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Plating Technology for Fine-Pitch High-
Aspect Ratio FPC
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Masahiro ITO, and Daisuke SATO

With the recent miniaturization of electronic equipment, there is an increasing demand for high-density wiring in flexible printed circuits
(FPC). We have developed a circuit formation technology using a semi-additive process that uses fine-pitch, high-aspect plating. The
plating technology has enabled us to establish a manufacturing method for the fine-pitch FPCs that cannot be realized by
conventional etching-based circuit formation processes. By applying this technology, mass production of actuator coils for image
stabilization of high-performance smartphone cameras has been realized. This paper reports on the circuit formation technology
using the semi-additive method and examples of its application to actuator coils, and introduces the latest developments.
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1. Introduction

With the progress of the miniaturization of electronic
equipment, the need for flexible printed circuits (FPCs)
with higher density wiring is increasing. The semi-additive
process, in which circuits are formed by copper plating, is
an important technology for realizing high-density wiring
because it has an advantage over the conventional subtrac-
tive process, in which circuits are formed by etching, in
achieving finer pitch patterns.) We are developing mass
production technology using the semi-additive process and
have realized the mass production of actuator coils used in
smartphone cameras for image stabilization.®

In this paper, we report on the semi-additive process
technology developed by us and the coil wiring with fine-
pitch and high-aspect-ratio*!' circuit patterns realized by the
technology.

2. Semi-additive Process

2-1 Comparison with the conventional manufacturing

method

Figure 1 shows the subtractive process that has
conventionally been used for manufacturing FPCs. The
etching resist layer is formed on the copper foil layer, and
the uncovered sections of the copper foil layer are
dissolved and removed in the etching process. After that,
the etching resist layer is removed, and the remaining
sections of the copper foil layer become traces. In the
etching process, etching progresses not only in the direc-
tion of the thickness of the copper foil layer, but also in the
lateral direction (side etching), which makes it difficult to
narrow the trace spacing in high-density wiring. In addi-
tion, due to the use of thick copper foil, a large amount of
copper material needs to be etched, which causes a large
variation in the progress of side etching and, therefore, a
large variation in the trace width. Furthermore, the upper
part of the copper foil layer, where etching begins, is
etched more than the lower part, and as a result, the tops of
the cross-sections of the traces are narrower than the

bottoms, i.e., displaying poor rectangularity.

Figure 2 shows the semi-additive process. First, a thin
seed layer, which serves as a current path in the plating
process, is formed by sputtering or other alternative
methods. A plating resist is formed on the seed layer, and
copper is deposited in the openings by copper plating. After
removing the plating resist, the seed layer is also removed
by flash etching*? to complete the circuit. Since less mate-
rial needs to be etched compared to the subtractive process,
there is less side etching, which is a great advantage over
the subtractive process in forming circuits with fine-pitch
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patterns. Furthermore, it can be said that the lower amount
of etched material is also advantageous in terms of varia-
tion in the trace width and the rectangularity of the trace
cross-sections.

2-2 Circuit formation by our semi-additive process

We are working on the development of a semi-addi-
tive process in order to meet the need for high-density
wiring, and the details are described below.

As described above, the semi-additive process is suit-
able for forming circuits with fine-pitch patterns, but there
are also problems. One of them is the adhesion of traces to
the seed layer. When forming traces by copper plating, if
there are impurities or dirt derived from the resist material
on the seed layer in the openings of the resist layer, the
copper plating layer will not adhere properly to the seed
layer, and as a result, the circuit becomes less reliable. In
the flash etching process for removing the seed layer
between traces after removing the plating resist layer, if the
seed layer under the traces formed by copper plating is
damaged due to excessive etching, the contact area between
the traces and the seed layer becomes smaller and the
traces can easily come off. Since this problem of adhesion
becomes more conspicuous as the trace width becomes
narrower, it is a major obstacle in realizing circuits with
finer pitch patterns. We have optimized the conditions of
all processes, from resist formation to plating and flash
etching, thereby establishing a process that can ensure good
trace adhesion even for fine-pitch circuits. Photo 1 shows a
cross-sectional photograph of traces formed by our
semi-additive process and the same of a circuit mass-pro-
duced by us using the subtractive process for comparison.
A fine-pitch circuit pattern with an L/S (line and space)*3
of 10 um/10 um has been formed, which is difficult to
achieve with the subtractive process. This L/S is at the
level of high-density wiring required for application to
displays, whose number of pixels continues to increase. In
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Photo 1. Example cross-section of traces formed by our semi-additive process
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Photo 2. Fine-pitch circuit pattern with an L/S of 7 pm/7 um

the latest development, we are working to realize even
finer pitch patterns, and the realization of a superfine-pitch
circuit with an L/S of 7 pm/7 pm has come within sight
(Photo 2).

Another major problem is the variation in plating
thickness.®® Unlike the subtractive process, in which
copper foil with uniform thickness is used to ensure a
uniform trace thickness, in the case of the semi-additive
process, in which circuits are formed by plating, variation
in the plating thickness directly leads to variation in the
trace thickness. Therefore, it is an important issue in mass
production to minimize variation in the plating thickness.
We optimized the conditions of the plating process by
leveraging our expertise in plating, which is our core tech-
nology field, thereby suppressing variation in plating thick-
ness on the order of pm and realizing mass production of
FPC products using the semi-additive process.

In the meantime, forming traces by plating also has an
advantage in that the trace thickness can be increased flex-
ibly by increasing the plating thickness. This means that
the aspect ratio can be increased while maintaining the
fineness of the pattern pitch. However, as the plating thick-
ness increases, the variation in plating thickness also
increases, and therefore, a high level of plating technology
is required. By applying our fine-pitch and high-aspect-
ratio plating technology, we have established technology
for forming high-density FPC patterns with a trace spacing
of 10 um or less and a trace thickness of 50 um or more.

One of the applications of our technology for forming
circuits with fine-pitch patterns and high-aspect-ratio traces
is the actuator coils used in smartphone cameras for image
stabilization, and we are mass-producing the high-density
wired coils required for recent high-performance camera
modules. In the next chapter, we will report on the applica-
tion of our technology to the manufacture of actuator coils.

3. Application of Our Semi-additive process—
Actuator Coils for the Image Stabilization
Function of Cameras

3-1 Outline of actuator coil

A camera module with an optical image stabilization
function® has pairs of actuator coils and magnets arranged
around the lens or image sensor. In response to the detected
camera shake, an electric current is applied to the coils, and
the magnetic force acting between each coil and magnet
moves the lens or image sensor in a direction that cancels
out the camera shake, thereby stabilizing the captured
image (Fig. 3). In order to effectively cancel out camera
shake, actuator coils are required to be designed so that
they can generate a greater magnetic force.

Lens

Fig. 3. Image stabilization system using actuator coils
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3-2 Actuator coils with high-aspect-ratio traces and
fine-pitch circuit patterns

In order to create a compact actuator coil that can
generate a large magnetic force, it is necessary to form
high-density copper wiring in a limited area because the
magnetic force generated by a coil is proportional to the
number of turns. Also, as the number of turns increases, the
circuit length also increases. As a consequence, the elec-
trical resistance to the current flowing through the coil also
increases. Due to the necessity of suppressing the increase
in the electrical resistance, it is required to increase the
cross-sectional area of traces. In order to increase the
cross-sectional area of copper traces arranged in a limited
area, it is necessary to increase the trace thickness, i.e.,
form copper traces with a high aspect ratio. For this reason,
it is required to form coil circuits with high-aspect-ratio
traces and fine-pitch patterns.

Our semi-additive process enables the formation of
circuits with a trace spacing of 10 um or less and a trace
thickness of 50 um or more. Therefore, it is considered that
very high-performance coils can be manufactured by
applying this method to the wiring of coils that have to
meet the requirements described above.

Table 1 shows a result of our CAE simulations of the
performance of an actuator coil designed on the assumption
of being manufactured using our semi-additive process. For
comparison, the simulated performance of an actuator coil
designed on the assumption of being manufactured using
the conventional subtractive process is also shown. The
area occupied by the circuit is the same for both cases, and
the pitch (L/S) of the winding circuit is 30 um/10 pum in the
case of the semi-additive process and 35 pm/35 um in the
case of the subtractive process. As for the trace thickness,
we assumed 50 pum, which can be achieved by thick
plating, in the case of the semi-additive process, and 18 um
in the case of the subtractive process as the thickness of
copper foil commonly used in this method.

Table 1. Simulated performance of a coil designed on the assumption of
being manufactured using our semi-additive process

Our semi-additive process Subtractive process
Area occupied by circuit 1.5 mm x 4.5 mm 1.5 mm x 4.5 mm
L/s 30 um/ 10 pm 35 um/ 35 pm
Trace thickness 50 pm 18 pm
Number of turns 34 turn 20 turn
Magnetic force 44.0 mN/A 28.5 mN/A
Resistance 320Q 513Q

The coil manufactured by the semi-additive process
has a larger number of turns due to its narrow trace spacing
of 10 um, and as a consequence, it can generate a larger
magnetic force than the coil manufactured by the subtrac-
tive process. In terms of resistance, the coil manufactured
by the semi-additive process has a longer circuit length due
to the larger number of turns. However, it has a thicker
trace thickness achieved by our high-aspect-ratio plating
technology, and as a consequence, its cross-sectional area
per trace is larger than that of the coil manufactured by the
subtractive process. Therefore, the total resistance of the

coil manufactured by the semi-additive process is smaller
than that of the coil manufactured by the subtractive
process.

As can be seen, the application of our semi-additive
process technology to actuator coil circuit formation makes
it possible to create low-resistance coils that can generate a
large magnetic force, and it can be said that this technology
is realized by our expertise in copper plating that can form
circuits with high-aspect-ratio traces and fine-pitch
patterns.

Photo 3 shows one of the actuator coils developed by
us using our semi-additive process. High-aspect-ratio traces
formed by copper plating are arranged at very narrow inter-
vals of 10 um or less, and this structure makes it possible
to generate a large magnetic force as designed. As
mentioned above, we have realized the mass production of
actuator coils with such characteristics by optimizing
plating conditions and thereby suppressing variation in the
plating thickness, a weak point of the semi-additive
process.

Photo 3. Example actuator coil developed using our semi-additive process
(SEM image)

Finally, as one of our latest development targets, we
introduce a technology for the simultaneous formation of
high-profile circuits and low-profile fine-pitch circuits. By
combining the fine-pitch circuit formation technology
described in Section 2-2 with the high-aspect-ratio trace
formation technology for producing actuator coils, we aim
to form both power supply circuits, which are required to
carry high current, and fine-pitch signal circuits on the
same FPC board, as shown in Photo 4.
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.
placed on the
same layer

[SEM image]

[Cross-sectional image]

Photo 4. Simultaneous formation of high-profile circuits and
low-profile fine-pitch circuits

Plating Technology for Fine-Pitch High-Aspect Ratio FPC

102 (3)


https://sumitomoelectric.com/technical-reviews/

SUMITOMO ELECTRIC TECHNICAL REVIEW

No. 96 - APRIL 2023

4, Conclusion

We are developing FPC manufacturing technology
using the semi-additive process, and have succeeded in
forming fine pitch circuits, such as those with an L/S of 10
um/10 pm, which is difficult to achieve with the subtrac-
tive process. In addition, we have achieved mass produc-
tion of compact and high-performance actuator coils for
image stabilization by establishing high-aspect-ratio and
fine-pitch circuit pattern plating technology.

Technical Terms

*1  Aspect ratio: The ratio obtained by dividing the trace
thickness by the trace width.

*%2 Flash etching: The seed layer etching process in the
semi-additive process is called “flash etching” because
the thin seed layer is etched in a short period of time.

*3 L/S (line and space): L/S refers to the trace width
(“line”) and the trace spacing (“space”). It is used as
an indicator of pitch fineness.
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