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Purpose

The purpose of this class is to teach traditional space product Parts Engineers about high volume continuous
EEE part manufacturing and how it can differ from traditional lot-based military standard space grade part

manufacturing.

This is intended to build basic background knowledge as we move to understand when the use of high

volume continuous manufacturing EEE parts should be used for space missions.
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History

Historically Parts Engineers have relied upon rules to ensure part reliability

As we waited for processes to develop and mature

We inserted screening tests for failures we experienced

As we waited for design rules that create margin to be validated

We inserted qualification tests to ensure long term reliability
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Trends in EEE Parts Reliability - Shifting EEE User Base

As the primary applications of EEE (Electronic, Electrical, and Electromechanical) parts shifted from military
and space use to automotive and commercial applications, there have been several notable trends in EEE

parts reliability. These trends have been driven by changes in requirements, performance expectations, and
the scale of production.
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Major Historical Trends - Stringent Military and Space Reliability Standards

During the early stages of EEE parts development, military and space applications were the primary drivers.
These industries demanded extremely high levels of reliability due to the critical nature of their missions, the
inability to perform repair and replacement, and the harsh environments in which the equipment operated. As
a result, EEE parts were designed to meet stringent military standards, such as MIL-STD-883, MIL-STD-750,
and MIL-STD-202, which focused on testing for extreme conditions like vibration, temperature, and radiation

resistance.
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Major Historical Trends - Miniaturization and Cost Reduction for Commercial Use

With the expansion of commercial applications in the 1970s and beyond, there was a growing emphasis on
miniaturization and cost reduction. Consumer electronics, telecommunications, and computing industries
sought smaller and cheaper components, leading to the development of integrated circuits (ICs) and surface
mount technology (SMT). While this drove advancements in efficiency and manufacturing, there were
concerns about potential compromises in reliability due to increased complexity and decreased margins

for error.
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Major Historical Trends - Reliability Engineering for Automotive Applications

As EEE parts started being integrated into automotive systems, reliability became a critical focus. Automotive
applications require components that can withstand extended temperature ranges, vibration, and exposure to
various environmental conditions. The automotive industry developed its own set of reliability standards,
such as AEC-Q100, to address the unique challenges and ensure consistent performance throughout a

vehicle's lifetime.
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Major Historical Trends - Quality Control and Standardization for Commercial Devices

As EEE parts became widely used in commercial devices, such as smartphones, laptops, and home
appliances, manufacturers prioritized quality control and standardization. International standards like ISO
9000 were adopted to ensure consistent manufacturing processes and product reliability. Additionally,

companies started investing heavily in testing and quality assurance to meet consumer expectations for

durable and reliable electronic products.
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Major Historical Trends - Reliability Challenges in Mass Production

The shift to automotive and commercial applications introduced new challenges related to mass production.
Scaling up production while maintaining consistent quality and reliability became a significant concern.
Manufacturers had to implement advanced manufacturing processes, automated testing, statistical analysis,

and process controls to identify and address potential reliability issues early in the production lifecycle.
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Major Historical Trends - Accelerated Life Testing and Predictive Modeling

As the volume of EEE parts used in automotive and commercial applications increased, accelerated life
testing and predictive modeling became vital tools to assess reliability. Manufacturers used accelerated
testing to simulate the effects of long-term usage in a shorter time frame, enabling them to predict failure

rates and design components with higher reliability.
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Major Historical Trends - Emphasis on Long-Term Reliability for Consumer Electronics

In the consumer electronics market, there has been an increasing focus on long-term reliability. Consumers
expect electronic devices to last for several years without significant performance degradation or failures. As

a result, leading EEE part manufacturers invest in better materials, design practices, and manufacturing

techniques to ensure prolonged product lifespans.
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Major Historical Trends - Summary

As EEE parts shifted from military and space to automotive and commercial applications, the industry
adapted to meet the specific reliability requirements of each sector. Space applications demand a high level
of reliability due to mission-critical operations and the inability to repair or replace failed hardware.
Automotive and commercial applications demand a high level of reliability due to the severe consumer and
safety consequences of failures and because of the high volumes of product in service. As such,
advancements in manufacturing processes, quality control, data gathering, continuous improvement, and
reliability engineering have made EEE parts more reliable than ever, even in high-volume commercial

applications.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability

Improvements in silicon wafer fabrication processes have played a crucial role in reducing failure rates and
increasing the lifespan of electronic devices. These advancements have been driven by innovations in

semiconductor manufacturing techniques and materials science.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Smaller Feature Sizes

One of the most significant advancements in silicon wafer fabrication is the ability to create smaller feature
sizes on the semiconductor chips. As the feature sizes shrink, the distance that signals need to travel within
the chip decreases. This reduces signal delay, power consumption, and heat generation, leading to improved

reliability and energy efficiency.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Increased Integration

Advancements in fabrication processes have allowed for higher levels of integration on a single chip. More
components can be packed onto a single silicon die, reducing the need for complex interconnects between

chips. Fewer interconnects mean fewer points of failure, enhancing overall reliability.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Enhanced Yield Rates

Improved fabrication processes have resulted in higher yield rates during chip manufacturing. Yield refers to
the percentage of functional chips obtained from a wafer. Higher yield rates mean more working chips from

each wafer, reducing production costs and increasing the supply of reliable components.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Better Material Quality

Process improvements have led to the production of silicon wafers with better material quality. The reduction
of impurities and defects in the wafers ensures that the chips built on them are more reliable and less prone

to premature failures.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Precision and Uniformity

Advanced fabrication techniques enable greater precision and uniformity in the manufacturing process. This
results in chips with a consistent yield, consistent electrical properties, and consistent performance

characteristics, improving the overall reliability of devices that use these components.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Reduced Defect
Densities

Innovations in manufacturing have significantly reduced defect densities on silicon wafers. Defects can
negatively impact chip functionality and long-term reliability. Lower defect densities mean fewer chances of

encountering defects that could lead to failures during the device's operational life.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Better Process Control

Modern fabrication processes incorporate advanced process control methodologies, such as statistical
process control (SPC) and in-line monitoring. These techniques ensure that the manufacturing process
remains stable and predictable, minimizing the occurrence of random defects and variations that can

compromise reliability.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Advanced Packaging
Techniques

In addition to wafer fabrication, packaging techniques have also evolved to improve the reliability of
electronic components. Advanced packaging technologies, such as wafer-level packaging and 3D

packaging, offer better thermal dissipation, reduced interconnect lengths, and improved protection against

environmental factors.
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Silicon Wafer Fabrication Process Improvements - Impacts on Reliability: Summary

Improvements in silicon wafer fabrication processes have led to higher-quality chips with improved electrical
performance, increased energy efficiency, and enhanced reliability. These advancements have had a

profound impact on various industries, enabling the development of more reliable and long-lasting electronic

devices across a wide range of applications.

PAGE 24 INFORM YOURSELF  nsc.nasa.gov




Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Photolithography Advances

Photolithography is a key process in semiconductor manufacturing used to pattern features on the silicon
wafer. Advancements in photolithography, such as the use of advanced immersion lithography or extreme
ultraviolet (EUV) lithography, have enabled the production of smaller and more precise features with

reduced defects.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Chemical Mechanical Planarization (CMP)

CMP is a polishing technique used to planarize the surface of the wafer, ensuring a uniform thickness and
removing defects from the wafer surface. Improved CMP processes have led to better surface uniformity and

reduced defect densities.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: lon Implantation Control

lon implantation is used to introduce dopants into the silicon wafer to create regions with specific electrical
properties. Better control and precision in ion implantation processes result in fewer unintended dopant

variations, reducing defects in the final chips.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Advanced Epitaxy Techniques

Epitaxy is a process used to grow crystalline layers on the silicon wafer. Innovations in epitaxy techniques,
such as molecular beam epitaxy (MBE) and metal-organic chemical vapor deposition (MOCVD), have

allowed for the production of high-quality and defect-free epitaxial layers.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Chemical Vapor Deposition (CVD) Improvements

CVD is used to deposit thin films on the wafer surface. Improved CVD processes result in films with lower

defect densities and better uniformity, contributing to higher wafer quality.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Automated Manufacturing and Cleanroom Advances

The implementation of automated manufacturing and assembly processes has reduced the reliance on
manual labor, leading to increased consistency and reliability, minimizing the chances of defects caused by
human error. Continuous monitoring of air cleanliness and controlling contamination during wafer fabrication
is crucial for reducing defect densities. Advancements in cleanroom technology, such as improved air
filtration and stricter protocols for handling wafers, as well as eliminating humans from the manufacturing

process helps minimize particle contamination.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Defect Inspection and Metrology Techniques

Enhanced defect inspection and metrology tools, such as scanning electron microscopes (SEM) and optical
iInspection systems, allow for more accurate and comprehensive detection and characterization of defects.

This helps identify and address potential sources of defects more effectively.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Process Monitoring and Control

Real-time process monitoring and control systems continuously track key parameters during fabrication.
These systems enable early detection of process deviations, allowing engineers to make adjustments and

prevent defects before they become widespread.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Statistical Process Control (SPC)

SPC involves monitoring and controlling the manufacturing process through statistical analysis. By using
SPC, manufacturers can identify trends, detect potential issues early, and take corrective actions to reduce

defect densities.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Defect Reduction Strategies

Manufacturers employ various defect reduction strategies, such as defect engineering, root cause analysis,
and systematic process improvements, to identify the root causes of defects and implement corrective

actions.
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Silicon Wafer Fabrication Process Improvements - Specific Innovations Leading to Reduced
Defect Density: Summary

These innovations, combined with a relentless focus on quality improvement and process optimization, have
contributed to the continuous reduction in defect densities in silicon wafer fabrication. As defect densities

decrease, the yield and reliability of electronic components improve, leading to higher-quality products and

more robust electronic devices.
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Passive Component Fabrication Process Improvements - Impacts on Reliability

Improvements in passive component manufacturing have led to increased reliability of passive components,
making them more durable and dependable in various electronic applications. These improvements have
enabled greater performance in smaller package sizes, resulting in the need for fewer parts in smaller
spaces at the system level, which results in lower ESR and improved system reliability. Capacitors play a
crucial role in energy storage, filtering, coupling, and voltage regulation in electronic circuits while resistors

are fundamental components used to control current flow, voltage, and signal levels in electronic circuits.
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Passive Component Fabrication Process Improvements - Impacts on Reliability: Materials
Advancements

Innovations in materials science have resulted in the development of high-quality dielectric materials with
improved performance and stability. Capacitors now use advanced dielectrics, such as tantalum, ceramic,
aluminum electrolytic, and polypropylene, that offer better insulation and lower leakage currents, contributing
to enhanced reliability. Resistors with low temperature coefficients exhibit minimal resistance changes over a
wide range of temperatures. Advanced manufacturing processes and material selection have enabled the

production of resistors with reduced temperature sensitivity, resulting in enhanced stability and reliability.
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Passive Component Fabrication Process Improvements - Impacts on Reliability: Electrode
Metallurgy

Electrodes are an integral part of passive devices. Advances in electrode metallurgy have improved the
adhesion between the dielectric material/resistive elements and the electrodes, reducing the risk of

delamination and enhancing long-term reliability.
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Passive Component Fabrication Process Improvements - Impacts on Reliability: Advanced Thin
Film Deposition Techniques

Manufacturers have developed more precise and controlled thin film deposition methods. These techniques
allow for the production of uniform, high-quality resistive films with reduced defects and variations in
resistance values. Thin-film capacitor manufacturing techniques allow for precise control of the capacitor's

characteristics, leading to better accuracy, stability, and reliability. Thin-film capacitors exhibit excellent long-

term performance due to their stable properties.
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Passive Component Fabrication Process Improvements - Impacts on Reliability: Robust
Encapsulation

Modern capacitor manufacturing techniques include advancements in encapsulation materials and
techniques that have enhanced the protection of internal components, reducing defects caused by

environmental factors like moisture and contaminants leading to longer service life and improved reliability.
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Passive Component Fabrication Process Improvements - Impacts on Reliability: Quality Control
and Testing

Manufacturers have implemented rigorous quality control and testing procedures to ensure that each
capacitor meets specific reliability standards. Testing includes voltage, temperature, and lifetime

assessments to identify potential defects and weak points in the manufacturing process.
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Passive Component Fabrication Process Improvements - Specific Innovations Leading to
Reduced Defect Density: Precision Laser Trimming

Laser trimming is a process used to precisely adjust the capacitance of capacitors and to fine tune resistor
values to meet exact specifications. Advancements in laser trimming technology have allowed for more
accurate and controlled adjustments. This has resulted in reduced variations in capacitance values and
minimizing defects due to capacitance mismatches. Likewise, reducing variations is resistance values

results in enhanced accuracy of resistors.
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Passive Component Fabrication Process Improvements - Specific Innovations Leading to
Reduced Defect Density: Automated Manufacturing and Cleanroom Advances

The implementation of automated manufacturing and assembly processes has reduced the reliance on
manual labor, leading to increased consistency and reliability, minimizing the chances of defects caused by
human error. Controlling contamination during passive part fabrication is crucial for reducing defect
densities. Advancements in cleanroom technology, such as improved air filtration and stricter protocols for

handling wafers, as well as eliminating humans from the manufacturing process helps minimize particle

contamination.
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Passive Component Fabrication Process Improvements - Specific Innovations Leading to
Reduced Defect Density: Advanced Inspection and Testing Techniques

Passive component manufacturers now use advanced inspection and testing techniques, such as automated
optical inspection (AQIl) and X-ray analysis, to detect defects at early stages of production. These non-

destructive methods enable prompt identification and rectification of defects, resulting in lower defect

densities.
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Passive Component Fabrication Process Improvements - Specific Innovations Leading to
Reduced Defect Density: Inline Process Monitoring and Control

Manufacturers employ real-time process monitoring and control to track critical parameters during passive
device fabrication. Inline monitoring allows for quick detection of deviations from standard process

parameters, enabling immediate adjustments to prevent the production of defective components.
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Passive Component Fabrication Process Improvements - Specific Innovations Leading to
Reduced Defect Density: Statistical Process Control (SPC)

Statistical process control techniques are used to monitor and control key parameters during manufacturing.
By analyzing data and identifying trends, SPC enables manufacturers to address potential issues proactively,

leading to fewer defects in the final product.
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Passive Component Fabrication Process Improvements - Specific Innovations Leading to
Reduced Defect Density: Robust Quality Control Protocols

Manufacturers implement stringent quality control protocols that include inspections at multiple stages of the
manufacturing process. These protocols ensure that only capacitors meeting strict quality standards are

released for further processing, reducing defect densities.

PAGE 47 INFORM YOURSELF  nsc.nasa.gov




Space and COTS Manufacturing Line Differences

Manufacturers of electronic and electrical components, including those for the aerospace and defense
industries, often operate separate manufacturing lines for space and military products compared to

commercial and automotive-grade products.
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Space Manufacturing Line Differences - Stringent Rules Based Quality and Reliability
Requirements

Space grade components must satisfy the requirements of military standards for screening and qualification.

Space components are intended to withstand harsh environmental conditions, extreme temperatures,
radiation, and other challenges unique to these applications. Separate manufacturing lines are often

dedicated to producing components that can meet these requirements.

PAGE 49 INFORM YOURSELF  nsc.nasa.gov




Space Manufacturing Line Differences - Specialized Materials and Processes

The materials and manufacturing processes used for space components can differ from those used in
commercial and automotive products. For example, components intended for space use may use more

rugged and radiation-resistant materials, as well as specialized manufacturing techniques.
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Space Manufacturing Line Differences - Documentation and Traceability

Space projects often require meticulous documentation and traceability for each component. This is
necessary for quality control, reliability, and compliance with strict industry regulations. Having separate

manufacturing lines helps maintain proper documentation and traceability.
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Space Manufacturing Line Differences - Testing and Validation

Space components typically require extensive testing and validation to ensure they perform as expected.

Separate manufacturing lines may have dedicated testing facilities and equipment for these components.
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Space Manufacturing Line Differences - Batch Control

In most cases, space components are produced in smaller batches compared to the high-volume production
of commercial and automotive components. Separate manufacturing lines can better accommodate the

production needs of these smaller batches.
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High Volume Manufacturing Line Differences - Cost-Effective Production

High volume manufacturing lines use streamlined and optimized production processes that minimize waste,
downtime, and bottlenecks. They contain automated and semi-automated equipment for faster and more

accurate manufacturing.
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High Volume Manufacturing Line Differences - High Throughput

High volume manufacturing lines are capable of producing a high volume of components to meet the

demands of the automotive and commercial electronics industries.
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High Volume Manufacturing Line Differences - Consistency of Product

High volume manufacturing lines have consistency in product quality, with minimal variations in parameters,
tolerances, and performance across a large production run. Yields stay consistent over periods of time and

from production run to production run.
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High Volume Manufacturing Line Differences - In Process Testing and Control

High volume manufacturing lines use stringent quality control measures and in line testing and inspections at
multiple stages of production to ensure that components meet requirements as they are being assembled.

They use Statistical Process Control (SPC) to monitor for undesirable trends and keep the manufacturing

processes under control in real-time.
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High Volume Manufacturing Line Differences - Testing and Validation

High volume manufacturing lines use rigorous testing and validation of components to verify performance,
reliability, and safety. They use performance testing to ensure that components meet or exceed

requirements.
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High Volume Manufacturing Line Differences - Supply Chain Management

High volume manufacturing lines use an efficient supply chain management system to secure a consistent
source of materials and components, preventing disruptions in production. This typically means multiple
suppliers for the same material are in place to prevent production stoppages if one supplier is unable to

deliver on time for whatever reason (natural disasters, worker strikes, political issues).
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High Volume Manufacturing Line Differences - Continuous Improvement

High volume manufacturing lines maintain a culture of continuous improvement where the manufacturing line
Is regularly reviewed and updated to optimize processes and reduce defects. This may involve some small

changes and optimization in the test programs or processing steps without any impacts to the datasheet

specifications.
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High Volume Manufacturing Line Differences - Lean Manufacturing Principles

High volume manufacturing lines apply lean manufacturing principles to eliminate waste, improve efficiency,
and enhance overall production. This involves just-in-time manufacturing and inventory management

systems that can be disrupted if any part in the supply chain is broken, such was the case during the

COVID pandemic.
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High Volume Manufacturing Line Differences - Well-Maintained Equipment

High volume manufacturing lines impose regular maintenance and preventive measures for manufacturing
equipment to prevent unexpected downtime or defects caused by equipment failures. Equipment goes

through calibration and self-check steps prior to being put in use each time.
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Lot Based Space Grade EEE Part Manufacturing - Strengths

Stringent Quality Control: Rigorous testing protocols are applied to each lot of components intended for space

use. This may include environmental testing, electrical testing, and functional testing to ensure the components

meet or exceed specified standards.

Traceability and Documentation: Each component within a lot is meticulously documented, and traceability is

maintained throughout the manufacturing process. This documentation includes the complete history of the part,

from raw materials to final testing.

Customization for Mission Requirements: Components intended for space use are often customized for specific

space missions. Manufacturers work closely with space agencies to tailor components to the unique requirements

of each mission, including environmental conditions and performance criteria.

Small Batch Production: Components intended for space use are typically produced in smaller batches or lots,

allowing for more focused attention on quality control. This approach is in contrast to high-volume production,

enabling manufacturers to carefully monitor and optimize each batch.
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Lot Based Space Grade EEE Part Manufacturing - Strengths

Reliability Testing: Military standards often require extensive reliability testing, such as accelerated life testing and

thermal cycling. These tests are conducted on a controlled lot basis to ensure that components can withstand the
harsh conditions of space.

Compliance with MIL-STDs: Adherence to MIL-STDs ensures that components intended for space use meet

specific military standards for design, testing, and quality assurance. Compliance with these standards is a strength
that enhances the reliability and interoperability of components.

Environmental and Radiation Hardening: Components intended for space use, can be specifically designed to

withstand some of the extreme conditions of space, including radiation exposure, vacuum, and wide temperature
variations. Controlled lot-based production allows for thorough testing to verify the effectiveness of environmental
hardening measures.

Customized Testing Protocols: Each lot may undergo specialized testing based on the mission requirements. For

example, components destined for deep space missions may undergo more stringent radiation testing compared to
those intended for low Earth orbit.
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Lot Based Space Grade EEE Part Manufacturing - Strengths

Continuous Monitoring and Auditing: Continuous monitoring and auditing of manufacturing processes and

quality control measures ensure that the production line consistently meets the required standards. Any deviations

are promptly identified and addressed.

Collaboration with Space Agencies: Manufacturers of components intended for space use work closely with

space agencies to understand mission objectives and requirements. This collaborative approach strengthens the

customization and reliability of the components.

Long-Term Support and Obsolescence Management: Military standards often include provisions for long-term

support and obsolescence management. Manufacturers plan for the extended life cycle of military specification

components, ensuring availability and support over the mission's duration.

Critical Mission Success: Components intended for space use play a critical role in the success of space

missions. The controlled lot-based production approach ensures that each batch of components is thoroughly

tested and reliable, reducing the risk of mission failure due to component malfunctions.
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Continuous EEE Part Production Strengths

Cost Efficiency: Mass production allows for economies of scale, reducing the per-unit production cost. This cost

efficiency benefits both manufacturers and consumers, making automotive EEE parts more affordable.

High Throughput: Continuous production lines are designed for high throughput, enabling the rapid production of

a large volume of components. This is particularly advantageous in meeting the high demand for automotive parts.

Consistent Quality: Automated processes and stringent quality control measures contribute to consistent product

quality across large production runs. This consistency is essential for meeting industry standards and ensuring

reliable performance in vehicles.

Supply Chain Efficiency: High-volume production lines often integrate efficient supply chain management

systems. Reliable sourcing of materials and components ensures a steady flow of production without interruptions.

Lean Manufacturing Practices: Continuous high-volume production lines often adopt lean manufacturing

principles, minimizing waste and optimizing efficiency. This results in streamlined processes and cost savings.
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Continuous EEE Part Production Strengths

Quick Response to Market Demand: Continuous production lines are adaptable to changes in market demand.

Manufacturers can quickly adjust production volumes to meet fluctuating demand for specific automotive models or

components.

High Automation Level: Automation in manufacturing processes ensures precision, reduces errors, and increases

production speed. This is especially beneficial for high-volume production where consistency and efficiency are

paramount.

Reduced Lead Times: Continuous production allows for shorter lead times in delivering automotive EEE parts to

manufacturers or assembly plants. This is crucial for maintaining efficient production schedules in the automotive industry.

Scalability: High-volume production lines are designed to scale production levels easily. This scalability is advantageous

when demand increases, such as during the launch of new vehicle models or the expansion of the automotive market.

Efficient Utilization of Resources: Continuous production maximizes the utilization of manufacturing resources, such as

equipment and labor. This efficiency contributes to the overall cost-effectiveness of the production process.
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Continuous EEE Part Production Strengths

Standardization of Processes : Continuous high-volume production often involves standardized processes, ensuring consistency

and reducing the likelihood of variations in product quality. Standardization also facilitates training and resource allocation.

Predictable Production Output: Manufacturers can predict and plan production output accurately in a continuous high-volume

production environment. This predictability aids in meeting market demand and managing inventory levels.

Quality Control at Scale: Continuous production lines incorporate advanced quality control measures, including automated

inspections and statistical process control. These measures ensure that a large volume of components meets or exceeds

quality standards.

Technological Advancements Continuous high-volume production lines often incorporate the latest technological

advancements, such as advanced robotics, data analytics, and digital manufacturing tools. These technologies contribute to
improved efficiency and quality.

Fast Problem Resolution: High volume manufacturing lines use rapid problem identification and resolution mechanisms to

address quality issues promptly and to prevent further defects in subsequent production runs.
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Continuous EEE Part Production Strength - Fast Problem Resolution: Equipment Malfunctions

Rapid Diagnosis: In a continuous production setting, automated monitoring systems can quickly detect

equipment malfunctions or deviations from expected performance.

Real-time Alerts: Automated systems can send real-time alerts to operators or maintenance teams when

equipment malfunctions are identified, allowing for immediate response.

Reduced Downtime: Swift identification of equipment malfunctions enables prompt repairs or adjustments,

minimizing production downtime and preventing the creation of defective components.
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Continuous EEE Part Production Strength - Fast Problem Resolution: Changes in Raw Materials

Real-time Material Tracking: Continuous production lines often incorporate systems for real-time tracking of

raw materials. If there are changes in material properties or sources, these changes can be quickly identified.

Adaptation of Process Parameters: Manufacturers can swiftly adjust process parameters to accommodate

variations in raw materials, ensuring that the end products maintain consistent quality.

Quality Control Measures: Continuous production allows for the implementation of robust quality control

measures to verify that any changes in raw materials do not negatively impact the final product.
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Continuous EEE Part Production Strength - Fast Problem Resolution: Unforeseen Quality Control
Challenges

Automated Inspection Systems: Continuous production lines often integrate automated inspection

systems, such as vision inspection or sensors, to monitor product quality in real-time.

Statistical Process Control (SPC): SPC techniques enable the continuous monitoring of key process

parameters. If there is a deviation from established control limits, corrective actions can be initiated promptly.

Root Cause Analysis: In the event of unexpected quality issues, continuous production facilitates rapid root

cause analysis to identify the underlying factors contributing to the problem.

Immediate Corrective Actions: With a well-established quality management system, corrective actions can

be implemented immediately to address the root causes and prevent the recurrence of similar issues in

subsequent production runs.
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Continuous EEE Part Production Strength - Fast Problem Resolution: Process Optimization

Continuous Monitoring of Performance Metrics: Continuous production lines continuously monitor various

performance metrics. This data allows manufacturers to identify opportunities for process optimization.

Feedback Loops: Swift implementation of process improvements based on real-time feedback ensures that

the production line operates at peak efficiency, minimizing defects and maximizing yield.
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Continuous EEE Part Production Strength - Fast Problem Resolution: Lean Manufacturing
Principles

Continuous Improvement Culture: Continuous production lines often adopt lean manufacturing principles,

fostering a culture of continuous improvement. Employees are empowered to identify and address issues

proactively.

Kaizen Events: Rapid response to issues is facilitated through Kaizen events or improvement workshops,

where cross-functional teams collaboratively address challenges and implement solutions.
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Continuous EEE Part Production Strength - Fast Problem Resolution: Adaptive Production
Planning

Dynamic Scheduling: Continuous production lines can dynamically adjust production schedules to

accommodate changes in demand, unexpected challenges, or variations in production speed.

Flexible Manufacturing Systems: The use of flexible manufacturing systems allows for quick adaptation to

changes, ensuring that the production line remains efficient and responsive.
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Summary

» Lot based EEE part manufacturing traditionally used for space grade components has many differences from

continuous high volume EEE part manufacturing currently use for automotive and COTS part manufacturing.
» There are primarily different because the parts are intended for different customer types.

» Improvements that benefit one manufacturing line style will generally migrate to the other manufacturing line,

if applicable.
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Purpose

The purpose of this class is to teach traditional space product Parts Engineers about high volume EEE part

manufacturing defect prevention activities.

This is intended to build basic background knowledge as we move to understand when the use of high

volume continuous manufacturing EEE parts could be used for space missions.
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Zero Defects Process

Zero Defects is a quality management approach aimed at achieving flawless production by eliminating

defects at every stage of design and manufacturing

The following items form a general basis for the Zero Defects process
Quality Planning
Supplier Selection and Control
Design for Manufacturability (DFM)
Process Optimization
Quality Control and Inspection
Employee Training and Empowerment
Continuous Monitoring and Feedback

Customer Engagement and Satisfaction
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Zero Defects Process - Quality Planning

Quality planning is a critical phase in the Zero Defects process for high volume part manufacturing. It

involves detailed preparation and consideration of quality objectives, standards, and processes to ensure

that products meet or exceed customer expectations.

The Quality Planning Phase includes the following tasks:
Understanding Customer Requirements
Setting Quality Objectives
Defining Quality Standards

Risk Assessment and Mitigation
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Zero Defects Process - Supplier Selection and Control

Supplier selection and control are crucial aspects of ensuring quality in high volume part manufacturing

The Supplier selection and control phase includes the following tasks:
Supplier Evaluation and Qualification
Supplier Audits and Assessments
Supplier Performance Monitoring
Incoming Inspection
Supplier Collaboration and Communication

Supplier Development and Improvement
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Zero Defects Process - Design for Manufacturability (DFM)

Design for Manufacturing (DFM) is a methodology employed in the early stages of product development to

optimize the design of high volume parts for efficient and cost-effective manufacturing

The Design for Manufacturing Phase includes the following tasks:
Collaborative Approach
Design Simplification
Material Selection
Design for Assembly (DFA)
Tolerance Analysis
Manufacturability Analysis
Prototype Testing and Validation
Feedback Loop

Documentation and Standardization
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Zero Defects Process - Process Optimization

Process optimization in high volume part manufacturing involves improving manufacturing processes to

enhance efficiency, quality, and productivity

The Process Optimization Phase includes the following tasks:
Process Analysis
Value Stream Mapping
Lean Manufacturing Principles
Six Sigma Methodology
Kaizen Events
Automation and Technology Integration
Quality Control and Error Proofing

Continuous Monitoring and Improvement
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Zero Defects Process - Quality Control and Inspection

The Quality Control and Inspection process in high volume part manufacturing involves implementing measures to
ensure that products meet predefined quality standards and specifications

The Quality Control and Inspection Phase includes the following tasks:
In-Process Inspections
Statistical Process Control (SPC)
Sampling Plans
Root Cause Analysis
Corrective Actions
Quality Assurance Testing
Incoming Material Inspection
Traceability and Documentation
Quality Audits

Continuous Improvement

PAGE 84 INFORM YOURSELF  nsc.nasa.gov




Zero Defects Process - Employee Training and Empowerment

The Employee Training and Development section in high volume part manufacturing focuses on providing

employees with the knowledge, skills, and resources they need to perform their jobs effectively and contribute to

the achievement of quality objectives.

The Employee Training and Development Phase includes the following tasks:
Technical Skills Training
Quality Management Training
Lean Manufacturing and Six Sigma Training
Cross-Training and Multiskilling
Problem-Solving and Decision-Making Skills
Soft Skills Development
Safety Training

Continuous Learning and Development
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Zero Defects Process - Continuous Monitoring and Feedback

The Continuous Monitoring and Feedback section in high volume part manufacturing focuses on systematically
tracking key performance indicators (KPls), collecting data, and soliciting feedback to evaluate process

performance, identify areas for improvement, and drive continuous improvement efforts.

The Continuous Monitoring and Feedback Phase includes the following tasks:
Key Performance Indicators (KPIs)
Real-Time Monitoring Systems
Performance Dashboards
Regular Reviews and Assessments
Data Analysis and Trend Identification
Root Cause Analysis
Continuous Improvement Initiatives

Benchmarking and Best Practices Sharing
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Zero Defects Process - Customer Engagement and Satisfaction

The customer engagement and satisfaction section in high volume part manufacturing focuses on building
strong relationships with customers, understanding their needs and expectations, and delivering products

and services that meet or exceed their requirements

The Customer Engagement and Satisfaction Phase includes the following tasks:
Customer Needs Assessment
Relationship Building
Customization and Personalization
Quality Assurance, Reliability, and On-Time Delivery
After-Sales Support

Communication and Transparency
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Zero Defects Framework
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Zero Defects Framework
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Wafer Fabrication Process Design - Characterization and Qualification of Process

The characterization and qualification of a high-volume silicon wafer fabrication process are critical steps to
ensure that the manufacturing process consistently produces wafers that meet stringent quality and

performance standards.
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Wafer Fabrication Process Design - Characterization of Process

Process characterization involves a detailed understanding of the process parameters, their ranges, and their
impacts on the final product. Characterization helps in defining the operating conditions and control limits for

each process step to ensure consistent quality and performance.
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Wafer Fabrication Process Design - Characterization of Process

Process Characterization Steps

Parameter Identification: Identify all relevant process parameters and variables that could affect the quality

and performance of the silicon wafers. This includes temperature, pressure, chemical concentrations, and

equipment settings.

Baseline Measurements: Establish baseline measurements for each parameter by running controlled

experiments and collecting data. This provides a reference point for future comparisons.

Characterization Experiments: Conduct experiments to determine the sensitivity of the process to

variations in each parameter. This involves systematically varying one parameter at a time (while keeping

others constant) to study its effect.
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Wafer Fabrication Process Design - Characterization of Process

Process Characterization Steps

Data Collection and Analysis : Collect data on critical parameters and outputs such as defect density,

electrical characteristics, and dimensional accuracy. Use statistical analysis to identify trends, correlations,

and causal relationships.

Process Window Definition: Define the process window or operating range for each parameter within which

the process produces acceptable wafers. This helps in setting control limits for monitoring and maintaining

process stability.

Failure Mode and Effects Analysis (FMEA): Perform FMEA to identify potential failure modes, their causes,

and effects on the process and product. This helps in prioritizing areas for improvement and risk mitigation.
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Wafer Fabrication Process Design - Characterization of Process

Process Characterization Steps

Control Plans: Develop control plans based on the characterization data. This includes specifying the

frequency and methods for monitoring key parameters, as well as actions to take when parameters deviate

from the specified range.

Continuous Monitoring: Implement continuous monitoring of process parameters using Statistical Process

Control (SPC) techniques to ensure the process remains within the defined control limits during production.

Feedback and Improvement: Use feedback from characterization and ongoing production to continuously

refine and improve the process. This involves updating process parameters, SOPs, and control plans as

needed.
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Wafer Fabrication Process Design - Qualification of Process

Process qualification involves verifying and validating that the fabrication process is capable of consistently
producing products that meet predefined specifications and quality standards. The main goals are to
establish confidence in the process, ensure repeatability, and identify any potential issues before full-scale

production.
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Wafer Fabrication Process Design - Qualification of Process

Process Qualification Steps

Defining Requirements: Clearly specify the requirements and quality standards that the process must meet.

This includes dimensional tolerances, electrical characteristics, material properties, and defect density limits.

Preliminary Testing: Conduct preliminary tests on small batches of wafers to identify any immediate issues

and to fine-tune process parameters.

Design of Experiments (DOE): Implement DOE techniques to systematically explore the effects of various

process parameters and their interactions. This helps in optimizing the process and identifying the most

critical variables.
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Wafer Fabrication Process Design - Qualification of Process

Process Qualification Steps

Pilot Runs: Perform pilot production runs to simulate full-scale manufacturing conditions. This helps in

evaluating process stability and capability over a larger number of wafers.

Process Capability Analysis: Use statistical methods such as Process Capability Index (Cpk) and Process

Performance Index (Ppk) to assess the ability of the process to produce wafers within specified limits.

Documentation: Document all findings, process parameters, and outcomes from the qualification phase.

This includes creating Standard Operating Procedures (SOPs) and Work Instructions (WIs) for production.
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Wafer Fabrication Process Design - Integration of Characterization and Qualification

The characterization and qualification processes are interconnected and often iterative. Characterization
provides the detailed understanding required for effective qualification, while ongoing qualification efforts help
refine and expand characterization knowledge. Together, they ensure that the silicon wafer fabrication

process is robust, reliable, and capable of meeting high-volume production demands with consistent quality.
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Zero Defects Framework
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Validating Design Rules

Electronic part foundries provide part design teams with design rules that designers must comply with when

designing piece parts for that foundry's technology node.

High volume piece part manufacturers will validate the foundry’s design rules prior to releasing a product

to market.
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Validating Design Rules - Foundries

Electronic part foundries validate design rules they provide to customers through a comprehensive process

that ensures the rules are accurate, practical, and effective in guiding the design of integrated circuits.

The following are elements of this process:
Development of Design Rules
Internal Validation
Simulation and Modeling
Customer Engagement and Feedback
Documentation and Training
Ongoing Verification

Tool Integration and Support
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Validating Design Rules - Foundries: Development of Design Rules

Process Characterization: The foundry first characterizes the fabrication process. This involves detailed

studies of the semiconductor process technology, including lithography, etching, deposition, and chemical-

mechanical polishing (CMP).

Rule Formulation: Based on process characterization, design rules are formulated to ensure

manufacturability. These rules encompass various aspects such as minimum feature sizes, spacing between

features, layer alignments, and specific requirements for different layers (e.g., metal, polysilicon).
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Validating Design Rules - Foundries: Internal Validation

Test Chips: Foundries create test chips incorporating a variety of structures designed according to the

proposed rules. These chips are fabricated using the standard production process.

Process Window Analysis: The test chips are analyzed to determine the process window, which identifies

the range of process variations where the design rules are still valid.

Electrical Testing: The electrical characteristics of the fabricated test structures are measured to ensure

they meet the desired specifications. This includes tests for resistance, capacitance, leakage, and

functionality under different conditions.
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Validating Design Rules - Foundries: Simulation and Modeling

DRC Simulations: Design Rule Check (DRC) simulations are run using Electronic Design Automation (EDA)

tools to verify that the rules are logically consistent and that designs adhering to these rules will be

manufacturable.

Process Simulations: Advanced process simulations, including lithography simulation, etching simulation,

and stress analysis, are used to predict the impact of design rules on manufacturability and performance.
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Validating Design Rules - Foundries: Customer Engagement and Feedback

Early Access Programs: Selected customers are given early access to the design rules and asked to

design test structures or simple circuits. This real-world testing provides practical feedback on the usability

and effectiveness of the rules.

Feedback Loop: Feedback from these customers is collected and analyzed. Any issues or ambiguities in the

design rules are addressed through revisions and updates.
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Validating Design Rules - Foundries: Documentation and Training

Detailed Documentation: Comprehensive documentation is provided to customers, including examples and

guidelines on how to apply the design rules effectively.

Training Programs: Foundries offer training sessions and workshops to help customers understand and

implement the design rules correctly.
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Validating Design Rules - Foundries: Ongoing Verification

Yield Analysis: During production runs, yield data is continuously monitored. High yields indicate that the

design rules are effective, while yield issues prompt further investigation and potential rule adjustments.

Post-Fabrication Analysis: Detailed analysis of failed or marginal dies helps identify any weaknesses in the

design rules, leading to further refinement.

PAGE 107 INFORM YOURSELF  nsc.nasa.gov




Validating Design Rules - Foundries: Tool Integration and Support

EDA Tool Integration: Foundries work closely with EDA tool vendors to ensure that the design rules are

accurately implemented in the design tools used by customers. This includes providing rule decks for DRC

tools and ensuring accurate representation in layout editors.

Technical Support Ongoing technical support is provided to assist customers with interpreting and applying

the design rules, addressing any issues that arise during the design process.
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Validating Design Rules - Foundries: Summary

By validating design rules through this comprehensive process, electronic part foundries ensure that their
customers can design integrated circuits that are manufacturable, reliable, and performant, thus maintaining

high standards of quality and efficiency in foundry production.
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Validating Design Rules - Part Manufacturers

Electronic piece part design teams validate foundry design rules through a multi-faceted approach that

involves simulation, test structures, collaboration with the foundry, and iterative feedback loops.

The following are elements of this process:
Understanding and Initial Assessment
Simulation and Verification
Test Structures and Silicon Validation
Electrical Testing
Collaboration and Feedback
Continuous Improvement
Tool Integration

Documentation and Training
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Validating Design Rules - Part Manufacturers: Understanding and Initial Assessment

Review Documentation: Design teams start by thoroughly reviewing the design rule documentation

provided by the foundry. This includes understanding the constraints, guidelines, and examples given.

Initial Assessment: The team assesses the design rules in the context of their specific project requirements

and design objectives to identify any potential concerns or areas needing clarification.
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Validating Design Rules - Part Manufacturers: Simulation and Verification

Design Rule Check (DRC): Using Electronic Design Automation (EDA) tools, design teams run Design Rule

Checks on their layouts. These tools simulate the manufacturing process based on the provided rules to

ensure that the layout complies with all specified constraints.

Process Simulations: Advanced process simulations are performed to predict how the design will behave

during actual manufacturing. This includes lithography simulations, etching simulations, and stress analyses

to see if the design rules lead to reliable and manufacturable layouts.

PAGE 112 INFORM YOURSELF  nsc.nasa.gov




Validating Design Rules - Part Manufacturers: Test Structures and Silicon Validation

Design and Fabricate Test Chips: Design teams create test chips that incorporate various design features

and structures that adhere to the design rules. These chips are sent to the foundry for fabrication.

Design teams often request a corner lot that specifically has fast and slow p-channel and n-channel gates. Process

voltage temperature testing is performed on this lot.

On the corner lot and in actual production, foundry identifies where in control window the lot is through test

structure characterization.

Physical Verification: Once fabricated, the test chips undergo physical verification, where the team inspects

the actual structures using techniques like scanning electron microscopy (SEM) to ensure they match the

iIntended design.
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Validating Design Rules - Part Manufacturers: Electrical Testing

Functional Testing: The electrical characteristics of the test structures are measured. This includes testing

parameters such as resistance, capacitance, leakage current, and overall functionality under

different conditions.

Reliability Testing: Long-term reliability tests are conducted to ensure that the designs will perform reliably

over the intended lifespan. This can involve stress tests, thermal cycling, and other environmental tests.
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Validating Design Rules - Part Manufacturers: Collaboration and Feedback

Regular Communication with Foundry: Design teams maintain regular communication with the foundry to

discuss any issues, ambiguities, or potential improvements in the design rules. Foundries often provide

technical support and clarification as needed.

Iterative Feedback Loop: Based on the findings from simulations, physical inspections, and electrical tests,

design teams provide feedback to the foundry. This feedback can lead to refinements in the design rules or

adjustments in the design approach.
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Validating Design Rules - Part Manufacturers: Continuous Improvement

Refinement of Design Rules: If issues are discovered, the design rules are refined and updated by the

foundry, and these updates are communicated back to the design teams.

Internal Guidelines: Design teams develop internal guidelines and best practices based on their

experiences with the design rules. These guidelines help streamline future designs and improve compliance

with foundry specifications.
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Validating Design Rules - Part Manufacturers: Tool Integration

EDA Tool Calibration: The design rules are integrated into EDA tools used by the design teams. This

involves creating and validating rule decks for DRC and layout versus schematic (LVS) checks, ensuring that

the tools correctly enforce the design rules.

Automated Rule Checking: Automated tools are used throughout the design process to continuously check

for rule compliance, catching potential violations early and allowing for prompt corrections.
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Validating Design Rules - Part Manufacturers: Documentation and Training

Comprehensive Documentation: Detailed documentation of the design rule validation process, including

test results, issues encountered, and their resolutions, is maintained. This documentation serves as a

reference for future projects.

Training and Knowledge Sharing: Design teams conduct training sessions and workshops to share

iInsights and best practices with other team members, ensuring that the entire team is well-versed in the

validated design rules.
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Validating Design Rules - Part Manufacturers: Summary

By employing this rigorous validation process, electronic piece part design teams ensure that their designs
are manufacturable, reliable, and compliant with the foundry's design rules, leading to successful production

and high-quality consistent end products.
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Zero Defects Framework
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Wafer Fabrication Process Control

High volume wafer fabrication involves complex processes that require stringent process controls to prevent

defects and ensure high yields.

The following are key process controls and methodologies used in wafer fabrication to prevent defects:

Process Monitoring and Control
Cleanroom Environment Control
Material Quality Control

Defect Inspection and Control

Process Integration and Optimization
Equipment Maintenance and Calibration
Yield Management and Analysis

Training and Documentation

PAGE 121 INFORM YOURSELF  nsc.nasa.gov




Wafer Fabrication Process Control - Process Monitoring and Control

Real-Time Process Monitoring: Advanced sensors and monitoring systems are integrated into fabrication

equipment to continuously measure critical parameters such as temperature, pressure, gas flow rates, and

chemical concentrations.

Statistical Process Control (SPC): SPC techniques are employed to monitor process parameters and

identify variations. Control charts and process capability analyses are used to detect any deviations from the

specified process windows, allowing for immediate corrective actions.
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Wafer Fabrication Process Control - Cleanroom Environment Control

Particle Control: The fabrication process is conducted in cleanrooms with strict control over airborne

particles. High-efficiency particulate air (HEPA) filters and ultra-low penetration air (ULPA) filters are used to

maintain cleanroom standards (typically ISO Class 1 to Class 5).

Environmental Control: Temperature, humidity, and air pressure within the cleanroom are tightly regulated

to prevent contamination and ensure optimal process conditions.
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Wafer Fabrication Process Control - Material Quality Control

Incoming Material Inspection: Raw materials, such as silicon wafers, chemicals, and gases, undergo

rigorous quality inspection upon arrival. This includes checking for purity, consistency, and compliance

with specifications.

Vendor Quality Management Suppliers are subjected to regular audits and quality checks to ensure they

provide materials that meet the required standards.
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Wafer Fabrication Process Control - Defect Inspection and Control

Automated Optical Inspection (AOI). Automated systems inspect wafers for surface defects, pattern

discrepancies, and particle contamination. AOI systems can detect defects at various stages, from initial

wafer preparation to final patterning.

In-Line Defect Detection: In-line metrology tools and inspection systems are used throughout the fabrication

process to detect defects early. This allows for immediate corrective actions and minimizes the impact on

subsequent process steps.

Critical Dimension (CD) Measurement: Precision metrology tools measure the critical dimensions of

features on the wafer to ensure they meet design specifications. Variations beyond acceptable limits are

flagged for investigation.

PAGE 125 INFORM YOURSELF  nsc.nasa.gov




Wafer Fabrication Process Control - Process Integration and Optimization

Design of Experiments (DOE): DOE techniques are used to systematically investigate process variables

and their interactions. This helps optimize process parameters to achieve the best possible yield and quality.

Recipe Management: Standardized recipes for each process step are maintained and strictly followed. Any

changes to process recipes are carefully controlled and documented to ensure traceability and consistency.
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Wafer Fabrication Process Control - Equipment Maintenance and Calibration

Preventive Maintenance: Regular preventive maintenance schedules are established for all fabrication

equipment. This includes cleaning, calibration, and replacement of parts to prevent equipment-related

defects.

Calibration: Equipment is routinely calibrated to ensure that it operates within specified parameters.

Calibration records are maintained to track equipment performance over time.
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Wafer Fabrication Process Control - Yield Management and Analysis

Yield Analysis: Detailed yield analysis is performed to identify trends, root causes of defects, and areas for

improvement. Advanced data analytics and machine learning algorithms may be used to analyze large

datasets and uncover hidden correlations. Focus is primarily on reducing defect density.

Corrective and Preventive Actions (CAPA) Based on yield analysis, corrective and preventive actions are

implemented to address identified issues and prevent recurrence.
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Wafer Fabrication Process Control - Training and Documentation

Employee Training: Continuous training programs are provided to ensure that all personnel are

knowledgeable about process controls, defect prevention techniques, and best practices.

Standard Operating Procedures (SOPs): Detailed SOPs are developed and followed for every process

step. These documents ensure consistency and provide guidelines for handling deviations and emergencies.
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Wafer Fabrication Process Control - Electrical Testing

Electrical testing is a critical component in ensuring that wafer fabrication processes stay in control and

produce high-quality, reliable devices.

Electrical test is performed continuously and monitored in real time at the wafer level and at the die level.
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Wafer Fabrication Process Control - Electrical Testing

Wafer Level Testing— Probe Testing

Wafer Probing: During wafer probing, individual die on the wafer are tested using a probe card that makes

temporary electrical contact with the die pads. This allows for electrical characterization of each die before it

IS packaged.

Parametric Testing: This involves measuring electrical parameters such as threshold voltage, leakage

current, capacitance, resistance, and transistor performance metrics. Parametric testing helps in identifying

process variations and potential defects.
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Watfer Fabrication Process Control - Electrical Testing

Wafer Level Testing— Inline Monitoring

Test Structures: Special test structures are fabricated on the wafer alongside the actual devices. These

structures are used to monitor specific process parameters such as gate oxide thickness, metal layer

resistance, and via integrity.

Scribe Line Testing: Electrical tests are conducted on test structures placed in the scribe lines (areas

between the dice) to monitor process consistency across the wafer, between wafers, and between

production lots.
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Wafer Fabrication Process Control - Electrical Testing

Die Level Testing — Initial Die Testing

Functional Testing: Each die is subjected to functional tests to ensure that it performs as intended. This

includes logic testing for digital circuits and performance testing for analog components.

Burn-In Testing: Some dies undergo burn-in testing where they are stressed under elevated temperature

and voltage conditions to accelerate any latent defects. This helps in identifying early-life failures.
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Wafer Fabrication Process Control - Electrical Testing: Die Binning

Defect Related Binning: Defective die are binned by different defects. This allows for categorizing the type

of failure.

Performance Related Binning: Companies may bin dies based on performance, such as higher speed, for

example. True high volume product lines do not do this.
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Wafer Fabrication Process Control - Electrical Testing: Die Binning

Feedback Loops

Data Collection and Analysis : Detailed data from binning results is analyzed to understand defect patterns

and root causes. This information is fed back into the fabrication process to improve yield and reduce defects
in future production runs.

Process Adjustments: Based on binning data, adjustments are made to the manufacturing process to

address identified issues, such as tuning process parameters, improving materials, or upgrading equipment.

Predictive Maintenance

Early Detection: Binning helps in early detection of process drifts and equipment malfunctions. By

monitoring defect densities and performance trends, manufacturers can predict and prevent issues before
they escalate.

PAGE 135

INFORM YOURSELF nsc.nasa.gov




Packaging Electronic Parts Process Control

Process controls for packaging electronic parts on a high-volume production line are essential to ensure quality,
reliability, and efficiency. These controls involve systematic procedures and technologies to monitor and maintain

consistent performance throughout the packaging process.

The following are key process controls:
Incoming Material Inspection
Process Monitoring and Control
In-Process Inspection and Testing
Electrical Testing
Environmental and Reliability Testing
Statistical Process Control (SPC)
Corrective and Preventive Actions (CAPA)

Continuous Improvement
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Packaging Electronic Parts Process Control - Incoming Material Inspection

Component Quality Checks: Incoming components such as lead frames, substrates, molding compounds,

and bonding wires are inspected for quality and compliance with specifications.

Supplier Quality Management: Regular audits and quality assessments of suppliers ensure they meet

required standards. Quality agreements with suppliers specify acceptable quality levels and testing

requirements.
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Packaging Electronic Parts Process Control - Process Monitoring and Control

Die Attach Process

Adhesive Dispense Control: Automated dispensers apply adhesive in precise amounts. The volume and

placement are continuously monitored to ensure consistency.

Die Placement Accuracy: Pick-and-place machines position the die on the substrate with high precision.

Vision systems verify the placement accuracy.

Wire Bonding

Bond Quality Monitoring: Wire bonding machines use real-time monitoring systems to check bond quality,

ensuring correct placement and strength. Ultrasonic power and time parameters are closely controlled.

Pull and Shear Tests: Regular pull and shear tests are conducted to verify the mechanical strength of
the bonds.
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Packaging Electronic Parts Process Control - Process Monitoring and Control

Molding

Molding Pressure and Temperature Control Injection molding machines are equipped with sensors to

monitor and control pressure and temperature during the encapsulation process.

Void Detection: In-line inspection systems detect voids and other defects within the molded packages.

Curing

Curing Profile Control: Ovens and curing stations maintain precise temperature profiles to ensure complete

curing of the encapsulant. Temperature sensors and timers are used to control the process.
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Packaging Electronic Parts Process Control - In-Process Inspection and Testing

Visual Inspection: Automated optical inspection (AOIl) systems check for surface defects, alignment issues,

and other visual anomalies at various stages of the packaging process.

X-ray Inspection: Non-destructive X-ray inspection systems are used to detect internal defects such as

voids, wire sweep, and misalignment within the packages.
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Packaging Electronic Parts Process Control - Electrical Testing

Post-Packaging Testing: After the die is packaged, final electrical tests are conducted to verify the

performance of the entire package. This includes tests for continuity, leakage, and electrical functionality.

Burn-In and Stress Testing: Packaged parts may undergo additional burn-in and stress testing to identify

any latent defects that would otherwise appear as early life failures in the field.

Burn-in testing is expensive. True high volume manufacturers will perform a root cause investigation on every burn-in

failure until burn-in can be eliminated.
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Packaging Electronic Parts Process Control - Environmental and Reliability Testing

Thermal Cycling and Shock Testing Packaged parts undergo thermal cycling and shock testing to

simulate real-world operating conditions and ensure reliability.

Humidity and Moisture Testing Parts are subjected to humidity and moisture tests to assess their

resistance to environmental factors.
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Packaging Electronic Parts Process Control - Statistical Process Control (SPC)

Control Charts: Key process parameters are monitored using control charts to detect any deviations from

the norm. This includes adhesive volume, bond strength, molding pressure, and temperature.

Process Capability Analysis: Regular analysis of process capability indices (Cpk, Ppk) ensures that

processes are capable of producing parts within specified tolerances.

PAGE 143 INFORM YOURSELF  nsc.nasa.gov




Packaging Electronic Parts Process Control - Corrective and Preventive Actions (CAPA)

Root Cause Analysis: When defects or process deviations are detected, a thorough root cause analysis is

conducted to identify and address the underlying issues.

Corrective Actions: Immediate actions are taken to correct identified problems. This may involve adjusting

process parameters, repairing equipment, or modifying materials.

Preventive Actions: Measures are implemented to prevent recurrence of similar issues, such as updating

standard operating procedures (SOPs), enhancing employee training, and improving process monitoring

systems.
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Packaging Electronic Parts Process Control - Continuous Improvement

Lean Manufacturing and Six Sigma: Continuous improvement methodologies like Lean Manufacturing and

Six Sigma are applied to identify and eliminate waste, reduce variation, and improve overall process

efficiency and quality.

Feedback Loops: Feedback from inspections, testing, and customer returns is used to drive continuous

improvement efforts. Regular reviews of process performance and defect data inform process

enhancements.
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Summary

» High-volume wafer foundries and part manufacturers implement a comprehensive approach to eliminate

defects through a combination of advanced technology, stringent process controls, continuous monitoring,

and feedback mechanisms.

» By integrating the strategies discussed in this class, high-volume wafer foundries and part manufacturers can

significantly reduce defect rates, improve product quality, and enhance overall manufacturing efficiency.
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Upcoming Webinars

» Exploring Our New Safety Culture and Human Factors Dashboard — July 15, 2025
» Planetary Protection Handbook Update — July 22, 2025

Please visit https://nsc.nasa.gov/events for
upcoming virtual events
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