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1. Introduction

The green procurement activities undertaken by
leading electronic manufacturers in recent years
highlight the extent to which dealing with environ-
mental issues have become a prerequisite for the
industry. Indeed, the importance of such activities
increases year by year. Undertaking environmental
efforts is not merely an important factor for business
growth; rather it has become a social responsibility
for the manufacturers 1). 

Against this background and also with regard to
flexible printed circuit boards (FPC), development of
products that reduce the environmental burden has
been promoted in various fields. As a major trend, sol-
ders used for connecting parts have been made lead-
free. Substrate materials have also been made halo-
gen-free. 

It is clear that when materials containing halogen
compounds are incinerated, toxic substances such as
dioxins are released. However, halogen compounds
have traditionally been widely used as additives with-
in the adhesive used in FPC. Halogen compounds
were added as the flame retardant in order to make
flammable adhesives such as epoxy resins less com-
bustible. From the point of view of electronic device
safety, a certain level of flame retardancy in parts is
required to obtain UL (Underwriters Laboratories,
Inc.) standard certification2). As such, there is a
strong market demand for the development of halo-
gen-free materials with flame-retarding properties
that do not use halogen compounds.

In addition to this, the demand for FPC is rapidly
increasing due to the development of miniaturized
and lightweight IT devices. In particular, in line with
the higher levels of functionality within these devices,
high-density and multilayered constructions of FPC
are being developed continuously. Among such
developments, rigid-flex multilayer printed circuit

boards (R-F PCB) offer integration of rigid printed
circuit boards (RPC) and FPC without using connec-
tors. They also offer improved connection reliability
and process abbreviation during device assembly.
They also realize mountability at almost the same lev-
els as RPC and flexibility that is equivalent to FPC. As
such, they can be bent freely. Because R-F PCB fur-
ther contribute to the miniaturization of devices,
there has been a noticeable rise in demand for these
products. 

This report focuses on the development process
and selection conditions of halogen-free R-F PCB. 

2. Development Process

We were quick to undertake halogen-free FPC and
are now mass-producing halogen-free FPC. The ratio
of halogen-free products to all FPC produced has
increased abruptly. On the other hand, for R-F PCB,
we mass-produce products for applications such as
DVD optical laser pickups that use materials contain-
ing halogen compounds.

Then, we combined technologies and materials of
halogen-free FPC and R-F PCB to begin development
of halogen-free R-F PCB. This was followed by pro-
duction of prototypes and their evaluations. However,
in the migration resistance test conducted under con-
ditions of high temperature and high humidity, over a
brief time period short-circuiting occurred. In a retest
to confirm the halogen-free FPC unit migration resis-
tance, there was no short-circuiting and a sufficiently
high level of resistance was noted. This showed that
there was no problem in terms of practical perfor-
mance. However, when a long-period test was con-
ducted to evaluate marginal performance, in halogen-
free FPC indications of dendrite generation were
observed. 

Based on these results, we presumed that when
the same materials contained in the existing halogen-
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free FPC were used in R-F PCB, dendrite growth was
accelerated for some reason, and within a brief period
of time, this caused a short circuit. 

3. Factors Causing Dendrite Generation

With regard to halogen-free materials, one of their
characteristics is the wide-scale use of phosphorus
compounds as a substitute for flame-retarding halo-
gen compounds3). In the case of R-F PCB, as distinct
from FPC, heat is applied repeatedly in the manufac-
ture of R-F PCB as part of the lamination process.
Because of this, heat applications cause the phospho-
rus-based flame retardants to generate phosphoric
acid. It is believed that this in turn causes accelerated
dendrite generation and growth. With regard to phos-
phorus-based flame retardants, accidents have been
reported where dendrite generation occurred when
these agents were used as halogen-free sealant in
semiconductors4). Furthermore, another possible fac-
tor is R-F PCB structure that sandwiches FPC in RPC.
This blocks the diffusion of volatile ingredient.

In addition, it is also considered that there are pos-
sibly several factors mutually contributing towards
impact migration resistance, for example the amount
of moisture in substrates and ion density.

4. Selection of Halogen-Free Materials for R-F
PCB 

Based on the above background, we newly selected
halogen-free materials that were superior in terms of
R-F PCB migration resistance. In the selection
process we conducted evaluations related to the fol-
lowing: the outstanding issue of migration resistance,
flammability tests for receiving UL certification and
the through-hole NC drilling workability relating to
different kinds of materials laminated in R-F PCB. A
list of the test results is shown in Table 1.

4.1 Migration Resistance

At the time of initial selection there were no migra-

tion-resistant materials suitable for use in R-F PCB.
However, by using highly heat-resistant phosphorus-
based flame retardants which make it difficult for
thermolysis to occur, it became easier to begin sup-
ply of materials with improved migration resistance.
Figure 1 shows the relationship between test times
and insulation resistance for the representative sam-
ples.

Among current halogen-free FPC, in the case of the
mass-produced A, there were no short circuits within
FPC. Moreover, dendrite generation could not be
confirmed during sample inspection after testing.
However, when used in R-F PCB, less than 24 h after
commencement of testing, short-circuiting occurred
due to dendrite generation (Fig. 2(a)). Likewise, eval-
uation of the other mass-produced halogen-free mate-
rials (B-D ) showed that although there were no relia-
bility problems within FPC, in R-F PCB there was
dendrite generation and short-circuiting occurred
within 24 h. These results indicate that, when com-
pared to FPC, there was something within R-F PCB
that contributed to accelerated dendrite generation.
As such, there was a need to select materials that
were further superior to the current FPC in terms of
their migration resistance. Because of this, materials
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Fig. 1.  Relationship between Testing Time and Insulation
Resistance in Migration Resistance Test.

Table 1. List of Test Results

Items
Samples

A B C D E F G H I J

Short-
None None None None None None None None None None

FPC
circuiting

Dendrite 
None None None None None None None None None None

Migration generation
resistance Short-

< 24h < 24h < 24h < 24h < 150h None None None None None
R-F PCB

circuiting

Dendrite 
Occurred Occurred Occurred Occurred Occurred Occurred None None None None

generation

Flammablity
Single-sided FPC VTM-0 VTM-0 VTM-0 VTM-0 VTM-0 VTM-0 VTM-0 VTM-0 VTM-0 VTM-0

test
Double-sided FPC VTM-0 VTM-0 VTM-1 Substandard VTM-1 Substandard VTM-1 VTM-0 VTM-0 VTM-0

R-F PCB Substandard Substandard Substandard Substandard Substandard Substandard V-1 V-1 V-0 V-0

NC drilling workability − − − − − − − − OK OK



E-J were obtained and subsequently evaluated.  
With E there was no short-circuiting in FPC, nor

was dendrite generation confirmed after testing.
However, in R-F PCB, short circuits occurred in less
than 150 h after the commencement of testing due to
dendrite generation. All five varieties F-J cleared
migration resistance tests for both FPC and R-F PCB.
For four of these samples (G-J), there was no den-
drite generation confirmed after testing (Fig. 2(b),
(c)). 

4.2 Flammability

FPC and R-F PCB flammability tests were conduct-
ed on the halogen-free materials A-J.  The testing
methods were based on UL 94. For FPC structure,
thin material vertical flammability tests were conduct-
ed, while for R-F PCB 20 mm vertical flammability
tests were executed.

For materials A and B, in the tests of the single-
sided and double-sided FPC structures, a favorable
level of flame retardancy was shown with the result
being VTM-0. However, the structure of R-F PCB was
proved to be out of the standard because combustion
occurred easily. For materials C and E, the single-
sided FPC structure was VTM-0, but in the test of the
double-sided FPC structure, the result was VTM-1,
while R-F PCB structure result was out of the stan-
dard. For materials D and F, the test of the single-
sided FPC structure was VTM-0, while in the test of
both the double-sided FPC structure and R-F PCB
structure, the results were out of the standard (Fig.
3(a), (b)). For materials G and H, which recorded
favorable results on migration resistance, the test of
the single-sided FPC structure was VTM-0. However,
the result for R-F PCB structure was V-1, which
showed insufficient flame retardancy. For both FPC
structure and R-F PCB structure tests, materials I and
J were proved to have favorable flame retardancy
(Fig. 3(c), (d)).

As shown above, many materials that cleared VTM-
0 on FPC structure test did not show sufficient flame
retardancy on R-F PCB structure test. One of the pos-
sible reasons is that the halogen-free adhesives used
in the pasting process of R-F PCB are low flame retar-
dants compared with the one that contained halogen.
Also, the other possible reason is that in the case of
R-F structure sample the containing percentage of
these adhesives is higher than that in the case of

FPC. Furthermore, in many cases of combustion
within R-F PCB structure, combustion occurred at
the edge of samples and then fire spread throughout
the materials. Because such fires often started within
the adhesives exposed at the edge of the materials
and then spread to the adhesives inside, instances of
peeling of adhered layers were observed. Even with
halogen-free materials, from the viewpoint of product
safety, primary importance should be placed on the
issues of flame retardancy. According to the above-
mentioned evaluation, we know that the realization of
flame retardancy at the present level by using com-
pounds without halogen is not easy. Among the sam-
ples tested, I and J were deemed to be the most well-
balanced materials possessing a proper balance of
migration resistance and flame retardancy.

4.3 NC Drilling Workability

Halogen-free materials I and J were further evaluat-
ed in terms of NC drilling workability on their R-F
PCB. Using a 0.3-mm-diameter drill bit, a through-
hole was made by NC drilling process. The cross-sec-
tion of the through-hole was then examined for
smoothness. On examination, it could be seen that a
large amount of halogen-free adhesive tended to be
scooped away. This was because the resin compo-
nents within the adhesive were weak against the heat
generated by the NC drilling process and they sof-
tened as a result. Another possible reason for this
exposure was that the drill bit tended to wear down
because of the large amounts of filler added in order
to increase flame retardancy. However, through opti-
mization of drilling conditions and selection of suit-
able drill bits and other sub-materials for entry
boards for halogen-free materials, we developed the
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Fig. 2.  Samples after Migration Resistance Test.

(a) Sample A (b) Sample F (c) Sample J

(a) Sample F, in its entirety (b) Sample F, side of 
combustion section

(c) Sample J, in its entirety (d) Sample J, side of 
combustion section

Fig. 3.  Samples after Flammability Test.
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ideal processing conditions for improving the
smoothness of through-hole cross-sections. Figure 4
shows a through-hole cross-section before and after
optimization.

5. Conclusion

For the purpose of developing halogen-free R-F
PCB, we used halogen-free materials that were mass-
produced for FPC in order to develop and evaluate
prototypes of R-F PCB. We were able to confirm that
further improvement was needed in migration resist-
ance. Realizing this, we conducted a search for supe-
rior halogen-free migration-resistant materials that
could be selected and used in R-F PCB. We also con-

ducted flame retardancy evaluations and selected
those materials that showed the best balance of halo-
gen-free and flame retardant properties.
Furthermore, with regard to NC drilling workability,
by optimizing the processing conditions and the sub-
materials used, we were able to make improvements
that were on a par with the existing mass production
levels.

We have scheduled to develop prototypes of halo-
gen-free R-F PCB after further conducting various
evaluations for materials that showed favorable
results in this test in order to narrow down those
materials. We would like to strive for the establish-
ment of mass-production technologies and also for
the prompt commercialization of products.
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(a) Before optimization (b) After optimization

Fig. 4.  Through-hole Cross-section.


