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Solid-state bonding process using nanoporous Cu sheet for high-temperature application
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Abstract of Thesis

The objective of this study was to develop bonding process to ensure reliable high-performance solid-state
nanoporous bonding using nanoporous Cu (NPC) sheet for high temperature applications. Attempts were made to
deal with the present challenges in realization of joint using nanoporous Cu sheet. The relationship between
change of microstructure and mechanical property were presented to improve the bondability of NPC bonding,
and the enhancement mechanisms of the two approaches using bare and ENIG Cu disks were studied separately.
Based on the study of the mechanisms, NPC bonding joints were successfully assembled by NPC sheet in the
formic acid atmosphere at a low temperature range.

In chapter 1, the background of power electronics for high temperature applications and emerging issues
related to the use of WBG semiconductors. Several common interconnection materials for replacement high Pb
containing solder were described and compared. And a feasibility of solid-state nanoporous bonding for die attach
was also suggested.

In Chapter 2, the fabrication of nanoporous sheet from Mn—Cu precursor alloy using dealloying method
was presented. The microstructure of NPC sheet related cold-rolling and annealing condition of Mn—Cu precursor
was investigated.

In Chapter 3, NPC bonding technique with bare Cu substrate using NPC sheet was suggested. Mainly,
the effects of bonding temperature and atmosphere on the shear strength of NPC bonding joints, microstructure
of bonding layer and fracture behavior of joint were discussed.

In Chapter 4, NPC bonding technique with electroless nickel/immersion gold (ENIG) finished Cu
substrate using NPC sheet was suggested. Mainly, the effects of bonding temperature on the shear strength of
NPC bonding joints, microstructure of bonding layer and fracture behavior of joint were discussed.

In Chapter 5, The oxidation reaction and microstructure evolution at the bonding interface of NPC/Cu
and NPC/ENIG during thermal storage test were demonstrated.

In Chapter 6, the results were summarized and future works were outlined
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