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Abstract

Even though electroless Ni and Sn-Ag-Cu solder are widely used materials in electronic
packaging applications, interfacial reactions of the termary Ni-Cu-Sn system have not been
known well because of their complexity. Because the growth of intermetallics at the interface
affects reliability of solder joint, the intermetallics in Ni-Cu-Sn system should be identified, and
their growth should be investigated. Therefore, in present study, interfacial reactions between
electroless Ni UBM and 95.55n-4.0Ag-0.5Cu alloy were investigated focusing on morphology of
the IMCs, thermodynamics, and growth kinetics.

The IMCs that appear during a reflow and an aging are different each other. In early stage of
a reflow, ternary IMC whose composition is NipCu»Sng forms firstly. Due to the lack of Cu
diffusion, NissCusSney phase begins growing in a further reflow. Finally, the NinCuxSnsg IMC
grows abnormally and spalls into the molten solder. The transition of the IMCs from NiznCuzsSnag
to NizuCusSnsy was observed at a specific temperature. From the measurement of activation
energy of each IMC, growth kinetics was discussed.

In contrast to the reflow, three kinds of IMCs (NixCuzsSnas, NizCuzeSnaeAus, and NiaCueSnso)
were observed in order during an aging. All of the IMCs were well attached on UBM. Au in the
quaternary IMC, which originates from immersion Au plating, prevents abnormal growth and
separation of the IMC. Growth of each IMC is very dependent to the aging temperature because
of its high activation energy.

Besides the IMCs at the interface, plate-like Ag3Sn IMC grows as big as solder bump size
inside solder bump. The abnormally grown Ni»CuzSns and AgsSn IMCs can be origins of brittle
failure.

1. Introduction

2o A7tg FYA V1S A ofel K 3% F BHS U £F /)¢ 204 =dR /)
£% 2FF PPel 42 Y} o Y4B XE faads Y o] NAHOE YO padel
¥ 253 (UBM)F 018 348 5 Q7] W2 4718 594 $48 782 4 Aok 2

T 72 €99 #Ed FE Fo st 9555n-4.0Ag-05Cu £ A& UA UBME
HEeAE EH 74]\“‘?}%2% ST E 9 2ol o @?o}&“:} Sn Ag-Cu :‘—T:']Q]' FA3 YA

9 A4, ¥% 5?? A st 3“—%—91 AR F Cﬁa 7§a*’5?° ’?17} 32‘57‘5} HAAelck A,
Sn-Ag-Cu €019 FHs ZE& A Ja9 AdM NigCuSns, (Ni,CusSns, (Cu,Ni)eSns,
(Ni,CwsSns 9 Cu-Ni-Sn-Au §¢ £ gF¢go] ANEcdz mugs g olg o]
Sn-Ag-Cu €8} 733 Y2 =& AAEF YA Ado A= Ni-Cu-Sn o 39419 2£7F 3



g0l HuEx govt Heg JEoU Aol g EFAsth £, ol 394 543 IdFE
o AFAT A BV 53 =F FHo|th mtA, & AF A Sn-Ag-Cu &t} FA3
YA 5 343 A2"dA £69 &8 FHS AR HHZE Yo J71R] X9 AJ7HgA A
BHATY 5HE AR ax @t o]& F3] Reflow
F B ¥ ¥LE 2FY ¢ o, dFHez
Azl YA 3¢ F5F9 HAEt54E & F Aok

o
o
of?
3
B
>
=
AU
T
e
X
#
r&
olo
I
F\l O.u

2. Experimental
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3. Results and Discussion
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g 2. Interfaces after reflow (a) at 260 °C 29 3. Schematic diag
for 0.5min, (b) at 320 C for 4min during the reflow (a) e

stage (c) final stage
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1¥ 4. Morphologies of the IMCs after reflow (a)
Cu-rich IMC at 260 T for 0.5min reflow, (b)
Cu-rich IMC and Ni-rich IMC at 320 T for lmin
reflow, {c) Magnified image of fig. 4b, (d) Ni-rich
IMC at 350 T for 8min reflow

19 5. Interfaces at the various aging
temperatures; (a) 500Hr 125 T, (b) 500
Hr, 150 T, (c) 500 Hr, 175 T, (d) 500 Hr,
200 T

P rich layer
29 6. Schematic diagrams of IMC growth 1g 7. Morphologies of the IMCs after aging;
during the aging; (a) growth of Cu-rich IMC (a) Cu-rich IMC at 150 T for 300 hr aging (b)
(b) quaternary IMC formation (c) double layers Quaternary IMC at 175 T for 125 hr aging, (c)
formation (d) Spalling of Ni-rich IMC Quaternary IMC at 200 T for 125 hr aging (d)

Ni-rich IMC at 200 T for 1000 hr aging
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