
Conclusion / Summary

In summary, each conductor type has attributes that make it
more or less appropriate for a particular application.  CATV
cables have migrated toward copper clad steel to take
advantage of its inherent strength, comparable weight, and
excellent high frequency electrical performance.  Addition-
ally, tri-shield outer conductors have been shown to yield the
most value for long term shielding in modern two-way
networks, while not requiring a change of connectors.  (See
Table 5). For these reasons, tri-shield CCS cables have
become the standard selected for CATV applications.

Advantages Disadvantages Best Applications

Single Shield cost, connector simplicity lower shielding non “triple play” systems

Tri-Shield optimized cost, shielding training required to new digital networks,
performance, connector ensure best connections so called “triple play”
simplicity are made systems supplying voice,

video and data

Super Shield high shielding cost, difficult craft, costly high RF immunity required
and unique connectors
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A Discussion of Coaxial Drop Cable Conductors

Coaxial drop cables are available in a variety of constructions.
Combinations of center conductors, shielding components,
environmental protectants and jackets are the norm. Each
component contributes to and is best suited for an appropriate
application. These component choices have a large impact on the
performance of a drop cable in a particular application. This
paper will specifically discuss the appropriate choices for conduc-
tive elements in a coaxial drop cable.

AB®

Since the conductivity variable appears in the denominator of the
first term, it follows that materials with higher conductivity yield
cables with lower attenuation. What is not obvious from the
attenuation equation is the fact that the material conductivity is
only crucial at the surface of the selected conductor. Copper clad
materials have been used in high frequency applications, like
CATV, for many years. These cladding materials are appropriate
for this application due to the phenomenon called the Skin Effect
Theorem. The skin effect demonstrates that the current densities of
high frequency signals tend to be contained in the outer layers of
the conductive material. Skin depth is defined by the following
equation:

The Coaxial Center Conductor

Coaxial center conductors are available in a variety of forms. The
primary materials used in coaxial cable for CATV are copper clad
aluminum (CCA), copper clad steel (CCS) or hard drawn copper
(HDC). Copper is utilized in conductors due to its excellent cost
vs. conductivity ratio. Coaxial attenuation is impacted by conduc-
tor conductivity, as the following equation shows:

Copper clad materials, once selected to meet required
electrical performance, are often used where span lengths
require a cable to have less weight or additional tensile
strength. Span considerations are typically a large consid-
eration for larger distribution cables, but drop spans can be
impacted by cable weight and strength as well.

Conductivity Clad Thickness
% of solid copper % of radius

21% 6%

30% 9.8%

40% 15%

Table 1

Shown Here: Copper Clad Steel (CCS)

Shielding and Connectors

Higher braid or tape coverages, while positively effecting
shielding performance, must also be considered in light of
connector requirements and costs. Many connector manufac-
turers today offer a variety of connector sizes to fit single shield,
tri-shield and quad (super) shield cables. Some newer designs
are advertised to fit all three. In this situation, craft familiarity
and training must be taken into account when deploying a new
shield configuration.

Most connectors designed to fit single shield cables also fit tri-
shield cables. The advantage of this is that a new connector is
not required when upgrading your system from a single shield
to a tri-shield. For best performance, the tri-shield tape should
be scored and removed from the exposed area prior to apply-
ing a connector. This is a simple procedure, but necessary and
worthy of training effort.

Table 5

Attenuation (dB/100m)

Skin Depth (m)

The majority of the current density of a high frequency
signal travels on the conductor surface, with the remainder
of the current density contained within the remaining
conductor cross section. The first skin depth is the depth in
which 63.2% of the current density is found at a given
frequency. Two skin depths will contain 86.4% of the total
current density, and a full 95% of the current density is
contained within three skin depths. Using this information,
an appropriate amount of copper can be chosen and
applied as a skin to provide the required conductivity, and
therefore attenuation, at CATV frequencies. Table 1 below
describes the percent of conductivity of a clad center
conductor, as compared to a solid copper conductor of the
same diameter, and thickness of copper that must be
applied.
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Quality Drop Cable Design Characteristics
(Tri-shield Construction)



Application Distance Current on cable CU Voltage drop 21% Conductivity 40% Conductivity Difference

Residential Drop 20m 0A 0V 0V 0V 0V

Telephony Drop 20m 1A 0.43V 1.87V 1.07V ~ 1V

Distribution 100m 10A 8.20V 36.98V 21.12V 12.9V

In the example in Table 3, the residential drop and telephony
drop both use F6 cable, but the telephony drop carries a 1A
ringing current. The difference in voltage drop in these
situations is negligible. The distribution cable is F11, and
carrying current intended to power an amplifier. Only when
high current is being delivered over a long distance, in the
absence of other metallic components, will the DC resistance
have a noticeable impact.

In summary, each conductor type has attributes that make it
more or less appropriate for a particular application. CATV
cables have migrated toward copper clad steel to take
advantage of its inherent strength, lower weight, and excellent
high frequency electrical performance. (See Table 4).
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The Coaxial Shield

Drop cable shielding is a function of the type, as well as the
amount of shielding material present. The majority of the high
frequency shielding in a drop cable comes from aluminum
composite tapes, so their integrity must be maintained. Braid
wire in a drop cable, rather than damaging the tape will
support and extend the life of the tape when correctly applied.

The measure of drop cable shielding is shielding effectiveness.
Shielding effectiveness may be directly measured utilizing a
broadband device like a Gigahertz Transverse Electromagnetic
(GTEM) cell, or calculated with a transfer impedance measure-
ment as in a CoMeT device. Either measurement can reveal
both the shielding effectiveness of a new piece of cable, and
perhaps more important, a piece of aged cable.

The CoMeT tube test injects a RF signal onto the center
conductor. Potential leakage of the injected signal is captured
when propagated through the outer conductor to the receiver.
Shielding (AS) is defined on the CoMeT tube as:
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Table 3

Table 2

Figure 1

Figure 2

Conductor DC Resistance

One additional difference between solid copper and copper
clad materials is DC resistance. While high frequency signals
can advantageously utilize the skin effect, the DC or low
frequency AC signals cannot. The entire conductor cross
section must be taken into account at low frequencies (below
1 kHz). Fortunately, although the differences in DC resistance
between materials can be significant, the impact on attenua-
tion performance in most high frequency applications is not.

The differences in DC resistance between several varieties of
center conductor are shown in Table 2. While these differ-
ences are significant, they must be viewed through the
application requirement. The example below describes several
scenarios and compares how the various cables will perform.
In summary, if the cable is not delivering power, as in a
residential drop, the difference in DC resistance has no effect.
If the cable is delivering low power over a short distance, the
impact is minimal. Only when high current is being delivered
over a long distance, in the absence of other metallic compo-
nents, will the DC resistance have a noticeable impact.

Advantages Disadvantages Best Applications

Solid Copper Conductors high conductivity weight, low tensile strength, low frequency, high
high cost, susceptible to power or current delivery
theft due to copper content

Copper Clad Steel Conductors strength, high frequency lower conductivity than high frequency, low power,
performance, lower solid copper high strength applications
weight

Copper Clad Aluminum lowest weight, medium ductility, lower tensile strength longer runs, high frequency,
Conductors conductivity power conducting

Table 4

The additional shielding provided by the extra layer of lami-

nated shielding tape in a tri-shield design contributes both

short and long term. Measurements of tri-shield cables

according to IEC 62153-4-4 both before and after mechani-

cal bending as described in IEC 61196-1-314 show that

additional layers of shielding material contribute greatly to

cable performance.

Average RF Shielding Performance Comparison

CoMeT Triaxial Measurement

Conductor F6 Conductor – F11 Conductor – Approximate
Type 1.02mm OD 1.63mm OD resistance

increase

Solid Copper 21.49 ohms/km 8.20 ohms/km

21% CCS 93.53 ohms/km 36.98 ohms/km 4x Cu

30% CCS 71.26 ohms/km 28.16 ohms/km 3x Cu

40% CCS 53.44 ohms/km 21.12 ohms/km 2x Cu

Figure 1 provides a visual description of the test set-up.

Shielding (dB)


