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1. Introduction

Flexible printed circuits (FPCs) consist of poly-
imide films, adhesive films, and copper foils. Since
FPCs consist of very thin films, one of the character-
istics of FPCs is flexibility. Recently, FPCs have
become key components of downsized electronic
devices, such as cellular phones, digital cameras,
plasma televisions and so on. 

FPCs can be classified into three groups: single
side, double side and multi layer FPCs. In the case of
double side and multi layer FPCs, each copper circuit
layer must be interconnected electrically. So through
holes (THs) or laser via holes (LVHs) is commonly
applied to FPCs as the interconnection technology.
Figure 1 shows the common cross sectional views of
the TH and the LVH. THs and LVHs are formed
using a drill and laser respectively. A copper plate on
the inner wall of FPCs can provide electrical connec-
tion among the circuit layers. Although THs and
LVHs are current mainstream of interconnection
technology, they have some problems as well. One of
the problems is disconnection fault caused by ther-
mal stress. Another problem is disadvantage at the
point of high density component mounting because of
the via hole. To solve these problems, via fill plating
technology, whereby inner space of the via hole is
filled with copper plating, or any other technology
must be used.

2. Features of CBIC

Figure 2 shows the SEM image of a copper ball,
which is produced for core material of a solder bump
used for Chip Size Package (CSP) etc. Figure 3
shows the cross-sectional view of an FPC produced
with CBIC technology. Diameter of via hole and land
are φ100 µm and φ300 µm, respectively. Figure 4
shows the comparison  between CBIC and a LVH as

regards the manufacturing process. In the case of
CBIC process, a super engineering plastic film, like
thermoplastic polyimide or liquid crystal polymer
(LCP) which can be laminated with copper, is used as
a starting material . Penetration holes are formed in
the film with UV-YAG laser, and copper balls are
pushed into them. The film is sandwiched between
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Through Hole (TH) or Laser Via Hole (LVH) are used commonly as the interconnection tech-
nology of multi layer printed circuits. In addition to the conventional technologies, we started
the development of CBIC, which is a new interconnection technology with copper balls. We
found copper balls and copper foils could be bonded strongly when they were pressed in high
temperature. As compared to conventional technologies, reduction in manufacturing defects
and improvement in connection reliability can be expected.
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Fig. 1.  Cross sectional view of (a) TH and (b) LVH.

Fig. 2.  SEM image of copper ball.

Fig. 3.  Cross sectional view of copper ball via.1 Circuit Technology R&D Department



two copper foils and pressed at high temperature.
After the process, metallic binding can be formed
between deformed balls and the foils. Subsequent
patterning process is conventional subtractive
process.

As shown in Fig.3, one of the features of CBIC is
that “filled via” can be realized easily as compared to
conventional methods. Then “pad on via”, which is a
merit from the point of view of high density compo-
nent mounting, can become available. Another fea-
ture is that the interconnection can be realized with-
out going through a plating process. The process can
cause variation in copper thickness.

In the case of fine pitch patterning with subtractive
method, the variation causes open and short defect.
On the other hand, since CBIC does not require the
plating process, a reduction in the above defect can
be expected. Furthermore, since the copper thick-

ness does not increase, it becomes a competitive
advantage in the case of fine pitch patterning and
high bending-ability 1) 2).

There are two major differences between CBIC and
LVHs with regard to production processes. CBIC has
a non-conventional process, which is (i) pushing cop-
per balls into via holes and (ii) press process to form
metal-binding between copper balls and copper foils.
We will discuss these two differences in detail in next
section.

3. Discussion

3.1. Pushing copper balls into via holes

As shown in Fig.4, It is  necessary to  push copper
balls into via holes that are opened in base film. In
this process, it is important to put copper balls into all
via holes reliably. For this we applied a metal mask,
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Fig. 4.  Production processes of (a) LVH and (b) CBIC.

1. All copper balls are fallen into the holes
of a metal mask.

2. Copper balls are set on the holes by 
vacuum contact and the metal mask
are removed. 

3. Copper balls are pushed into the holes
by a press machine.
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Fig. 5.  Processes of pushing copper balls into via holes.



which is commonly used as equipment for solder
paste printing of Surface Mount Technology (SMT).
This metal mask method is shown in Fig.5. It is stain-
less steel plate  with holes opened at the same points
as via holes of the base film. It is set on the base film,
and copper balls can be dropped on all via holes
through the holes of the mask. Furthermore, the
balls can be set on the via holes stably by using a vac-
uum contact. After removing the mask from the film,
all copper balls are pushed into the via holes using a
press machine.

In this process, it is  that the diameter of the via
hole must be slightly smaller than that of the copper
balls. We evaluated suitable diameter of the via hole
to push the copper balls into it. We used φ100 µm
copper balls in this evaluation. The diameter accuracy
was ±5 µm. Figure 6 shows SEM images of copper
balls which are pushed into the via holes of base film.
Diameter of the balls are φ80, 85 and 90 µm respec-
tively. In the case of φ80 µm, subduction depth of the
copper ball was not enough because of the too small
via hole. Therefore some balls dropped off the holes
and it was impossible to set all balls in the holes sta-

bly. On the other hand, some balls dropped off  in the
case of more than φ95 µm also because of the too
large via hole. As a result, we concluded that suitable
diameter of the via hole was φ85 ~ 90 µm to push cop-
per balls into it.

Figure 7 shows the cross sectional view of φ100 µm
copper balls in 50 µm (2 mil) thick base film.
Although  25 µm (1 mil) thick base film is commonly
used, we have used the thicker film for the φ100 µm
copper ball. The size of the via hole was too small as
compared to that of the copper ball in the case of 25
µm thickness. If we use a 25 µm thickness film, small-
er ball (ex. φ60 µm) must be used.

3.2 Metal-binding between copper balls and copper
foils

When copper balls and copper foils were pressed at
high temperature, deformed balls  bonded strongly
with the foils. Then we investigated influences on the
binding, which are surface treatment of the copper
foil and the press condition.

At first, we found that surface condition of copper
foils have an effect on binding between balls and foils.
As a result of comparison among three kinds of cop-
per foils that are shown in Table1, we found that cer-
tain level of roughness of copper foils was necessary
for the binding with copper balls. Furthermore, we
found that corrosion protection treatment which was
commonly applied to FPCs was unsuitable for the
binding.

Table 2 shows influence of press temperature and
pressure on binding power. In the case of low temper-
ature and low pressure condition (180°C, 10
kgf/cm2), copper balls could not bind with copper
foils. On the other hand, in the case of high tempera-
ture and high pressure condition (240°C, 100
kgf/cm2), they had bonded strongly.
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Fig. 6.  SEM images of copper balls pushed into via holes.

Fig. 7.  Cross sectional view of a copper ball pushed into 
a via hole.
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These results provided a presumption concerning
the mechanism of forming metal-binding between
copper balls and copper foils. The presumed mecha-
nism is shown in Fig.8. It is well known that copper
can be oxidized in the air and the oxide film inter-
rupts formation of metal-binding. Therefore, binding
surface needs to be completely cleaned. When copper
balls between two copper foils are pressed, the oxide
shell of the balls is broken and the inner pure metal is
exposed to the surface of the deformed balls.
Similarly, microscopic outshoots on the surface of the

copper foil are deformed and inner pure metal is
exposed to the surface of the foils. Then both sides of
pure metal are pressed at high temperature, and
metal-binding can be formed.

Higher pressure promotes breaking of the oxide
film and plastic deformation of copper, and vacancies
on ball/foil boundary that interrupt the metal-binding
can be reduced. Furthermore, higher temperature
promotes diffusion bonding of copper. Therefore, it is
possible that the high temperature and high pressure
condition is better for  metal binding. Corrosion pro-
tection treatment obviously could be a factor of inter-
ruption of metal -binding in the process.

4. Conclusion

We confirmed that pressing at high temperature
could provide strong binding between copper balls
and copper foils. Then we applied the technique to
FPCs and started development of CBIC as a new via
interconnection technology. When the technology
will  replace conventional TH or LVH, various advan-
tages, such as high density component mounting,
reduction of process defects, high reliability of inter-
connection and so on can be expected. Furthermore,
it is possible to apply CBIC to products other than
FPCs and we will continue the development of CBIC
as our own technology.
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Table 1.  Influence of the surface treatment of a copper foil.

Sample Surface treatment Binding

A Roughning process → Corrosion protection ×

B Roughning process → Acid cleaning ™

C Acid cleaning ×

Table 2.  Influence of the press condition.

Pressure 180 °C 240 °C

10 kgf/cm2 × ™

100 kgf/cm2 ™ ™
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Fig. 8.  Mechanism of metal-binding formation.


