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1. Introduction

As the transmission speed and capacity of commu-
nication have increased in recent years, the operating
frequency has shifted to a higher frequency region.
So coaxial cables having low attenuation in high oper-
ating frequency are required. The attenuation of a
coaxial cable principally depends on the characteris-
tics of the insulator and inner conductor. The contri-
bution rate of the insulator increases according to the
operating frequency as shown in Fig. 1. 

Therefore, to reduce the attenuation under high
frequency, it is important to improve the performance
of the insulator. This improvement includes reducing
the dielectric constant (εr) and dielectric loss tangent
(tan δ) of the insulation material and reducing εr by
increasing the foaming degree of the foamed insula-
tor. One can mention polyethylene (PE) as an insula-
tion material with a low εr and a low tan δ. High den-
sity PE 1) has low tan δ and is used as the base materi-
al of the insulator of high-frequency coaxial cables
that especially require low attenuation. In such an
application, the insulator is foamed at the highest
foaming degree possible. However, attenuation
reduction with conventional PE by increasing the
foaming degree has already reached the limit 2);
therefore, a new material with good dielectric proper-
ties, good extrudability, and higher foaming charac-
teristics is needed.

2. Development of new material for highly
foamed insulator

2.1. Foam extruding method

The extruding method of the foamed coaxial cable
includes two major types: chemical foaming and
physical foaming. In extruding methods, the gas is
dissolved into the resin under high pressure in the

extruder, and the resin is foamed by decompression
when it is discharged from the die. In the chemical
foaming method, a chemical foaming agent is mixed
together with the base resin and undergoes pyrolysis
in the extruder to produce gases that are used to
foam the resin, and in the physical foaming method,
an inert gas is directly injected under high pressure
in the middle of the extruder to foam the resin (Fig.
2). For the coaxial cable of low attenuation, the latter
extruding method is usually used. This is because, in
the chemical foaming method, the by-products pro-
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Fig. 1.  Contribution rate of insulator to attenuation.
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Fig. 2.  Physical foaming extruder.
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duced by the decomposition of the chemical foaming
agent have a bad influence on the attenuation. 3)

2.2. Drawing property of molten polymer

For foam extruding, the melting characteristics of
the materials are important. Figure 3 shows an image
of joint cells. For the growth of the foam cells, the

resin needs a molten drawing speed to follow cell
growth. To prevent the breaking of foam cells under
a big expanding force due to the injected gas, a suffi-
cient molten strength is needed. Therefore, to
increase the foaming degree, a material that is good
at both molten drawing speed and molten strength is
needed.

Thus, we evaluated the drawing properties by
using a capillary rheometer. The schema is shown in
Fig. 4. Usually, the molten strength was measured as
the strength when pulled at a constant speed under
prescribed conditions. In these conditions we cannot
depict the growth of the cells. Therefore, this time we
evaluated the growth of the molten resin to depict the
growth of the cells. Specifically, a molten resin was
pulled with accelerated speed, until the molten resin
broke. So, we evaluated the strength at that time as
the molten breaking strength, and we also evaluated
the drawing speed at that time as molten breaking
drawing speed. Measurement results of various PEs
and the new material are shown in Fig. 5. There were
no PEs having both good molten breaking strength
and good molten breaking drawing speed. Thus, we
developed a new material that improved with the mol-
ecular structure level so that the strength becomes
larger as the material is drawn longer. We could get a
material that has a molten breaking drawing speed
equivalent to conventional materials but has a superi-
or molten breaking strength.

2.3. Evaluation of the dielectric characteristics of
selected materials

Because reducing the attenuation requires dielec-
tric characteristics as good as of the conventional PE,
we evaluated the dielectric characteristics of the new
material. The dielectric characteristics were mea-
sured at 2.45 GHz using the cavity resonator pertur-
bation method. The instrument is shown in Fig. 6,

44

Fig. 3.  Schema of joint cells.

Die: Diameter=2.095mm
Land=8.03mm

Piston speed=0.5mm/min
Drawing acceleration=400m/min2

Piston

Barrel

Capillary

Thermostatic chamber

Molten resin

Drawing roll
(Accelerated drawing)

Measurement of molten breaking strength

Fig. 4.  Schema of capillary rheometer.
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Fig. 5.  Drawing property of various materials. Fig. 6.  Cavity resonator perturbation instrument.



and the results are shown in Fig. 7. We found that the
new material shows dielectric characteristics superior
to conventional PE materials in high-frequency
bands.

2.4. Foam-nucleating agent

In the insulation material for coaxial cable, not only
the base resin but additives are also mixed. Of these,
the foam-nucleating agent is highly hygroscopic, and
it is also known that moisture absorption may cause a
considerable increase in tan δ. Thus, we evaluated
the influence of moisture absorption by the foam-
nucleating agent on tan δ. We prepared a compound
with suitable amount of foam-nucleating agent,
antioxidant, and other additives and a compound
without the foam-nucleating agent. For precondition-
ing, the prepared samples were dried in a vacuum
oven (at 60°C, 102 Pa, for 24 hours). Then, their mois-
ture content and tan δ at 100 % relative humidity were
evaluated. The moisture content was evaluated by
Karl Fischer titration method, and the dielectric char-
acteristics were evaluated using a cavity resonator
perturbation instrument. Results are shown in Fig. 8.
The foam-nucleating agent A, which is considered
here as a well-known foam-nucleating agent, is highly
hygroscopic, and it was found that tan δ got higher
with increasing moisture content. On the contrary, it
was found that, by excluding the foam-nucleating
agent A, the increase rate in tan δ due to moisture
absorption can be reduced to less than half.

As described above, excluding the foam-nucleating
agent A was found to be effective in suppressing the
increase in tan δ due to moisture absorption. Thus,
we tried a foam-extruding method using a laboratory-

scale extruder with the foam-nucleating agent A
excluded. Results are shown in Fig. 9. Without the
foam-nucleating agent A, as we thought, good foam-
ing could not be obtained.

The compound included not only foam-nucleating
agent A but also an additive agent B and other addi-
tive agents. Then we removed agent A and tested the
foaming property of the material with additive B and
other additive agents in the compound. We achieved
a foam that was as good as foaming with foam-nucle-
ating agent A by setting the extrusion temperature
lower than the melting point of the additive B. Results
are shown in Fig. 10. A conceivable reason for this is
that the agent B produced a good nucleation effect by
setting the extrusion temperature below its melting
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Fig. 7.  Dielectric characteristics.
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Fig. 9.  Effect of nucleating agent A.
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point.

3. Evaluation of new material’s cable

3.1. Evaluation procedure

By using the new material that has a good melting
and dielectric characteristics, a compound excluding
the foam-nucleating agent A was prepared. A cable
was fabricated using that compound and an experi-
ment, to try if the foaming degree could be increased,
was undertaken. In this trial fabrication, a single
screw extruder was used to make the following coaxi-
al cable.

The construction of that cable, which we call 8D-
SFA, followed whose insulation diameter was 8 mm,
outer conductor was braided, cable diameter was 12
mm, and characteristic impedance was 50 Ω. Using
the new compound, a foamed insulator was made first
with the same foaming degree as conventional PE
cables, which is about 70 percent. Then, the amount
of injected gas was increased to obtain the maximum
foaming degree.

3.2. Evaluation of cable (foaming degree : about 70 %)
3.2.1. Statistical analysis of foam 

The aforesaid cable, made using the new material,
was compared with conventional PE products.
Photographs of the cross-sectional area of the insula-
tor are shown in Fig. 11. The new material’s foamed
insulator keeps crossed cells because of its excellent
melting characteristics, and it has a finer and more
uniform foam cell structure at the same foaming
degree because additive B produces a good nucleat-
ing effect. To evaluate the foaming state of the insula-
tor, an analysis of the foam cell diameter was done.
Results are shown in Fig. 12. In the new material, the
average diameter of cells decreased from 244 µm of
conventional PE products to 110 µm, and the stan-
dard deviation of cell diameter also decreased from
143 µm to 40 µm. This shows that the fineness and
the uniformity had improved. A fine and uniform
foam cell’s structure furnished various merits such as
the reduction of the voltage standing wave ratio
(VSWR) and the improvement of the physical
strength due to the increase in the foaming degree.
Moreover, fabrication of a thinner foam insulator
became possible.

3.2.2. Attenuation 

Then attenuation was measured using a network
analyzer. Results in GHz bands are shown in Fig. 13,
and the improvement ratio of the attenuation at differ-
ent frequencies is shown in Fig. 14. The attenuation
improvement ratio was found using the following
equation:

Attenuation improvement ratio (%)

With the new material, the attenuation was
improved by about 5 % between 1 GHz to 3 GHz. This
can be attributed to the fine and uniform foam cell
structure of the material because the dielectric char-
acteristics of the new material are about the same as
that of the conventional PE.

3.2.3. Test at high temperature and humidity

Test at high-temperature and high-humidity condi-
tion, which provides an indication of moisture absorp-

Attenuaion (conventinal PE)−Attenuation (new material)
Attenuaion (conventinal PE)

= ×100
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Fig. 11.   Photographs of foam cross-section area
(foamed degree : about 70%).
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tion, was performed on the fabricated cable. First, the
cable was dried and the attenuation at the initial state,
dried state, was measured. After that, the cable was
left untouched for 1000 hours under 85°C and 90%
relative humidity. Then the attenuation of the cable
was measured. The attenuation-increasing rate before
and after the test was evaluated by the following
equation.
Attenuation-increasing ratio (%)

Results are shown in Fig. 15. As it can be seen, it
was found that the attenuation-increasing ratio can be
taken to the same level as conventional PE. This can
be attributed to the fact that the water absorption
ratio and the increment of tan δ due to water absorp-
tion could be suppressed without the foam-nucleating
agent A.

3.2.4. More evaluation of the fabricated cable 

Then the voltage standing wave ratio (VSWR),
long-term reliability, and general physical properties
of the cable made from the new material were evalu-

ated. The VSWR was found to be as good as the con-
ventional product. For long-term reliability, heat
shock, low-temperature test, and high-temperature,
high-humidity test were performed, and the perfor-
mances were equivalent to conventional products.
For general physical properties, the cable and insula-
tor were found to have adequate performance as well.

3.3. Evaluation of the foaming degree of the new
material

Since the developed new material was found to be
suitable for a coaxial cable insulator, the amount of
injected gas was increased to evaluate the maximum
foaming degree attainable with the new material. As a
result, a foam insulator with 85% foaming degree hav-
ing very fine and uniform foam cells was obtained
(Fig. 16). For the fabricated foam insulator with 85%
foaming degree, an analysis of foam cell diameter was
performed. Results are shown in Fig. 17. In the new
material, the average cell diameter became finer from
the 244 µm of conventional PE product to 95 µm, and
the standard deviation of cell diameter also decreased

Attenuaion after test−Attenuaion before test
Attenuaion before test

= ×100
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Fig. 14.  Attenuation improvement ratio (1~3GHz).

(85°C, 90%, 1000h) (2GHz)

conventional PEnew material
with the
agent A

without the
agent A

in
cr

ea
si

ng
 r

at
io

 o
f a

tte
nu

at
io

n 
(%

) 

0

10

20

30

40

50

Fig. 15.  Increasing rate of attenuation.

400µm 400µm

100µm 100µm
New material’s product

(85%)
Conventional PE product

(about 70%)

Fig. 16.   Photographs of foam cross-section area.



48

from 143 µm to 33 µm, resulting in the improvement
of uniformity. With the new material, an equivalent or
superior average cell diameter and standard deviation
were obtained even when the foaming degree was
substantially increased from about 70 to 85 percent.
Therefore, this material was found to be suitable for
high foaming degree.

4. Conclusion

A new material with molten breaking strength
superior to conventional products was developed.
Using this material, it was verified that the attenua-
tion could be reduced by about 5 percent with a fre-
quency between 1 GHz and 3 GHz. By the high-tem-
perature and high-humidity test and other tests, it
was also verified that the new material satisfied the
various conventional properties required for coaxial
cable insulation materials. Moreover, an insulator of
with 85% foaming degree was successfully obtained
with a fine and a uniform foam cell structure that was
unattainable with conventional materials. After this
work, we will evaluate various properties of the coaxi-
al cable with high foaming degree and continue the
development and investigation by dealing with prob-
lems in the manufacturing process.
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