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Abstract: Cu-Cu thermo-compression bonding process was successfully developed as functions of the N,+H, forming
gas annealing conditions before and after bonding step in order to find the low temperature bonding conditions of 3-D
integrated technology where the quantitative interfacial adhesion energy was measured by 4-point bending test. While
the pre-annealing with N,+H, gas below 200°C is not effective to improve the interfacial adhesion energy at bonding
temperature of 300°C, the interfacial adhesion energy increased over 3 times due to post-annealing over 250°C after
bonding at 300°C, which is ascribed to the effective removal of native surface oxide after post-annealing treatment.
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Substrate

Fig. 1. Schematic of cross-sectioned 3-D IC structure with Cu-Cu
thermo-compression bonding.
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Fig. 2. Schematic of sample preparation process of Cu-Cu bonded

wafers.
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Fig. 4. Effect of N,y+H, pre-annealing conditions on the cross-
sectional FIB image of Cu-Cu interface bonded at 300°C for
30 min; (a) without pre-annealing, (b) pre-annealed at 100°C
for 15 min, (c) pre-annealed at 150°C for 15 min.
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Fig. 5. Interfacial adhesion energy of Cu-Cu bonded structure as a
function of pre-annealing conditions in Ny+H, forming gas

environment.
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Fig. 6. Effect of N, post-annealing conditions on the cross-sectional
FIB image of Cu-Cu interface bonded at 300°C for 30 min;
(a) without post-annealing, (b) post-annealed at 250°C for
60 min, (c) post-annealed at 300°C for 60 min.
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Fig. 7. Interfacial adhesion energy of Cu-Cu bonded structure as a
function of post-annealing conditions in N, forming gas
environment.
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Fig. 9. Cross-sectional TEM images of the interface between Si and Cu; (a) without post-annealing and (b) post-annealed at 300°C for
60 min in N, environment (c) atomic percent of post-annealed film later at 300°C for 60 min in N, environment.
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