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1.2.5 RF cables

Cables for the transport of radio frequency signals are almost invariably
coaxial, apart from a few specialized applications such as HF aerial
feeder which may use balanced lines. Coax’ s outstanding property is that
the field due to the signal propagating along it is confined to the inside
of the cable (Figure 1.21), so that interaction with its external
environment is kept to a minimum.
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A further useful property is that the characteristic impedance of coax
is easily defined and maintained. This is important for RF applications
as in these cases cable lengths frequently exceed the operating wavelength.
The generic properties of transmission lines — of which coax is a
particular type — will be discussed in Section 1.3. The parameters that
you will normally find in coax specifications are as follows:
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e Characteristic impedance (Z.,): the universal standard is 50 Q,
since this results in a good balance between mechanical properties
and ease of circuit application. 75 Q and 93 Q are other standards
which find application in video and data systems. Any other
impedance must be regarded as a special.
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e Dielectric material. This affects just about every property of the
cable, including Zo, attenuation, voltage handling, physical
properties and temperature range. Solid polythene or polyethylene
are the standard materials; cellular polyethylene, in which part
of the dielectric insulation is provided by air gaps, offers lower
weight and lower attenuation losses but is more prone to physical
distortion than solid. These two have a temperature rating of 85° C.
PTFE is available for higher temperature (200° C) and lower loss
applications but is much more expensive.
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e Conductor material. Copper is universal. Silver plating is
sometimes used to enhance high—frequency conductivity through the
skin effect, or copper can be plated onto steel strands for strength.
Inner conductors can be single or stranded; stranded is preferred
when the cable will be subject to flexing. The outer conductor is



normally copper braid, again for flexibility. The degree of braid
coverage affects high—-frequency attenuation and also the shielding
effectiveness. Solid outer conductor is available for extreme
applications that don’ t require flexing.
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Voltage rating. A thicker cable can be expected to have a higher
voltage rating and a lower attenuation. You cannot easily relate
the voltage rating to power handling ability unless the cable is
matched to its characteristic impedance. If the cable isn’ t matched,
voltage standing waves will exist which will produce peaks at
distinct locations along the cable higher than would be expected
from the power/impedance relationship.
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Attenuation. Losses in the dielectric and conductors result in
increasing attenuation with frequency and distance, so attenuation
is quoted per 10 meters at discrete frequencies and you can
interpolate to find the attenuation at your operating frequency.
Cable losses can easily catch you out, especially if you are
operating long cables over a wide bandwidth and forget to allow for
several extra dB of loss at the top end.
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Readily available coax cables are specified to two standards: the US

MIL-C-17 for the RG/U (Radio Government, Universal) series and the UK BS
2316 for the UR-M (Uniradio) series. The international standard is IEC
60096. Table 1.8 gives comparative data for a few common 50 @ types.
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Table 1.8 Characteristics of 50 Q2 Coaxial Cables

Cable type URM43 URME67 RG58C/U RG174A/U RG178B/U
Overall diameter (mm) 5 10.3 5 26 1.8
Conductor material Sol 1/0.9 St 7/0.77 Str 19/0.18 Str 7/0.16 Str 7/0.1
Dielectric material | —— Solid polythene/polyethylene —— — PTFE
Vdtage rating” 26 kV pk 6.5 kV pk 3.5kV pk 1.5 kV RMS 1 KV RMS
Attenuation dB/10m:

at 100 MHz 1.3 0.68 1.6 29 4.4

at 1 GHz 45 25 6.6 10 14
Temperature range (°C) —40to +85 —40 to +85 —40 to +85 —40 to +85 -55/+200
Cost per 100 m (£)' 18.9 70.0 225 26.3 819

“Voltage ratings may be specified differently between manufacturers.
Prices are average 1990 costs.

One word of warning: never confuse screened audio cable with RF coax. The
braids and dielectric materials are quite different, and audio cable’s
Zo is undefined and its attenuation at high frequencies is large. If you
try to feed RF down it you won’ t get much at the other end! On the other
hand, RF coax can be used to carry audio signals.
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1.2.6 Twisted pair

Special mention should be given to twisted pair because it is a
particularly effective and simple way of reducing both magnetic and
capacitive interference pickup. Twisting the wires tends to ensure a
homogeneous distribution of capacitances. The capacitance to ground and
also to extraneous sources is balanced. This means that the common—mode
capacitive coupling is also balanced which allows high common—mode
rejection.
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Twisted and un—twisted (straight) pairs are compared in Figure 1.22, but
note that if your problem is already common—mode capacitive coupling,
twisting the wires won t help. For that, you need shielding.
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FIGURE 1.22 The advantage of twisted pairs
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Twisting is most useful in reducing low—frequency magnetic pickup because
it reduces the magnetic loop area to almost zero. Each half-twist reverses
the direction of induction so, assuming a uniform external field, two
successive half-twists cancel the wires’ interaction with the field.
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Effective loop pickup is now reduced to the small areas at each end of
the pair, plus some residual interaction due to non—uniformity of the
field and irregularity in the twisting. Assuming that the termination area
is included in the field, the number of twists per unit length is
unimportant: around 8-16 turns per foot (26-50 turns per meter) is usual.
Figure 1.23 shows measured magnetic field attenuation versus frequency
for twisted 22-AWG wires compared to parallel 22-AWG wires spaced at 0. 032
inches.
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FIGURE 1.23 Magnetic field attenuation of twisted pair (Source Data:
“Unscrambling the mysteries about twisted wire”, R. B. Cowdell, 1EEE EMC
Symposium, 1979, p. 183)
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A further advantage of twisting pairs together is that it allows a fairly
reproducible characteristic impedance. When combined with an overall
shield to reduce common—mode capacitive pickup, the resulting cable is
very suitable for high—speed data communication as it reduces both
radiated noise and induced interference to a minimum.
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1. 2.7 Crosstalk

When more than one signal is run within the same cable bundle for any
distance, the mutual coupling between the wires allows a portion of one
signal to be fed into another, and vice versa. This phenomenon is known
as crosstalk. Strictly speaking, crosstalk is not only a cable phenomenon
but refers to any unwanted interaction between nominally un—coupled
channels. The coupling can be predominantly either capacitive, inductive,
or due to transmission—line phenomena.
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The equivalent circuit for capacitive coupling at low—to—medium
frequencies where the cable can be considered as a lumped component (in
contrast to high frequencies where it must be considered as a transmission
line) is as shown in Figure 1.24.
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FIGURE 1.24 Crosstalk equivalent circuit
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In the worst case where the capacitive coupling impedance is much lower
than the circuit impedance, the crosstalk voltage is determined only by
the ratio of circuit impedances.
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Digital crosstalk

Crosstalk is well known in the telecomms and audio worlds, for example
where separate speech channels are transmitted together and one breaks
through onto another, or where stereo channel separation at high
frequencies is compromised. Although digital data might seem at first
sight immune from crosstalk, in fact it is a serious threat to data
integrity as well. The capacitive coupling is all but transparent to fast
edges with the result that clocked data can be especially corrupted, as
Figure 1.25 shows. If the logic noise immunity is poor, severe false
clocking can result. A couple of worked examples (see Figure 1.25)
demonstrate the nature of the problem.
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(a) Two audio circuits with 10 kQ source and load impedances are run in
2 meters of multicore cable with inter—conductor capacitances of 150 pF/m.
What is the crosstalk ratio at 10 kHz?
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The coupling capacitance C: is 2 meters of 150 pF/m = 300 pF. At 10 kHz
this has an impedance of 53 kQ.

The source and load impedances in the crosstalk circuit in each case are
10 K//10 K = 5 kQ.

So the crosstalk will be:
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5K/(5K+5K+53K) =22 dB: unacceptable in just about any situation!
If the output drive impedance is reduced from 10 kQ to 50 Q then the
crosstalk becomes:

49/ (49 + 49 + 53 K) = 60 dB

which is acceptable for many purposes, though probably not for hi-fi.
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(b) Two EIA-232 (RS-232) serial data lines are run in 16m of data cable
(not individual twisted pair) which has a core/core capacitance of 108
pF/m. The transmitters and receivers conform to the EIA-232 spec of 300
Q output impedance, 5 kQ input impedance, +10 V swing and 30 V/Ms rise
time. What is the expected magnitude of interference spikes on one circuit
due to the other?
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Coupling capacitance here is 16 X 108 pF = 1728 pF.

The current that will be flowing after t seconds in an RC circuit fed from
a ramping voltage with a constant dV/dt is I =C X dV/dt (1 — exp[-t/RC])
which for our case with dV/dt =30 V/Ms for 0. 66 Us and a circuit resistance
of 567 Q 1is 25 mA. This translates to a peak voltage across the load
resistance of (300//5 K//5 K) of

25 X 107° X 267 = 6.8V

This is one reason why EIA-232 isn’ t suitable for long distances and high
data rates!
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Crosstalk can be combated with a number of strategies, which follow from
the above examples. These are:
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e Reduce the circuit source and/or load impedances. Ideally, the
offending circuit’ s source impedance should be high and the
victim s should be low. Low impedances require more capacitance for
a given amount of coupling.
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e Reduce the mutual coupling capacitance. Use a shorter cable, or
select a cable with lower core—to—core capacitance per unit length.
Note that for fast or high—frequency signals this won’t solve
anything, because the impedance of the coupling capacitance is
lower than the circuit impedances. If you use ribbon cable,
sacrifice some space and tie a conductor to ground between each
signal conductor; another alternative is ribbon cable with an
integral ground plane. Best of all, use an individual screen for
each circuit. The screen must be grounded or you gain nothing at
all from this tactic!
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e Reduce the signal circuit bandwidth to the minimum required for the
data rate or frequency response of the system. As can be seen from
(b) above, the coupling depends directly on the rise time of the
offending signal. Slower rise times mean less crosstalk. If you do
this by adding a capacitance in parallel with the input load



resistor (across RL2 in Figure 1.24) this will act as a potential
divider with the core—to—core capacitance, as well as reducing the
input impedance for high—frequency noise.
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Use differential transmission. The bogey of crosstalk is a major
reason for the popularity of differential data standards such as
ETA-422 (RS-422), and other more recent ones, at high data rates.
Coupling capacitance is not necessarily reduced by using paired
lines, but the crosstalk is now injected in common mode and so
benefits from the common—mode rejection of the input buffer. The
limiting factor to the degree of rejection that can be obtained is
the unbalance in coupling capacitance of each half of the pair. This
is why twisted pair cable is advised for differential data
transmission.
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