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Pressureless sintering performance and high temperature aging
of formic acid-treated nano-copper
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Abstract: A pressureless sintering process of copper nanoparticle based on the copper formate pyrolysis reaction
was developed. The aim was to address challenges faced by the existing copper sintering technologies, such as
copper oxidation and the need for additional pressure. Copper nanoparticles (Cu NPs) were treated with formic
acid solution to generate dense copper formate films, which, upon sintering, formed Cu-Cu joints. Quality tests
confirmed that a formic acid reaction time of 10 min, PEG solvent, substrate surface polishing with 0.048 mm
sandpaper, and a heating rate of 5 °C/min were the optimal sintering conditions. This approach achieved
pressureless sintering of copper nanoparticles, yielding joints with a shear strength of 16.18 MPa and low

resistivity of 570 nQ/m. Even after a 200 h high-temperature aging test, the joints maintained a shear strength of
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9.38 MPa, which verified the reliability of the sintering process. Therefore, this method presents a novel approach
for realizing reliable interconnections in third-generation semiconductor chips.

Keywords: formic acid treatment; pressureless sintering; nano copper; high temperature aging
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A FLZE TR 7E 50 °CTF 48 30 min, 75 21 40 i A HY R 1 40 3130 9 Cu NPs B K (Cu-FA) .
1.2 WKFEREH &

W I £ 43 BN 75% 19 Cu-FA 1 25% 194 HILE 70 8 F Ik 30 0 AF B R 6, 1) &5 AR BN oK AR B . IR
B 55 45tk 75% , BE RE 0% 1 D7 be 45 0t dak , SO T8 FH AN R0 BRI SR B 5 A BV S I G AR M R S I,
5% H &, 2 (EG, ethylene glycol) . #A 7l B ( Terpineol) . 2 Jk — H L N (AMP) IR & — 2 (PEG)E N A
BLIE I .



44 TR KT F R %46 %

1.3 EEMHLIE

FH R ST 820 mmx20 mmx1 mm F 4 mmx4 mmx1 mm B9 47 3£ 44, 3544 FH 0.165.0.048 .0.025.0.018 .
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Fig.1 Schematic diagram of sintering process
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Fig.2 XRD of Cu NPs and Cu-FA Fig.3 TG-DTG curves of Cu-FA
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Fig. 4 Shear strength of joints under different solvents and formic acid pretreatment time durations
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Fig.5 SEM images of nano-copper solder paste after sintering
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Fig. 6 Shear strength of joints with different granularity sandpapers
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Fig. 7 Shear strength and resistivity of joints at different heating rates
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Fig. 8 Shear strength of joints after thermal storage at 200 °C in natural environment and under vacuum condition
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1309 TR 3 R A 4~5 °C/min.
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