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1. Introduction

For smaller and higher performance electronic
devices such as mobile phones and digital cameras
higher density and thinner printed circuit boards are
required.

Rigid-flex (R-F) multilayer boards and flexible
printed circuit (FPC) multilayer boards have the fea-
ture of good mounting character at multilayer part
and good built-in character at flexible part 1).
Moreover, they have high connecting reliability
because the multilayer and the flexible parts are con-
nected without any connector; hence, further expand-
ed market will be expected in the future.

We have been concentrating on the development of
FPC multilayer boards, which can easily reduce their
thickness. In this report, we are going to discuss the
development of two-layer build-up six-layer FPC
boards having flexible parts and build-up structures
that are capable of making high-density electric cir-
cuits.

2. Structure of the boards

We developed six-layer boards that are all com-
posed of polyimide copper clad laminates (CCLs).
Double-sided boards are the core, and two build-up
layers are formed on both sides of the core. We also
used double-sided boards as the flexible cable parts.
We aimed at reducing the total thickness of these
boards to less than 0.4 mm. These are extremely thin
as six-layer boards. Figure 1 shows the structural out-
line of these boards.

We applied interstitial via hole (IVH) that is com-
posed of through hole with copper plating to double-

sided FPC as the flexible part. Circuit thickness
greatly contributes to the flexibility of the flexible
parts, so we used double-layer CCLs with thin copper
layers. In addition, as we mentioned above, these
boards are aimed to be of thin type, so the base mate-
rial of CCLs and adhesive layers next to double-layer
FPC are also used as cover layers.

We selected thin and flexible materials as first
build-up layers because the flexibility of the flexible
parts is greatly affected by the first build-up layers.
We used laser via holes (LVHs) of 0.1 mm diameter
as interlayer connector. By using these, we can make
high-density circuits and reduce plating thickness
and total thickness.

At this time, we evaluated several tests such as
thermal cycling test and migration test using test
boards that were composed of various reliability test
patterns.

3. Manufacturing process

Figure 2 shows the process outline of these boards.
First of all, through holes are formed on double-

sided polyimide CCLs by numerical control (NC) pro-
cessing, electrically connected by non-electrolyte and
electrolyte copper platings. Both sides of the circuits
are formed next.
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Fig.1.  Structure of flexible six-layer board.
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Similar to the first build-up layers, adhesive layers
are laminated to single-sided CCLs and stacked to the
double-sided FPC as mentioned in the previous sec-
tion. Via holes are formed by laser, and double-sided
FPC and build-up layers are connected by the same
plating as we mentioned in the previous section, and
then the circuits are formed. Here it is important to
remove copper by etching at the place of the flexible
part of the build-up layers.

Second build-up layers, in which the flexible part is
removed in advance, are stacked. Laser processing,
copper plating process, and circuit formation are

practiced in turn. After solder resist is formed, two-
layer build-up six-layer FPCs are completed by sur-
face treatment (Fig. 3).

4. Evaluation tests

We evaluated these completed boards. As shown in
Table 1, we got good results in all the tests. We have
described the details of each of the tests in the follow-
ing sections.

4.1. Total thickness

We measured the thickness of the part where cop-
per foil was not etched in all layers with micrometer.
As a result, the average thickness was 0.388 mm, and
it almost corresponded to the total thickness of all the
composition materials.

4.2. Surface and cross section

We did not find any defect at the surface and cross
section. Figure 4 shows typical cross sections of com-
bination patterns of IVH and LVH and comb patterns.

4.3. Thermal stress resistance

We performed moisture absorption reflow treat-
ment that assumed lead-free mounting twice. Table 2
shows details of the reflow condition. As we did not
find any trouble like blistering, we concluded that
these boards have enough thermal stress resistance.
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Fig.2.  Manufacturing process.

Fig.3.  Surface of flexible six-layer board.
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Table 1. Reliability test results.

Test items Test condition Standard Result

Surface and
Inspection by eyes

No circuit defect, 
cross

and microscope
no terrible Good

section burr and roughness

Thermal 
Lead free reflow

No abnormal surface
stress

(maximum tenperature
after Good

resistance
is 250°C) after

two cycles
moisture absorption

Thermal
No open circuits after

cycling
125°C ⇔ −25°C, 1,000 cycles, 

Good
resistance

20min/cycle less than 100%
of resistance change

Migration
85°C, 85%RH, DC50V

More than 10MΩ
Good

resistance after 240 hours

Peel 90°peeling of surface More than or equal to
Good

strength copper foil 6N/cm

Fig.4.  Cross section pictures.
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4.4. Thermal cycling resistance

To confirm connecting reliability of IVH and LVH,
we performed thermal cycling test of IVH and LVH
combination pattern. The upper temperature was 125

°C, the lower temperature was −25°C, and the cycle
time was 20 min. After 1,000 cycles, we found no open
circuit or rise of connecting resistance, so these
boards proved to have enough connecting reliability
(Fig. 5).

4.5. Migration resistance

We investigated the change of insulation resistance
of comb patterns whose line and space was 75 µm/75
µm at 85°C, 85% RH atmosphere, and current was 50
V DC. As a result, resistance value was over 10 MΩ
after 250 h, and no dendrite or temporary decline of
resistance was seen (Fig. 6); hence, we found that
these boards have good migration resistance.

4.6. Peel strength

We measured the peel strength by pulling the sur-
face copper foil vertically from the base layer. As a
result, peel strength was 14 N/cm on average, so we
found that these boards have enough margin for tar-
get performance of 6 N/cm even considering the vari-
ation.

5. Conclusion

We developed two-layer build-up flexible six-layer
boards that had flexible parts and the total thickness
was less than 0.4 mm. We got good results at all the
reliability tests like thermal cycling test and migra-
tion test. This development is expected to contribute
to the differentiation of high-performance products
such as mobile electronics and modules by applying
the technology of these boards.
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Fig.5.  Thermal cycling test result (Sample 3).
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Fig.6.  Migration test result (Sample 3).

Table 2. Reflow condition.

Item Standard Measured value

Preheat (155−165°C) time 80~120 sec 85 sec

Reflow (more than 230°C) time 30~40 sec 31.5 sec

Peak temperature 248~252°C 251.5°C


