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Semiconductors are the fundamental building blocks of contemporary technology, driving everything from

satellites to cell phones and creating the framework for the digital era. With its rapidly growing technological

sector, countries equipped with the right semiconductor resources are well-positioned to become major

players in the semiconductor business as the need for semiconductor technology continues to soar on a

worldwide scale.
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In such an in-demand semiconductor industry, in the interview series with Silicon India, Chetan Arvind Patil

(Senior Product Engineer at NXP USA Inc.) sheds light on the semiconductor quality, test, yield, validation, and

reliability and how all these are critical to the semiconductor product development.

You can also read Part 1 (https://www.siliconindia.com/news/general/powering-indias-tech-future-

semiconductors-lead-the-charge-says-chetan-arvind-patil-nid-229257-cid-1.html), Part 2

(https://www.siliconindia.com/news/general/optimizing-semiconductor-product-development-chetan-

arvind-patil-on-yield-testing-and-industry-impact-nid-230185-cid-1.html) and Part 3

(https://www.siliconindia.com/news/general/chetan-arvind-patil-shares-insights-on-global-semiconductor-

industry-and-new-technological-advancements-nid-230710-cid-1.html) of this semiconductor insight series

previous interview articles on Silicon India.

Q1: Can you explain the cutting-edge methodologies and testing protocols you employ to validate

semiconductor products for mobile, industrial, and automotive applications, ensuring they meet the highest

industry standards?

Semiconductor devices for these domains are qualified according to IEC, JEDEC, and AEC-Q100 standards,

using rigorously qualified hardware such as Automated Test Equipment (ATE), environmental chambers, and

different types of testing to validation boards. Testing involves comprehensive process, voltage, and

temperature characterization across ATE, bench setups, and application-specific boards, ensuring

performance under extreme conditions (cold, room and hot temperatures) and also validating firmware where

applicable.

Package qualification, including Board Level Reliability Testing (BLRT), is also conducted to assess the

mechanical robustness of the device package under thermal cycling and drop conditions, ensuring it can

withstand the stresses encountered in real-world applications. This thorough approach ensures that both the

devices and testing hardware meet industry standards, guaranteeing the reliability and performance required

for mobile, industrial, and automotive applications.

Q2: What are the biggest reliability challenges you face in manufacturing semiconductors and what

innovative solutions do you implement to overcome these obstacles?

In semiconductor manufacturing, ensuring reliability and high yield involves a coordinated effort across

fabrication, testing, and assembly/packaging, with particular emphasis on the role of Process Control

Monitors (PCMs) during fabrication. In advanced process nodes (40nm and below), challenges such as

managing heat, preventing electrical failures, and ensuring stable production are more pronounced due to the

smaller and more complex designs. PCMs play a crucial role in monitoring critical parameters during

fabrication, ensuring that each step meets the required specifications and helping to detect potential issues

early. This monitoring is essential for maintaining process consistency and achieving high yield.

During assembly and packaging, special techniques are employed to keep the devices cool and protect them

from physical stress. In more mature process nodes (above 40nm), the focus is on maintaining consistent

quality and reliability, especially in demanding applications like automotive. Here, well-established

manufacturing processes, supported by PCMs, and rigorous testing help ensure that the devices can handle

tough conditions, such as extreme temperatures and vibrations. Packaging is designed to be robust, ensuring
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the devices are durable and reliable over time. By carefully managing these processes, including the critical

role of PCMs in fabrication, manufacturers can produce semiconductor products that meet the high standards

required in various applications, from mobile devices to industrial and automotive systems.

Q3: In your experience, how do you use advanced Failure Modes and Effects Analysis (FMEA) to distinguish

between minor defects and critical failures in semiconductors, particularly for high-stress environments like

automotive and industrial applications?

In high-stress environments like automotive and industrial applications, distinguishing between minor defects

and critical failures in semiconductors is crucial. Advanced Failure Modes and Effects Analysis (FMEA) is a

key tool in this process. FMEA helps identify potential failure modes by systematically analyzing each

component and process involved in the semiconductor's design and manufacturing.

For automotive and industrial semiconductors, where reliability is paramount, the FMEA process is enhanced

by integrating real-time data from stress tests, such as thermal cycling, vibration, and voltage overstress tests.

These tests simulate the extreme conditions the devices will face in actual operation, allowing for a more

accurate assessment of which failure modes are likely to occur and their potential impact.

By analyzing data from these tests, FMEA helps prioritize the most critical failure modes—those that could

lead to significant functional or safety issues. For example, in automotive applications, FMEA might highlight

the risk of electromigration in power transistors due to high current densities and elevated temperatures.

Once identified, these critical issues can be addressed through design changes, material selection, or process

adjustments to mitigate the risk.

This targeted approach ensures that the most significant risks are managed effectively, leading to more

reliable semiconductor products that can withstand the demanding conditions of automotive and industrial

environments.

Q4: How do you utilize powerful data analytics tools for predictive analytics and trend analysis in root cause

failure analysis?

Root Cause Failure Analysis (RCFA) critically depends on monitoring data trends, historical performance, and

process information. By analyzing shifts in data points across various readpoints - such as during fabrication,

testing, packaging and qualification - product to process engineers can identify deviations that may indicate

emerging issues.

This historical analysis helps in pinpointing where and why a process might be drifting out of control. The

integration of AI further enhances this approach by automating the identification of complex patterns and

correlations, leading to more precise and timely corrective actions. AI’s ability to analyze vast datasets quickly

and accurately ensures that potential failures are addressed before they impact yield and reliability, making it

an indispensable tool in maintaining the high standards required in mobile, industrial, and automotive

applications.

Q5: How do you integrate insights from root cause failure analysis into the design for reliability (DfR) and

design for manufacturability (DfM) processes to enhance the durability and performance of semiconductor

products?
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When failures occur, RCFA uses DfR and different techniques to assess whether issues are related to material

properties, testing, hardware, thermal management, or stress points identified during the design phase. It also

considers whether the design adhered to reliability standards like AEC-Q100. DfM analysis focuses on

potential process-related causes, such as variations in lithography or etching that might introduce defects.

By examining these aspects, RCFA can identify whether the root cause lies in the design, materials, or

manufacturing process, leading to targeted corrective actions like material changes, design adjustments, or

process optimizations. This approach not only addresses the current issue but also informs future design and

manufacturing strategies, reducing the likelihood of similar failures and improving overall product quality.

Q6: Can you discuss the importance and implementation of Highly Accelerated Stress Test (HAST) and

High-Temperature Operating Life (HTOL) tests in the validation process of semiconductor products,

particularly for ensuring long-term reliability in demanding applications?

Highly Accelerated Stress Test (HAST) and High-Temperature Operating Life (HTOL) tests are critical

components of the Qualification Plan for semiconductor products, particularly in automotive and industrial

applications. HAST simulates high humidity and temperature effects to identify potential failure mechanisms

like corrosion, while HTOL tests for issues such as electromigration and time-dependent dielectric breakdown

(TDDB) under elevated temperatures and voltages.

During these tests, key performance parameters are closely monitored, and results inform necessary

adjustments in material selection, circuit design, and packaging. Incorporating HAST and HTOL into the

Qualification Plan early ensures that the products meet stringent reliability standards, leading to robust and

durable devices for demanding environments.

About Chetan Arvind Patil

Chetan Arvind Patil is currently a Senior Product Engineer at NXP USA Inc. and has a proven track record of

developing silicon devices used in mobiles, industries & automobiles by leveraging his NPI/NTI skills. Connect

with him on his website (https://www.chetanpatil.in/)and LinkedIn

(https://www.linkedin.com/in/chetanarvindpatil)
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NIIT: Empowering Excellence In Talent... (https://www.siliconindia.com/magazine/us/november-2023-
issue.html)

(https://www.siliconindia.com/magazine/us/november-2023-issue.html)
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