Journal of the Microelectronics & Packaging Society
Vol. 12, No. 1, p. 41-46. 2005

A stettgn FMs) L S530AM L g et
o i)

Correlation between Interfacial Reaction and Brittle Fracture Found in
Electroless Ni(P) Metallization
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Abstract: A systematic investigation of shear testing was conducted to find a relationship between Ni-
Sn intermetallic spalling and the brittle fracture observed in electroless Ni(P)/solder interconnection. Brittle
fracture was found in the solder joints made of Sn-3.5Ag, while only ductile fracture was observed in a
Cu-containing solder (Sn-3.0Ag-0.5Cu). For Sn-3.0Ag-0.5Cu joints, (Ni,Cu);Sn, and/or (Cu,Ni)sSn;s
compound were formed at the interface without spalling from the Ni(P) film. For Sn-3.5Ag, NisSn,
compound was formed and brittle fracture occurred in solder pads where NizSny had spalled. From the
analysis of fractured surfaces, it was found that the brittle fracture occurs through the Ni;SnP layer formed
between Ni;Sn, intermetallic layer and the Ni(P) film. Since the Ni;SnP layer is getting thicker during/
after NiySny spalling, suppression of NisSn, spalling is crucial to ensure the reliability of Ni(P)/solder
system.
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stainless steel jig

Ni(P)/Au (5/0.05m)

Fig. 1. Schematic diagrams showing (a) the lap-shear test
specimen held in stainless steel jig and (b) metalliza-
tion scheme over the FR4 substrate. (the diagrams are
not scaled.)
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Fig. 2. Cross-sectional SEM micrographs showing (a) Ni-
Cu-Sn IMC attached on the Ni(P) film after a 6min
reflow with Sn-3.0Ag-0.5Cu, (b) Ni3Sn, spalling
from the Ni(P) film after a 6min reflow with Sn-
3.5Ag, (c) and (d) cross-sectional TEM and plane-
view SEM micrographs of the Ni;SnP layer,
respectively, after Ni;Sny spalling (the solder was
selectively etched away, ref. 12).
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Table 1. Correlation between IMC spalling and the brittle fracture of ENIG/Sn-Ag(-Cu) interconnection.

solder joint reflow (min) IMC phase spalling area (%) brittle-fractured area (%)

top 1 Ni;Sny 0 0

bottom 2 Ni;Sny 59 9.3

Sn-3.5Ag .

top 5 NizSny 33 3.1

bottom 6 Ni;Sny 17.8 7.6

top 1 (Ni,Cu);Sn, 0 0

bottom 2 (Cu,Ni)eSn; 0 0

Sn-3.0Ag-0.5Cu top 5 (Ni,Cu);Sn, 0 0
bottom 6 (Cu,Ni)eSn; 0 0

(Ni,Cu)3Sn4
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Fig. 3. SEM micrographs showing brittle fracture surface after lap-shear testing; (a) pad side, (b) ball side, (c) magnified
view of circled area in (a), (d) magnified view of circled area in (b), (¢) representative micrograph of brittle fracture
surface and EDX analysis (pad side), and (f) cross-sectional view showing Ni;Sny IMCs present at the end of the

solder ball.
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