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Abstract 

 Due to various practical application needs, the functionality and specifications of 

integrated circuits have become more diverse. Integrated circuits (IC) design companies have 

been proposing highly customized integrated circuit products to capture or even monopolize 

the market. These customized application-specific integrated circuits (ASICs), in addition to 

specific electrical functionalities, are often required to have a high level of reliability. Among 

these, Electrostatic Discharge (ESD) robustness and Latch-up immunity are critical benchmarks 

in the fierce competitive landscape. Therefore, improving and optimizing the reliability of ESD 

protection and Latch-up prevention in ASICs is a key technology with significant industrial 

application value. 

 This dissertation delves into the reliability challenges of ESD and latch-up  in ICs. Given 

the diversity of IC applications and specifications, ESD and latch-up issues must be addressed 

with “tailor-made” designs for specific application needs, rather than a one-size-fits-all 

approach. The dissertation consists of seven chapters, each addressing different research 

backgrounds, primarily focusing on the reliability optimization of various ASICs. Chapters 2 

and 3 focus on solutions for bidirectional ESD protection, while Chapters 4, 5, and 6 concentrate 

on strategies for enhancing Latch-up immunity. Each chapter thoroughly investigates and 
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addresses issues encountered in the industry, with silicon chip implementations for verification. 

 In Chapter 2, this dissertation explores the design and optimization of a bidirectional PNP 

(Bi-PNP) ESD protection device for high-voltage FlexRay applications, meeting the ±60V 

requirement. Additionally, in Chapter 3, an innovative circuit design for bi-directional ESD 

applications is proposed and verified, implemented under ±20V conditions. These designs not 

only meet specific application needs but also achieve significant improvements in design 

flexibility, size reduction, and adaptability for multi-input applications. 

 In terms of Latch-up protection, Chapter 4 proposes an embedded Schottky Isolation Ring 

design for 5V-tolerant I/O circuit applications to prevent Latch-up risks. Chapter 5 discusses 

Latch-up fault models in multi-function I/O buffer applications and proposes the use of 

embedded deep N-well (DNW) collectors to enhance Latch-up immunity. Finally, Chapter 6 

analyzes excessive electrical overstress (EOS) failures in low-voltage core circuits caused by 

latch-up testing (I-test) in linear regulators (LDOs) and proposes a DNW  isolation solution. 

 This dissertation emphasizes the improvement in product cost, area efficiency, and 

protective effects through specialized custom designs under high-reliability standards in ASICs. 

Chapters 5 and 6 showcase the importance of academia-industry collaboration in achieving 

high-reliability requirements and mass production goals, with practical case studies from 

industrial collaborations. Through such collaborations, this research not only successfully met 

high-reliability requirements but also enabled IC products to reach industry mass production 

standards, providing valuable practical experience for reliability optimization in IC design. 

Keywords— Electrostatic Discharge (ESD), Latch-Up , Integrated Circuits (ICs), Bidirectional 

ESD Protection, Schottky Isolation Ring, Deep N-well Collector, Electrostatic Overstress 

(EOS), Semiconductor Reliability.  


