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T

his paper describes
experiments
to
evaluate the use of
metallized ABS plastic in
place of metal and other
substrates for cavity and
planar structure communication filters, which can
reduce the weight and cost. The specific gravity of ABS plastic is 1.05 gm/cm3 compared to
2.7, 8.5 and 8.9 gm/cm3 for commercial aluminum, brass and copper respectively. The
cost of metallized ABS plastic substrate may
be substantially less than the cost of traditional microwave laminates such as Rogers
RT-Duroid. Some cavity bandpass filters have
been developed and tested at center frequencies of 53.5 ±1.5 MHz, 86.5 ±4 MHz, 324 ±4
MHz, 600 ±9 MHz, 1200 ±150 MHz, 1537.5
±7.5 MHz, 1636 ±10 MHz, 4190 ±20 MHz,
4590 ±20 MHz and 5.850-5930 GHz. Twohairpin line filters at 1537.5 ±10 MHz and
1575.5 ±10 MHz, also have been developed
and tested [1].

This article is a report on
experiments investigating
the design and construction
of microwave filters using
metallized plastic substrates and enclosures

Introduction
Although there have been other efforts to
use metallized plastic, metal remains the
material universally used to make cavity filters, while PTFE laminates dominate
microstrip and stripline filter designs.
Therefore, their manufacturing cost is high.
The electrical characteristics of ABS plastic
show minor changes at normal operating temperature, humidity and frequency, and the
dielectric properties are sufficiently good. ABS
plastic exhibits a flat module curve over a
wide temperature range. Dimensional tolerance can be maintained within 0.003 mm.
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Machining characteristics are similar to those
of non-ferrous metals. The plastic may be
drilled, punched, die-cut, routed, sawn and
turned. Favorable electrical, mechanical,
physical and environmental properties may
increase its applicability as an alternative to
metal to fabricate precise filters such as helical, combline, interdigital and coaxial cavity
band pass filters in different frequency
ranges. The ABS plastic may be used in place
of PTFE substrate for planar structures [2].
The performance of two hairpin line
(microstrip) band pass filters at 1537.5 MHz
and 1575.5 MHz have been verified with the
help of standard filters. The achieved insertion
loss is high due to the higher dissipation factor
of ABS. The insertion loss can be reduced to
approach the loss of soft PTFE substrate (RTDuroid # 5870, 1.58 mm thick with dielectric
constant of 2.32) by doubling the thickness of
ABS plastic sheet. However the 3 dB bandwidth is also doubled. So, if this compromise
between insertion loss and bandwidth is an
acceptable criterion, very low cost hair pin line
filters may be developed by using the ABS
plastic in place of a PTFE substrate [3].

Design Procedure
The existing design theory for any type of
cavity band pass filter is applicable. No correction in design is required while using ABS
plastic in place of metal. However, a few
graphs have to be generated to use the ABS
plastic as a substrate for hairpin line structure. Here, the design theory available for RTDuroid #5870, of dielectric constant 2.32 and
thickness 1.58 mm has been used to calculate
the dimensions of a hair pin line band pass
filter [4].
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Established design procedures
and tables for any type of cavity,
helical, combline, inter digital, coaxial cavity filters may be utilized.
Similarly, design procedures available for planar structures such as
parallel coupled, hairpin line band
pass filters may be used [1, 2, 3].
Figures 1 and 2 show the results for
the microstrip hairpin filters noted
above. Additional results for other
types of filters are shown in Figures 3
through 6.

Important Properties of ABS
The electrical characteristics of
ABS plastic show minor changes with
temperature, humidity and frequency. The dielectric properties are sufficiently good to be considered for a
number of electrical applications.
ABS exhibits a flat modulus curve
that varies only slightly over a wide
temperature range. It exhibits high
impact strength values. Good impact
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Figure 1 · Measurement of the
1537.5 MHz hairpin filter.

Figure 2 · Measurement of the
1575.42 MHz hairpin filter.

figures are maintained even at temperatures as low as –40º C. Unlike
other thermoplastics, it is not significantly affected by variation in strain
rate.
ABS plastic is resistant to weak
acids and inorganic bases, although

concentrated nitric and sulphuric
acid produce disintegration. It is also
swelled, softened or dissolved by
most of the low order aromatics,
ketones, esters etc. ABS plastic can
be metallized, therefore an enclosure
made of metallized ABS plastic

Table 1 · Network analyzer measurement of εeff of ABS plastic.

Table 2 · Summary of test methodology.

behaves electrically in a similar manner as the metallic enclosure.
ABS with 10% Butadine is more
suitable for electroplating than ABS
with 16 to 27% Butadine. Several trials were conducted for electroplating
on ABS plastic. The articles are
immersed in a mixture of chromic
and sulphuric acid to improve
mechanical adhesion. Poor etching
leads to skip plating or poor adhesion
of the plate and possible blistering.
Thus, etched articles are to be treat-

ed with sensitizer and activators,
Stannous chloride and palladium
chloride solutions are used for this
purpose. The deposited palladium
nuclei on the plastic surface initiates
electroless plating of copper, nickel,
gold or other metals.
We carried out electroless copper
deposition for our work. The purpose
of plating on ABS is to get highly
conductive coating. For this, it is
finally deposited with electroplated
copper and silver.
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Table 3 · Design and fabrication details of the microwave bandpass filters.

Conclusion
A number of cavity and microstrip
band pass filters have been tried up
to 6 GHz. The performance of the cavity as well as the microstrip filters
also were tested over the temperature range of –20ºC to + 60º C, with a
minor shift in the center frequency
without affecting bandwidth and
stopband attenuation. It has been
noticed that the shift in the frequency depends upon the size and structures of the filters. In particular, at
the higher frequencies, the size of the
fingers in combline filter is very
small, which increases the shift in
center frequency. But, it is less than
the commercial aluminum body filter. In general, electronic performance is fully satisfactory, but
mechanical performance requires
further improvement.
Editor’s note—Original plots were not
available to the author. The re-drawn
figures are not precise, but show the
general shape of the filter responses.
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Figure 3 · Bandpass plots for the
1537.5 MHz coaxial cavity filter.

Figure 4 · Bandpass plots for the
1636.0 MHz coaxial cavity filter.
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Figure 5 · Bandpass plots for the
600 MHz helical filter.

Figure 5 · Bandpass plots for the
4190 MHz combline filter.
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