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Development of a Copper Nanoparticle Paste for Low-Temperature Bonding
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Power devices are widely used in various applications, including automotive inverters, photovoltaic and
wind power generation systems, and power supply systems for Al data centers. In recent years, there has
been a transition from conventional Si power devices to SiC power devices, which can operate at higher
temperatures. Currently, silver-based bonding materials have been put into practical use for SiC power
devices; however, replacement with copper-based bonding materials is desired because of the high cost of
silver and concerns regarding ion migration. In this paper, we report the development of a paste-type bonding
material capable of low-temperature bonding at 200°C using our copper nanoparticles and a copper complex
that decomposes at temperatures below 200°C. As a result, a shear strength of more than 50 MPa, which has
been difficult to achieve with copper-based bonding materials, was obtained under low-temperature bonding

conditions of 200 °C, 10 MPa, 5 min, in a nitrogen atmosphere.
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Fig. 1 SEM and TEM image of Copper nano particles.
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Fig. 2 Development concept of the Cu nanoparticle paste
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Table 1 Composition of the investigated copper nanoparticle paste used (none: —, present:O)
Paste No. Copper nanoparticle c?)(r)r?;)lfe; Paste solvent
1 Untreated copper nanoparticles O Terpineol
2 Formic acid-treated copper nanoparticles — Terpineol
3 Formic acid-treated copper nanoparticles O Terpineol
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Fig. 3 External view of the bonding sample
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Fig. 4 Shear strength of each bonding sample
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Fig. 5 XRD patterns of each sample (O: Peak attributed to

copper formate, A: Peak attributed to copper complex)
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Fig. 6 Thermal decomposition behavior of each sample
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Table 2 Thermal conductivity of the hot-pressed sample

Thermal conductivity

sintering conditions
[W/m-K]

200 °C 10 MPa 5 min @N» 212
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Fig. 9 Cross-sectional SEM image of the bonded sample.
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