
1. Introduction

Flexible printed circuit (FPC) is utilized in many
electronic devices as a bendable and thin board.
Recently, the demand for FPC has expanded with the
advance of electronic devices. Requirement for fine
FPC is increasing with sophistication of large-scale
integrations (LSIs) that equip more number of pins
with finer pitch.

2. Double-Sided FPC Manufacturing Process

The conventional manufacturing method of double-
sided FPC is shown in Fig.1. A  copper clad laminated
(CCL) is used as a starting material, which is made of

a copper foil and a polyimide film. At first, holes are
made on the CCL by drill or laser process to enable
the electric conduction between both the sides.
These holes are generally called   through-holes
(THs). The second process is copper plating in order
to generate copper accumulation on the inner surface
of the hole. The third process is etching resist lamina-
tion, and the fourth is exposure. Finally, wet etching
process completes copper circuit patterns. The series
of these processes is called a subtractive method.

The copper surface is insulated and protected by
solder resist that is a film type or an ink type. In our
opinion, three important processes should be consid-
ered to achieve finer pitch, i.e. precise patterning
process, microvia inter-connecting process, and sol-
der resist coating process as shown in Fig. 2.

3 Fine Pitch Pattern Technology

3.1 Circuit Patterning Processes

The two well-known methods of patterning are the
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The demand of flexible printed circuit (FPC) has expanded with the advance of electronic
devices. Especially, the demand for a fine pattern is increasing with the progress of an addition-
al number of pins and the fine pitch of IC mounted on the FPC.

There are three technologies to obtain fine FPC: the first is a finer process, the second is an
interlayer connection with microvia, and the third is resist coating. 

We attempted fine processing technology by the subtractive and the semi-additive process.
We have obtained interlayer connection by the laser via hole (LVH) process in order to

achieve microvia and high location accuracy.
In resist coating technology, we have achieved high location accuracy using coverlay film.

Furthermore, we have also established high location accuracy and small area opening.
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Fig. 1.  Double Sided FPC Production Method.
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Fig. 2.  Subtractive Method.



subtractive method, which has been mentioned earli-
er, and a semi-additive method. The subtractive
method is generally used for FPCs because it is wide-
ly adopted in a rigid printed circuit (RPC) mass pro-
duction process. The know-how and knowledge about
it has already been accumulated and many machines
and facilities are available.

On the other hand, the semi-additive method uti-
lizes copper plating instead of copper etching in the
subtractive one. The copper plating process realizes
sharper edges of copper patterns compared with
trapezoidal shapes in the copper etching process.
This indicates that semi-additive method is suitable
for finer pitch patterns.

3.2 Fine FPC Production by the Subtractive Method

Generally speaking, thinner etching resist provides
higher patterning resolution. Thus, the etching resist
thinner than 15 µm is used to form fine pitch pat-
terns. In the exposure process, two kinds of negative
mask are well known. One of them is a glass mask,
and the other is a PET film mask. The glass mask is
superior to the PET film mask in dimensional stabili-
ty. Furthermore, finer pitch FPC needs high preci-
sion alignment. Hence, the glass mask is suitable for
the formation of fine patterns. 

The cross-sectional shape of copper patterns made
with the etching process is hence trapezoidal. It

comes closer to the shape of a rectangle using thin-
ner copper foil as shown in Fig. 3. To make copper
foil thin, there exists a well-known method of half-
etching method. It is a useful process to obtain arbi-
trary-thickness copper foil uniformly. 

3.3 Semi-additive Method

In the case of the semi-additive method as shown
in Fig. 4, at first, a few thousand angstrom thick seed
layers are deposited on a polyimide film with sputter-
ing process. The seed layers must have enough adhe-
siveness to prevent the patterns from delaminating.
Secondly, plating resist is laminated on the seed lay-
ers and patterned with photolithography process. The
plating resist is indispensable to obtain high aspect
ratio and resolution.  

The pattern is formed by copper plating. Therefore,
it is important to control the thickness of copper plat-
ing in semi-additive method. Thickness of copper
plating depends on current density. It is easily con-
trolled by pattern density and distance from the elec-
trode in the plating tub. 

We need to etch the seed layers between patterns
to insulate each pattern after copper plating. If seed
layer etching is not enough, short circuits occur.
Most of the seed layers consist of multi-layers of the
metal. It is necessary to select an etchant con-
formable to metals.     

4. Technology of Interlayer Connects

As mentioned in chapter 2, in order to obtain elec-
tric conduction between both the sides, TH plating
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Fig. 4.  Semi-additive Method.
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technology is generally used. However, large lands of
plating TH prevent FPC's wiring from high density.
Therefore, smaller THs and smaller lands are
required and they have to align with high accuracy.

Among methods of accomplishing electric conduc-
tion by opening holes, two methods are well known
as shown in Fig. 5. One of them is TH method and
the other is LVH   method. In the TH method, the
holes are opened through the substrate with drill or
laser. In contrast, the LVH method opens the holes in
the insulated layer only with laser through the open-
ing area on one copper layer. In the case of double-
sided fine FPC, LVH method is used because of the
high alignment accuracy of the hole opening location. 

The land part needs an appropriate size to permit
displacement of holes. But it is possible to align the
small hole with the small land by compensating the
dimensional change of the substrate to pattern mask
as shown in Fig. 6.

5. Technology of Protecting Pattern

5.1 Technology of Protecting Pattern

The copper surface is insulated and protected by
solder resist. In the case of mounting   surface mount
device (SMD) and LSIs, it is necessary to open the
resist of mounting electrodes. Recently, the solder
resist is required to open small aperture and high
alignment accuracy with miniaturization of the
devices.

5.2 Coverlay Film

Coverlay film is commonly used to insulate and

protect copper pattern surface. Coverlay film is made
up of insulated film and adhesive layer. We need to
open an aperture on coverlay film in the mounting
part with die assembly before thermocompressing. If
the aperture is required with high alignment accura-
cy, we should align the aperture with patterned cir-
cuit by image recognition. 

5.3 Photosensitive Solder Resist

Using photosensitive solder resist (film or ink) is
one of the ways to achieve small aperture and high
alignment accuracy. The aperture formed with the
photosensitive solder resist can be smaller than that
with coverlay film because the photosensitive solder
resist is opened by photolithography process. The
thickness of the ink type resist is thinner than that of
the film type and it is used in many cases of fine pitch
FPC, because the ink type is possible to form the
small aperture showed in Fig.7. 

6. Conclusion

In double-sided fine FPC production process, we
examined three important points: the first is finer
pitch, i.e. precise patterning process, the second is
microvia inter-connecting process, and the third is
solder resist coating process. In the finer pitch
process, we are developing both subtractive method
and semi-additive method. In the microvia inter-con-
necting process, we can align the small hole with the
small land and compensate the dimensional change
of substrate to pattern mask. In the solder resist coat-
ing process, we established double-sided photosensi-
tive solder resist forming process.
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Fig. 6.  High Alignment between Via and Land. Fig. 7.  Small Area Opened Using Photosensitive Solder Resist.
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