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Abstract

Recently, the demands of high-voltage integrated circuits (ICs) are increasing
rapidly with the popularization of automotive electronics, driver circuits for display
panels, consumer integrated circuits (ICs), and power management applications. In the
high-voltage (HV) technology, the complexity of the process and the reliability of HV
devices have become more challenging compared with the low-voltage (LV) devices.
With the thriving applications in silicon ICs, the demands of HV ICs are increasing
rapidly, on-chip electrostatic discharge (ESD) and surge protection capabilities are the
important reliability issues for HV electronic products.

Since Digital Europe, International Electrotechnical Commission (IEC), and other

international organizations have been requiring USB Type-C as the unified charging
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connectors of consumer electronic products. However, USB Type-C has drawn much
attention due to the advantages of high power delivery, fast charging, and high-speed
data transmission. Therefore, it will become the unified input/output interface of all
electronic devices in the future. Since USB Type-C is an exposed external system port,
surge events easily occurred at the Vpus interfaces on USB Type-C during plugging and
unplugging. From the industry specification, the Vgus HV pins have to pass 28-V surge
immunity. Chapter 2 is to investigate surge immunity of the Vgus pins on USB type-C
HYV interfaces and design considerations of the on-chip surge protection device.

Because the maximum target voltage of Vpus interfaces is 20-V, the on-chip
protection devices must have non-snapback characteristics to prevent latch-up danger.
Chapter 3 is to compare the ESD and surge performance between the HV PNP BJT and
LV devices with stacked configuration. To meet the specification of USB type-C Vgus
interfaces regulated to 28-V surge level, the on-chip protection device should be added
under/near the pad on Vpus HV interfaces. Chapter 4 is to propose the new test
structures of HV PNP BJT, and surge immunity of the proposed on-chip HV PNP BJT
protection devices can be optimized by adjusting the layout diagram of the devices. The
proposed on-chip surge protection devices have been successfully verified in a 0.15-
um BCD technology.

Since different functions with multiple operating voltages are integrated into a
silicon chip for TV panel applications, Chapter 5 is to introduce the ESD and surge
protection device for several signal voltages by adjusting the device structures of the
proposed PNP BJT, where the concept of whole-chip ESD protection design for TV
panel applications is mentioned as well. In the end, Chapter 6 is to summarize the main
results of this thesis, where the future work based on the trend of analog applications in

the industry is discussed as well.
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