
1. Introduction

Currently the requirement is that the network of
the computer transmits and receives large quantities
of information at a high speed. 1)-3) Dielectric losses of
metal cable increase because energy increases when
the transfer rate rises. Therefore, keeping dielectric
loss of the insulator as small as possible is required
for a cable in the high frequency. 4)

Up to now, studies have been conducted to
increase the purity of the insulation material. But,
these cables require flame retardant properties and
flexibility as well. As a result of this, investigating
dielectric properties of flame retardant insulation
material, apart from the above technique, becomes
important. In this report, we introduce flame-retar-
dant polyethylene whose dielectric properties in the
GHz frequency range were investigated using various
flame retardants.

2. Dielectric properties

2.1. Measurement

We describe a way of measuring the dielectric
properties of a material in the GHz frequency range. 

Material for the measurement is mixed by the roll
mill at 160°C and molded by an injection machine
into a stick-shape. Figure 1 shows the appearance of
the injection machine.

When dielectric properties of a material in GHz fre-
quency range are measured, the dimensions of the
sample become a very important factor. In this study,
we molded it in such a way that the difference
between the known dimensions of the sample and
that of the molded one might be within 20 µm and
measured its dielectric properties using the cavity

resonator perturbation method. Figure 2 shows a
view of the measurement system of the cavity res-
onator perturbation method.

2.2. Dielectric properties of polyethylene

Figure 3 shows the relation between density and
dielectric loss of various polyethylenes in the 2.45
GHz frequency range. There is close relation
between density and crystallinity of polyethylene as
seen in Fig. 4. From these results, we found that
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Fig. 1.  Injection machine.

Fig. 2.  Cavity resonator perturbation method.



dielectric loss becomes small, when density is high
like that of high density polyethylene. But dielectric
loss is different for low density polyethylene and liner
low density polyethylene although they have the
same density. Therefore, we thought that a difference
in the molecular structure of the amorphous part
influenced dielectric loss greatly. 

Next, Figure 5 shows the relation between melt-

flow rate (MFR), which shows viscosity during melt-
ing, and dielectric loss. 

Therefore, when the molecular weight is high, the
dielectric loss becomes small. The fact that rising
density and molecular weight make dielectric loss of
polyethylene in the GHz frequency range small is
important. From these results, we developed the poly-
ethylene that has a dielectric loss of about 30% less
than that of conventional polyethylene.

Table 1 shows the dielectric loss of the developed
polyethylene.

2.3. Dielectric properties of flame retardants

As for the investigation of the dielectric properties
of flame retardants, it is difficult to measure the
dielectric properties with only the flame retardants.
Therefore materials such as resin were added to an
optional quantity of the flame retardants, when they
were molded, and dielectric properties of flame retar-
dants were studied by measuring them as samples.
Flame retardants were classified into two and investi-
gated. 

Figure 6 shows the relation between volume (%) of
various flame retardants and dielectric loss. 

Halogen-free flame retardants increase dielectric
loss drastically in proportion to the amount of their
addition. But, the change in dielectric loss due to the
addition of flame retardants, which contain halogen,
is small.

Figure 7 shows the relation between volume of sup-
plementary flame retardants and dielectric loss.
There are a few factors that influence the dielectric
loss of inorganic compounds as compared to that of
phosphorous compounds. But for some such materi-
als, it was found that these factors hardly influenced
their dielectric losses.

Figure 8 shows the relation between volume of
flame retardants and their permittivity. With permit-
tivity, flame retardancy as well as the dielectric loss of
halogen-type materials become small. But, no materi-
al that did not influence permittivity was found.
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Fig. 3.  Relations between density and tanδ.
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Fig. 4.  Relations between density and crystallinity.
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Fig. 5.  Relations between MFR and tanδ.

Table 1. Dielectric loss of developed polyethylene.

Item Conventional PE New PE

2.45GHz 2.4×10−4 1.6×10−4

5GHz 2.5×10−4 1.7×10−4
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3. Flame retardants

3.1. Measurement

Figure 9 shows the combustion circle of the poly-
mer. Comparing the effects of various flame retar-
dants on the basis of the combustion circle, we find
the effect, which is pointed by the kind of flame retar-
dants, is different. 5) As a result of an examination, it
has been observed that this change in the effect of
flame retardants is due to different test conditions
such as direction of fire. On account of this, the
results obtained with the oxygen index method may
be drastically different from those obtained with vari-
ous flame tests. Thus, in flame retardants in which
the effect is the same, evaluation can be done by com-
paring the results obtained with the oxygen index
method. But for flame retardants with a different
effect, evaluation by comparison cannot be done. We
tried to improve the evaluation of fire resistance
using the original technique and thought of a similar
method of evaluating those flame retardants that have
a different effect.

Figure 10 shows the structure of the high-speed
cable. This time, we investigated the flame retardant
insulation material for the high-speed cable. Then,

the index to evaluate fire resistant was prepared
using the individual method. 

Table 2 shows the relation between the oxygen
index of flame test and the results of each flame test.
Using this method, it became possible to evaluate in
the same measure the fire resistance of various flame-
retardant insulation materials that have an effect,
which varies.

3.2. Fire resistance of various flame retardants

Figure 11 shows the result that was measured by
the above method. The vertical axis shows the flame
retardancy and the horizontal axis, the amount of
addition of frame retardants. So, flame retardant pro-
moters that had an excellent effect were added to the
flame retardants, and the change in flame retardancy
brought about by compounding was investigated.
Figure 12 shows the fire resistance of flame retar-
dants combination. As for the flame retardants of
halogen type, we found that the effect of compound-
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Table 2. Index of flame resistance.

Oxygen index Standard of flame retardancy

17~21 Combustibility level

21~23 Self-fire fighting level

23~26 Inclination flame test level

26 ↑ Vertical flame test level
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Fig. 8.  Relations between amount of addition and permittivity.
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ing on flame retardancy was excellent.

4. Properties of developed material 

The insulation compound, which passes a vertical
flame test, is made by using the flame retardancy sys-
tem examined in the former chapter, and Table 3
shows the result obtained on evaluating the dielectric
properties and flame test. Therefore, we found that
the insulation material with good dielectric properties
and fire resistance could be made using flame retar-
dants combination of halogen type.

Figure 13 shows the view of the flame test with the
cable manufactured as an experiment using the devel-
oped material. This flame test is according to the ver-
tical flame test of CSA. The result of the examination
confirmed that this cable had good fire resistance,
which passed the vertical flame test of CSA.

5. Conclusion

We investigated the dielectric properties of the var-

ious flame retardants. We calculated the required
flame retardancy and developed the polyethylene
whose dielectric loss in the GHz frequency range
conformed to it. We have developed the flame-retar-
dant insulation material with excellent dielectric prop-
erties, and applied this material for InfiniBand Cable
whose dielectric loss in the GHz frequency range was
good. The flame retardants contain halogen as was
found out from the present experiment. However, it is
hoped that a halogen-free material be developed to
avoid the environmental problem. In the future, we
hope to improve the efficiency of the halogen-free
flame retardants and their dielectric properties.
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Table 3. Properties of flame retardants system.

Item Oxygen index Flame test ε tan δ

System A 27 ~™ 6.2 4×10 −3

System B 26.5 ™ 2.6 1×10 −1

System C 26 ™ 4.1 2×10 −3

System D 26 ™ 2.4 2×10 −4
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Fig. 11. Property of frame retardants.
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Fig. 12. Property of frame retardants system.

Fig. 13. Vertical flame test of CSA.


