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Al ~ %% a83¥EH (high performance computing, HPC) #2 %48 L3¢ 18 %% (high bandwidth
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Driven by Al, high-performance computing (HPC), and high-bandwidth memory (HBM),
3D IC heterogeneous integration has become a key pathway for improving system performance
beyond conventional device scaling'" ™. This article provides a technology-oriented overview of the
engineering principles and development trends of TSVs, hybrid bonding, wafer thinning, temporary
bonding/debonding, wet cleaning/etching, wafer reclaim, and nondestructive inspection/metrology.
Quantitative metrics, including thermal resistance, junction temperature, RC delay, wafer warpage,
interfacial debonding energy, defect escape rate, and gage repeatability and reproducibility, are
used to link process parameters, material choices, metrology feedback, and overall chip-system
performance. The article also summarizes global and domestic development status, autonomous
technology advantages in Taiwan, key technology gaps, complementary collaboration opportunities,
and future trends in inspection and metrology equipment.
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