Brass Tacks

An in-depth look at Baluns with MWOJWP
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Baluns

RF baluns are used with many antennas and their feeders to
transform a balanced feed or line to an unbalanced one.

There are issues when a balanced antenna such as a dipole or
similar form of antenna is directly fed with an unbalanced feeder
like coax.

Coaxial feeder has many advantages over balanced feeder when it
comes to use at VHF and above and also when routing the feeder
though a building, or near other objects.

In order to obtain the best overall performance and convenience, it
is necessary to convert the balanced feeder or antenna feed point
to an unbalanced system using a balun.
Although widely used with RF

- N . antennas, baluns may also be used in

Balun dEflnltlon' a variety of applications including:
power line communications; data

A balun: balanced to unbalanced is an electrical communications converting between

device that converts between a balanced signal and Cat 5, Cat 6, etc and Twinax; video
an unbalanced signal, or feed line. A balun can take where a conversion between a twisted
many forms and may include devices that also pair and a coaxial cable, etc. There

transform impedances but need not do so. are many other uses for baluns, but
these are some of the main ones.

For use with RF antennas, baluns are
needed where a balanced antenna
such as a dipole is used. The most
convenient form of feeder to use is
coaxial cable as this can be routed far
more conveniently along antenna
towers, or poles, along the ground
and through buildings, etc without
the need to worry about affecting the
coax cable performance.
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Balanced feeder is very good, normally having very low
levels of loss, but its operation relies on the fact that there
are equal and opposite currents flowing in the two wires

An Open-Wire-Fed Antenna
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which enables the fields to cancel and the signal to be| oe - 0%
transferred with very low loss. Nearby objects cause the | | Balanced
balance to be impaired, and loss levels to rise as a result |+~ Eaum

of radiation of the signal, as well as levels of spurious i 1+ (Ladderline)
pick-up along the cable to increase which can give rise to ko —

unwanted interference. H

(Windowline)
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Copper Wire
oo M T TN BT reasons why baluns
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Ballanced Lader Line Fesder antenna syste m:

Prevent radiation / pickup from coax outer conductor: If a balanced antenna is used and
fed directly using coaxial feeder, then it is found that the outer or shield of the coax can
radiate and pick-up radio frequency signals. For receiving, this can mean that interference from
electrical apparatus, etc within the home, building, or just close to the feeder can be picked
up. For transmitting, it can mean that the feeder will radiate signal which could cause
interference and result in feeder loss.

Using a balun ensures that the coaxial feeder operates in the correct manner and the best
overall performance for the antenna system is achieved.

Sometimes it is possible to get away without using a balun. Often one tell-tale sign is if the
VSWR of the antenna system changes if the feeder is moved or touched, but in reality the only
real way to tell if a balun is needed is to measure the common mode currents on the feed-line.

Where radiation pattern of the antenna is important: If radiation or pickup occurs from the
outer conductor of the unbalanced cable (coax feeder), then this will affect the overall radiation
pattern of the antenna. In cases where this is important, e.g. when making radiation pattern
tests, it is important that radiation and pickup only occur from the antenna. In these cases a
balun is essential.

Where radiation close to the transmitter must be minimised: If some of the radio
frequency signal intended for radiation from the antenna is also radiated from the feeder, then
there will be higher levels of RF around the transmitter. This can impact the transmission in a
variety of ways. It can disrupt data mode transmissions when RF gets onto the interface
between the transmitter and the computer causing the system to fail. If analogue audio
transmissions are being used then it can get onto the audio input lines and cause strange
feedback effects. The solution to issues like this can be to use a balun at the balanced to
unbalanced transition. Even if the issue is not cured, it is most likely to improve the situation.
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Balun basics

The basic concept of a balun is normally to use a transformer. Although there are many
different types of balun, the basic transformer type is a good place to start to illustrate the
basic operation.

The concept of a balun is based around a transformer, and its main function as a balun is to
isolate the direct connection between the balanced antenna or feeder and the unbalanced
coaxial feeder. In this way, the earth connection for the unbalanced cable is not directly
connected to the balanced system, and it remains balanced.

All transformers have a limited bandwidth, so the bandwidth of the balun must be designed to
be greater than that of the antenna or other system with which it will be used.

Unbalanced (O O O
input e Balanced .
it output ]
HHH O
Centre tap .
{optional)

Current & voltage baluns

There are two main classes of baluns that can be realised:

Current balun: the current balun forces equal current

through the two sides of a balanced load. The 1:1 current balun Ralancwd Logs
is effectively a simple transmission line such as a bifilar winding m
or coaxial cable wound on a ferrite core. 11
1url:nll:::|f1“‘ Hﬂ:-un
Voltage balun: The voltage balun forces equal voltage irl.-;r,“ﬂ:::_.'lh'-h.
across the two sides of a balanced load. Voltage baluns are a T
little more complicated than current baluns and prove to be very MFJ-g17

inefficient in preventing the coaxial cable shield as well as open
ladder line to carry common mode currents and radiate energy.
Accordingly voltage baluns are not used for most antenna
applications.
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Types of antenna balun:

Although the essence of many baluns is a transformer, there are several different types of
balun that can be used. Some employ different circuit techniques, while others use different
concepts. However all form the basic function of changing from a balanced to unbalanced
system.

Classical transformer balun: The traditional approach for a balun is to use a

transformer. This consists of two electrically separate windings, normally wound on a core -
typically a toroidal ferrite core. Having two separate windings in this fashion means that the
two circuits are electrically isolated which can have advantages for some applications.

The core on which the transformer is wound can either be an air core, generally with a former
which may be porcelain to keep the two coils in place, or it can be made from a magnetic
conductor like ferrite. The ferrite needs to be chosen so that it can handle the frequencies and
power levels involved.

The ratio of the turns between the primary and secondary, determines the ratio of the input
and output impedance levels. It is therefore possible to not only use the balun to convert
between balanced and unbalanced, but to also act as a matching transformer if needed. This
can be very useful where the antenna or other feeder has a high impedance levels that needs
to be converted down to a lower level for use with standard 50Q coax, etc . . In some instances
it may be necessary to step the impedance up for the coaxial feeder.

It should also be remembered that there will be losses in the balun. Although these are
normally small, they still need to be considered in some applications.

One issue with this form of balun is that the two halves are totally electrically isolated. It is
found that external antennas can pick up static and a charge can build up. To overcome this, a
balun with a centre tap on the balanced winding can be used. The centre tap is taken to earth
to dissipate the charge.

RF choke as a balun: o0ne of the main issues

with feeding a balanced antenna with an unbalanced ':“}
feeder like coax, is that RF travels along the outer of the s
coax and this can result in unwanted radiation and = =
pickup.

MFJ-813
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The concept of the choke balun is to increase the
inductance on the outer conductor of the unbalanced
conductor to prevent signals travelling only along this

conductor. l]l
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One implementation of a choke balun is to coil a few turns of feeder up at the feed-point of
the antenna to act as a feed-line choke. Although a very easy implementation, it does not
always work well. The common mode rejection ratio of a balun depends on the impedance
of the system at the point that the balun is used. Also, the inductance of a few turns of
coax may not be sufficient to provide adequate rejection at frequencies below 10 MHz or
so.

Another implementation is to wind the coax around a toroidal former. Obviously the bend
radius of the coax needs to be considered and this means that larger toroids are generally
required. The properties of the toroid ferrite also need to be considered to provide the best
attenuation at the frequencies of use.

oc g : Mounting a balun:
EE S e
59w c Although baluns take many forms, they are often used
= o E g with external antennas and require the mechanical
Jz: 2 = K arrangements to be addressed as well.
o = & =
s05 3 .
| U There are a number of factors to be considered:

Weather protection: As many baluns are
used externally they should be made in a fashion that
will be able to withstand the rigours of the weather.
Heat, sun, rain, freezing temperatures and more all take
a toll on any item in a remote position. Whilst water
ingress is a major issue which may allow damp to enter

I
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'5 - any coaxial feeder, sun can also cause plastics to
o E 2 degrade over time, heat can cause any box sealing or
. 3 5 E other sealing to degrade, and freezing temperatures may
m T s E also cause degradation.

EE Any coaxial cable should be adequately sealed,
< 'E ‘IE possibly by covering any connector using self-

E = amalgamating tape, etc.

Here the tension the wire should not be held by the connections. Instead there should be
some form of strain relief incorporated into the balun, or a dipole "t" piece used and the
balun attached to the centre piece with looped wires to the balun connections. It also often
helps to have a fixing for the centre support. This is particularly useful when the balun is
used with an inverted V dipole, where the centre of the dipole is fixed to a centre high pole,
mast or other fixing point.

Baluns are an essential element in many antenna systems. They enable a balanced antenna
or feeder to be transitioned correctly to an unbalanced one like coax that can easily be
routed through a building, etc to where it is needed.

Baluns can take many forms, and this enables the most suitable format to be adopted for
any particular situation.
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