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Effect of palladium activation on Cu/Ni interfacial voids and solderability of organic packaging substrate
LU Ran, WANG Guohui *, DENG Zhicheng, ZHONG Weijie, KE Haibo

Greatech Substrates Co., Ltd., Guangzhou 510700, China

Abstract: [Objective] To study the formation mechanism of Cu/Ni interfacial voids during electroless nickel/palladium/
gold plating (ENEPIG) process and the effect of palladium activation on solderability of thin-nickel ENEPIG boards.
[Method] The effects of two activation systems, i.e. palladium chloride and palladium sulfate, on Cu/Ni interfacial voids
were compared under different palladium ion concentrations and activation time. Transmission electron microscopy
(TEM) was employed to analyze the microstructure and elemental distribution of Cu/Ni interfacial voids. The cross-
sectional morphology and elemental composition of soldered samples were characterized using three-dimensional X-ray
microscopy, scanning electron microscopy (SEM), and energy-dispersive spectroscopy (EDS). The relationship between
interfacial voids and soldering voids was explored in combination with the mechanism of gas evolution during soldering.
[Result] For both activation systems, the number and size of interfacial voids increased with the increasing palladium ion
concentration and activation time. However, the palladium chloride system produced more and larger Cu/Ni interfacial
voids than the palladium sulfate system, with void lengths exceeding 1 um. TEM analysis revealed that voids generated
by the palladium chloride system has a localized electroless nickel layer approximately 20 nm thick, leading to void
sealing and residual moisture. After soldering, obvious soldering voids were observed inside the solder joints of boards
treated with the palladium chloride system, primarily located above the intermetallic compound (IMC) layer, while a
large number of Cu/Ni interfacial voids existed beneath the IMC layer. No significant soldering voids were found in
boards treated with the palladium sulfate system. |[Conclusion] Owing to the high activity of palladium and the
permeability of chloride ions, the palladium chloride system is prone to forming severe Cu/Ni interfacial voids during the
activation stage. Residual moisture trapped in these voids expands rapidly during soldering, which is a key factor leading
to soldering voids in thin-nickel ENEPIG boards. The use of a palladium sulfate activation system can effectively reduce
the extent of interfacial voids and improve soldering reliability. This study provides a theoretical basis for the selection
and process optimization of activation systems in thin-nickel ENEPIG manufacturing for organic packaging substrates.
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Figure 1 Schematic diagram of palladium activation on copper surface
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Figure 2 Schematic diagram of void formation during palladium activation on copper surface
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Figure 3 Distribution of voids at Cu/Ni interface before and after Pd activation, and after electroless nickel plating
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Figure 4 TEM morphologies and corresponding EDS elemental mapping of void at Cu/Ni interface generated during
activation with palladium chloride system
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Figure 5 SEM images of voids at Cu/Ni interface in specimens activated with palladium chloride system for different time
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Figure 6 Distribution of quantity and size of voids at Cu/Ni interface in specimens
activated with palladium chloride system for different time
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Figure 7 SEM images of voids at Cu/Ni interface in specimens activated with palladium sulfate system for different time
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Figure 8 Distribution of quantity and size of voids at Cu/Ni interface in specimens
activated with palladium sulfate system for different time
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Figure 9 SEM images of voids at Cu/Ni interface in specimens activated with different systems
at different palladium ion concentrations
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Figure 10 Distribution of quantity and size of voids at Cu/Ni interface in specimens activated with different systems
at different palladium ion concentrations
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Figure 11 Three-dimensional X-ray images of ENEPIG boards
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Figure 12 SEM image of welded cavity section of thin ENEPIG boards activated by palladium chloride system

itk IPARIL Cu/Ni Fr i A5 42 2 2 IR K ORI, 422 2 T K SSEAT EDS i 50 47, 45 2R
13 e HEXEOMRE IMC 2, SEXEOVEIRE, 3 EOXEOVEFHE Ni-P . #0 XI8 Ni-P J2
BRAK, IXAEPINBRE Ni-P JRC 5 SAC305 SRR A RN, £ Cuy Niv Sn [ IMC 27, % Ni-P /=
BAHFE, Cu/Ni FF IR 25 TR 3 B R R RO, T U422 4T

"’U'

13 SFULEFBRNLER Ni/Pd/Au IRHEESRBEE EDS TRSH
Figure 13 EDS mapping of cross-sectional welded cavity in thin ENEPIG board activated with palladium chloride system
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Figure 14 Schematic diagram of soldering void formation mechanism due to flux decomposition
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