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Abstract: Folding endurance, bending fatigue and monotonic tensile tests of 4 kinds of Cu foil on flexible substrate
was performed to investigate the relationship between folding or bending endurances and tensile characteristics. The
repeated 5.3 or 2.0% strain was applied to Cu foil in folding endurance test or bending fatigue test while monitoring the
electrical resistance. Elastic modulus, yield strength, ultimate tensile strength, ductility, and toughness were obtained by
monotonic tensile test on the same samples. The Cu foil with higher toughness and ductility showed higher reliabilities
in folding or bending fatigue. However, elastic modulus and yield strength did not show any relationship with folding
and bending reliability. This is because the failures of Cu foil by folding or bending fatigue were closely related to the
fracture energy of metal.
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Fig. 1. Schematic illustrations of (a) folding endurance test and (b)
bending endurance test.
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Fig. 2. Cross-section SEM images of 4 kinds of Cu/PI/Cu samples.
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Fig. 3. Failure cycles defined by 20% electrical resistance increase
in (a) folding endurance test and (b) bending endurance test.
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Fig. 4. Strain-stress curves of Cu/PI/Cu samples.
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Fig. 5. Material properties of Cw/PI/Cu samples; (a) yield strength, (b) elastic modulus, (¢} ultimate tensile strength (UTS), and (d)

toughness.

Table 1. Material properties of Cu/P1/Cu samples and failure cycles by folding or bending endurance test (o, : yield strength, E: elastic
modulus, UTS: ultimate tensile strength, N;: failure cycles).

sample oy ’ E UTS‘ 'Ipughn;ass N; by folding test Nr by bending test
(MPa) (GPa) (MPa) (GJ/m?) (Cycles) (x 1000 Cycles)
A 122.5¢1.1 432462 211.5454 0.81£0.06 56179 210125
B 121.543.5 45.4+3.0 224 8+2.3 4.0+0.45 599+104 18126
C 100.1£1.0 43.8£3.8 201.0£2.1 3.540.58 678172 130+18
D 113.1£2.9 42.0+43 251.943.7 7.60.62 1123100 295449
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