine 60 minutes Whiteboard or flipchart, Markers, Cleaning
Maintenance and agents (in accordance with SOPs) or
Cleaning Protocols cleaning materials (e.g., soft cloths,

brushes), Sample laser marking machine
(or detailed diagrams of its components, if
available), SOP documentation (standard
operating procedures for cleaning,
maintenance, and inspection) etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Provide SOP sheets and confirm all participants are clear on procedures.

e Highlight safety precautions when using cleaning agents and handling equipment.

e Assign roles within the groups for active participation and teamwork.
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Unit 3.3: Equipment Functionality and Diagnostics

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Describe procedures for verifying and adjusting laser beam alignment and focus using a
designated target according to SOPs.

2. Practice procedures for verifying and adjusting laser beam alignment and focus using a simulator
or non-functional equipment (if applicable).

3. Explainhow tointerpret system logs to identify potential errors or unusual operating parameters,
and emphasize the importance of following SOPs for troubleshooting.

4. Analyze system logs to identify potential errors or unusual operating parameters.

5. Explain the normal operating sounds, vibrations, and error messages associated with the laser
marking machine.

6. Demonstrate utilizing recordings or simulations to familiarize with the normal operating sounds,
vibrations, and error messages.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the critical procedures for verifying and adjusting laser beam alignment
and focus using designated targets, ensuring optimal machine performance according to Standard
Operating Procedures (SOPs). You will learn to analyze system logs to identify potential errors, interpret
normal operating sounds and vibrations, and familiarize yourself with troubleshooting techniques.
Practice sessions with simulators or non-functional equipment will enhance your skills and confidence
in maintaining laser marking machines effectively.

- Ask

Ask the participants the following questions:

e What is the primary purpose of adjusting laser beam alignment and focus on a laser marking
machine?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

o
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— Elaborate

Summary Points for Laser Marking Machine Operation and Troubleshooting

Verifying and Adjusting Laser Beam Alignment and Focus

1. Purpose and Importance: Proper alignment ensures optimal performance, consistent marking
quality, and prevents damage to the machine or target material.

2. Verification Procedure:

e Preparation: Power off the machine and ensure all safety protocols are followed, such as
wearing protective eyewear.

e Setup: Place the designated alignment target at the recommended distance or focal point.
e Beam Test: Activate the laser in low-power mode to observe the beam’s impact on the target.

e Check Alignment: Evaluate if the laser spot aligns with the predefined center markers on the
target.

3. Adjustment Procedure:

¢ Fine-tuning: Use the machine’s built-in alignment tools or adjust mirrors and optics to center
the beam.

e Focus Adjustment: Calibrate the lens or adjust the machine’s Z-axis to achieve a sharp and
concentrated beam spot.

e Re-test: Repeat the verification process until the alignment and focus meet specifications.

e SOP Adherence: Follow the Standard Operating Procedures (SOPs) provided by the manufacturer
to ensure accuracy.

Practicing Beam Alignment and Focus Using Simulators or Non-functional Equipment

1. Objective: Practice in a controlled environment to minimize risks and gain confidence in handling
the machine.

2. Simulators:
e Mimic the laser’s alignment process without actual beam activation.
¢ Include interactive feedback for alignment accuracy.
3. Non-functional Equipment:
e Use a decommissioned or mock setup to physically practice adjustments.
e Familiarize with hardware components and operational mechanisms.
4. Benéefits:
e Enhances operator proficiency.
e Reduces potential for errors during real machine operation.

e Facilitates compliance with safety standards.

Interpreting System Logs for Troubleshooting
1. Importance:
e System logs record machine performance and events, providing valuable insight for diagnostics.

e I|dentifying unusual patterns early prevents equipment failure and downtime.
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2. Key Parameters to Monitor:
e Power Output: Ensure the laser’s power remains within operational limits.
e Error Codes: Review and decode manufacturer-specific error messages.
e Temperature Readings: Detect overheating or abnormal cooling system behavior.
e Operational Cycles: Check for irregular intervals or pauses in processing.
3. Steps for Log Interpretation:
e Retrieve logs via the machine interface or connected software.
e Compare entries against normal benchmarks and SOP guidelines.
e Flag anomalies such as repeated errors or deviations from standard parameters.
4. Best Practices:
e Document findings systematically.
e Consult technical manuals for error-code definitions and recommended actions.

e Collaborate with technical support teams when necessary.

Analyzing System Logs
1. Error Identification:

e Look for recurring error codes or entries indicating hardware malfunctions.

e Cross-reference timestamps to correlate issues with specific tasks or settings.
2. Unusual Operating Parameters:

e |dentify inconsistencies in laser output, system temperatures, or motor speeds.

e Recognize patterns that may suggest wear or misalignment in machine components.
3. Example Scenarios:

e Sudden drops in power output may indicate lens contamination or misalignment.

e Persistent overheating may signal a cooling system malfunction or excessive duty cycles.
4. Steps for Resolution:

e Use log analysis to narrow down potential causes.

e Perform targeted inspections or adjustments.

e Validate fixes by monitoring subsequent system logs for improved performance.

Normal Operating Sounds, Vibrations, and Error Messages
1. Sounds and Vibrations:

e Normal: Smooth motor hums, consistent cooling fan operation, and stable vibrations during
marking.

e Abnormal: Grinding, high-pitched whining, or irregular vibration patterns may indicate
mechanical issues.

2. Error Messages:

e Routine Alerts: Notifications for preventive maintenance or consumable replacements.
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e Critical Errors: Alarms for beam misalignment, overheating, or software malfunctions.

e User Action: Understand each message’s significance and follow SOPs for resolution.
3. Importance:

e Familiarity with normal behavior helps distinguish between routine and critical issues.

e Reduces downtime and ensures safe operation.

Familiarization Through Recordings or Simulations
1. Utilizing Recordings:
e Recordings of normal machine sounds and error alerts serve as benchmarks.
e QOperators can compare real-time observations with standard audio samples.
2. Simulations:
e Virtual simulations replicate operating conditions and errors without risk to the actual machine.
e Interactive feedback accelerates learning and troubleshooting skills.
3. Training Advantages:
e Enhances operator responsiveness to unusual conditions.
e Builds confidence in interpreting and addressing machine behavior.

e Ensures compliance with SOPs during live operations.

Understanding and adhering to SOPs for laser beam alignment, focus verification, and troubleshooting
is essential for safe and efficient machine operation. Through practical training, systematic log analysis,
and familiarity with operational norms, operators can proactively maintain equipment, diagnose issues,
and uphold high-quality output. This approach not only minimizes risks but also maximizes productivity
and machine longevity.

Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity |2

Group Activity: Laser Marking Machine Alignment and Troubleshooting Simulation

Objective:
The activity aims to help participants practice verifying and adjusting the laser beam alignment and
focus, as well as interpreting system logs to troubleshoot potential issues with a laser marking machine.

Participants will also familiarize themselves with normal operating sounds, vibrations, and error
messages associated with the machine.

Group Size: 4-6 participants

Materials:
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e Simulator software or non-functional laser marking machine equipment (if applicable)
e System logs (real or simulated)
e Audio recordings of normal operating sounds and error messages

e Handouts with relevant SOPs for laser alignment and troubleshooting
Activity Duration: 60 minutes

Introduction:
1. Introduction (10 minutes):

e Briefly review the standard operating procedures (SOPs) for verifying and adjusting laser
beam alighment and focus.

e Discuss the process of interpreting system logs, recognizing normal operating sounds and
vibrations, and identifying error messages.

2. Simulator-Based Alignment and Focus Practice (20 minutes):
¢ Divide participants into small groups.

e Each group will use the simulator or non-functional equipment to practice verifying and
adjusting the laser beam alignment and focus on a designated target.

e Encourage groups to follow SOPs carefully, adjusting parameters and observing results in
the simulation or equipment setup.

3. Log Analysis and Troubleshooting (20 minutes):

e Provide each group with a set of simulated system logs. These logs will contain normal
operations as well as potential errors or unusual operating parameters (e.g., misalignment,
focus issues, overheating).

e Ask each group to analyze the logs and identify any potential issues, referring to SOPs for
troubleshooting steps.

e Groups should propose solutions based on their analysis and SOPs.

4. Normal Sounds, Vibrations, and Error Messages (10 minutes):
e Playaseries of audio recordings of normal operating sounds, vibrations, and error messages.
e Discuss what each sound or vibration indicates about the laser marking machine’s operation.

e Participants should note the different sounds and vibrations and discuss how they would
respond if encountered in a real-world scenario.

Group Presentation (10 minutes):

Each group presents the following:
e The adjustments made to the laser beam alignment and focus.
e |ssues identified in the system logs and the troubleshooting steps taken.

e Responses to the audio recordings of operating sounds, vibrations, and error messages.
Debriefing and Key Takeaways (10 minutes):

Facilitate a class-wide discussion on the lessons learned from the activity:

e What challenges did the groups face when analyzing logs or making adjustments?
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e How did following SOPs help guide the troubleshooting process?

e Why is it important to recognize normal operating sounds and vibrations for maintaining
machine performance?

Examples for Scenario Cards:
Scenario Cards for the Laser Marking Workshop

Scenario 1: Laser Beam Misalighment

e Background: During a routine check, the laser marking machine seems to be producing marks
that are slightly off-center from the target area.

e Task: Using the provided designated target and SOP manual, verify and adjust the laser beam
alignment.

e Hints:
o Refer to the alighment SOP steps.
o0 Check the calibration marks on the target for guidance.

o Ensure the focus remains intact during adjustment.

Scenario 2: Unusual System Log Entry

e Background: The system log has flagged an unusual parameter: “Temperature Spike Detected -
Zone 3.” This spike corresponds with a slight decline in laser output power.

e Task: Analyze the provided system log to identify the source of the error and propose a
troubleshooting step.

e Hints:
o Look for patterns or additional anomalies in the log.
0 Review the SOPs related to system cooling and power regulation.

o Consider whether the environment or hardware might be contributing to the issue.

Scenario 3: Unusual Operating Sounds

e Background: During a production run simulation, the laser marking machine emits a faint but
consistent high-pitched whine and a subtle vibration. The error message “Low Coolant Flow
Detected” appears on the screen.

e Task: Determine the cause of the sounds and vibration and decide on an appropriate
troubleshooting step based on SOPs.

e Hints:
o Compare the sounds to recordings of normal operation.
o Check the coolant system for flow rate issues as per the SOP.

o Consider external factors, such as machine maintenance history.
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Activity Duration Resources used
Laser Marking 60 minutes Simulator software or non-functional
Machine Alignment laser marking machine equipment (if
and Troubleshooting applicable), System logs (real or simulated),
Simulation Audio recordings of normal operating

sounds and error messages, Handouts
with relevant SOPs for laser alignment and
troubleshooting etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Begin by providing an overview of the activity and its objectives.

e Assign specific roles within each group, such as a “note-taker,” “operator,” and “observer,” to
ensure active participation.

e Ensure each group knows the rotation schedule for the stations.

e Offer real-time feedback and support as participants work through the tasks.
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Unit 3.4: Quality Control and Troubleshooting

- Unit Objectives |@

At the end of this unit, the participants will be able to:

1. Describe how to identify deviations from expected marking quality, such as uneven depth,
burning, or flickering laser beam, recognizing their potential causes.

2. Observe simulated or pre-recorded examples of deviations from expected marking quality
(uneven depth, burning, flickering) and discuss potential causes.

3. Explain warning signs of potential equipment malfunctions based on training and SOPs (e.g.,
unusual odor, excessive heat), and the importance of preventive maintenance.

4. |dentify proper channels for reporting major equipment malfunctions to designated personnel
as per SOPs.

5. Explain how to document equipment malfunctions, including error messages, symptoms, and
observations, to facilitate troubleshooting and repair.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss how to identify and address deviations in laser marking quality, such as
uneven depth, burning, or flickering beams. You will learn to recognize the warning signs of potential
equipment malfunctions, understand the importance of preventive maintenance, and follow proper
procedures for reporting and documenting issues. Through examples and discussions, you will gain
insights into troubleshooting and maintaining optimal laser marking performance.

- Ask

Ask the participants the following questions:

e What are some common signs of a laser marking machine malfunction?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Identifying and Addressing Deviations in Marking Quality

Laser marking machines are precise tools, and their output can sometimes deviate from expected
standards due to a variety of factors. Identifying, understanding, and addressing these deviations are
critical for maintaining consistent quality and operational efficiency. Below is an in-depth summary of
the key points related to deviations in marking quality, potential causes, and corrective actions.

1. Identifying Deviations from Expected Marking Quality

R — —
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Common deviations in marking quality include:

e Uneven Depth: The marking appears shallower or deeper in some areas, indicating inconsistent
energy delivery.

o Potential Causes:
*  Misalighment of the laser beam or focus.
= Variations in the material surface.
* nstability in laser power output.

e Burning: Overheating of the material, leading to discoloration, warping, or excessive heat
damage.

o Potential Causes:
=  Excessive laser power or improper focus.
*=  Operating at slower-than-required speeds.
. Inappropriate settings for material type.
¢ Flickering Laser Beam: Inconsistent laser output, resulting in irregular or incomplete markings.
o Potential Causes:
*  Electrical issues or power supply instability.
=  Afaultin the laser source or beam delivery system.

= Overheating of the laser module or optics.
2. Observing and Analyzing Deviations

Simulated or pre-recorded examples of deviations can help operators:
e Recognize visual indicators such as inconsistent line depth or burning patterns.
e Understand the implications of each deviation on product quality and functionality.

e Connect deviations with their potential underlying causes for targeted troubleshooting.
3. Warning Signs of Potential Equipment Malfunctions

Equipment malfunctions can often be identified early by observing specific warning signs:

e Unusual Odors: Burning smells or chemical odors may indicate overheating or damage to
internal components.

e Excessive Heat: Machines generating more heat than usual can signal cooling system failure or
internal component stress.

e Abnormal Sounds or Vibrations: Rattling, whining, or grinding noises often indicate mechanical
wear or misalignment.

e Error Messages: On-screen prompts or diagnostic alerts can provide direct insights into the
malfunction.

Preventive Maintenance Importance:
e Regular cleaning, calibration, and inspection can prevent wear-related issues.

e Following the maintenance schedule outlined in SOPs reduces the likelihood of unexpected
downtime.
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4. Reporting Major Equipment Malfunctions

Clear communication channels for reporting malfunctions ensure timely intervention:
e Proper Channels:
o Notify designated personnel such as maintenance technicians or supervisors immediately.
o Follow organizational SOPs to escalate unresolved issues.
¢ Timeliness:
o Immediate reporting minimizes risks to safety, product quality, and equipment longevity.

o It prevents minor issues from escalating into significant malfunctions.
5. Documenting Equipment Malfunctions

Accurate documentation of malfunctions facilitates effective troubleshooting and repair:
e Essential Information to Document:
o Error Messages: Record error codes and screen notifications verbatim.
o Symptoms: Note visible deviations, unusual sounds, or odors.

0 Observations: Include contextual details such as time, machine settings, and operating
conditions.

e Format:
o Use standardized forms or digital platforms as per SOPs.
o Include photographic evidence if applicable.
¢ Benefits:
o Documentation provides technicians with critical diagnostic information.

o It supports trend analysis for proactive maintenance planning.
Summarizing the Key Points

Recognition and Diagnosis
e Deviations from marking quality often indicate underlying machine or process issues.

e Observing simulated examples reinforces the ability to diagnose quality issues quickly.

Proactive Measures and Early Warning Signs
e Warning signs such as unusual sounds, odors, or error messages often precede malfunctions.

e Preventive maintenance and operator vigilance are essential for maintaining machine health.

Communication and Documentation
e Timely reporting through proper channels ensures that issues are addressed promptly.

e Comprehensive documentation aids in effective troubleshooting and repair, minimizing
downtime.

By adhering to these principles and incorporating them into daily operations, organizations can ensure
the reliability of laser marking machines, maintain consistent quality, and reduce operational risks.




Assembly Process Engineer —
Laser Marking

- Say |(fa

Let us participate in an activity to explore the unit a little more.

— Activity | =&

Group Activity: Identifying and Addressing Marking Quality Deviations and Equipment Malfunctions

Objective:

The objective of this activity is for participants to identify deviations from expected marking quality,
understand the causes, and learn how to address equipment malfunctions using standard operating
procedures (SOPs).

Group Size: 4-6 participants

Materials:

e Pre-recorded video examples or simulations of marking deviations (uneven depth, burning,
flickering laser beam)

e Whiteboard or flipchart
e Markers
e Scenario cards (detailing equipment malfunctions and issues with marking quality)

e SOP documentation (or relevant excerpts)
Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Briefly explain the purpose of the activity: to enhance the participants’ ability to identify
deviations in marking quality (such as uneven depth, burning, or flickering laser beams) and
to recognize potential equipment malfunctions.

e Highlight key factors contributing to these issues, such as improper settings, faulty
equipment, or environmental factors.

2. Activity Setup (5 minutes):
e Divide the participants into groups of 4-6.

e Each group receives a set of scenario cards with pre-recorded or simulated examples of
marking deviations (or videos if available). These examples should include:

o Uneven depth in markings.
o Burning or discoloration of material.
o Flickering laser beam.

e Groups should review the scenarios, identify the issue, discuss potential causes, and write
down possible solutions based on SOPs.
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Group Discussion (20 minutes):
1. Identification of Deviations:

e Groups will watch or observe the provided examples of marking deviations. For each case,
they should:

o Identify the specific deviation (uneven depth, burning, flickering laser beam).

o Discuss the likely causes of the deviation.

o Analyze how these deviations may affect the final product and overall operation.
2. Recognizing Equipment Malfunctions:

e Groups should be tasked with identifying warning signs of potential equipment malfunctions
(e.g., unusual odor, excessive heat) based on the observed examples and SOP guidelines.

e Discuss preventive measures to avoid such malfunctions, such as routine checks and
maintenance.

Reporting and Documentation (20 minutes):
1. Proper Channels for Reporting:

e Groups should outline the appropriate channels for reporting major equipment malfunctions
according to SOPs, focusing on which personnel should be notified and in what order.

e Discuss the importance of timely and accurate reporting in preventing further damage or
downtime.

2. Documenting Malfunctions:

e Groups will create a sample report of an equipment malfunction or marking quality
deviation, including error messages, symptoms, and other relevant observations.

e Emphasize the role of documentation in troubleshooting and ensuring repairs are handled
efficiently.
Group Presentations (10 minutes):
e Each group will present their findings:
o For Marking Deviations: Describe the issue, its likely causes, and how to address it.

o For Equipment Malfunctions: Share the identified warning signs, reporting procedures, and
documentation process.

o Allow for questions and discussion after each presentation.

Debrief (10 minutes):
e Facilitate a class-wide discussion, highlighting the key takeaways:
o What were the most common causes of marking deviations?
o How can proactive equipment checks and preventive maintenance prevent these issues?

o What role does accurate documentation play in the troubleshooting process?
Examples for Scenario Cards:

Scenario 1: Uneven Marking Depth Across a Single Workpiece
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e Background: The operator observes that some areas of the marking on a metal workpiece are
significantly deeper than others, while other areas have very shallow marks. This issue is only
apparent on some of the parts produced during the batch.

e Task:
o Identify the potential cause(s) of the uneven depth in the marking.
o Discuss possible corrective actions and adjustments based on the SOP.

o Document the symptoms, including any error messages or unusual observations, and report
it according to the SOPs.

¢ Hints:
o Inspect the laser focus and power settings to ensure they are consistent.
o Check for calibration issues, misalignment, or wear on the lens or nozzle.

o Lookforenvironmental factors that might be affecting the marking process (e.g., inconsistent
material surfaces or temperature).

Scenario 2: Burning or Charring of Material During Marking

e Background: During production, the operator notices that the marked area on a plastic workpiece
shows signs of burning or charring around the edges of the marking, causing discoloration and
a rough texture on the surface.

e Task:

o Identify potential causes of the burning or charring.

o Propose the necessary adjustments to prevent further damage to the material.

o Use the SOPs to document the issue and suggest the next steps for troubleshooting.
e Hints:

o Review the laser power settings—too high a power setting for the material could cause
burning.

o Consider the speed of the marking process, as slower marking times can generate excessive
heat.

o Verify if the cooling system is functioning properly and if the material is suitable for the laser
settings.

Scenario 3: Flickering Laser Beam During Marking Process

e Background: The operator reports that the laser beam starts flickering intermittently during the
marking process, causing incomplete or faded marks. The flickering is not constant, making it
difficult to pinpoint, but it appears to worsen as the machine continues running.

e Task:

o Investigate the possible causes of the flickering laser beam and suggest troubleshooting
actions based on SOP guidelines.

o Document the issue, including any error messages or unusual symptoms.

o Follow the SOPs to determine if a maintenance check is needed and identify the proper
channels for reporting the issue.

e Hints:

o Check the power supply for fluctuations or interruptions.
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o Look for potential issues with the laser diode, mirrors, or lens that could be causing the
beam to lose consistency.

o Verify that the cooling system is functioning properly and that no overheating is affecting

the laser.
Activity Duration Resources used
Identifying and 60 minutes Pre-recorded video examples or
Addressing Marking simulations of marking deviations (uneven
Quality Deviations depth, burning, flickering laser beam),
and Equipment Whiteboard or flipchart, Markers, Scenario
Malfunctions cards (detailing equipment malfunctions
and issues with marking quality), SOP
documentation (or relevant excerpts) etc.

- Do |\

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

o Briefly describe common issues (uneven depth, burning, flickering) and guide observation using
SOPs.

e Ensure accurate use of templates for documenting issues. Practice clear reporting to supervisors.

e Highlight warning signs (overheating, odors) and stress early detection for effective maintenance.
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Unit 3.5: Consumables and Data Management

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Identify the types of consumables used in the marking process and the procedures for
replenishing them according to SOPs.

2. Replenish consumables used in the marking process, such as cleaning supplies or compressed
air, following SOPs.

3. Simulate or role-play the process of identifying and replenishing consumables in a classroom
setting.

4. Explain data backup procedures as outlined in IT policies, emphasizing the importance of data
security.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the types of consumables used in the laser marking process, including
cleaning supplies, compressed air, and other materials. We will cover procedures for replenishing these
consumables following SOPs, along with the importance of maintaining proper stock levels. Additionally,
we will explore data backup procedures and their role in securing critical data as per IT policies.

- Ask

Ask the participants the following questions:

e What types of consumables are essential for the laser marking process, and why is it important
to replenish them regularly?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Identifying Consumables in the Marking Process and Their Replenishment Procedures

Consumables are critical components in the laser marking process, and managing them properly
ensures consistent performance and quality output. In the context of laser marking, consumables
refer to materials that are used up or degraded during the marking operation and require periodic
replenishment. Below are some common types of consumables used in the laser marking process and
their replenishment procedures, as outlined by Standard Operating Procedures (SOPs):

Types of Consumables in Laser Marking:

TN
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1.

Laser Consumables:

Laser Lenses and Mirrors: These components are essential for directing and focusing the laser
beam. Over time, lenses and mirrors may accumulate dust or residue, affecting the beam’s
precision. In some cases, they may need to be replaced due to wear.

Laser Tubes: The laser tube produces the laser beam, and its lifespan varies depending on
usage. A decrease in laser output strength is often a sign that the tube needs to be replaced.

Cleaning Supplies:

Cleaning Cloths: These are used to wipe down the lens, mirrors, and other optical components
to remove dust and debris.

Cleaning Solvents: Specially formulated solvents or wipes are used to clean delicate surfaces
without damaging the optical components or coating.

Compressed Air: This is used to blow away dust and debris from the machine’s internal parts
and from the laser lens to maintain a clean working environment.

Cooling Fluids:

Coolant: Laser machines require cooling systems to maintain optimal operating temperatures.
Special coolant fluids circulate within the system, and when these fluids degrade, they need to
be replenished or replaced to prevent overheating and damage to the machine.

Chillers: The machine’s chiller system may also need maintenance, including the replacement of
refrigerants or cleaning of the cooling components.

Fume Extractors:

Fume Filters: These are essential for maintaining air quality in the workspace by extracting fumes
generated during the marking process. Fume filters require regular replacement depending on
usage.

Replenishing Consumables According to SOPs:

Each type of consumable comes with its own replenishment procedures, which are outlined in the SOPs
to ensure consistency and machine performance:

Replenishing Laser Consumables:

Lenses and Mirrors: Regular inspection should be conducted, and cleaning should be done
according to SOPs. When lenses or mirrors are damaged or excessively worn, they need to be
replaced.

Laser Tube: Replacing a laser tube typically happens after a certain number of operating hours
or when the beam output significantly drops below the required threshold. SOPs will provide
guidelines for proper disposal and installation procedures.

Replenishing Cleaning Supplies:

Cloths and Solvents: Always use materials recommended by the manufacturer. Cleaning should
be performed regularly, particularly before or after a marking session, to avoid residue buildup.
Replenishment should occur when supplies are low.

Compressed Air: Regularly check the compressed air levels and replace cylinders as needed.
Typically, SOPs will outline the procedure for ordering and handling compressed air cartridges.

Replenishing Cooling Fluids:

Coolant Replacement: Based on the cooling system’s design, coolant may need to be replaced
or refilled after a specific time interval or usage level. The SOPs will outline the correct type of
coolant, and replenishment should follow the prescribed schedule to avoid overheating.
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e Chillers: Perform periodic maintenance as per SOPs to ensure that coolants are circulating
properly and that no blockages exist.

4. Replenishing Fume Extractors:

e Filter Replacement: Filters should be checked regularly for clogging and replaced when
necessary. If the machine’s air quality begins to degrade or the filter shows visible signs of wear,
replacement should be prioritized.

By following the SOPs for consumables replenishment, the operation will remain efficient, and machine
longevity will be ensured.

Simulating or W Role-Playing the Process of Identifying and Replenishing Consumables

Role-playing and simulations provide valuable hands-on experience in identifying and replenishing
consumables. This exercise is important for reinforcing the proper techniques and protocols outlined in
SOPs. During a simulated environment:

1. Assign Roles:

e One individual can act as the operator, while others play the role of maintenance personnel,
providing supplies or assisting in the process.

2. Scenario Setup:

e Simulate a situation where the laser marking machine is showing signs of reduced output or
quality degradation, such as poor focus or inconsistent marking. Participants will need to assess
the situation, identify the consumables involved, and determine which one needs replenishing.

e A “failure” of consumables (e.g., a dirty lens, low coolant levels) can be staged to provide a
realistic experience in diagnosing and solving the problem.

3. Process:

e The operator should follow SOPs to check the condition of various consumables like lenses,
mirrors, and cooling systems. Upon identifying the need for replenishment, they should request
or retrieve the correct consumables.

e Participants should simulate the replenishment process, ensuring they follow safety protocols,
use the correct materials, and document the replenishment actions as per SOPs.

4. Debriefing:

e After completing the scenario, facilitators can review each participant’s actions and assess
whether they followed the SOP correctly.

e Discuss any challenges participants encountered and reinforce best practices for replenishing
consumables and troubleshooting common issues.

Explaining Data Backup Procedures in IT Policies:

In addition to maintaining consumables and equipment, ensuring the integrity and security of data is a
crucial aspect of laser marking operations. Proper data backup procedures are essential to avoid losing
critical machine configurations, marking designs, and customer information.

1. Importance of Data Security:

e Laser marking machines often use software that stores operational parameters, design files,
and system settings. If this data is lost, it could result in operational downtime or errors in
production. Regular data backups prevent such disruptions by preserving a backup copy of this

essential information.
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2. Data Backup Procedures:

¢ Frequency of Backups: SOPs should specify how often data backups should occur. Typically, this
could be scheduled on a daily, weekly, or monthly basis depending on the importance of the
data.

e Backup Locations: Ensure that backups are stored in secure locations, such as external drives or
cloud storage, to protect against hardware failure or accidents. Encryption of data may also be
recommended for added security.

e Backup Testing: Periodically test backups to ensure that data can be successfully restored in
case of system failure. This should be done in a controlled environment to minimize the risk of
data corruption.

3. Data Security:

e Access Control: Limit access to the backup files to authorized personnel only. Use password
protection and encryption to safeguard the backup data from unauthorized access or theft.

e Regular Audits: Conduct regular audits to ensure that backup protocols are being followed and
that backups are being stored securely.

4. Disaster Recovery Plan:

e In the event of a failure, a documented disaster recovery plan should be in place to guide the
recovery of the data from backups. The SOPs should outline how to retrieve lost data and restore
the system to normal operation.

By adhering to these IT policies and data backup procedures, companies can ensure the continuity of
operations and safeguard against data loss that could disrupt production.

In summary, managing consumables efficiently is integral to maintaining the laser marking machine’s
performance and extending its operational life. Proper replenishment, based on the guidelines
provided in SOPs, ensures smooth operations. Simulating or role-playing the replenishment process
gives participants practical experience in identifying and replenishing consumables. Additionally,
implementing strict data backup procedures, as per IT policies, secures critical information and mitigates
the risks associated with data loss. Through consistent application of these processes, organizations can
maintain operational efficiency, data security, and quality output in the laser marking process.

- Say [fa

Let us participate in an activity to explore the unit a little more.

— Activity | &

Group Activity: Consumables Management and Data Backup Procedures

Group Size: 4-6 participants

Materials:
e Whiteboard or flipchart

e Markers
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e Printed copies of sample Standard Operating Procedures (SOPs) for consumable management
and data backup

e Sticky notes (different colors)
e Consumables (e.g., cleaning supplies, compressed air, etc.) for demonstration (optional)

e Laptop/Tablet (for accessing IT policy details and data backup steps)
Activity Duration: 60 minutes
Activity Overview:

The goal of this activity is to familiarize participants with the procedures for identifying and replenishing
consumables in the marking process, as well as understanding and practicing data backup procedures
according to IT policies.

Part 1: Consumables Management Simulation (30 minutes)
1. Scenario Setup (5 minutes):

e Eachgroupisgiven ascenario involving the depletion of consumables (e.g., cleaning supplies
running low, compressed air running out).

e Provide each group with a printed copy of the relevant SOP for consumable management
(e.g., procedures for identifying shortages, reporting, and replenishing consumables).

2. Role-Play (15 minutes):

e Groups role-play the process of identifying which consumables need replenishing, how they
should be reported, and how the replenishment is performed according to the SOPs.

e One member of the group will take on the role of a worker reporting the issue, while others
will act as supervisors or team members handling the replenishment process.

e As they role-play, they should use sticky notes to document key steps and important
procedures that must be followed.

3. Group Reflection (10 minutes):

e After role-playing, each group reflects on their process and shares any challenges or
improvements they identified.

e Discuss how proper consumable management impacts productivity, safety, and efficiency.

Part 2: Data Backup Procedures (30 minutes)
1. Scenario Setup (5 minutes):

e Provide a scenario where the system has experienced a technical issue, and the team must
perform a data backup.

e Give the group a summary of the IT policy for data backup and security. Include instructions
for how often backups are to be made and how data should be protected.

2. Role-Play (15 minutes):

e Groups will role-play the process of performing data backup according to the policy. This
includes selecting what data needs to be backed up, using appropriate methods (manual
or automatic), and ensuring security protocols are followed (e.g., encryption, password
protection).

111
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e Encourage participants to use sticky notes to outline key steps in the backup process.
3. Group Reflection (10 minutes):

e After the role-play, each group discusses any potential issues they encountered and how
data security was ensured during the process.

e Have each group share insights about the importance of following IT policies to safeguard
sensitive data.

Examples for Scenario Cards:

Scenario 1: Low Compressed Air Supply

e Background: During routine maintenance, the operator notices that the compressed air used
for cleaning is running low and there are no clear instructions on when to replace it. The system
may be at risk of clogging or performance issues if the air supply is not replenished.

e Task:
o Identify the proper procedure for replenishing compressed air according to the SOPs.
o Demonstrate how to replace the compressed air canister or check the air supply.
o Document the replenishment process and ensure all safety precautions are followed.
e Hints:
o Refer to the SOPs for the correct type of compressed air to use.

o Ensure the pressure levels are checked and that the air supply is properly stored.

Scenario 2: Cleaning Supplies Running Low

e Background: The operator notices that cleaning supplies (e.g., wipes, cleaning solution) used
for maintaining the laser marking machine are almost depleted. The machine could become
prone to malfunctions if cleaning is not performed regularly.

e Task:

o Identify the cleaning supplies that need to be replenished and check the SOP for any specific
cleaning procedures.

o Replenish the cleaning supplies, ensuring proper storage and safety measures are observed.

o Record the replenishment and check for any maintenance needs related to the cleanliness
of the equipment.

¢ Hints:
o Make sure the cleaning supplies are compatible with the machine’s parts.

o Follow the manufacturer’s recommendations for cleaning intervals.

Scenario 3: Data Backup Process During System Upgrade

e Background: The laser marking system is undergoing a software upgrade, and all critical data
must be backed up to prevent loss of settings, logs, and operational records.

e Task:

o0 Review the IT policy on data backup and perform the necessary backup procedures before
the system upgrade.

o Ensure all essential data is securely backed up, including settings and logs.
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o Document the backup process and verify that the data is safely stored and encrypted.
e Hints:
o Ensure that all critical files are backed up before any changes are made to the system.

o Use the approved software or IT tools for secure data storage and encryption.

Activity Duration Resources used
Consumables 60 minutes Whiteboard or flipchart, Markers
Management , Printed copies of sample Standard Operating
and Data Backup Procedures (SOPs) for consumable management
Procedures and data backup, Sticky notes (different colors),

Consumables (e.g., cleaning supplies, compressed air,
etc.) for demonstration (optional), Laptop/Tablet (for
accessing IT policy details and data backup steps) etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Ensure that each group understands the importance of secure data management.

e Promote teamwork as groups identify and replenish consumables together.

e Provide feedback on their ability to follow SOPs and manage resources effectively.
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Unit 3.6: Documentation and Record-Keeping

- Unit Objectives |@

At the end of this unit, the participants will be able to:

1. Describe the importance of accurate and complete documentation for all maintenance tasks
performed, following SOP guidelines.

2. Practice filling out documentation forms for maintenance tasks performed.

3. Explain the importance of maintaining accurate, legible, and signed records of all maintenance
activities for future reference and ensuring traceability.

4. Describe record-keeping procedures for documenting all maintenance activities, including date,
time, tasks performed, adjustments made, and troubleshooting steps taken, following SOPs.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector,
laser pointer, etc.

- Note

In this unit, we will discuss the importance of accurate and complete documentation for all maintenance
tasks performed on laser marking equipment. We will cover the procedures for filling out maintenance
documentation forms, ensuring that records are legible, signed, and traceable. Additionally, we will
explore record-keeping practices for documenting tasks, adjustments, and troubleshooting steps as per
SOPs to maintain organized and reliable maintenance logs.

- Ask

Ask the participants the following questions:

e Why isitimportant to keep accurate and complete records of maintenance tasks performed on
equipment?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

The Importance of Accurate and Complete Documentation for Maintenance Tasks

Accurate and complete documentation of all maintenance tasks is crucial for ensuring the smooth
operation and longevity of equipment, particularly in complex systems like laser marking machines.
It provides a comprehensive record of maintenance activities, ensuring that any issues can be traced,
reviewed, and addressed in future operations. Proper documentation:

1. Ensures Traceability: Maintaining clear records allows teams to trace the history of the equipment’s
performance, repairs, and adjustments. This is essential for understanding recurring problems and
preventing future breakdowns.
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2. Supports Compliance and Accountability: Many industries require strict adherence to safety, quality,
and operational standards. Documentation ensures compliance with regulatory requirements and
maintains accountability by clearly outlining which tasks were performed, who performed them,
and when they were completed.

3. Facilitates Troubleshooting and Problem Resolution: Properly documented maintenance
records can help technicians identify patterns and root causes of recurring issues, enabling faster
troubleshooting and resolution of problems.

4. Improves Communication: Accurate documentation allows different teams (e.g., operators,
maintenance personnel, and management) to communicate more effectively. They can reference
past maintenance activities to better understand the state of the equipment and make informed
decisions.

5. Enhances Preventive Maintenance Programs: By maintaining detailed records of past maintenance,
companies can track when specific tasks were last performed. This helps establish schedules for
preventive maintenance, reducing the likelihood of unexpected downtime.

Filling Out Documentation Forms for Maintenance Tasks

Filling out documentation forms for maintenance tasks performed is a vital skill that helps standardize
and record all the relevant details of a maintenance activity. The documentation form should include
the following key components to ensure accuracy and clarity:

1. Date and Time: It is essential to record the exact date and time that maintenance activities took
place. This helps maintain an accurate timeline of events, which is valuable for tracking recurring
issues or planned service intervals.

2. Description of Maintenance Performed: The form should contain a detailed description of the
tasks performed, including specific actions taken (e.g., cleaning, adjustments, replacements). Clear
descriptions ensure that anyone reviewing the document understands the scope of the work done.

3. Parts and Consumables Used: It is important to list any parts or consumables used during
maintenance, such as cleaning agents, filters, or replacement components. This ensures traceability
of parts used and assists in inventory management.

4. Work Performed by: Record the name or identification of the technician who performed the
maintenance. This provides accountability and allows for follow-up if additional details are required.

5. Signatures: The maintenance technician and any supervisors or managers involved in the
maintenance process should sign the document. This confirms that the maintenance task was
completed as outlined and that the necessary checks were made.

6. Observations and Comments: Include any notable observations made during the maintenance
process, such as abnormal wear, potential issues, or anything that requires further attention. These
comments provide additional context for future maintenance activities and help in decision-making.

The Importance of Maintaining Accurate, Legible, and Signed Records of All Maintenance ActivitiesThe
accuracy, legibility, and proper signing of maintenance records are essential for several reasons:

1. Clarity and Precision: Maintenance records must be clear and easy to read. Poorly written or
unclear records can lead to confusion, errors in future maintenance tasks, and costly mistakes.
Legible documentation helps ensure that all team members understand the work performed and
any issues discovered during maintenance.

2. Verification and Validation: Signed records provide a layer of validation that ensures the work
has been carried out according to SOPs and safety protocols. Signed records verify that both the
technician and the supervisor have reviewed and approved the maintenance activity.
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1.

Traceability for Audits: Signed maintenance records provide a clear and verifiable paper trail. This
is especially important when equipment is audited for regulatory compliance, warranty claims, or
quality control. It proves that proper procedures were followed and ensures that the equipment
was maintained according to established standards.

Legal and Liability Protection: In the event of equipment failure, warranty claims, or disputes, having
signed and accurate maintenance records can protect the company legally. These records serve as
evidence that maintenance was carried out as required, providing defense in case of litigation.

Continuous Improvement: Accurate and legible records can be used to identify trends, areas for
improvement, and recurring issues. By reviewing maintenance logs, teams can optimize processes,
improve maintenance schedules, and prevent unnecessary downtime.

Record-Keeping Procedures for Documenting Maintenance Activities

Proper record-keeping procedures are critical for ensuring that maintenance activities are tracked and
accessible for future reference. These records must be stored in a systematic and organized manner
so that they can be retrieved easily when needed. The following record-keeping procedures should be
followed:

Clear Structure and Organization:

e Form Standardization: All maintenance forms should follow a standardized format, ensuring
that all relevant information is captured consistently. A consistent format also makes it easier to
review multiple records over time.

e (Categorization of Records: Maintain records by category (e.g., preventive maintenance,
corrective maintenance, emergency repairs) to ensure quick access and efficient organization.
Grouping records by equipment type, date, or task can also aid in retrieval.

Date, Time, and Task Details:

e Record the specific date and time maintenance was performed. This is essential for establishing
maintenance schedules and tracking patterns in equipment usage.

e The description of tasks performed should be detailed, including the adjustments, repairs, or
replacements made. This allows future technicians to quickly understand what was done and
what may need attention.

Adjustments and Troubleshooting Steps Taken:

e For troubleshooting, document the steps taken to identify and resolve the issue. This includes
diagnostic tests, parts replaced, and any adjustments made to the system. Documenting
troubleshooting steps ensures that if the issue arises again, the process is well-documented and
can be quickly referenced.

Parts and Materials Used:

e List all parts, materials, or consumables used in the maintenance task. This ensures inventory
control and helps track parts’ usage. By documenting parts used, companies can prevent
overstocking and maintain appropriate levels of critical supplies.

Maintenance Frequency and Future Recommendations:

e Track the frequency of maintenance tasks and compare them to the recommended intervals in
the SOPs. Regular reviews of maintenance records can help improve preventive maintenance
scheduling, ensuring that equipment is serviced at the correct intervals.

¢ Include any recommendations for future actions, such as further inspections or replacing specific
components. This ensures that equipment is continuously monitored for potential issues and
minimizes the risk of unscheduled downtime.
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6. Digital Records and Backup:

e While paper-based records can be used, it’s recommended to transition to digital records where
feasible. Digital records are easier to store, back up, and retrieve, reducing the risk of losing
critical documentation. Implement a secure backup system to protect these digital records and
ensure data integrity.

7. Review and Approvals:

e Maintenance records should be reviewed by supervisors or managers, who can provide oversight
and ensure that the work meets company standards. This step ensures that the maintenance
activity was completed correctly and that any issues have been addressed.

Accurate and complete documentation of all maintenance tasks is essential for the smooth functioning
of equipment, as well as for regulatory compliance, safety, and troubleshooting. The ability to maintain
legible, detailed, and signed records not only supports efficient maintenance practices but also provides
traceability and accountability in the maintenance process. By adhering to standardized procedures
for filling out maintenance forms, storing records, and ensuring proper data backup, organizations can
ensure that their equipment remains in optimal condition, downtime is minimized, and operational
efficiency is maximized. Proper documentation, therefore, is not just a regulatory requirement; it’s an
integral part of maintaining high-quality standards and ensuring the longevity of equipment.

- Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity |2

Group Activity: Maintenance Documentation Simulation

Group Size: 4-6 participants

Materials:
e Sample Maintenance Documentation Forms (SOP-based)
e Markers or pens
e Whiteboard or flipchart
e Printed copies of standard operating procedures (SOPs) for reference

e Scenario cards (described below)
Activity Duration: 45 minutes

Instructions:
1. Introduction (5 minutes):

e Explain the importance of accurate and complete documentation for all maintenance tasks
performed, emphasizing adherence to SOPs.

e Briefly review the key components of a maintenance record: task details, date, time,
adjustments, troubleshooting, and signatures.
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e Highlight how proper documentation ensures traceability, regulatory compliance, and
efficient problem resolution.

2. Scenario Assignment (5 minutes):

e Divide participants into small groups (4-6 participants per group).

e Distribute one scenario card to each group, each containing a hypothetical maintenance
task.

e Provide sample maintenance documentation forms that the groups will need to complete
based on their scenario.

e Each group will also receive a copy of the relevant SOP for the task assigned.

Group Discussion and Documentation Practice (20 minutes):

Each group will:

o Read the Scenario: Understand the maintenance task described in their scenario (e.g.,
routine check, troubleshooting, adjustment, repair).

o Complete the Documentation Form: Using the provided forms, document the details of the
task as if they were completing the maintenance work. They must include:

Task description

Date and time of the task
Adjustments made (if applicable)
Troubleshooting steps followed

Signatures (group members should simulate signing as if they were part of the team
performing the task)

3. Follow SOPs: Refer to the SOPs for the specific task to ensure their documentation is aligned
with the prescribed procedures.

Group Presentations (10 minutes):

Each group will present their completed maintenance documentation form to the class,
explaining the decisions made while documenting their task.

Facilitators should encourage other groups to ask questions about why certain information was
included or emphasized.

Debriefing and Key Takeaways (5 minutes):

Facilitate a short discussion on the importance of accuracy, legibility, and completeness in
maintenance documentation.

Ask the participants to reflect on the challenges they faced in following SOPs and ensuring all
relevant information was captured in the documentation.

Examples for Scenario Cards:

Scenario 1: Routine Preventive Maintenance Task

Background: The operator has just completed a routine maintenance check on the laser marking
machine, including cleaning the lens, checking the cooling system, and testing the alignment.
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e Task:

o Accurately document the maintenance performed, including the date, time, specific tasks
(cleaning, alignment check, etc.), and any adjustments made.

o Ensure the documentation includes a signature to confirm the completion of the task.
e Hints:
o Include the time spent on each task and any materials or tools used.

o Be specific about any adjustments made, such as cleaning procedures or alignment
calibration.

Scenario 2: Troubleshooting an Error During Marking Process

e Background: During a production run, the machine stops and displays an error code related
to a possible misalignment of the laser. The operator performs troubleshooting steps, such as
checking the alignment and recalibrating the system.

e Task:

o Document the troubleshooting steps taken, including the error code, time of occurrence,
actions performed, and any parts replaced or adjusted.

o Make sure the documentation is detailed, including all steps followed to resolve the issue.
e Hints:
0 Be sure to document the error code and its potential cause.

o Note the time it took to perform troubleshooting and any tools or parts used.

Scenario 3: Machine Calibration Adjustment

e Background: The operator notices that the laser marking is slightly off-center. After checking, it’s
determined that the machine needs calibration. The operator adjusts the machine’s alignment
according to SOP guidelines.

e Task:

0 Record the calibration adjustments made, including the date, time, adjustments performed,
and any readings or measurements before and after the adjustment.

o Ensure the documentation is signed to confirm the task was completed properly.
e Hints:
o Include detailed information on the calibration values before and after the adjustment.

o0 Be precise with the adjustments and note any unusual findings during the calibration

process.
Activity Duration Resources used
Maintenance 45 minutes Sample Maintenance Documentation
Documentation Forms (SOP-based), Markers or pens,
Simulation Whiteboard or flipchart, Printed copies

of standard operating procedures (SOPs)
for reference, Scenario cards (described
below) etc.
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Do

Vv

Guide the trainees throughout the activity

Ensure that all trainees participate in the activity

- Notes for Facilitation

Emphasize the importance of detailed and accurate documentation for maintenance tasks.

Guide participants to ensure they fill out all fields of the form, including the time, date,
adjustments, and any troubleshooting steps.

Ensure each participant understands the significance of properly signing off on tasks to confirm
their completion.
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— Exercise |8

Multiple Choice Questions (MCQs)

1. Which of the following is an important safety procedure when operating a laser marking machine?
a) Adjusting the laser beam alighment without wearing safety gear.
b) Ensuring that the emergency stop button is functional before starting.
c) Using cleaning agents not approved by the manufacturer.
d) Leaving the machine running while unattended.

Answer: B) Ensuring that the emergency stop button is functional before starting.

2.  How often should the objective and focusing lenses of the laser marking machine be cleaned,
based on usage and SOPs?

a) Once every year

b) Weekly or monthly, depending on usage
c) Every time the machine is turned on

d) Only when there is visible damage

Answer: B) Weekly or monthly, depending on usage

3. What s the primary function of the safety interlocks in a laser marking machine?
a) To control the speed of the marking process
b) To protect operators from exposure to laser radiation
c) Toincrease machine efficiency
d) To enhance marking precision

Answer: B) To protect operators from exposure to laser radiation

4.  When documenting equipment malfunctions, what information is most critical?
a) The supervisor’s name
b) The cost of repairs
c) Error messages, symptoms, and troubleshooting steps taken
d) The time of the day

Answer: C) Error messages, symptoms, and troubleshooting steps taken
Fill in the Blanks

1. Thelaser marking machine’s system must be regularly checked for proper airflow and
filter condition to ensure optimal performance and safety.

Answer: exhaust

2. ltis essential to the laser marking machine’s focus and alignment to ensure accurate
and high-quality marking results.

Answer: verify
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3.  According to SOPs, all maintenance tasks must be documented accurately, including the
, time, and tasks performed, to maintain traceability.

Answer: date

4. The button is designed to immediately stop the laser marking machine in case of an
emergency, preventing potential harm or damage.

Answer: emergency stop

Match the Following

Column A Column B

1. Cleaning of objective lenses a) Ensures the machine’s system integrity by
performing regular checks and addressing
potential issues.

2. Safety Interlocks b) Must be performed regularly to maintain optimal
focus and marking quality.

3. Preventive Maintenance c) Protects operators from exposure to dangerous
laser radiation by preventing unauthorized access.

4. Data Backup Procedures d) Regularly backing up critical data to protect it from
potential loss or damage.

Answers:1-b,2-¢,3-a,4-d
2. Match the following:

Column A Column B

1. Laser Beam Alignment a) Involves regularly checking and adjusting the laser
beam focus to ensure accurate marking.

2. Consumables Replenishment b) Includes the recording of maintenance tasks, error
messages, symptoms, and troubleshooting steps.

3. System Logs c¢) Contains important data on machine performance,
errors, and unusual operating parameters for
troubleshooting.

4. Documentation of Maintenance | d) Ensures that materials such as cleaning supplies,
compressed air, and other consumables are
replenished as per SOPs.

Answers:1-3a,2-d,3-¢,4-b
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1.

- Key Learning Outcomes | ¢

10.
11.

12.
13.

14.
15.
16.
17.

18.

At the end of this unit, the participants will be able to:

Explain the laser marking process and its quality control principles for semiconductor wafer
production.

Interpret quality control specifications for laser-marked wafers (clarity, depth, uniformity).

Explain and follow sampling techniques for wafer inspection as defined in Standard Operating
Procedures (SOPs).

Explain the importance of maintaining accurate and complete quality control records for laser-
marked wafers.

Explain the importance of analyzing historical quality control data.

Discuss the potential potential causes of minor quality issues and benefits of identifying patterns
or recurring issues with marking quality.

Analyze Discuss and evaluate potential improvements to the laser marking process based on
research findings and industry best practices.

Discuss the safety procedures and corrective required to address the concerns and potential
need for specialized equipment.

Demonstrate the proper operation and use of various inspection equipment (lighting,
maghnification tools) through simulations or using non-functional equipment.

Simulate the systematic inspection of wafers for clarity, depth, and uniformity, documenting
findings on a sample basis.

Apply quality control specifications to identify non-compliant wafers in a simulated scenario
and document deviations.

Demonstrate marking or flagging defective wafers and demonstrate segregation procedures.

Show how to document the quantity and nature of defects identified in simulated segregated
wafers.

Demonstrate using designated forms or electronic systems (simulated software) to record
inspection data.

Analyze inspection data (provided sets) to identify trends using charts or statistical methods
(may involve software simulations).

Prepare reports summarizing simulated inspection findings and highlighting deviations from
quality control specifications.

Role-play reporting deviations from specifications to appropriate personnel (supervisor, quality
control department) as per SOPs.

Develop and justify recommendations for process improvements based on classroom learning
and analysis of hypothetical scenarios.
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Unit 4.1: Fundamentals of Laser Marking and Quality Control

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Explain the laser marking process and its quality control principles for semiconductor wafer
production.

2. Interpret quality control specifications for laser-marked wafers, including clarity, depth, and
uniformity.

3. Explain the importance of maintaining accurate and complete quality control records for laser-
marked wafers.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the laser marking process and its application in semiconductor wafer
production, focusing on quality control principles such as clarity, depth, and uniformity of marks. We
will also explore the importance of adhering to quality control specifications and maintaining accurate
documentation for laser-marked wafers to ensure high-quality production and traceability.

- Ask

Ask the participants the following questions:

e What are some key factors that determine the quality of laser markings on semiconductor
wafers

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Laser Marking Process and Quality Control Principles for Semiconductor Wafer Production

Laser marking is a highly precise process used in semiconductor wafer production to permanently etch
or engrave information onto the surface of a wafer. This process is essential for identifying, tracking,
and ensuring the quality of each wafer throughout its lifecycle. The key elements of the laser marking
process involve the application of laser light to a wafer’s surface, which causes material to evaporate
or change its properties, forming a permanent mark. The marks may include serial numbers, logos,
barcodes, or other critical identification data.

The laser marking process for semiconductor wafers typically involves the following steps:

T — T—
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1.

1.

Laser Beam Generation: The process begins with the generation of a laser beam, usually from a
CO2 or fiber laser. These lasers emit light at specific wavelengths that can interact with the wafer
material.

Beam Focusing: The laser beam is focused onto the wafer surface through optics, ensuring precision.

Marking: When the focused laser beam hits the wafer, it causes localized heating that evaporates or
alters the material’s surface. This process is highly controlled, as excessive heat could cause damage
to the wafer or affect the marking quality.

Post-Processing: After the marking process, the wafer is often inspected to ensure the marking is
clear and accurate. This is critical for traceability and to avoid misidentification.

Quality Control Principles for Laser Marking in Wafer Production

In semiconductor wafer production, quality control is crucial to ensure the marks are legible, uniform,
and precise. The goal of quality control in the laser marking process is to guarantee that the wafer’s
markings meet the necessary standards for identification and tracking without compromising the
wafer’s structural integrity or performance. The following principles are central to quality control in
laser marking for semiconductor wafers:

Clarity: The clarity of the laser mark is vital for proper identification and readability. The mark must
be easily legible under optical inspection and should not blur or fade over time. Laser parameters
like power, speed, and focus must be adjusted to avoid excessive burning or under-etching, which
can compromise clarity. The marking must be clear enough to allow for accurate data collection
during subsequent production stages.

Depth: The depth of the laser mark should be consistent and match the predefined specifications.
Too shallow or deep marks can cause issues with data reading or even damage the wafer. Depth is
influenced by various parameters, including laser power, pulse duration, and the speed of the laser
head. Precision is key to ensuring the marking does not interfere with the wafer’s functionality,
particularly in the case of critical components like transistors.

Uniformity: The laser marks must be uniform across the entire wafer surface. Inconsistencies can
lead to misinterpretation, errors in identification, or complications in later manufacturing steps.
Uniformity involves consistent application of the laser across the entire wafer, requiring careful
control of the machine’s movement and laser power throughout the process. Any deviation from
uniformity could indicate a malfunction or incorrect calibration of the equipment.

Interpreting Quality Control Specifications for Laser-Marked Wafers

Laser-marked semiconductor wafers must meet stringent quality control specifications to ensure they
meet industry standards and regulatory requirements. These specifications focus on factors such as
clarity, depth, and uniformity, and they are crucial for ensuring that the marking is both accurate and
functional. Below is an explanation of how each of these quality control specifications can be interpreted:

Clarity: This refers to how sharp and readable the mark is. Clear markings are essential for quick and
accurate identification, especially in automated production processes. Clarity is typically evaluated
using visual inspection under magnification or through machine vision systems, which assess the
sharpness and contrast of the mark. The quality of the mark should be consistent across the wafer
without any irregularities, such as fuzzy edges or poor contrast.

Depth: Depth ensures the mark is neither too shallow (which would make it fade or be erased
easily) nor too deep (which could compromise the wafer’s integrity or result in erroneous readings).
Laser marking systems often have depth sensors or feedback mechanisms that help ensure the
depth remains consistent with the set parameters. In quality control, depth is often measured
using specialized tools like microscopes or 3D surface profilometers, which provide accurate

measurements of the etched depth.
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3. Uniformity: Uniformity refers to the consistency of the mark across the wafer’s surface. Uniform
laser marking is essential because variations in marking quality can lead to identification errors.
Uniformity is checked by inspecting the distribution of marks across the wafer and comparing it with
predefined standards. Even slight deviations can cause defects in the product, leading to incorrect
sorting or processing in later stages.

Importance of Accurate and Complete Quality Control Records

Maintaining accurate and complete quality control records for laser-marked wafers is crucial in
semiconductor manufacturing for several reasons:

1. Traceability: In semiconductor production, traceability is essential for tracking individual wafers
throughout their lifecycle. By maintaining detailed records of laser marking quality, manufacturers
can quickly identify any problems or defects related to specific wafers. This is especially important in
the case of recalls or quality assurance investigations, as detailed records allow for the identification
of the batch and specific processes involved.

2. Process Improvement: Quality control records provide valuable data for process analysis and
improvement. By reviewing past records, manufacturers can identify trends in marking issues, such
as frequent depth problems or inconsistent clarity, and take corrective action. Consistent data helps
engineers fine-tune machine settings and improve the overall production process.

3. Compliance: Accurate records are essential for compliance with industry standards and regulatory
requirements. The semiconductor industry is highly regulated, and quality control documentation
plays a critical role in demonstrating compliance with these regulations. Failure to maintain
adequate records can lead to issues with certification or regulatory audits, potentially resulting in
fines or production delays.

4. Preventive Maintenance and Troubleshooting: By keeping track of all quality control parameters,
operators and engineers can identify issues before they become serious problems. If specific
patterns of errors are identified, maintenance can be scheduled proactively to address equipment
malfunctions or suboptimal settings, thereby minimizing downtime and defects.

5. Customer Assurance: Providing detailed and accurate quality control records offers customers
confidence in the reliability and quality of the semiconductor wafers. For high-end semiconductor
devices, especially those used in mission-critical applications, customers rely on these records to
ensure that the wafers meet stringent quality requirements.

In conclusion, the laser marking process in semiconductor wafer production plays a vital role in
product traceability, identification, and quality assurance. The focus on clarity, depth, and uniformity
in marking, coupled with robust quality control processes, ensures that the wafers meet the required
standards for both performance and reliability. By maintaining accurate quality control records,
manufacturers not only enhance the traceability and quality of their products but also ensure
compliance with industry standards and improve production efficiency.

- Say |fa

Let us participate in an activity to explore the unit a little more.

— Activity | &

Group Activity: Simulating Laser Marking Quality Control in Semiconductor Wafer Production

Group Size: 4-6 participants

Materials:
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e Whiteboard or flipchart
e Markers
e Scenario cards (described below)

e Sample wafer images (optional)
Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Briefly explain the laser marking process in semiconductor wafer production, highlighting
the importance of precision and quality control.

e Outline key quality control specifications for laser-marked wafers, including:
o Clarity: The legibility and sharpness of the marks.
o Depth: The proper depth of the laser markings to avoid damage or excessive etching.

o Uniformity: Consistency in the marking across the wafer, ensuring that marks are evenly
applied.

e Emphasize the importance of maintaining accurate and complete quality control records
throughout the process.

2. Scenario Distribution (5 minutes):
e Divide participants into small groups.

e Provide each group with a scenario card detailing a quality control challenge related to the
laser marking of semiconductor wafers.

Group Discussion and Planning (20 minutes):
Each group should discuss their scenario, focusing on the following prompts:
1. Impact on Quality Control Specifications:

e Which of the quality control specifications (clarity, depth, or uniformity) is most affected by
the scenario?

e How will the group address issues related to these specifications?
2. ldentification of Problems:

e How would you identify a problem in the laser marking process based on the quality control
criteria?

e What tools or methods might be used to measure clarity, depth, and uniformity?
3. Proposed Solutions:

e What immediate actions would the group take to rectify the issue?

e How would you ensure that the corrected wafers meet quality control specifications?
4. Documentation and Record-Keeping:

e Discuss the importance of maintaining quality control records for each wafer batch.

e How should the group document any changes or corrective actions taken during the process?

Group Presentations (20 minutes):
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e Each group will present their scenario, analysis, and solutions to the class, including:
o A description of the problem identified in their scenario.

o How clarity, depth, or uniformity was affected and what measures they proposed to
resolve the issue.

o The process they would follow to ensure that the corrected wafer batches meet the
required specifications.

o How they would maintain accurate records and ensure transparency in quality control.

e Encourage feedback from other groups, focusing on the practical application of laser marking
quality control in a production environment.

Debriefing and Key Takeaways (10 minutes):
Facilitate a class-wide discussion to summarize the key insights:
1. Best Practices in Quality Control:
e What are the most important quality control principles in laser marking?

e How did different groups approach maintaining clarity, depth, and uniformity in their
solutions?

2. Documentation and Transparency:

e How crucial is it to maintain complete and accurate records during the laser marking
process?

e What tools or systems could be used to ensure quality control records are thorough and
easily accessible?

Examples for Scenario Cards:

Scenario 1: Inconsistent Marking Depth

e Background: After a production run, the operator inspects the laser-marked semiconductor
wafers and notices that some marks have an inconsistent depth. The marks on certain areas of
the wafer appear to be too shallow, while others are deeper than expected.

e Task:
o Inspect the wafer samples and measure the depth of the marks.

o lIdentify the potential causes for the depth inconsistency (e.g., incorrect focus, power
fluctuations).

o Document the deviations and suggest corrective actions to bring the depth back to the
specified standards.

e Hints:

o Check the laser’s power settings and focus alignment to ensure consistency in marking
depth.

o Ensure that the marking machine’s calibration is up to date.

Scenario 2: Blurry or Unclear Markings

e Background: The laser-marked wafer shows blurry or unclear markings, which could affect the
readability or quality of identification during further processing steps. Upon inspection, it’s
found that some areas have a distorted or smudged appearance.
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e Task:
o Inspect the wafers to determine the extent of the unclear marks.
o Identify potential causes for the blurry markings (e.g., lens cleanliness, alignment issues).

o Record the findings and take appropriate action to resolve the issue (e.g., cleaning lenses,
recalibrating the laser).

e Hints:
o Make sure the lens and optics are clean and free of any contaminants.

o Ensure the laser focus is properly adjusted and that there are no misalignments in the
system.

Scenario 3: Uniformity Deviation Across the Wafer

e Background: During a routine quality check, the operator finds that the laser marks on the
wafer show uneven uniformity. Some marks are denser or darker than others, which could lead
to inconsistencies in production quality.

e Task:
0 Measure and analyze the uniformity of the laser marks across the wafer.

o Identify the possible causes for uneven marking (e.g., laser power inconsistency, movement
errors, or material issues).

o Document the findings and recommend steps to restore uniformity, such as adjusting laser
power or recalibrating the machine.

e Hints:

o Check for fluctuations in laser power or mechanical movement errors during the marking
process.

o Ensurethe waferis properly secured and positioned to avoid any movement during marking.

Activity Duration Resources used
Simulating Laser 60 minutes Whiteboard or flipchart, Markers, Scenario
Marking Quality Control cards (described below), Sample wafer
in Semiconductor Wafer images (optional) etc.
Production

- Do |\

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Ensure participants understand the quality control standards for clarity, depth, and uniformity.
Use checklists to guide the inspection.

e Stress the importance of accurate record-keeping. Participants should document findings and
corrective actions.

e Encourage discussion on the causes of deviations and follow SOPs for reporting and addressing
issues promptly.
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Unit 4.2: Sampling and Inspection Techniques

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Explain and follow sampling techniques for wafer inspection as defined in Standard Operating
Procedures (SOPs).

2. Demonstrate the proper operation and use of various inspection equipment (e.g., lighting,
magnification tools) through simulations or using non-functional equipment.

3. Simulate the systematic inspection of wafers for clarity, depth, and uniformity, documenting
findings on a sample basis.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss wafer inspection techniques, focusing on sampling methods and the use of
inspection tools as outlined in Standard Operating Procedures (SOPs). You will learn how to properly
operate equipment such as lighting and magnification tools, and how to perform systematic inspections
of wafer markings for clarity, depth, and uniformity. Additionally, we will practice documenting findings
from wafer inspections on a sample basis to ensure quality control.

- Ask

Ask the participants the following questions:

e What are some common tools used for inspecting semiconductor wafers, and why is it important
to ensure clarity, depth, and uniformity in the markings?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Sampling Techniques for Wafer Inspection

In semiconductor wafer production, it is crucial to ensure that each wafer meets the required quality
standards for clarity, depth, and uniformity of laser markings. To achieve this, sampling techniques
are used to inspect a representative subset of wafers rather than inspecting every wafer in the batch,
which is both time-consuming and inefficient. According to Standard Operating Procedures (SOPs), the
following sampling techniques are typically applied:

1. Random Sampling: In random sampling, wafers are chosen randomly from a production lot for
inspection. This ensures that every wafer has an equal chance of being selected, providing a reliable
representation of the overall quality of the batch. Random sampling is often used when there are no

o
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visible indicators of defects, and the goal is to ensure the consistency of the production process.

2. Systematic Sampling: Systematic sampling involves selecting every nth wafer from the production
batch. For example, an inspector might inspect every 10th wafer produced. This method is
particularly useful when production is consistent, and inspectors want to ensure a continuous check
throughout the production process. It is effective for detecting systematic issues like equipment
malfunction or drift in settings.

3. Stratified Sampling: In stratified sampling, the production lot is divided into different groups or
strata based on specific characteristics (e.g., wafer size, lot number, or type of material). A sample is
then taken from each group. This approach is ideal when there are known variations in production,
ensuring that all groups within the batch are adequately represented and inspected.

4. Acceptance Sampling: Acceptance sampling is based on predefined acceptance criteria for the lot.
If the sample meets the quality requirements, the entire lot is deemed acceptable. However, if the
sample fails, the lot may be rejected or undergo further inspection. This technique is useful for large
production runs where inspecting every item is impractical.

Each of these techniques is outlined in the SOPs for wafer inspection to ensure consistency and reliability
in detecting potential defects and ensuring quality control. By following these methods, inspectors can
make informed decisions about the overall quality of the lot based on a representative sample.

Operation and Use of Inspection Equipment

To perform effective wafer inspection, operators need to be proficient in using various inspection
equipment, including lighting and magnification tools. These tools enhance visibility and accuracy when
inspecting laser marks for clarity, depth, and uniformity.

1. Lighting: Proper lighting is crucial for accurately inspecting laser-marked wafers. The light used
should be consistent, evenly distributed, and positioned in such a way that it highlights the marking
without causing glare or shadows that could obscure defects. Common types of lighting used for
wafer inspection include:

e Bright Field Lighting: Useful for viewing clear, non-reflective surfaces, ensuring marks are sharp
and legible.

e Dark Field Lighting: This method illuminates the surface at a low angle, which is effective for
detecting surface irregularities or raised markings.

e Diffuse Lighting: Used to minimize glare and reduce harsh shadows, ensuring consistent
illumination across the wafer surface.

Inspectors should ensure that lighting conditions are optimized for the specific type of marking being
examined. A balanced light source can prevent distortion of the laser marks and enable accurate
evaluations of the quality.

2. Magnification Tools: Magnification tools, such as microscopes, digital cameras, and magnifying
glasses, are essential for inspecting the fine details of laser marks. High-quality magnification allows
inspectors to examine the clarity and depth of the marks, especially for small features that might be
missed with the naked eye.

e Stereo Microscopes are commonly used in wafer inspection because they provide a three-
dimensional view of the wafer surface, which is essential for assessing depth and clarity.

e Digital Magnification Systems provide magnification coupled with image capture capabilities,
enabling the operator to document the inspection process and review images later for accuracy.




Assembly Process Engineer —
Laser Marking

Understanding the correct magnification levels is essential. Over-magnification can distort the image,
while under-magnification might miss critical defects. Therefore, inspectors must adjust magnification
to match the specific feature being inspected.

3. Inspection Software: Some modern systems employ inspection software that integrates lighting,
magnification, and imaging tools. This software can automatically detect and highlight issues like
uneven markings, poor contrast, or missing marks, assisting the operator in focusing on areas of
concern and improving the efficiency and accuracy of the inspection process.

Systematic Inspection of Wafers for Clarity, Depth, and Uniformity

Once the proper sampling technique is selected and the necessary inspection tools are in place, the
next step is to conduct a systematic inspection of the wafers for clarity, depth, and uniformity. This is a
critical aspect of quality control in semiconductor manufacturing, and it ensures that the laser marks
meet the desired specifications.

1. Clarity: Inspecting the clarity of laser markings involves checking for any blurring, smudging, or
distortion in the marks. Clear, sharp marks are essential for proper identification and traceability
during the manufacturing process. Inspectors should use high magnification to closely examine
the marks and ensure there are no inconsistencies. Any visible distortion or fading may indicate
problems with the laser focus or contamination on the lens.

2. Depth: Depth is a critical factor in laser marking quality, especially in semiconductor wafer
production where precision is required. Laser marks must have consistent depth to ensure proper
adhesion and visibility. Inspectors use magnification tools and calibrated depth gauges to measure
the depth of the marks. Depth variations can signal problems such as laser misalignment, incorrect
power settings, or worn-out equipment.

3. Uniformity: Uniformity refers to the consistent appearance of the marks across the wafer.
Marks should be evenly spaced, with consistent contrast and color across the entire surface. Any
inconsistencies in intensity or spacing may indicate mechanical issues, such as irregular movement
or contamination in the system. Inspectors should carefully examine the wafer in multiple directions
and angles to assess uniformity.

After completing the inspection for clarity, depth, and uniformity, the findings should be documented.
Typically, inspectors record whether the wafer passed or failed the inspection based on the predefined
quality control specifications in the SOPs. If deviations from the specifications are found, corrective
actions should be taken immediately, such as recalibrating the laser or replacing worn components.

By following the sampling techniques defined in SOPs, utilizing appropriate inspection equipment, and
performing a systematic inspection of wafers, operators can ensure that the laser marking process
meets the required quality standards. Proper training and adherence to these procedures are critical
for maintaining high-quality production and ensuring that any defects or inconsistencies are quickly
identified and addressed. Accurate documentation of the inspection findings also plays a key role in
maintaining traceability and ensuring compliance with industry standards.
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- Say
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Let us participate in an activity to explore the unit a little more.

1.

— Activity | =&

Group Activity: Simulated Wafer Inspection and Documentation

Objective:

To practice sampling techniques for wafer inspection, operate inspection equipment properly, and
simulate the systematic inspection of wafers for clarity, depth, and uniformity.

Group Size: 4-6 participants

Materials:

Non-functional wafers or sample wafers (can be printed or simulated images of wafers)
Magnification tools (e.g., magnifying glasses, microscopes)

Lighting equipment (e.g., ring lights, lamps with adjustable brightness)

Sample inspection documentation sheets (forms to record observations)

Whiteboard or flipchart

Markers

Standard Operating Procedures (SOP) for wafer inspection

Activity Duration: 60 minutes

Instructions:

Introduction (10 minutes):
e Briefly review the sampling techniques outlined in the SOPs for wafer inspection.

e Introduce the various inspection equipment: magnification tools, lighting, and how they
should be used in combination for effective wafer inspection.

e Explain the focus of the inspection: clarity, depth, and uniformity.

e Provide the groups with SOP guidelines and discuss the importance of following them during
inspections.

Simulation Setup (5 minutes):
e Set up “mock wafers” (either real sample wafers or printed images) for each group.
e Equip each group with the necessary magnification tools and lighting.

e Distribute sample inspection documentation forms to record their findings (clarity, depth,
uniformity, etc.).

Wafer Inspection Simulation (30 minutes):

e |n groups, participants will systematically inspect the wafers, one at a time, following the
SOP sampling techniques.
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e They will use magnification tools and adjust lighting to examine each wafer for clarity, depth,
and uniformity.

e Each participant will record their findings on the sample documentation form, noting any
irregularities and ensuring proper sampling.

4. Group Review and Reflection (15 minutes):

e After completing the inspections, each group will present their findings to the class. They
should explain the process they followed, the challenges encountered, and how they
ensured accuracy in their documentation.

e Encourage discussion on the importance of accurate documentation and adherence to SOPs
in real-world wafer inspections.

Examples for Scenario Cards:

Scenario 1: Depth Inconsistencies Across Batches

e Background: The quality control team has noticed a pattern in their inspection data where
several batches of wafers show inconsistencies in marking depth. Some wafers have marks that
are too shallow, while others are deeper than expected.

e Task:

o Analyze the historical inspection data to identify if there is a recurring pattern in depth
inconsistencies.

o Use statistical methods (e.g., mean, standard deviation) to evaluate the extent of the depth
variations.

o Investigate potential causes for these inconsistencies (e.g., laser power fluctuations, focus
misalighment).

o Suggest corrective actions to address the issue.
e Hints:

o Pay attention to whether the inconsistencies occur at certain times, with specific operators,
or in particular batches.

o Consider reviewing the machine calibration records.

Scenario 2: Increased Number of Blurry Marks

e Background: Inspection data over the past few weeks shows a gradual increase in the number
of blurry marks on wafers, with several data points reflecting poor clarity in laser markings. This
issue is becoming more frequent, and it needs to be addressed.

e Task:

o Analyze the inspection data to determine if blurry marks are becoming more common over
time or in certain batches.

o Investigate potential causes for the blurry markings (e.g., lens contamination, incorrect
focus, or lighting conditions).

o Use charts or graphs to track when the issue began and assess if it correlates with specific
equipment or shifts.

o Recommend actions to resolve the issue and prevent future occurrences.
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e Hints:
o0 Review the cleaning schedule for lenses and check if there is a pattern with unclean lenses.

o Ensure the machine’s focus setting is calibrated correctly.

Scenario 3: Uniformity Issues in Marking Patterns

e Background: Quality control data has highlighted a recurring issue with uneven marking
uniformity on wafers. The inspection results show that marks in the center of the wafer are
darker and more concentrated, while marks along the edges are lighter and sparser.

o Task:

o0 Analyze the inspection data to assess if the uniformity issue is consistent across multiple
batches.

o Use statistical methods to determine the degree of uniformity variation.

o Investigate potential causes of the uneven markings (e.g., laser power distribution, wafer
movement during marking, or alignment issues).

o Document the findings and propose corrective actions.
e Hints:
o Check whether the laser power is uniform throughout the marking process.

o Ensure proper wafer alignment and consistent positioning during marking.

Activity Duration Resources used
Simulated Wafer 60 minutes Non-functional wafers or sample wafers
Inspection and (can be printed or simulated images
Documentation of wafers), Magnification tools (e.g.,

magnifying glasses, microscopes), Lighting
equipment (e.g., ring lights, lamps with
adjustable brightness), Sample inspection
documentation sheets (forms to record
observations), Whiteboard or flipchart,
Markers, Standard Operating Procedures
(SOP) for wafer inspection etc.
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Do [/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Ensure participants follow SOPs for selecting a representative sample and inspecting a sufficient
number of wafers for quality control.

e Emphasize the proper use of magnification lenses and lighting for accurate clarity, depth, and
uniformity inspection. Ensure safety and correct handling.

e Stress the importance of accurate, complete documentation. Participants should record their
findings and discrepancies clearly, following SOPs for reporting.
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Unit 4.3: Quality Issue Identification and Analysis

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Describe potential causes of minor quality issues and the benefits of identifying patterns or
recurring issues with marking quality.

2. Explain the significance of analyzing historical quality control data for identifying trends.

3. Analyze inspection data (provided sets) to identify trends using charts or statistical methods.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the potential causes of minor quality issues in laser marking, such as
inconsistencies in clarity, depth, and uniformity. We will explore the benefits of identifying recurring
patterns in marking quality and how to use historical quality control data to detect trends. Additionally,
we will practice analyzing inspection data using charts or statistical methods to help recognize trends
and improve quality control.

- Ask

Ask the participants the following questions:

e What do you think are some common causes of minor quality issues in laser marking, and why
is it important to track these issues over time?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Potential Causes of Minor Quality Issues in Laser Marking and the Benefits of Identifying Patterns

Minor quality issues in laser marking are often subtle but can affect the overall product quality and
efficiency in semiconductor wafer production. These issues can range from slight inconsistencies in
mark clarity, depth, uniformity, or positioning. Understanding the potential causes of these issues and
the importance of identifying recurring patterns is key to maintaining high-quality standards.

1. Laser Power Fluctuations: A common cause of minor quality issues in laser marking is fluctuations
in laser power. If the laser’s power output varies during the marking process, it can lead to marks
that are too shallow, too deep, or inconsistent in appearance. This can be caused by power supply
instability, improper machine settings, or wear on the laser components. Consistent power output
is crucial for uniformity in marking depth and clarity.

e — —
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2. Focus Misalignment: Incorrect laser focus can cause blurry or unclear marks. A misaligned laser
focus can result in the beam not properly targeting the intended area, causing shallow or poorly
defined marks. This issue is often caused by misadjustment of the laser head, environmental
vibrations, or a dirty lens.

3. Contaminated or Dirty Lenses: Dirty lenses or optical components can lead to blurry or distorted
marks. Dust, debris, or residue on lenses can scatter or absorb part of the laser beam, reducing the
quality of the marking. Regular maintenance and cleaning of the optical components are critical to
maintaining optimal performance.

4. Substrate Variability: Variations in the material composition or surface texture of the wafer can
contribute to uneven marking. The laser beam interacts differently with various materials, and
slight changes in the wafer’s surface can cause uneven marking depth or clarity. Inconsistent wafer
surface preparation, such as dust or oils, can also affect the marking quality.

5. Temperature and Environmental Conditions: Variations in ambient temperature or humidity can
influence the laser marking process. For instance, higher temperatures might affect the behavior
of the laser, while humidity could cause condensation on optical surfaces, impacting the clarity and
uniformity of the marks.

6. Mechanical Movement Issues: If the wafer or the laser machine’s motion system is misaligned or
experiences mechanical failures, it can result in inconsistent marks. Issues such as belt slippage,
motor malfunctions, or misaligned movement guides can cause positioning errors, leading to off-
center or skewed marks.

Benefits of Identifying Patterns or Recurring Issues

Identifying recurring issues is essential for proactive maintenance and quality control. By monitoring
and analyzing quality data over time, operators can:

1. Prevent Major Failures: Recognizing patterns of minor quality deviations early on allows operators
to address the root causes before they result in major failures. For example, noticing a trend of
blurry markings over several shifts could prompt a focus adjustment or lens cleaning, preventing
future complications.

2. Improve Process Stability: Identifying recurring issues helps standardize the process and ensure
that deviations are minimized. This leads to improved consistency in marking quality, reducing
rework or product defects and increasing overall yield.

3. Optimize Maintenance Intervals: By tracking minorissues, maintenance schedules can be optimized.
Operators can predict when components like lenses or lasers may need attention, allowing for more
effective and timely preventive maintenance.

4. Enhance Quality Control: Identifying patterns or recurring issues helps refine the quality control
process. Data-driven insights lead to improved inspection methods and reduced human error,
ensuring that wafer quality meets the specified standards consistently.

Significance of Analyzing Historical Quality Control Data

Analyzing historical quality control data is invaluable for detecting trends that can inform future actions.
Over time, a collection of inspection data reveals recurring patterns that are critical for understanding
long-term performance and making informed decisions.

1. Trend ldentification: Historical data helps identify trends in the laser marking process. By tracking
quality parameters such as mark depth, clarity, and uniformity, operators can spot gradual changes
in marking quality that might indicate underlying equipment issues or process drift. Trends can also
highlight environmental factors or material variations affecting the marking process.
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Root Cause Analysis: By analyzing past quality control data, operators can perform root cause
analysis to pinpoint the source of recurring issues. For instance, if data shows that mark depth is
consistently off-spec in a particular batch, it might point to a laser calibration issue or a change in
material properties. Historical data helps to link symptoms with root causes.

Predictive Maintenance: Historical data can be used to predict when equipment will need
maintenance. By identifying trends in equipment performance, operators can predict when certain
components, like the laser module or lenses, are likely to fail, allowing for scheduled maintenance
before issues arise. This approach reduces downtime and maintains production flow.

Continuous Improvement: Quality data analysis supports continuous improvement efforts. By
analyzing inspection results and identifying trends, organizations can refine processes, eliminate
waste, and implement corrective actions. This approach fosters a culture of quality, ensuring that
the marking process is constantly evolving and improving.

Performance Benchmarking: Historical data allows companies to benchmark performance over
time. By tracking quality control metrics, operators can compare current performance with historical
standards and identify areas where improvements have been made or where further enhancements
are needed.

Analyzing Inspection Data Using Charts and Statistical Methods

To effectively analyze inspection data and identify trends, various statistical and visualization methods
can be used:

Control Charts: Control charts are essential tools for monitoring quality parameters over time. They
help identify whether a process is stable or if deviations from the expected performance occur. For
example, a control chart for mark depth can visually indicate whether the depth remains within
control limits or if there are instances of significant variation, signaling a need for intervention.

Histograms: Histograms provide a clear visualization of the distribution of a particular quality
parameter (e.g., mark clarity or depth) over a set of samples. By examining the histogram, operators
can quickly determine if the data is normally distributed or if there are outliers that require further
investigation.

Pareto Analysis: Pareto charts help prioritize quality issues based on their frequency or impact.
By categorizing recurring quality problems (e.g., blurry marks, inconsistent depth), Pareto analysis
shows which issues are most frequent, helping prioritize corrective actions and resource allocation.

Regression Analysis: Regression analysis helps identify relationships between different variables.
For example, by analyzing the relationship between laser power and mark depth, operators can
determine if adjustments to power settings could improve marking quality.

In conclusion, analyzing inspection data using these methods helps operators identify trends, predict
potential issues, and ensure that quality control measures are effective in maintaining optimal marking
quality. This data-driven approach enhances the ability to make informed decisions, preventing small
issues from becoming larger problems and ultimately improving the consistency and reliability of the
laser marking process.
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- Say [fa

Let us participate in an activity to explore the unit a little more.

— Activity | /&

Group Activity: Analyzing Quality Control Data and Identifying Trends

Group Size: 4-6 participants

Materials:
e Historical quality control data sets (provided in advance)
e Laptops/tablets (for analyzing the data)
e Whiteboard or flipchart
e Markers
e Graphing tools or software (Excel, Google Sheets, etc.)

e Sticky notes
Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Briefly explain the importance of identifying recurring quality issues and how patterns can
help identify root causes of minor quality issues.

e Discuss how analyzing historical quality control data provides insights into trends, which can
be used to improve processes and prevent future quality problems.

2. Data Review and Analysis (25 minutes):

e Distribute the historical quality control data sets to each group. The data should include
information on defects, inspection results, production stages, and any other relevant factors.

e Instruct each group to analyze the data and identify any recurring issues or patterns. They
should use charts, graphs, or statistical methods (such as calculating averages or standard
deviations) to identify trends over time.

e Encourage groups to look for any correlations, such as certain defects occurring more
frequently during specific shifts, production stages, or with particular materials.

3. Discussion and Solution Development (20 minutes):
e After analyzing the data, each group should discuss the following:
o What patterns or recurring issues did they identify in the quality data?
o What might be the root causes of these issues?

o How can these trends inform improvements in the quality control process or production
methods?

e Each group should then develop a set of action plans or recommendations to address the
identified issues and prevent recurrence. They should consider the importance of both
addressing quality issues and ensuring ongoing monitoring.
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4. Group Presentations (10 minutes):

e Each group will present their analysis and proposed action plans to the larger class.

e Encourage the class to ask questions and engage in a discussion on potential solutions and
improvements.

Examples for Scenario Cards:

Scenario 1: Depth Inconsistencies Across Batches

Background: The quality control team has noticed a pattern in their inspection data where
several batches of wafers show inconsistencies in marking depth. Some wafers have marks that
are too shallow, while others are deeper than expected.

Task:

o Analyze the historical inspection data to identify if there is a recurring pattern in depth
inconsistencies.

o Use statistical methods (e.g., mean, standard deviation) to evaluate the extent of the depth
variations.

o Investigate potential causes for these inconsistencies (e.g., laser power fluctuations, focus
misalighment).

o Suggest corrective actions to address the issue.
Hints:

o Pay attention to whether the inconsistencies occur at certain times, with specific operators,
or in particular batches.

o Consider reviewing the machine calibration records.

Scenario 2: Increased Number of Blurry Marks

Background: Inspection data over the past few weeks shows a gradual increase in the number
of blurry marks on wafers, with several data points reflecting poor clarity in laser markings. This
issue is becoming more frequent, and it needs to be addressed.

Task:

o Analyze the inspection data to determine if blurry marks are becoming more common over
time or in certain batches.

o Investigate potential causes for the blurry markings (e.g., lens contamination, incorrect
focus, or lighting conditions).

o Use charts or graphs to track when the issue began and assess if it correlates with specific
equipment or shifts.

0o Recommend actions to resolve the issue and prevent future occurrences.
Hints:
o0 Review the cleaning schedule for lenses and check if there is a pattern with unclean lenses.

o Ensure the machine’s focus setting is calibrated correctly.

Scenario 3: Uniformity Issues in Marking Patterns

Background: Quality control data has highlighted a recurring issue with uneven marking
uniformity on wafers. The inspection results show that marks in the center of the wafer are
darker and more concentrated, while marks along the edges are lighter and sparser.
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e Task:

o Analyze the inspection data to assess if the uniformity issue is consistent across multiple
batches.

o Use statistical methods to determine the degree of uniformity variation.

o Investigate potential causes of the uneven markings (e.g., laser power distribution, wafer
movement during marking, or alignment issues).

o Document the findings and propose corrective actions.
e Hints:
o Check whether the laser power is uniform throughout the marking process.

o Ensure proper wafer alignment and consistent positioning during marking.

Activity Duration Resources used
Analyzing Quality 60 minutes Historical quality control data sets
Control Data and (provided in advance, Laptops/tablets
Identifying Trends (for analyzing the data), Whiteboard or

flipchart, Markers, Graphing tools or
software (Excel, Google Sheets, etc.), Sticky
notes etc.

Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Look for recurring quality issues (depth, clarity, uniformity) across batches.

e Use statistical methods (mean, standard deviation) to highlight trends and identify
inconsistencies.

e Teach the use of basic statistical tools (mean, median, standard deviation) and charts.

e Explain how visualizing data helps in spotting trends and root causes of issues.
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Unit 4.4: Process Improvement and Safety Procedures

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Discuss and evaluate potential improvements to the laser marking process based on research
findings and industry best practices.

2. Develop and justify recommendations for process improvements based on classroom learning
and analysis of hypothetical scenarios.

3. Discuss safety procedures and corrective measures required to address quality control concerns.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss potential improvements to the laser marking process by exploring research
findings and industry best practices. We will evaluate how these improvements can enhance efficiency
and quality. Additionally, we will develop and justify recommendations based on classroom learning
and hypothetical scenarios, and review safety procedures and corrective measures to address any
quality control concerns.

- Ask

Ask the participants the following questions:

e What are some common challenges in the laser marking process, and how can we improve the
overall quality and efficiency?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

— Elaborate

Improving the Laser Marking Process: Research, Industry Best Practices, and Safety Procedures

The laser marking process is a crucial aspect of many manufacturing operations, including the
semiconductor and electronics industries, where precise, durable markings are essential. As laser
technology continues to advance, identifying potential improvements and ensuring the process is
aligned with industry best practices becomes increasingly important for optimizing efficiency, quality,
and safety. Below, we’ll explore potential improvements to the laser marking process based on research
findings and industry best practices, followed by recommendations for process improvements, and the
role of safety procedures in maintaining quality control.
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Potential Improvements to the Laser Marking Process

1. Laser Power Optimization: One of the critical factors affecting the quality of laser marking is the
laser power. Research has shown that optimizing laser power can prevent issues such as inconsistent
depth, excessive burning, and inaccurate marks. By adjusting the power settings based on material
types and thicknesses, operators can ensure better precision and reduce the need for manual
adjustments. Industry best practices recommend using power feedback systems to monitor and
adjust the laser power in real-time to maintain consistency.

2. Laser Focus Adjustment: Maintaining accurate focus is essential for producing high-quality, clear
marks. Advances in laser marking systems have introduced automatic focus adjustment, which can
be programmed based on the material surface’s shape and contours. This can significantly reduce
the occurrence of blurred or distorted marks. Regular focus calibration and automatic feedback
systems can ensure optimal marking quality, thereby minimizing human error and maximizing
operational efficiency.

3. Improved Software Control: Software control plays a pivotal role in laser marking operations.
Research in the field has highlighted the potential of using advanced algorithms and machine
learning to enhance the precision of laser marking machines. These systems can analyze marking
data, detect errors in real-time, and adjust settings autonomously. By integrating smart software
that predicts potential issues based on historical data, the laser marking process can become more
adaptive, reducing downtime and improving throughput.

4. Integration of Advanced Materials: Materials used in laser marking affect the final product’s quality.
Research in the area of advanced laser marking materials has led to innovations that provide higher
durability, clarity, and resistance to environmental factors. New materials such as high-performance
alloys or nano-coatings are being developed to enhance the quality of laser-etched markings,
especially in demanding environments like semiconductor production.

5. Enhanced Cooling and Exhaust Systems: Efficient cooling and exhaust systems are critical for
maintaining the longevity and efficiency of laser machines. Industry best practices advocate for
the use of upgraded filtration systems to maintain the air quality in the work area and prevent
overheating. High-efficiency particulate air (HEPA) filters and better ventilation systems help
manage the fumes and debris generated during laser marking, ensuring both worker safety and
optimal equipment performance.

Recommendations for Process Improvements

Based on classroom learning and hypothetical scenarios, several process improvements can be
implemented to enhance the laser marking process:

1. Enhanced Training and Standard Operating Procedures (SOPs): Regular training for operators and
maintenance personnel is critical for ensuring the laser marking process runs smoothly. Operators
should be thoroughly trained on system calibration, troubleshooting, and the interpretation of
system logs. Additionally, well-documented SOPs should be in place for every aspect of the process,
including machine setup, laser calibration, focus adjustments, and quality control checks.

2. Periodic Maintenance and Calibration: Establishing a preventive maintenance schedule that
includes routine inspections and calibration checks can minimize the occurrence of errors. For
instance, laser alignment and focus adjustments should be performed at regular intervals, not only
when issues arise. A preventive maintenance approach ensures that minor issues are detected
early, reducing unplanned downtime and maintaining the consistency of marks across production
runs.

3. Data-Driven Process Optimization: The laser marking process can benefit greatly from data
analytics. By collecting data on marking quality, machine performance, and environmental factors,
manufacturers can analyze trends and identify areas for improvement. Using statistical methods
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and machine learning models, operators can predict potential issues before they affect production,
allowing for timely interventions. Furthermore, tracking historical performance data enables
continuous optimization of the marking process.

Automation and Robotics Integration: The integration of automation and robotics into the laser
marking process can lead to significant improvements in both efficiency and quality. Automated
systems can help achieve consistent placement of parts, precise focusing, and even batch processing,
reducing variability introduced by human operators. Robotics can also facilitate the handling of
delicate or large wafers that require precise positioning, reducing the risk of damage.

Safety Procedures and Corrective Measures for Quality Control

Ensuring the safety of operators and maintaining high-quality standards in laser marking operations
requires strict adherence to safety procedures and corrective measures:

Safety Interlocks and Emergency Shutdown: Laser marking machines are equipped with safety
interlocks and emergency stop mechanisms designed to protect operators from accidents and
ensure safe operation. Regular checks and testing of these safety features are crucial to ensure that
the system will react appropriately in case of an emergency. Operators must be trained to recognize
faulty interlocks and immediately address them to prevent potential accidents.

Personal Protective Equipment (PPE): Operators working with laser marking equipment should be
equipped with the necessary PPE, including protective eyewear and gloves. Since laser systems can
emit harmful radiation, proper shielding and protective measures should be in place to minimize
exposure. Ensuring that operators are properly trained on the use of PPE can significantly reduce
the risk of accidents or injuries.

Environmental Safety Measures: Adequate ventilation and exhaust systems are necessary to
mitigate the risks posed by fumes and particles released during laser marking. The installation of
high-efficiency air filters and exhaust fans helps to maintain a clean and safe working environment.
Moreover, regular cleaning and maintenance of these systems are essential for maintaining their
effectiveness.

Root Cause Analysis and Corrective Actions: When quality issues arise, it’s essential to perform
root cause analysis (RCA) to understand the underlying factors contributing to defects. By analyzing
historical quality control data and conducting systematic inspections, operators can identify
recurring problems and implement corrective measures. For example, issues like inconsistent depth
or clarity can be addressed by recalibrating the laser, adjusting the power, or improving the cleaning
routine for lenses and other optical components.

The laser marking process plays a vital role in various manufacturing operations, and continuous
improvements are essential to maintain high-quality standards, optimize production, and ensure
safety. By leveraging research findings, industry best practices, and process optimization techniques,
manufacturers can enhance the precision and efficiency of their laser marking systems. Furthermore,
safety procedures and corrective measures play a critical role in safeguarding operators and maintaining
quality control standards. Through regular training, maintenance, data-driven optimization, and the
integration of automation, the laser marking process can evolve to meet the growing demands of the
industry.
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Let us participate in an activity to explore the unit a little more.

— Activity | =&

Group Activity: Improving the Laser Marking Process through Analysis and Safety Considerations

Group Size: 4-6 participants

Materials:
e Whiteboard or flipchart
e Markers
e Sticky notes (different colors)
e Research findings or industry best practices handouts (optional)

e Hypothetical scenario cards (described below)
Activity Duration: 60 minutes

Instructions:
1. Introduction (5 minutes):

e Introduce the activity’s objective: to evaluate and improve the laser marking process by
applying research findings and industry best practices while ensuring safety procedures are
considered.

e Briefly explain the laser marking process and common quality control challenges, such as
inconsistent marking quality, machine malfunctions, or safety concerns.

2. Scenario Distribution (5 minutes):
e Divide participants into groups (4-6 members).

e Distribute a hypothetical scenario card to each group. Each scenario card will describe a
quality control concern or an operational challenge related to the laser marking process.

e Groups should assess the current process based on the scenario and use industry best
practices, classroom learning, and research findings to propose process improvements.

Group Discussion and Planning (25 minutes):
e Instruct each group to address the following key points in their discussion:
1. Identify the Problem:
e What specific quality control or operational concern is being highlighted in the scenario?
e How does this concern impact the efficiency or safety of the laser marking process?
2. Research and Best Practices:

e Based on the research findings and industry best practices, what improvements could be
made to address this issue?

e Are there any technological innovations, process adjustments, or equipment upgrades that
could be applied to improve efficiency, consistency, or safety?
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3. Safety Procedures and Corrective Measures:

e What safety measures need to be followed or improved in response to the identified
concern?

e Discuss any corrective actions needed to address potential hazards, machinery risks, or
human errors.

4, Recommendations and Justification:

e Proposespecificimprovementstothe laser marking process, justifying each recommendation
based on industry standards, the research findings, and the group’s classroom learning.

e Ensure that recommendations consider both process optimization and safety.

Group Presentations (20 minutes):

e Each group will present their findings and proposed solutions to the class. Presentations should
include:

o A brief summary of the scenario and the identified challenge.

o The proposed improvements to the laser marking process.

o Justifications based on research, best practices, and classroom learning.
o The safety procedures or corrective actions that need to be followed.

e After each presentation, allow the class to ask questions and provide feedback.
Debriefing and Key Takeaways (10 minutes):

Facilitate a class-wide discussion to highlight the following:
e What were the key insights gained from each group’s presentation?
e How did the groups approach the problem differently, and what were the common solutions?
e What safety considerations did each group emphasize in their recommendations?

e How can these improvements be implemented in real-world scenarios?
Examples for Scenario Cards:

Scenario 1: Inconsistent Marking Depth Across Batches

e Background: The quality control team has noticed that marking depth varies significantly across
different batches, leading to inconsistencies in product quality. Some batches have deeper
marks, while others are too shallow.

e Task:

o Research and propose potential process improvements to address the issue of inconsistent
marking depth.

o Consider equipment calibration, laser power settings, and material variability in your
recommendations.

o Discuss safety measures and quality control procedures to prevent this issue from recurring.
o Justify your recommendations with data or industry best practices.
e Hint:

o Explorethe role of laser focus adjustments and periodic calibration in maintaining consistent
depth.
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Scenario 2: High Rate of Failed Marks Due to Lens Contamination

e Background: The team has observed anincreased rate of failed marks due to lens contamination,
resulting in blurry or incomplete markings. This is happening more frequently, especially in high-
production runs.

e Task:
o Evaluate potential improvements to the cleaning process to prevent lens contamination.

o Recommend changes to maintenance schedules, cleaning techniques, and lens protection
to ensure consistent marking quality.

o Discuss the safety procedures required to address this issue and prevent damage to
equipment.

o Justify your suggestions based on industry practices for lens maintenance.
e Hint:

o Review cleaning frequency, use of protective lens covers, and ventilation in the marking
area.

Scenario 3: Inconsistent Marking Quality Due to Environmental Factors

e Background: There have been reports of inconsistent marking quality that seem to correlate
with changes in the workshop environment, such as temperature fluctuations and dust levels.
This has led to varying results in the laser marking process.

e Task:

0 Research improvements to the workshop environment to ensure consistent marking quality,
such as temperature control, air filtration, or dust reduction.

o0 Propose adjustments to the laser marking process to mitigate the impact of these
environmental factors.

o Discuss the safety measures to ensure the environment remains optimal for laser marking
and to protect operators.

o Justify your recommendations with data or examples from the industry.
e Hint:

o Look into environmental controls such as air filtration systems, temperature regulation, and
humidity management.

Activity Duration Resources used
Improving the Laser 60 minutes Whiteboard or flipchart, Markers, Sticky
Marking Process notes (different colors), Research findings
through Analysis and or industry best practices handouts
Safety Considerations (optional), Hypothetical scenario cards
(described below) etc.
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Do |/

e Guide the trainees throughout the activity

e Ensure that all trainees participate in the activity

- Notes for Facilitation

e Base improvements on research, trends, and examples to justify decisions.

e Focus on addressing safety concerns and applying quality control measures.

e Ensure recommendations are actionable and include clear implementation plans.
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Unit 4.5: Defect Management and Reporting

- Unit Objectives |©

At the end of this unit, the participants will be able to:

1. Apply quality control specifications to identify non-compliant wafers in a simulated scenario
and document deviations.

2. Demonstrate marking or flagging defective wafers and explain segregation procedures.

3. Show how to document the quantity and nature of defects identified in simulated segregated
wafers.

4. Demonstrate using designated forms or electronic systems to record inspection data.

5. Prepare reports summarizing simulated inspection findings and highlighting deviations from
quality control specifications.

6. Role-play reporting deviations from specifications to appropriate personnel (e.g., supervisor,
quality control department) as per SOPs.

- Resources to be Used

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser
pointer, etc.

- Note

In this unit, we will discuss the application of quality control specifications for identifying and
documenting non-compliant wafers in a simulated scenario. You will learn how to flag defective wafers,
segregate them properly, and record inspection data using designated forms or electronic systems.
Additionally, the unit covers the process of preparing reports, summarizing findings, and reporting
deviations to the appropriate personnel following SOPs.

- Ask

Ask the participants the following questions:

e What are the key steps involved in identifying and documenting non-compliant wafers during
quality control inspections?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the
answers and start teaching the lesson.

- Elaborate

Quality Control and Inspection of Laser Marked Wafers
Laser marking is a precision process widely used in semiconductor wafer production. Ensuring the

highest quality standards for laser-marked wafers is crucial to maintain the integrity and functionality
of the devices produced. The process involves thorough quality control (QC) procedures at multiple

o
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stages, and any deviation from the expected standards can result in non-compliant wafers, which could
compromise the end product. In this context, it is important to establish and apply quality control
specifications, identify defects, segregate non-compliant wafers, and document these deviations
effectively. Below is an overview of how these steps can be applied in practice, including a breakdown
of inspection, documentation, and reporting processes.

1. Applying Quality Control Specifications to Identify Non-Compliant Wafers: Quality control
specifications define the expected criteria that a product must meet. For laser-marked wafers, these
specifications include various attributes such as marking clarity, depth, uniformity, and accuracy.
Quality control checks are typically conducted at different stages of production to ensure the
markings are consistent and meet the desired standards.

Key Steps to Identify Non-Compliant Wafers:

Clarity and Visibility: The clarity of the laser markings is a crucial factor. Any blurred or faint
marks indicate potential issues with the laser settings or the wafer’s surface. Inspectors use
maghnification tools to visually inspect the wafer’s surface and detect any issues.

Depth and Uniformity: Marking depth must be uniform across the wafer. Depth inconsistencies
can lead to under or over-marking, affecting the readability or functionality of the wafer.
Measuring depth with precision tools ensures it adheres to the required depth specifications.

Laser Beam Focus: A misaligned or unfocused laser beam can create irregular marking patterns.
Inspectors need to verify that the laser beam is focused correctly and consistently across all
areas of the wafer.

Edge Detection: Inspecting the edges of the wafer for any signs of overburn or underburn is
important. Any irregularities at the edges can indicate a deviation in the laser power, speed, or
alignment.

Non-compliant wafers are identified based on these specifications and any other set criteria, such as
wafer thickness, surface defects, or contamination.

2. Marking or Flagging Defective Wafers and Explaining Segregation Procedures: Once non-compliant
wafers are identified, it is crucial to mark or flag them clearly to avoid them being mistakenly
processed further down the line. Flagging helps ensure defective wafers are kept separate from
compliant ones and undergo necessary corrections or repairs.

Marking and Flagging Procedures:

Physical Marking: Defective wafers can be physically marked using color-coded tags or labels.
These markings are clear indicators that the wafer requires further examination or rework.

Laser Flagging: In some cases, the defective wafer can be flagged by marking it with a distinctive,
temporary laser marking to highlight the defect area, making it easier for operators to identify
the issue later.

Barcode or RFID Tags: Some advanced processes employ barcode or RFID technology to flag
defective wafers electronically. These systems allow for easy tracking, updating, and retrieval of
defective wafer data.

Segregation Procedures:

Separate Storage Areas: Defective wafers are placed in separate containers or designated areas,
distinct from compliant wafers, to prevent contamination.

Color-Coded Bins: To quickly segregate defective wafers, manufacturers often use color-coded
bins. Each color represents a different type of defect or severity, enabling easier handling by

ope rators.
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e Rework or Disposal: Wafers that are found to be non-compliant may either undergo rework
procedures or be discarded depending on the severity of the defect and the possibilities for
repair.

3. Documenting the Quantity and Nature of Defects in Segregated Wafers: Once defective wafers are
segregated, documenting the defects is essential for tracking quality control issues and ensuring
accountability. Proper documentation provides valuable data for identifying trends, improving
processes, and preventing future defects.

Key Aspects of Documentation:

e Defect Type: Clearly record the type of defect observed, whether it’s clarity, depth, uniformity,
or any other issue. This helps in understanding the nature of the defect and the underlying
causes.

e Quantity of Defective Wafers: The number of defective wafers found in each batch or lot must
be recorded. This helps in monitoring the extent of the defect and provides data on whether the
issue is isolated or widespread.

e Location and Size of Defects: For detailed reporting, it’s important to note the specific locations
where defects occur (e.g., edges, center, or specific regions of the wafer) and their size (small,
medium, large).

e Root Cause Identification: If the defect is consistent, investigate potential root causes, such as
misalignment, inconsistent laser settings, or faulty equipment. These observations should be
documented for further analysis.

Recording defect types and quantities helps build a historical record of issues, which can be analyzed to
spot recurring problems and determine necessary corrective actions.

4. Using Designated Forms or Electronic Systems to Record Inspection Data: Effective documentation
of inspection data is essential for quality control. Companies often employ both paper-based forms
and electronic systems for recording inspection findings.

Paper-Based Forms:

e Inspection Checklists: Manual inspection checklists can be used to ensure all relevant criteria
are checked during the inspection process. Inspectors record observations on these forms and
indicate whether each wafer meets the specifications.

e Defect Logs: Specific forms or logs track defect type, location, quantity, and any corrective
actions taken.

Electronic Systems:

e Quality Management Software (QMS): Many organizations use QMS software that allows
inspectors to input data digitally. This software streamlines defect tracking, automatic reporting,
and data analysis.

e Database Systems: For large-scale operations, inspection data can be stored in a central
database, accessible by quality control managers and supervisors for easy retrieval and analysis.

e Barcode Scanning Systems: Some companies use barcode scanners to log wafers. The barcode
linked to the wafer automatically updates the defect status, tracking which wafers have been
flagged or removed from production.

Both paper and electronic systems must comply with SOPs to ensure accuracy and traceability of data.
Consistency in how data is recorded also makes it easier to analyze the data later for trends or recurring
issues.
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5. Preparing Reports Summarizing Inspection Findings: After completing wafer inspections,
summarizing the findings into clear, concise reports is crucial for communication within the
organization. These reports highlight deviations from quality control specifications and provide the
necessary details to make decisions about rework, repairs, or rejections.

Key Components of an Inspection Report:

e Summary of Defects: A clear summary of the defects found, including their types, severity, and
guantity. This gives a quick overview of the wafer quality.

e Trend Analysis: If defects are recurring over time, the report should include trend analysis
showing whether the issue is becoming more frequent and potential causes.

e Actions Taken: A record of any actions taken during the inspection, including flags raised, rework
performed, or wafers removed from the production line.

e Recommendations for Improvement: Based on the findings, the report may include
recommendations for improving the process, equipment calibration, or training to prevent
defects.

Inspection reports are typically sent to supervisors, quality control departments, or production
managers, and they form part of the continuous improvement process.

6. Reporting Deviations from Specifications to Appropriate Personnel: Deviations from specifications
must be reported immediately to ensure that corrective actions are taken in a timely manner. As
per SOPs, it is crucial to inform the appropriate personnel—such as supervisors, technicians, or the
quality control department—when non-compliant wafers are identified.

Reporting Procedures:

¢ Timely Communication: Ensure that deviations are reported immediately to avoid further
processing of defective wafers. Delays in reporting can lead to larger batches being affected.

e Clear Documentation: The report should be clear and concise, outlining the defect type,
guantity, and any relevant inspection data. This allows supervisors or quality control personnel
to assess the issue quickly.

e Follow-up Actions: Once deviations are reported, follow up on corrective actions or rework.
Document these actions for future reference and quality control audits.

e Escalation: If a defect is deemed severe or unresolvable within standard procedures, escalate
the issue to higher management for further investigation or decision-making.

By adhering to these SOPs, organizations can ensure that defects are promptly addressed, minimizing
production disruptions and improving overall product quality.

Effective quality controlin laser markingis an essential part of ensuring the accuracy, clarity, and reliability
of semiconductor wafers. By applying quality control specifications, identifying and documenting
defects, segregating non-compliant wafers, and using both paper and electronic systems for reporting,
organizations can ensure that their marking process meets industry standards. Additionally, preparing
clear reports and promptly communicating deviations to the appropriate personnel allows for swift
corrective actions to be taken. These practices play a critical role in maintaining a high level of quality
in semiconductor wafer production, reducing waste, improving efficiency, and ensuring customer
satisfaction.
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- Say [fa

Let us participate in an activity to explore the unit a little more.

— Activity | /&

Group Activity: Simulated Wafer Inspection and Quality Control Process

Group Size: 4-6 participants

Materials:
e Aset of simulated wafer samples (these can be physical objects or represented by images)
e Quality control specification sheets (defining acceptable defects and tolerances)
e Inspection forms or electronic systems (for recording inspection data)
e Sticky notes (for marking defective wafers)
e Markers

e Segregation area or designated containers (for defected wafers)
Activity Duration: 60 minutes

Instructions:
1. Introduction to the Activity (5 minutes):

e Briefly explain the purpose of the activity: to simulate a wafer inspection process where
participants will apply quality control specifications to identify defects, segregate non-
compliant wafers, document findings, and report deviations following standard operating
procedures (SOPs).

e Provide each group with a set of wafer samples, quality control specifications, inspection
forms, and segregation instructions.

2. Inspection and Identification (20 minutes):
e Each group will inspect the wafers according to the quality control specifications provided.

e Participants should identify any non-compliant wafers based on defined defect categories
(e.g., cracks, scratches, improper dimensions).

e As they identify defects, they should mark or flag the wafers accordingly (e.g., using sticky
notes) and segregate defective wafers from compliant ones into separate containers or
areas.

3. Documentation and Reporting (20 minutes):

e After the inspection and segregation process, the group will use the designated forms or
electronic systems to record the nature and quantity of the defects identified.

e Eachgroup will prepare a short report summarizing their findings, highlighting any deviations
from the quality control specifications. The report should include:

o The number of defective wafers.
o The nature of the defects found.

o Any potential causes or patterns observed during the inspection.
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4. Role-Playing the Reporting Process (15 minutes):

e Each group will role-play reporting the deviations to the appropriate personnel (e.g.,
supervisor, quality control department), adhering to the standard operating procedures
(SOPs). This may include:

¢ Informing a supervisor about the defects and how they were identified.
e Presenting the inspection report and discussing next steps for addressing the issues.
5. Wrap-up and Discussion (10 minutes):

e Conclude the activity with a group discussion about the challenges faced during the
inspection process.

e Encourage participants to share how they ensured compliance with quality control
specifications and how they handled the documentation and reporting process.

Examples for Scenario Cards:

Scenario 1: Defective Wafers Due to Shallow Marking Depth

e Background: During a simulated inspection, you notice that a batch of wafers shows shallow
laser markings that do not meet the required depth specifications. This could lead to the wafers
being non-compliant with the quality control standards.

e Task:
o Identify and flag all wafers with shallow markings.
o Document the number of affected wafers and the nature of the defect (shallow marking).
o Use the designated forms or system to record this defect.
0 Report the deviation to the quality control department following SOPs.
e Hint:

o Refer to the quality control specifications for the minimum acceptable marking depth and
compare it with the actual markings.

Scenario 2: Non-Uniform Marking Quality Across Wafers

e Background: While inspecting a batch of wafers, you observe that the laser marking is uneven
across the surface of the wafers. Some areas are too dark, while others are too light, indicating
non-uniform marking quality.

e Task:
o Identify and flag wafers with uneven marking quality.
o Record the quantity of affected wafers and the nature of the deviation (uneven markings).
o Segregate the non-compliant wafers for further analysis.
o Prepare a report summarizing the inspection findings, highlighting the deviations.
e Hint:

o Ensure to document the severity of the non-uniform markings and report them to the
supervisor using the correct SOPs.

Scenario 3: Wafers with Blurry Markings Due to Lens Contamination

e Background: During routine inspection, you find several wafers with blurry laser markings.
Upon further investigation, you suspect that lens contamination is the cause.
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e Task:
o Identify and flag the wafers with blurry markings.

o Document the affected wafers, noting the issue of lens contamination as the potential
cause.

o Record the quantity and nature of defects using the designated inspection forms.

o Report the issue to the appropriate personnel for corrective action (e.g., cleaning the
lenses).

e Hint:

o Ensure to check whether lens contamination is a recurring issue and consider preventive
measures like cleaning or proper storage.

Activity Duration Resources used
Simulated Wafer 60 minutes A set of simulated wafer samples (these
Inspection and Quality can be physical objects or represented
Control Process by images), Quality control specification

sheets (defining acceptable defects and
tolerances), Inspection forms or electronic
systems (for recording inspection data),
Sticky notes (for marking defective wafers),
Markers, Segregation area or designated
containers (for defected wafers) etc.
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Scan the QR codes or click on the link for the e-books

https://www.skillindiadigital.gov.in/content/list

Employbility Skills
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Annexure -1

Training Delivery Plan

Program Name

Assembly Process Sr. Engineer — Laser Marking

Qualification Pack and
reference ID

Assembly Process Sr. Engineer — Laser Marking-TEL/Q7203

Version No.

5.0 Version Update Date NA

Pre-Requisite License or Training

NA

Training Outcomes

At the end of the program, the learner should have acquired the listed
knowledge and skills to:
« Set up and configure laser marking parameters for semiconductor wafers
with precision.
» Accurately operate laser machines to etch identification marks on wafers.
« Inspect and verify marked wafers to ensure quality and compliance with
specifications.
e Perform routine maintenance, calibration, and safety checks on laser
equipment.
+  Document marking and maintenance processes, reporting issues promptly as
per protocols.
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= Module Name
No.

Role and
Responsibilities
of Assembly
Process
Specialist (Laser
Marking

Session
Name

Semiconductor
s in Telecom
Devices

1

Session
Objectives

. Understand the
basic properties
and functions of
semiconductors

. Explain the role
of
semiconductors
in enabling signal
transmission and
data processing
in telecom
devices.

. Identify key
semiconductor
components used
in telecom
equipment.

Quality Control
in Telecom
Manufacturing

—_

. Define quality
control and its
importance in
ensuring the
functionality and
reliability of
telecom
equipment.

. Describe
procedures and
standards for

maintaining

quality during

production.
Cleanroom 1. Explain the
Safety and Best purpose of a
Practices cleanroom and

its importance in
semiconductor
manufacturing.

. List essential
safety
precautions to
follow, including
proper use of
personal
protective
equipment (PPE).

. Research and
identify safety
protocols and
best practices for
cleanroom and
laser marking
environments

NOS
Reference

TEL/N7208:
Operate
Laser
Marking
Machine for
Semiconduc
tor Wafers

Methodology

Interactive
Lecture in the
Class

Training
Tools Aids

Whiteboard,
Marker,
Duster,

Projector,
Laptop,
PowerPoint

Presentation,

PPE Kit

Duration

T:05:00
P :00:00

Interactive
Lecture in the
Class

Whiteboard,
Marker,
Duster,

Projector,
Laptop,
PowerPoint

Presentation,

PPE Kit

T:05:00
P :00:00

Interactive
Lecture in the
Class

Whiteboard,
Marker, Duster,
Projector,
Laptop,
PowerPoint
Presentation,
PPE Kit

T:05:00
P :00:00
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considerations.

. Explain properties

of common
semiconductor
materials used in
laser marking.

NS(')' Module Name S;:s:en Olso;:::i)\?es Ref':?esnce Methodology TI':'S";_G?’S Duration
Laser Marking | 1. Understand the Interactive Whiteboard, T:05:00
and the Role of | laser marking Lecture in the Marker, P :00:00
Assembly process and its Class Duster,

Process application in Projector,
Specialists telecom device Laptop,
manufacturing. PowerPoint
2. Explain the Presentation,
responsibilities of PPE Kit
Assembly Process
Specialists in
ensuring accurate
wafer marking.
3. Highlight the
importance of
precision, safety,
and efficiency in
laser marking
operations.
Essential Skills |1. Identify key Interactive Whiteboard, T:05:00
for Success in interpersonal and Lecture in the Marker, P :00:00
Laser Marking communication Class Duster,
skills necessary Projector,
for effective Laptop,
teamwork and PowerPoint
role execution. Presentation,
2. Discuss technical PPE Kit
skills required for
laser marking,
including machine
operation and
maintenance.
3. Explore
opportunities for
skill development
and career
advancement in
the telecom
industry.

2. |Operating Laser-Material |1. Explain laser- TEL/N7208: Interactive Whiteboard, T:25:00
Laser Marking |Interaction and material Operate Lecture in the Marker, P :90:00
Systems Semiconductor interaction and its Laser Class Duster,

Properties impact on Marking Projector,
marking quality. | Machine for Laptop,

2. Compare laser Semiconduct PowerPoint
types for or Wafers Presentation,
suitability with PPE KIT
different
materials and
safety
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Session NOS
Objectives Reference

Session
Name

S.
No. Module Name

Operating the
Laser Marking
Machine
Safely

2.

. Identify proper

handling techniques for
semiconductor wafers.
Describe safe work
practices for operating
the laser marking
machine.

. Explain the functions of

laser marking machine
components and their
role in marking.

. Explain functionalities

of the control panel and
data interpretation for
monitoring.

. Describe safe loading

and unloading
procedures for
semiconductor wafers.

. Explain the importance

of adhering to SOPs for
safe and efficient
operation.

Ensuring
Consistent
Marking
Quality

. Explain the importance

of consistent marking
quality and its impact
on product function.

. Identify inspection

techniques and explain
their effectiveness for
detecting various
defects.

. Evaluate marking

quality and make
adjustments to laser
parameters within the
allowable range to
maintain consistency.

. Monitor the marking

process visually and
using the machine’s
camera system (if
available) to identify
deviations.

Process
Monitoring
and
Troubleshoot-
ing

n

. to identify deviations

from optimal laser
marking parameters.

. Explain the significance

of data interpretation
for process
improvement.

. Document adjustments

made to laser
parameters and the
reason for these
adjustments in the
designated logbook.

Trainin .
Methodology Tools Aigs Duration
Interactive Whiteboard, T:25:00
Lecture in Marker, Duster,| P: 90:00
the Class Projector,
Laptop,
PowerPoint
Presentation,
PPE Kit
Interactive Whiteboard, T: 25:00
Lecture in Marker, Duster,| P: 90:00
the Class Projector,
Laptop,
PowerPoint
Presentation,
PPE Kit
Interactive Whiteboard, T: 25:00
Lecture in Marker, Duster, | P: 90:00
the Class Projector,
Laptop,
PowerPoint
Presentation,
PPE Kit




Facilitator Guide

S.
No.

Module Name

Session
Name

Session
Objectives

. Troubleshoot minor

operational issues by
consulting
oubleshooting guides
and SOPs.

. Implement basic

solutions, such as
cleaning laser optics
or restarting software.

. Report unresolved

issues or suspected
major malfunctions to
designated personnel
for further action.

. Document

troubleshooting
attempts and
outcomes in the
maintenance log.

Pre-
Operation
and
Maintena-
nce
Procedures

. Identify SOP content

and emphasize critical
steps for setup,
operation,
maintenance, and
troubleshooting.

. Perform pre-operation

system checks to
prepare the laser
marking machine for
operation following
SOPs.

. Identify common

warning signs of
potential equipment
malfunctions.

. Explain preventative

maintenance
procedures to ensure
optimal machine
performance.

Executing
the Laser
Marking
Process

—_

. Select laser parameters

based on customer
specifications and
material properties
using the machine
control panel.

. Apply appropriate

handling techniques to
load and unload
semiconductor wafers.

. Execute the laser

marking process for
semiconductor wafers.

. Document process

parameters and
adjustments in the
designated logbook.

NOS
Reference

Methodology

Training
Tools Aids

Duration

Interactive Whiteboard, T: 25:00
Lecture in the| Marker, Duster, | P: 90:00
Class Projector,
Laptop,
PowerPoint
Presentation,
PPE Kit
Interactive whiteboard, T: 25:00
Lecture in the| marker, duster, | P: 90:00
Class projector,
laptop,
powerpoint
presentation
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"~ Module Name

Laser Marking
Equipment
Maintenance

Session
Name

Safe Operation
and Handling
Procedures

_

Session
Objectives

. Explain the

principles of
safe operation
and handling
procedures for
laser marking
machines,
emphasizing
the importance
of adhering to
SOPs.

. Explain the

function and
importance of
safety
interlocks and
emergency
stop buttons,
and describe
procedures for
verifying their
functionality.

. Describe safe

procedures for
shutting down
operations and
securing the
work area in
case of a major
malfunction,
following SOPs.

Maintenance
and Cleaning of
Laser Marking
Machines

. Describe proper

cleaning
techniques for
the laser
marking
machine’s
exterior
surfaces and
optical
components
(lenses)
according to
SOPs.

. Discuss

appropriate
cleaning
methods and
frequency for
objective and
focusing lenses
based on usage
and SOPs,
explaining the
impact on
marking quality.

NOS
Reference

TEL/N7209:
Maintain
Laser
Marking
Equipment

Methodology

Interactive
Lecture in the
Class

Training
Tools Aids

Training kit (Trainer
guide, Presentations),
Whiteboard, Marker,

Projector, Laptop,
Presentation,
Participant
Handbook, etc.,
Visual inspection
tools (e.g., flashlight,
magnifying glass),

Cleaning supplies

(e.g., wipes, cloths,

specific cleaning
solutions for exterior
surfaces and lenses),

Personal Protective

Equipment (PPE)

(e.g., safety glasses,
gloves), Simulator or
non-functional laser
marking equipment

(for practicing
alignment
procedures),omputer
with access to
system logs,

Consumables (e.g.,

cleaning supplies,

compressed air),
Documentation
forms or electronic
record keeping
system

Duration

T: 30:00
P: 60:00

Interactive
Lecture in the
Class

Training kit (Trainer
guide, Presentations),
Whiteboard, Marker,
Projector, Laptop,
Presentation,
Participant
Handbook, etc.,
Visual inspection
tools (e.g., flashlight,
magnifying glass),
Cleaning supplies
(e.g., wipes, cloths,
specific cleaning
solutions for exterior
surfaces and lenses),

T: 30:00
P: 60:00
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. i Session A .
No. Module Name S;:s:en Objectives Ref':?esnce Methodology TIr:IIsnII-{‘igs Duration
Grievance |3. Perform cleaning of Interactive | whiteboard, marker,
Handling the exterior surfaces of Lecture in the | duster, projector,
and Conflict the machine using Class laptop, powerpoint
Resolution appropriate cleaning presentation
agents as per SOPs. Personal Protective

4. Perform cleaning of Equipment (PPE)
the laser marking (e.g., safety glasses,
machine’s objective gloves), Simulator or
and focusing lenses non-functional laser
following SOPs marking equipment
(consider weekly or (for practicing
monthly based on alignment
usage). procedures),

5. Explain the Computer with
importance of access to system
maintaining proper logs, Consumables
airflow and filter (e.g., cleaning
condition in the supplies,
exhaust system based compressed air),
on usage and SOPs, Documentation
and its role in system forms or electronic
performance and record keeping
safety. system

6. Inspect the laser
marking machine'’s
exhaust system for
proper airflow and
filter condition
(consider weekly or
monthly based on

usage).
Equipment |1. Describe procedures Interactive | Training kit (Trainer | T: 30:00
Functionali- for verifying and Lecture in the guide, P: 60:00
ty and adjusting laser beam Class Presentations),
Diagnostics alignment and focus Whiteboard, Marker,
using a designated Projector, Laptop,
target according to Presentation,
SOPs. Participant
2. Practice procedures Handbook, etc.,
for verifying and Visual inspection
adjusting laser beam tools (e.g.,
alignment and focus flashlight,
using a simulator or magnifying glass),
non-functional Cleaning supplies
equipment (if (e.g., wipes, cloths,
applicable). specific cleaning
3. Explain how to solutions for
interpret system logs exterior surfaces
to identify potential and lenses),
errors or unusual Personal Protective
operating parameters, Equipment (PPE)
and emphasize the (e.g., safety glasses,
importance of gloves), Simulator
following SOPs for or non-functional
troubleshooting. laser marking
4. Analyze system logs to equipment (for

identify potential
errors or unusual
operating parameters.
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Session Session NOS

essic Training
Name Objectives Reference

Tools Aids

= Module Name
No.

Methodology Duration

. Explain the normal

operating sounds,
vibrations, and error
messages associated with
the laser marking machine.

. Demonstrate utilizing

recordings or simulations
to familiarize with the
normal operating sounds,
vibrations, and error
messages.

Quality
Control
and
Troubles-
hooting

. Describe how to identify

deviations from expected
marking quality, such as
uneven depth, burning, or
flickering laser beam,
recognizing their potential
causes.

. Observe simulated or pre-

recorded examples of
deviations from expected
marking quality (uneven
depth, burning, flickering)
and discuss potential
causes.

. Explain warning signs of

potential equipment
malfunctions based on
training and SOPs (e.g.,
unusual odor, excessive
heat), and the importance
of preventive maintenance

. dentify proper channels for

reporting major equipment
malfunctions to designated
personnel as per SOPs.

. Explain how to document

equipment malfunctions,
including error messages,
symptoms, and
observations, to facilitate
troubleshooting and repair.

Interactive

Lecture in the

Class

practicing
alignment
procedures),
Computer with
access to system
logs,
Consumables
(e.g., cleaning
supplies,
compressed air),
Documentation
forms or
electronic record
keeping system.

Interactive

Lecture in the

Class

Training kit (Trainer
guide,
Presentations),
Whiteboard,
Marker, Projector,
Laptop,
Presentation,
Participant
Handbook, etc.,
Visual inspection
tools (e.g.,
flashlight,
magnifying glass),
Cleaning supplies
(e.g., wipes, cloths,
specific cleaning
solutions for
exterior surfaces
and lenses),
Personal Protective
Equipment (PPE)
(e.g., safety glasses,
gloves), Simulator
or non-functional
laser marking
equipment (for
practicing
alignment
procedures),
Computer with
access to system
logs, Consumables
(e.g., cleaning
supplies,
compressed air),
Documentation
forms or electronic
record keeping
system.

T: 30:00
P: 60:00




Facilitator Guide

S.
No. Module Name

Session
Name

Consumab-
les and
Data
Managem-
ent

Session
Objectives

. Identify the types of

consumables used in
the marking process
and the procedures for
replenishing them
according to SOPs.

. Replenish

consumables used in
the marking process,
such as cleaning
supplies or
compressed air,
following SOPs.

. Simulate or role-play

the process of
identifying and
replenishing
consumables in a
classroom setting.

. Explain data backup

procedures as outlined
in IT policies,
emphasizing the
importance of data
security.

Documenta
tion and
Record-
Keeping

—_

. Describe the

importance of
accurate and complete
documentation for all
maintenance tasks
performed, following
SOP guidelines.

. Practice filling out

documentation forms
for maintenance tasks
performed.

. Explain the importance

of maintaining
accurate, legible, and
signed records of all
maintenance activities
for future reference
and ensuring
traceability.

. Describe record-

keeping procedures
for documenting all
maintenance activities,
including date, time,
tasks performed,
adjustments ts made,
and troubleshooting
steps taken, following
SOPs.

NOS
Reference

Methodology

Training
Tools Aids

Training kit (Trainer
guide, Presentations),
Whiteboard, Marker,

Projector, Laptop,
Presentation,
Participant Handbook,
etc,,

Visual inspection tools
(e.g., flashlight,
magnifying glass),
Cleaning supplies (e.g.,
wipes, cloths, specific
cleaning solutions for
exterior surfaces and
lenses), Personal
Protective Equipment
(PPE) (e.g., safety
glasses, gloves),
Simulator or non-
functional laser marking
equipment (for
practicing alignment
procedures), Computer
with access to system
logs, Consumables (e.g.,
cleaning supplies,
compressed air),
Documentation forms
or electronic record
keeping system

Duration

T: 30:00
P: 60:00

Training kit (Trainer
guide, Presentations),
Whiteboard, Marker,
Projector, Laptop,
Presentation,
Participant Handbook,
etc,,

Visual inspection tools
(e.g., flashlight,
magnifying glass),
Cleaning supplies (e.g.,
wipes, cloths, specific
cleaning solutions for
exterior surfaces and
lenses), Personal
Protective Equipment
(PPE) (e.g., safety
glasses, gloves),
Simulator or non-
functional laser
marking equipment
(for practicing
alignment procedures),
Computer with access
to system logs,
Consumables (e.g.,
cleaning supplies,
compressed air),
Documentation forms
or electronic record
keeping system

T: 30:00
P: 65:00
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Module Name

Quality
Control
Inspection
&amp;
Improvement

Nome Reference Methodology  TARRS  Duration
Fundamen- |1. Explain the laser TEL/N7210:| Interactive Training Kit - Trainer | T : 30:00
tals of marking process and |Quality Lecture in the| Guide, Presentations, | P : 30:00
Laser its quality control Assurance Class Whiteboard, Marker,

Marking principles for of Laser- Projector, Laptop,
and Quality semiconductor wafer |Marked Video Films,
Control roduction. Semicondu Lighting (task lamp),
2. Interpret quality -ctor Magpnification tools
control specifications | Wafers (loupe, microscope),
for laser-marked Pen/pencil, Data
wafers, including recording sheets (or
clarity, depth, and simulated software),
uniformity. Non-functional laser
3. Explain the marking equipment
importance of (for
maintaining accurate demonstrations),Sim
and complete quality ulated wafers (for
control records for inspection practice)
laser-marked wafers.
Sampling | 1. Explain and follow Interactive Training Kit - Trainer | T : 30:00
and sampling techniques Lecture in the| Guide, Presentations, | P : 30:00
Inspection for wafer inspection as Class Whiteboard, Marker,
Techniques defined in Standard Projector, Laptop,
Operating Procedures Video Films,
(SOPs). Lighting (task lamp),
2. Demonstrate the Magnification tools
proper operation and (loupe, microscope),
use of various Pen/pencil, Data
inspection equipment recording sheets (or
(e.g., lighting, simulated software),
magnification tools) Non-functional laser
through simulations marking equipment
or using non- (for demonstrations)
functional equipment. Simulated wafers (for
3. Simulate the inspection practice)
systematic inspection
of wafers for clarity,
depth, and uniformity,
documenting findings
on a sample basis
Quality 1. Describe potential Training Kit - Trainer | T : 30:00
Issue causes of minor Guide, Presentations, | P : 30:00
Identificati- quality issues and the Whiteboard, Marker,
on and benefits of identifying Projector, Laptop,
Analysis patterns or recurring Video Films,
issueswith marking Lighting (task lamp),
quality. Magnification tools
2. Explain the (loupe, microscope),
significance of Pen/pencil, Data
analyzing historical recording sheets (or
quality control data for simulated software),
identifying trends. Non-functional laser
3. Analyze inspection marking equipment

data (provided sets) to
identify trends using
charts or statistical
methods

(for demonstrations),
Simulated wafers (for
inspection practice)
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S.
No.

Module Name

Session
Name

Process
Improvem-
ent and
Safety
Procedures

Session
Objectives

. Discuss and evaluate

potential
improvements to the
laser marking process
based on research
findings and industry
best practices.industry
best practices.

. Develop and justify

recommendations for
process improvements
based on classroom
learning and analysis of
hypothetical scenario.

. Discuss safety

procedures and
corrective measures
required to address
quality control
concerns.

Defect
Managem-
ent and
Reporting

. Apply quality control

specifications to
identify non-compliant
wafers in a simulated
scenario and document
deviations.

. Demonstrate marking

or flagging defective
wafers and explain
segregation
procedures.

. Show how to document

the quantity and nature
of defects identified in
simulated segregated
wafers.

. Demonstrate using

designated

Payroll
Manage-
ment and
Labour
Resource
Allocation

—_

. Employ appropriate

methods to allocate
labor resources in line
with forecasted and
actual business levels.

. Use productivity ratios

and payroll
management
techniques to monitor
forms or electronic
systems to record
inspection data.

. Prepare reports

summarizing simulated
inspection findings and
highlighting deviations
from quality control
specifications.

NOS
Reference

Methodology

Interactive
Lecture in the
Class

Training
Tools Aids

Training Kit -
Trainer Guide,
Presentations,
Whiteboard,
Marker,
Projector,
Laptop, Video
Films,
Lighting (task
lamp),
Magnification
tools (loupe,
microscope),
Pen/pencil, Data
recording sheets
(or simulated
software), Non-
functional laser
marking
equipment (for
demonstrations)
Simulated
wafers (for
inspection
practice)

Duration

T: 30:00
P: 30:00

Interactive
Lecture in the
Class

whiteboard,
marker, duster,
projector,
laptop,
powerpoint
presentation

T: 30:00
P: 30:00

Interactive
Lecture in the
Class

Training Kit -
Trainer Guide,
Presentations,
Whiteboard,
Marker, Projector,
Laptop, Video
Films,
Lighting (task
lamp),
Magnification
tools (loupe,
microscope),
Pen/pencil, Data
recording sheets
(or simulate
software), Non-
functional laser

T: 30:00
P: 30:00
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S.
No.

Module Name

Session
Name

Session
Objectives

6. Role-play
reporting
deviations
from
specifications

NOS
Reference

Methodology

Training
Tools Aids

marking
equipment (for
demonstrations),
Simulated wafers
(for inspection

Duration

semiconducto
r wafer
production.

2. Describe the

impact of
laser marking
parameters
(pulse width,
repetition
rate, power
level, scan
speed) on
marking
quality

Laptop, Video
Films
Tools, Equipment
and Other
Requirements
Laser marking
machine (or
simulator),
Designated
forms (or
simulated
electronic
system) for data
recording,
Standard
operating
procedures
(SOPs) manual
(or reference
materials),
Logbook (or
simulated
logbook),
Inspection tools
(may vary
depending on
specific
requirements)

to appropriate practice)
personnel (e.g.,
supervisor,
quality control
department) as
per SOPs.
5. Laser Marking | Introduction |1. Explain the TEL/N7211: Interactive Training Kit - T:30:00
Process to Laser principles of |Document Lecture in the Trainer Guide, P :30:00
Documentation Marking laser marking |Laser Marking Class Presentations,
Technology technology Process Whiteboard,
relevant to Marker, Projector,
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S.
No.

Module Name

Session
Name

Standard
Operating
Procedures
(SOPs) for
Laser Marking
and Wafer
Inspection

Session
Objectives

. Summarize the

standard
operating
procedures
(SOPs) for laser
marking and
wafer
inspection.

. Identify the

quality control
specifications
for laser-
marked wafers
(clarity, depth,
uniformity).

. Explain

techniques for
identifying
non-compliant
wafers based
on inspection
criteria.

Record-
Keeping and
Documentati-
on

. Describe the

importance of
clear, concise,
and accurate
record-keeping
in the laser
marking
process.

. Discuss

methods for
generating
reports
summarizing
machine
performance
and downtime
events.

. Explain the

established
procedures for
maintaining
logbooks
related to the
laser marking
process.

. Discuss the

importance of
using
standardized
abbreviations
and
terminology in
logbook
entries.

NOS
Reference

Methodology

Interactive
Lecture in the
Class

Training
Tools Aids

Training Kit - Trainer
Guide, Presentations,
Whiteboard, Marker,
Projector, Laptop,
Video Films
Tools, Equipment and
Other Requirements
Laser marking
machine (or
simulator),
Designated forms (or
simulated electronic
system) for data
recording, Standard
operating procedures
(SOPs) manual (or
reference materials),
Logbook (or
simulated logbook),
Inspection tools (may
vary depending on
specific
requirements)

Duration

T:30:00
P: 30:00

Interactive
Lecture in the
Class

Training Kit - Trainer
Guide, Presentations,
Whiteboard, Marker,
Projector, Laptop,
Video Films
Tools, Equipment and
Other Requirements
Laser marking
machine (or
simulator),
Designated forms (or
simulated electronic
system) for data
recording, Standard
operating procedures
SOPs) manual (or
reference materials),
Logbook (or
simulated logbook),
Inspection tools (may
vary depending on
specific
requirements)

T:30:00
P: 30:00
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= Module Name Session
No. Name
Plaser Marking
Parameter
Documentation

Session
Objectives

—_

. Demonstrate how
to record laser
marking
parameters (pulse
width, repetition
rate, power level,
scan speed) for a
simulated job.

2. Document any

changes made to

settings during a

simulated laser

marking process.

Inspection and
Defect
Identification

1. Perform
inspections on
simulated wafers,
recording
observations on
clarity, depth, and
uniformity.

2. Identify and record
the nature and
location of defects
for simulated
rejected wafers,
following
established criteria.

3. Utilize designated
forms or electronic
systems (simulated)
to store laser
marking parameter
data and document
inspection data for
a simulated
inspected wafer

Machine
Performance
Monitoring and
Reporting

1. Monitor simulated
uptime, cycle time,
and throughput of
a laser marking
machine.

2. Demonstrate how
to record start/end
times and reasons
for simulated
machine
stoppages.

3. Analyze simulated
machine
performance data
to identify potential
trends or issues.

NOS
Reference

Methodology

Interactive
Lecture in the
Class

Training
Tools Aids

Training Kit - Trainer
Guide, Presentations,
Whiteboard, Marker,
Projector, Laptop, Video
Films
Tools, Equipment and
Other Requirements
Laser marking machine
(or simulator),
Designated forms (or
simulated electronic
system) for data
recording, Standard
operating procedures
(SOPs) manual (or
reference materials),
Logbook (or simulated
logbook), Inspection
tools (may vary
depending on specific
requirements)

Duration

Interactive
Lecture in the
Class

Training Kit - Trainer
Guide, Presentations,
Whiteboard, Marker,
Projector, Laptop, Video
Films
Tools, Equipment and
Other Requirements
Laser marking machine
(or simulator),
Designated forms (or
simulated electronic
system) for data
recording, Standard
operating procedures
(SOPs) manual (or
reference materials),
Logbook (or simulated
logbook), Inspection
tools (may vary
depending on specific
requirements)

T:
30:00

30:00

Interactive
Lecture in the
Class

Training Kit - Trainer
Guide, Presentations,
Whiteboard, Marker,
Projector, Laptop, Video
Films
Tools, Equipment and
Other Requirements
Laser marking machine
(or simulator),
Designated forms (or
simulated electronic
system) for data
recording, Standard
operating procedures
(SOPs) manual (or
reference materials),
Logbook (or simulated

T:
30:00

30:00




Facilitator Guide

S. Session Session ini :
No. Module Name Name Objectives Ref’:?esnce Methodology nglsn:‘igs Duration
. Generate a logbook),
report simulated Inspection tools
machine (may vary
performance, depending on
downtime specific
events, and requirements)
potential areas
for improvement
summarizing
Logbook . Follow Interactive Training Kit - Trainer | T: 30:00
Maintenance established Lecture in the Guide, P: 30:00
and Record procedures Class Presentations,
Keeping (provided) for Whiteboard, Marker,
maintaining a Projector, Laptop,
simulated Video Films Tools,
logbook related Equipment and
to the laser Other Requirements
marking process. Laser marking
. Document date, machine (or
time, operator, simulator),
job details, and Designated forms
any observations (or simulated
made during a electronic system)
simulated laser for data recording,
marking process Standard operating
in a logbook. procedures (SOPs)
manual (or
reference materials),
Logbook (or
simulated logbook),
Inspection tools
(may vary
depending on
specific
requirements)
Employability DGT/VSQ/ Interactive LCD Projector for | T:60:00
Skills N0102 Lecture in the PPT and Video P :00:00
Class Presentation,
Speakers, and
Whiteboard &
marker
Employability 60
Skills Hours
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Annexure Il

Assessment Criteria
CRITERIA FOR ASSESSMENT OF TRAINEES

Job Role

Assembly Process Sr. Engineer — Laser Marking

Qualification Pack

TEL/Q7203

Sector Skill Council

Telecom Sector Skill Council

S. No. Assessment Guidelines

1. Criteria for assessment for each Qualification Pack will be created by the Sector Skill Council. Each
Performance Criteria (PC) will be assigned marks proportional to its importance in NOS. SSC will also
lay down the proportion of marks for Theory and Skills Practical for each PC.

2. The assessment for the theory part will be based on the knowledge bank of questions created by the
SSC.

3. Assessment will be conducted for all compulsory NOS, and where applicable, on the selected
elective/option NOS/set of NOS.

4. Individual assessment agencies will create unique question papers for the theory part for each
candidate at each examination/training center (as per assessment criteria below).

5. Individual assessment agencies will create unique evaluations for skill practical for every student at
each examination/ training center based on these criteria.

6. To pass the Qualification Pack assessment, every trainee should score a minimum of 70% of %
aggregate marks to successfully clear the assessment.

7. In case of unsuccessful completion, the trainee may seek reassessment on the Qualification Pack
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1. TEL/N7208:
Operate Laser
Marking
Machine for
Semiconductor
Wafers

Assessment Criteria for Outcomes

Theory Practical

W ES

Marks

Project
WET S

Viva
W ES

Pre-Operation System Checks and Preparation 8 12 - 3
PC 1. power on the laser marking machine and
associated equipment following SOPs ) ) ) )
PC 2. perform system initialization procedures as per
manufacturer's instructions
PC 3. load and align calibration target according to SOPs R ; - -
PC 4. conduct a test marking run to verify laser beam
quality and system performance B ) ) )
PC 5. verify proper functioning of safety interlocks and
emergency stop buttons } ) . }
PC 6. review and ensure the availability of required
consumables (e.g., lenses, cleaning supplies) B . B B
PC 7. document pre-operation checks in the designated
logbook B ) B B
Wafer Loadi L P ter Setti d Marki

afer Loading, Laser Parameter Setting, and Marking 12 18 i 3

Execution

PC 8. wear appropriate personal protective equipment
(PPE) as per safety regulations (e.g., safety glasses,
gloves)

PC 9. prepare the designated loading area for the wafers,
ensuring it's clean and free of contamination

PC 10. carefully pick up a semiconductor wafer using
appropriate handling tools (e.g., vacuum tweezers)

PC 11. place the wafer on the designated loading stage
of the laser marking machine, adhering to proper
orientation and alignment as per SOPs

PC 12. secure the wafer in place using the machine's
clamping mechanism

PC 13. access and review customer specifications for
marking details (e.g., mark depth, character size)

PC 14. identify appropriate settings for the specific
material and marking requirements by referring to
process reference documents (laser parameter tables)

PC 15. input or adjust laser parameters (power, pulse
width, repetition rate) on the machine control panel

PC 16. perform a test marking on a sample wafer to
verify the suitability of chosen parameters
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Theory Practical Project Viva

Assessment Criteria for Outcomes Marks Marks Marks Marks

PC 17. fine-tune parameters if necessary to achieve
optimal marking quality within specification limits

PC 18. document the final laser parameters used for the
specific marking job

PC 19. select the appropriate marking program on the
machine control panel based on the customer - - - -
specifications

PC 20. initiate the laser marking process for the loaded
wafer

PC 21. monitor the marking process visually through the
designated viewing window or using the machine's - - - -
camera system (if available)

PC 22. ensure the laser beam accurately marks the
intended location and produces clear, consistent - - - -
identification marks that meet customer requirements

PC 23. release the clamping mechanism and unload the
wafer using proper handling techniques, after marking - - - -
completion

PC 24. place the marked wafer in the designated
unloading area or designated container for further - - - -
processing

In-Process Quality Control and Minor Troubleshooting 12 18 - 3

PC 25. observe the marking process for any deviations
from expected outcomes (e.g., uneven marking depth, - - - -
burning, cracking)

PC 26. monitor real-time data displayed on the machine
control panel (e.g., power output, focus position)

PC 27. identify any variations in mark quality and
promptly adjust laser parameters (within allowable
range) to maintain consistent and acceptable marking
results

PC 28. document any adjustments made to laser
parameters and the reason for the adjustments

PC 29. recognize common warning signs of potential
equipment malfunctions (e.g., abnormal noises, error - - - -
messages)

PC 30. consult the troubleshooting guide or SOPs for
recommended corrective actions for minor operational - - - -
issues

PC 31. implement basic troubleshooting steps to resolve
the issue (e.g., cleaning lenses, restarting software)
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Assessment Criteria for Outcomes

PC 32. report any unresolved issues or suspected major
malfunctions to designated personnel for further action

Theory Practical

W ES

Marks

Project
WET S

Viva
W ES

PC 33. document the troubleshooting attempts made
and the outcome in the maintenance log

NOS Total

40

50

10

TEL/N7209:
Maintain Laser
Marking
Equipment

Perform Routine Maintenance on Laser Marking
Machine.

14

30

PC 1. conduct visual inspection to identify damage or
leaks on the laser marking machine

PC 2. clean the exterior surfaces of the machine using
appropriate cleaning agents as per SOPs.

PC 3. verify functionality of safety interlocks and
emergency stop buttons

PC 4. ensure proper laser beam alignment and focus
using a designated target according to SOPs.

PC 5. analyze system logs for error messages or unusual
operating parameters

PC 6. perform cleaning of the laser marking machine's
objective and focusing lenses (consider weekly or
monthly based on usage)

PC 7. inspect the laser marking machine's exhaust
system for proper airflow and filter condition (consider
weekly or monthly based on usage)

PC 8. replenish consumables used in the marking
process, such as cleaning supplies or compressed air

PC 9. backup system data and settings as per SOPs
(consider weekly or monthly based on IT policy)

PC 10. document all completed maintenance tasks in the
designated logbhook, including the date and specific tasks
performed

Monitor Equipment Performance and Respond to
Malfunctions

16

30

PC 11. monitor the laser marking machine for abnormal
noises, vibrations, or error messages during operation

PC 12. observe the marking process to identify
deviations from expected outcomes (e.g., uneven
marking depth, burning, flickering laser beam)

PC 13. recognize warning signs of potential equipment
malfunctions identified in training or SOPs (e.g., unusual
odor, excessive heat)
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Theory Practical Project Viva

Assessment Criteria for Outcomes Marks Marks Marks Marks

PC 14. upon identifying a major equipment malfunction:
a. cease operation immediately and secure the work
area

b. document the observed malfunction details, including
any error messages or symptoms

c. report the major equipment malfunction to
designated personnel (supervisor, maintenance
technician) as per SOPs

PC 15. maintain a dedicated logbook or electronic record
keeping system for documenting all maintenance - - - -
activities

PC 16. record the date, time, and specific tasks
performed for all maintenance procedures

PC 17. document any adjustments made during
calibration or troubleshooting activities

PC 18. report details of identified malfunctions,
troubleshooting steps taken, and actions to designated - - - -
personnel

PC 19. ensure all records are completed accurately,
legibly, and signed by the individual performing the - - - -
maintenance

NOS Total 30 60 - 10

TEL/N7210: | Perform Quality Control Inspections of Laser-Marked
Quality Wafers 14 Y ) >
Assurance of
Laser-Marked | PC 1. obtain the relevant quality control specifications
Semiconductor | for laser-marked wafers
Wafers

PC 2. prepare the inspection workstation with
appropriate lighting and magnification tools (e.g., - - - -
microscope)

PC 3. select a sample of laser-marked wafers according to
the sampling plan defined in SOPs

PC 4. systematically inspect each wafer for:

a. clarity of the marking (absence of smudging, blurring)
b. depth of the marking (meeting the specified depth
range)

c. uniformity of the marking (consistent across the entire
wafer)

PC 5. compare inspection results to the quality control
specifications

PC 6. document inspection findings for each wafer
sample
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Theory Practical Project Viva
WETS Marks Marks Marks

Assessment Criteria for Outcomes

PC 7. identify wafers that do not meet the quality control
specifications, based on the inspection results

PC 8. clearly mark or flag defective wafers for easy
identification

PC 9. segregate defective wafers from the acceptable
ones following designated procedures to prevent them - - - -
from being processed further

PC 10. document the quantity and nature of the defects
identified in each segregated wafer

Manage Quality Control Data and Implement

16 30 - 5
Improvements

PC 11. utilize designated forms or electronic systems to
record inspection data, including:

a. date and time of inspection

b. lot ID or identification number of the wafers

c. sample size inspected

d. inspection results for each parameter (clarity, depth,
uniformity)

e. number and type of defects identified

PC 12. maintain quality control records according to
SOPs, ensuring proper filing and archiving procedures

PC 13. analyze inspection data to identify trends or
recurring issues with marking quality

PC 14. prepare reports summarizing inspection findings
and highlighting any deviations from the quality control - - - -
specifications

PC 15. report deviations from specifications to
appropriate personnel (supervisor, quality control - - - -
department) as per SOPs

PC 16. investigate potential causes (e.g., laser power
fluctuations, cleaning issues) for identified minor quality
issues (within acceptable limits but approaching the
threshold)

PC 17. consult with relevant personnel (e.g., laser
maintenance technician) to determine corrective actions

PC 18. implement corrective actions (e.g., adjusting laser
parameters, cleaning the marking system) following R - - -
approved procedures

PC 19. re-inspect the affected wafers to verify the
effectiveness of the corrective actions
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Theory Practical Project Viva

Assessment Criteria for Outcomes Marks Marks Marks Marks

PC 20. document the corrective actions taken and the
results of the re-inspection

PC 21. analyze historical quality control data to identify
patterns or recurring issues with marking quality

PC 22. research and investigate potential improvements
to the laser marking process (e.g., optimizing laser - - - -
parameters, implementing new cleaning techniques)

PC 23. develop and document recommendations for
process improvements with supporting data or - - - -
justifications

PC24. present recommendations to relevant personnel
(supervisor, process engineering team) for consideration - - - -
and potential implementation

NOS Total 30 60 - 10
TEL/N7211: | Capture Job Details & Inspection Results 14 30 - 5
Document
Laser Marking | PC 1. record laser marking parameters (pulse width,
Process repetition rate, power level, scan speed) for each job i i i i

PC 2. document any changes made to settings during the
marking process

PC 3. utilize designated forms or electronic systems to
store laser marking parameter data

PC 4. record observations on clarity, depth, and
uniformity of each inspected wafer

PC 5. detect and record the nature and location of
defects for rejected wafers

PC 6. use designated forms or electronic systems to
document inspection data

PC 7. create reports for rejected wafers, specifying the
defect and corrective actions taken (if applicable)

Track Machine Performance & Maintain Records 16 30 - 5

PC 8. track uptime, cycle time, and throughput of the
laser marking machine

PC 9. record the start/end times and reasons for machine
stoppages

PC 10. identify trends or issues affecting the machine's
performance

PC 11. create reports summarizing machine
performance, downtime events, and potential areas for - - - -
improvement
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Assessment Criteria for Outcomes

PC 12. adhere to established procedures for maintaining
logbooks related to the laser marking process

Theory Practical

W ES

Marks

Project
WET S

Viva
W ES

PC 13. document date, time, operator, job details, and
any observations made during the laser marking process

PC 14. use standardized abbreviations and terminology
as defined in the SOPs for clear and concise logbook
entries

PC 15. regularly review and archive logbooks according
to established procedures

NOS Total 30 60 - 10

DGT/VSQ/NO1 | Introduction to Employability Skills 1 1 - R

02:
Employability | PC1. identify employability skills required for jobs in
Skills (60 various industries
Hours) o . N

PC2. identify and explore learning and employability
portals ) ) ) )
Constitutional values — Citizenship 1 1 - -
PC3. recognize the significance of constitutional values,
including civic rights and duties, citizenship,
responsibility towards society etc. and personal values - - - -
and ethics such as honesty, integrity, caring and
respecting others, etc.
PCA4. follow environmentally sustainable practices - - - -
Becoming a Professional in the 21st Century 2 4 - -
PC5. recognize the significance of 21st Century Skills for
employment
PC6. practice the 21st Century Skills such as Self-
Awareness, Behaviour Skills, time management, critical
and adaptive thinking, problem-solving, creative
thinking, social and cultural awareness, emotional
awareness, learning to learn for continuous learning etc.
in personal and professional life
Basic English Skills 2 3 - -

PC7. use basic English for everyday conversation in
different contexts, in person and over the telephone

PC8. read and understand routine information, notes,
instructions, mails, letters etc. written in English

PC9. write short messages, notes, letters, e-mails etc. in
English
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Theory Practical Project Viva

Assessment Criteria for Outcomes Marks Marks Marks Marks

Career Development & Goal Setting 1 2 - -

PC10. understand the difference between job and career - - - -

PC11. prepare a career development plan with short-
and long-term goals, based on aptitude

Communication Skills 2 2 - -

PC12. follow verbal and non-verbal communication
etiquette and active listening techniques in various - - - -
settings

PC13. work collaboratively with others in a team - - - _

Diversity & Inclusion 1 2 - -

PC14. communicate and behave appropriately with all
genders and PwD

PC15. escalate any issues related to sexual harassment at
workplace according to POSH Act

Financial and Legal Literacy 2 3 - R

PC16. select financial institutions, products and services
as per requirement

PC17. carry out offline and online financial transactions,
safely and securely

PC18. identify common components of salary and
compute income, expenses, taxes, investments etc

PC19. identify relevant rights and laws and use legal aids
to fight against legal exploitation

Essential Digital Skills 3 4 - -

PC20. operate digital devices and carry out basic internet
operations securely and safely

PC21. use e- mail and social media platforms and virtual
collaboration tools to work effectively

PC22. use basic features of word processor,
spreadsheets, and presentations

Entrepreneurship 2 3 - -

PC23. identify different types of Entrepreneurship and
Enterprises and assess opportunities for potential - - - -
business through research
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Theory Practical Project Viva
W ES WET Marks Marks

Assessment Criteria for Outcomes

PC24. develop a business plan and a work model,
considering the 4Ps of Marketing Product, Price, Place - - - -
and Promotion

PC25. identify sources of funding, anticipate, and
mitigate any financial/ legal hurdles for the potential - - - -
business opportunity

Customer Service 1 2 - -

PC26. identify different types of customers - - - R

PC27. identify and respond to customer requests and
needs in a professional manner

PC28. follow appropriate hygiene and grooming
standards

Getting ready for apprenticeship & Jobs 2 3 - -

PC29. create a professional Curriculum vitae (Résumé) - - - -

PC30. search for suitable jobs using reliable offline and
online sources such as Employment exchange,
recruitment agencies, newspapers etc. and job portals
respectively

PC31. apply to identified job openings using offline
/online methods as per requirement

NOS Total 20 30 - -
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Annexure - Il

Chapter no. Unit No. Subject Name | '1a9° | Link with QR code QR code
Module 1: Unit 1.1: 1.1.1
Role and Semiconductors in Understand the

Responsibilities of
Assembly Process

Telecom Devices

basic properties
and functions of

https://youtu.be/
Z_

Specialist (Laser semiconductors. 23 | MJD9jTvpc?si=4K
Marking) 24Dx0Oa4gFptEak
What are the Properties
of Semiconductors?
Module 1: Unit 1.3: 13.2
Role and Cleanroom Safety List essential https://youtu.be/!
Responsibilities of and Best Practices safety precautions 0Q9Dbsy2ag?si=
Assernk?ly Process to follow, including 2KlegfU3CfejTrrK
Specialist (Laser proper use of 23
Marking) personal
prot.ectlve Personal Protective
equipment (PPE). Equipment (PPE)
Introduction
Module 1: Unit 1.5: 1.5.1
Role and Essential Skills for Identify key https://youtu.be/
Responsibilities of Succgss in Laser mterpers.ona‘l and 2Lkb7OSRAGE?si
Assembly Process Marking communication
Specialist (Laser skills necessary for 23 | =ALshQ2gG_BfP
Marking) effective teamwork X-kn
and role execution.
Communication - Basics
and Importance
Module 2: Unit 2.1: 2.1.1
Operating Laser Laser-Material Explain laser- https://youtu.be/
Marking Systems Interaction and material WgzynezPiyc?si=
Semiconductor interaction and its TGHiidWqg5SpMS
Properties impact on marking 23 | 45C
quality.
Module 2: Unit 2.3: 2.3.1
Operating Laser Ensuring Explain the
Marking Systems Consistent importance of https://youtu.be/
Marking Quality consistent marking 23 | XkQrsJDEkVU?si
quality and its =W8cJc6igQnrM
impact on product GMSm

function.

Production Function
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https://youtu.be/XkQrsJDEkVU?si=W8cJc6igQnrMGMSm
https://youtu.be/WgzynezPiyc?si=TGHiidWq5SpMS45C
https://youtu.be/WgzynezPiyc?si=TGHiidWq5SpMS45C
https://youtu.be/WgzynezPiyc?si=TGHiidWq5SpMS45C
https://youtu.be/WgzynezPiyc?si=TGHiidWq5SpMS45C
https://youtu.be/WgzynezPiyc?si=TGHiidWq5SpMS45C
https://youtu.be/2Lkb7OSRdGE?si=ALshQ2gG_BfPX-kn
https://youtu.be/2Lkb7OSRdGE?si=ALshQ2gG_BfPX-kn
https://youtu.be/2Lkb7OSRdGE?si=ALshQ2gG_BfPX-kn
https://youtu.be/2Lkb7OSRdGE?si=ALshQ2gG_BfPX-kn
https://youtu.be/2Lkb7OSRdGE?si=ALshQ2gG_BfPX-kn
https://youtu.be/loQ9Dbsy2ag?si=2KIegfU3CfejTrrK
https://youtu.be/loQ9Dbsy2ag?si=2KIegfU3CfejTrrK
https://youtu.be/loQ9Dbsy2ag?si=2KIegfU3CfejTrrK
https://youtu.be/loQ9Dbsy2ag?si=2KIegfU3CfejTrrK
https://youtu.be/z-MJD9j1vpc?si=4K24DxOa4gFptEak
https://youtu.be/z-MJD9j1vpc?si=4K24DxOa4gFptEak
https://youtu.be/z-MJD9j1vpc?si=4K24DxOa4gFptEak
https://youtu.be/z-MJD9j1vpc?si=4K24DxOa4gFptEak
https://youtu.be/z-MJD9j1vpc?si=4K24DxOa4gFptEak
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Module 2:
Operating Laser
Marking Systems

Unit 2.5:
Pre-Operation and
Maintenance

2.5.1
Identify SOP content
and emphasize critical

https://youtu.be/
gyqyJhOMKb47?si
=W4sSP3HQ1IsU

Inspection &amp;
Improvement

Identification and
Analysis

significance of
analyzing historical
quality control data
for identifying trends.

ube.com/watch?v
=LZ0ojOU_FLos

Procedures steps for setup,
operation, luaL
maintenance, and How to Make SAFE
. ow to Make
troubleshooting. OPERATING CEDURE?
3.1.1 Explain the
) principles of safe https://youtu.be/
Module 3: . Unit 3.1: . operation and WJ05XOJiaDY?si
Laser Marking Sa;e Opcagle\tlon handling procedures _
Equipment and Handling for laser marking .
Maintenance Procedures machines, Z:gYUMpXU355VS'
emphasizing the
importance of PRINCIPLES AND
adhering to SOPs. WORKING OF A LASER
Module 3: Unit 3.3: 3.3.2 Practice
Laser Marking Equipment pro.ce.dures for https://youtu.be/
Equipment Functionality and verifying and i
; ; ; adjusting laser beam 7scFngfNc_47si=
Maintenance Diagnostics J 9
alignment and focus 7m8607dHhvZLd
using a simulator or IxO d 1
nonffunctior?al Procedures for verifying
equipment (if and adjusting laser
applicable). beam alignment
Module 3: Unit 3.5: 351
odute 3: it s.o: Identify the types of https://youtu.be/|
Laser Marking Consumables and . .
- consumables used in wVAQamECxQ7?si
Equipment Data Management .
. the marking process =J2bGxxfXY1Rfd
Maintenance
and the procedures 83
. 9
for replenishing them
according to SOPs.
Module 4: Unit 4.1: 411
Quality Control Fundamentals of Explain the laser https://www.yout
Inspection &amp; Laser Marking and marking process and ube.com/watch?v
Improvement Quality Control its quality control =NYi4Fj6bJgc
principles for
semiconductor wafer
production. Laser marking
machine
Module 4: Unit 4.3: 432
Quality Control Quality Issue Explain the https://www.yout

Data Integrity Trends
and Solutions
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https://youtu.be/lwVAQamECxQ?si=J2bGxxfXY1Rfdg83
https://youtu.be/lwVAQamECxQ?si=J2bGxxfXY1Rfdg83
https://youtu.be/lwVAQamECxQ?si=J2bGxxfXY1Rfdg83
https://youtu.be/7scFngfNc_4?si=7m8607dHhvZLdlxO
https://youtu.be/7scFngfNc_4?si=7m8607dHhvZLdlxO
https://youtu.be/7scFngfNc_4?si=7m8607dHhvZLdlxO
https://youtu.be/7scFngfNc_4?si=7m8607dHhvZLdlxO
https://youtu.be/7scFngfNc_4?si=7m8607dHhvZLdlxO
https://youtu.be/WJ05XOJiaDY?si=-79YuMpXu355vsiC
https://youtu.be/WJ05XOJiaDY?si=-79YuMpXu355vsiC
https://youtu.be/WJ05XOJiaDY?si=-79YuMpXu355vsiC
https://youtu.be/WJ05XOJiaDY?si=-79YuMpXu355vsiC
https://youtu.be/WJ05XOJiaDY?si=-79YuMpXu355vsiC
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Assembly Process Sr. Technician

— Laser Marking

Module 4: Unit 4.5: 45.1 )
Quality Control Defect Appl.y.quz.:nllty control https://youtu.be/
Inspection &amp; Management and rt,(;:)ecﬂcatnons to OviDDeGLODs7?si
Improvement Reportin Identity non- -
P P 9 compliant wafers in a =2MCTVBtn9VIR
simulated scenario cCna
and document
deviations.
5.1.1
Module 5: Unit 5.1: Explain the principles
Laser Marking Introduction to of laser marking https.//){outu.i)?
Process Laser Marking techno!ogy relevant /OB4xk4iR4a87si
Documentation Technology to semiconductor =JnCOkSzBIDyv4
wafer production. 7eM
LASER LIGHT
PRINCIPLES OF
OPERATION
Module 5: Unit 5.3: 531
Laser Marking Record-Keeping Importance of Clear, https://youtu.be/
Process and Concise, and Accurate

Documentation

Documentation

Record-Keeping in the
Laser Marking Process

nlicwfDgEbE?si=
UmkgWNwVzAw
ESL3-

Laser Marking
Process
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