J. Microelectron. Packag. Soc., 27(1), 17-24 (2020)
Print ISSN 1226-9360 Online ISSN 2287-7525

£7| : Copper-SiO, Hybrid Bonding

Cu-SiO, slojEz|E &

https://doi.org/10.6117/kmeps.2020.27.1.0017

Cu-SiO, Hybrid Bonding

Hankyeol Seo', Haesung Park’ and Sarah Eunkyung Kim"'

'Department of Mechanical Engineering, Seoul National University of Science and Technology,

232, Gongneung-ro, Nowon-gu, Seoul 01811, Korea

Graduate School of Nano-IT Design Convergence, Seoul National University of Science and Technology,

232, Gongneung-ro, Nowon-gu, Seoul 01811, Korea
(Received January 20, 2020: Corrected February 17, 2020: Accepted February 19, 2020)

Abstract: As an interconnect scaling faces a technical bottleneck, the device stacking technologies have been developed
for miniaturization, low cost and high performance. To manufacture a stacked device structure, a vertical interconnect
becomes a key process to enable signal and power integrities. Most bonding materials used in stacked structures are
currently solder or Cu pillar with Sn cap, but copper is emerging as the most important bonding material due to fine-
pitch patternability and high electrical performance. Copper bonding has advantages such as CMOS compatible process,
high electrical and thermal conductivities, and excellent mechanical integrity, but it has major disadvantages of high
bonding temperature, quick oxidation, and planarization requirement. There are many copper bonding processes such as
dielectric bonding, copper direct bonding, copper-oxide hybrid bonding, copper-polymer hybrid bonding, etc.. As copper
bonding evolves, copper-oxide hybrid bonding is considered as the most promising bonding process for vertically stacked
device structure. This paper reviews current research trends of copper bonding focusing on the key process of Cu-SiO,

hybrid bonding.
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Fig. 1. Schematic diagram of bonding methods and sequences.
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Table 1. Types of Cu Bonding Technique

Self-assembled monolayer bonding
Bonding with Ag, Mn, Ti, Pd

Solid liquid inter-diffusion bonding (Sn)
Hybrid (Cu-Polymer) bonding
Metal/dielectric Hybrid (Cu-SiO,) bonding: SiO, recess

hybrid bonding 4154 (Cu-Si0,) bonding called direct bond
interconnect: Cu dishing

Surface activated bonding (SAB)
Cu direct bonding Cu direct bonding

Bonding with
material insertion

High temperature thermo-compression bonding

TSV conducting adhesive (TCA) bonding
Polymer bonding . . .
Polymer Dielectric bonding
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Fig. 4. Cross-sectional image of stacked SRAM device.””
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