# X

BRBEM RS TEO EELS T

o B YUE

K& W

BE 4 EE
—H fie

EELS Study of Electron Irradiation Effects on Epoxy Resins

Aoi NII

Yoshiaki SAKANIWA
Touyou OHASHI

Naochika KON
Nobuyasu NITA

Abstract

The reliability of organic—inorganic composite materials depends critically on interfacial chemistry. Here, we

investigated the concentration effect of an amino silane coupling agent on epoxy/Cu joints by correlating mechanical

properties (uniaxial shear testing) with nanoscale chemical states (STEM-EELS). At 0.5 wt% silane, the joint exhibited

the highest strength, and CuCN (Cu” with C-N) was identified at the Cu outermost surface. In contrast, 10 wt% gave

the lowest strength, with Si penetrating tens of nanometres into Cu and a Cu2O-dominant outermost surface. Unlike

the conventional silane reaction on inorganic substrates, this system suggests a reversed pathway in which amino

groups preferentially coordinate/react on the metal side, producing CuCN accompanied by Cu’. These results indicate

that the interfacial chemical state and its spatial distribution play a major role in governing bond strength.
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Lap-shear strength (MPa) as a function of silane coupling

agent concentration (wt%) for shear-tested copper plates
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Spectral sampling positions for the 0.5 wt% silane coupling

agent—treated sample
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EELS spectrum of 0.5 wt% silane coupling agent-treated sample: (a) C K-edge, (b) N K-edge,

(¢) O K-edge, (d) Si L-edge and Cu M-edge, (e) Cu L-edge
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Spectral sampling positions for the 10 wt% silane coupling

agent—treated sample
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EELS spectrum of 10 wt% silane coupling agent-treated sample: (a) C K-edge, (b) N K-edge,

(¢) O K-edge, (d) Si L-edge and Cu M-edge, (e) Cu L-edge
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