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Abstract

Rolled copper foil of 18 lm thickness underwent nodule treatment via electro plating in a solution containing dissolved CuSO4 and
NiSO4. The product formed on the surface of the copper foil varied from copper oxides to nickel compounds of the sphere type with
increasing current density and plating time. The highest surface roughness and maximum peel strength of 680 gf/cm were obtained with
the formation of nickel compounds at a current density of 1.5 A/dm2 and plating time of 30 s. In addition, the fracture location varied
according to the plating parameters and occurred at the interface between the polyimide film and adhesive layer at the condition of the
maximum adhesion strength.
� 2007 Published by Elsevier B.V.
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1. Introduction

Flexible copper-clad laminate (FCCL) is a system which
unifies an electric conductor such as copper and an insula-
tor such as polyimide (PI). FCCL is generally employed as
a raw material for flexible printed circuit (FPC). The elec-
tro-plated copper foils have usually been used as the con-
ductive material in conventional rigid PCB. These days,
however, the application of rolled annealed copper has
increased in various electronics where its superior movable
function is specially required instead of electro-plated cop-
per such as in mobile phone application [1,2]. Generally,
FCCL using rolled annealed copper suffers the problem
of poor electronic quality due to insufficient adhesion
between copper foil and polymer film because of the shiny
and even surface of the copper foil. Thus, various studies

have been conducted to improve the adhesion between
rolled copper and polymer [3–6].

The adhesion between metal and polymer is affected by
the synthetic affection of the composition, thickness, and
surface roughness, of which the composition of the metal
is the key parameter. Therefore, when chrome with a good
interaction with polymer was employed as the interfacial
layer, adhesion between copper and polymer could be
improved, as has been reported in many related research
papers [7,8].

In this study, an adhesive type FCCL was manufactured
and copper and Ni nodule treatment was conducted on the
copper surface by electro plating for adhesion improve-
ment. The potential of electro-plated nickel as the interfa-
cial layer was evaluated. The variation of composition,
morphology and surface roughness of the plating layer
with current density and plating time was investigated. In
addition, the relationships between these parameters and
the mechanical property were investigated.
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2. Experimental procedure

The starting material was a rolled annealed copper of
18 lm thickness. After surface contaminants and natural
oxides were removed using chloroform and diluted hydro-
chloric acid, the copper foil underwent nodule treatment by
copper, nickel electro-plating in a solution with CuSO4 and
NiSO4 as the main elements. To investigate the effects of
the surface morphology on the adhesion property between
copper foil and polymer, the current density and plating
time were varied from 1.0 to 1.5 A/dm2 and from 30 s to
60 s, respectively. Scanning electron microscopy (SEM)
was used to observe the surface morphology and phase
analysis of plating product with the applied parameters
was carried out by energy dispersive spectrometer (EDS)
and X-ray photoelectron spectroscopy (XPS).

The PI film used as the insulation material was kapton
100 H at 25 lm thickness. The PI type adhesive was coated
on the PI film by knife type applicator and dried in a hot
oven at a temperature of 473 K for 7.2 ks. The final thick-
ness of the adhesive after drying was set to 4–5 lm. A nod-
ule-treated copper foil and an adhesive-coated PI film were
laminated by a hot vacuum press. The pressing conditions
were a pressure of 4 MPa, temperature of 573 K and time
of 1.8 ks.

After lamination, to evaluate the adhesion strength
between copper foil and polyimide film, the 90� peel test
was carried out under the IPC-TM 650 standard. The
fractured polyimide surface was observed for investigation
of the relationship between peel strength and plating
product.

3. Results and discussion

Fig. 1 represents the surface morphologies of copper foil
with variation in current density and plating time. At the
current density of 1.0 A/dm2 and plating time of 30 s, the
first products of the size of about 100 nm were densely
formed on the copper surface. When the plating time
increased to 60 s, the size became bigger than the size of
1 micrometer, as shown in Fig. 1a and b. With increasing
current density, the shape of the plating products became
different. The white particles homogeneously covered a
whole surface of copper foil (Fig. 1c). These new products
were classified as the second product because of their differ-
ent shapes from the first products. An increase in the nod-
ule treatment time beyond 30 s did not result in a further
increase in the size of the second product. Instead, produce
agglomeration was sparsely observed in Fig. 1d.

The EDS spot analysis was conducted for the two prod-
ucts after nodule treatment and the results with variations
in plating condition are represented in Table 1. The first
product marked as point A was analyzed as copper oxide,

Fig. 1. Surface morphology and chemical composition variations with current density and plating time (A/dm2-s); (a) 1–30, (b) 1–60, (c) 1.5–30 and (d)
1.5–60.

Table 1
Results of spot analysis by EDS

Element Point A Point B

wt% at.% wt% at.%

O K 09.51 29.44 – –
Cu K 90.49 70.56 93.40 92.89
Ni K – – 06.60 07.11

Total 100 100 100 100
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