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Abstract: With increasing use of portable appliances such as PDA and cellular phone, changing environment
of applications requires higher solder joint reliability. The ENIG (Electroless Nickel Immersion Gold) process has
been widely used for fine pitch SMT (Surface Mount Technology) and BGA (Ball Grid Array) packaged devices
due to its benefits including excellent solderability, high uniformity and substantial legibility throughout the
packaging process. Its brittle fracture of solder, however, has received increasingly attentions. It was known that
fracture brittleness is mainly related with black pad resulting from galvanic nickel corrosion and P-enriched layer
formation between the IMC (Intermetallic Compounds) and electroless nickel layer. Theoretically, smooth
electroless Ni layer was known to have a advantages in minimizing the black pad phenomenon by uniform solution
exchange during immersion gold plating. Nevertheless, how to control the surface morphology of electroless Ni
layer has been hardly known. This study investigates an effect of surface morphology of Cu underlayer on surface
morphology of electroless Ni layer. To obtain various kinds of surface morphology of Cu layer, two types of Cu
etching chemical and a number of Cu etching treatment were applied.
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Fig 2. Schematic manufactunng flow of test board and
ENIG (Electroless Nickel Immersion Gold) process.
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Fig. 3. Surface morphology changes during ENIG pretreat-
ment processing. (a) SEM image prior to ENIG (b)
SEM image after acid dip (c) SEM image after Cu
etching (S/E) (d) SEM image after Pd activation
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Fig. 4. Pourbaix diagram for Cu.
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Fig 5. SEM surface morphologies prepared under the Cu
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Table 1. Cu etching conditions.

Condition S/E CZ Treatment
(First) (Second)
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Fig. 6. SEM images of initial stages (after 5 sec of dwell time
in electroless Ni bath) of electroless Ni-P growth on
different surface morphologies of Cu underlayer
prepared under the Cu etching condition in accordance
to table 1.(a) 3x CZ, (b) 2x CZ, (c) no treatment, (d) 1x
S/E and 1x CZ, (e) 2x S/E and 2x CZ, and (f) 2x S/E.
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Fig. 7. SEM images of surface structure of electroless Ni-P
layer on different surface morphologies of Cu
underlayer prepared with Cu etching condition in
accordance to Table 1. (dwell time in elecroless Ni bath
is 35 min)a) 3xCZ, (b) 2xCZ, {c) no treatment, (d) 1xS/
E and 1x CZ, (¢) 2xS/E and 2xCZ, and (f) 2xS/E
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Fig. 8. Surface roughness (Ra) of electroless Ni-P layer
prepared under the different Cu etching condition as
shown in Table 1.
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Fig. 9. Schematic illustration of electroless Ni-P growth in
terms of Cu underlayer surface structure.
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