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ABSTRACT The interfacial microstructure of eutectic SuBi/Cu interconnect was examined by
SEM, TEM and XRD. It was found that after aging at 120 C for 7 d, the intermetallic compound
(IMC) at the interface evolved from CugSns to CugSns plus CuzSn and the thickness of IMC layer
increased from 2 pm to 10 um. TEM observation revealed a number of Bi particles with size of
about 100 nm distributed along the CuzSn/Cu interface in the aged interconnect. Micro—force testing
of interconnects indicated that upon aging, the fracture toughness Kjc of the interconnect decreased
greatly and fracture mode changed from ductile to brittle. While the crack path was along the interface
between IMC and solder in the as—reflowed condition, it was shifted to the interface between CuzSn and
Cu substrate after aging. By comparing with the same interface in the pure Sn/Cu interconnect aged
at 220 'C for 5 d, it was concluded that the presence of Bi particles is responsible for the embrittlement
of the interface. The Bi-induced embrittlement presents a serious concern over the suitability of Bi-
containing Pb—free solders for microelectronic packaging.
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Fig.1 Double—notched fracture toughness specimen
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Fig.2 Back scattered electron (BSE) images of interfaces of
eutectic SnBi/Cu as-reflowed (a) and aged at 120 C
for 7 d (b)
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Fig.3 SEM morphology of CugSns exposed after dissolu-
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Fig.4 XRD patterns of the samples as-reflowed (a) and
aged at 120 C for 7 d (b)
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Fig.5 Load-displacement curves of eutectic SnBi/Cu
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Table 1 Fracture toughness of SnBi/Cu joint in different con-

ditions

Condition  f(Z) Pg Kic Fracture

N MPa-m!/2
As-reflowed 2.01 71.96 84.22 2.77 2.11
110 C /5d 2.00 41.28 30.38 1.53 1.13

110 C /15d 2.01 6.182 10.32 0.20 0.33
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Fig.6 Fractural surfaces of eutectic SnBi/Cu interconnect
aged at 110 C for 5d (a), 10 d (b) and 15 d (c), show-

ing the transition from ductile (a) to brittle fracture

at interface between Cu3Sn and Cu (c)

7 3tdh SnBi/Cu BERIE Bi #EWE Co FELH H

Fig.7 BSE image showing Bi particles at interface between
IMC and Cu in eutectic SnBi/Cu interconnect aged
at 120 C for 7 d

8 CugSns 9 TEM BHIZTE 55 & B TR 5
Fig.8 TEM bright field image and SAD of CugSns near
CusSn phase
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Fig.9 TEM images of the interfaces between CuszSn and
Cu in eutectic SnBi/Cu interconnect aged at 120 'C
for 7 d (a) and the perfect interface in pure Sn/Cu
interconnect aged at 220 C for 5 d (b)
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