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RF Transformers

Sometimes known as
Baluns
Ununs
Choke Baluns
Guanella Baluns
Mystical black box !!!
etc
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So are Balanced to balanced ..... Balbals ???



* | am not going to cover every thing there is to
know about RF transformers.

* | hope to give you enough information so you
can design and make your own transformers.

* | am going to limit this to transformers that
are used to help match HF antennas and feed
lines.
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RF transformers are usually wound on a ferrite
material and are broad band as they have no Q.

You have to choose the core material for the
frequency you want to cover.

There are many different core materials which
can make it hard to choose the right one.

There are also several different material types
that can do a similar job. Type 43 and 61 are
some of the most useful.

FYI ....Most ferrites in switch mode PSU’s are the
wrong type for HF frequencies.
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* Transformers use 2 types of cores ... toroid and
binocular .

* Binocular cores make better RF transformers
and have a much wider frequency response as
they have less “leakage inductance”

* Toroids work well for common mode chokes
and they are easier to wind with coax.
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The wire on the outside of the toroid just adds “L” .... A binocular core has very little
wire exposed



The power rating of a core depends on the size.
A 35mm O.D. toroid is ok for a 500w choke Tfmr.

A 14 x 13mm core is ok for a 150w Tfmr.
A 29 x 29mm core is ok for a 1kw Tfmr.
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A little bit about antennas.

With a simple long wire antenna, it has a
resistance and then is either capacitive or
inductive, depending on length and frequency.

o

Less than 1/4 wave More thentid.wave

The RF transformers job is to match the
antenna “R” term to 50 ohms, then all you
need is a series L or C to match the reactive
part of the antenna.

Steer clear of end fed % wave antennas if
possible.
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* To start a transformer design, you have to decide how big
the core needs to be for the power, then how many
turns should be on it for the 50 ohm point.

* The minimum number of turns for 50 ohms depends on
the lowest frequency required and the ui of the core...
the max turns depends on the max working frequency,
leakage inductance and winding stray capacity.

* A “rule of thumb” for the 43 & 61 type cores is about 4-5
minimum turns if you want to go to 1.8MHz and less
than 12-13 turns if you want to go to 30MHz

* You can test your transformer by putting the designed “R”

load on the O/P and then look at the return loss or SWR
over the desired frequency range.
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Use 43 for 1.8 to 30MHz and 61 for 3.5 to 30MHz +..... There is lots of overlap... 43
has ui =800 61 has ui=125



You need to measure the resistive part of the antenna
so you can design the transformer to match the “R”
term.

There are many antenna bridges that can do this, so if
you don’t have one ....go and make, borrow or buy one.

Lets say you measure 29 ohmes....

So (Ns/Np)?xZp=7Zs.....
(7/9)? x 50 = 30 ..near enough! g

The 7/9/ratio is just a bit of trial
and error. The 9 turns is made
fromthe 7 + 2
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* RF Transformers can match higher or lower
than 50 ohms. About 10 ohms is the practical
low end and about 450 ohms is the high end.

* Here is an example good for 1kw

* The small numbers is how high and low the
“R” term can be matched to an SWR of 1.3:1
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Can use something like this to measure an antenna “R” term to see if it is higher or
lower than 50 ohms.



* The best wire to use is Teflon coated multi-strand
for the high power big cores.

* You can get PTFE 22AWG from eBay for S8 for 10m
in different colours.

* Enamel coated is fine for the smaller lower power
cores (100w). Watch the sharp edges on the holes.

* Twisting the wires together can be useful with
some special ratios like 1:1, 4:1 ... 9:1 where the
turns are equal numbers... about 2 — 4 TPl is ok.

* PVC coated wire is not a very good dielectric and
can get hot and melt. Ok for powers up to 100w.
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RS & Element 14 sell PTFE 22 AWG in 25m and 100m rolls but is more expensive.
Use a drill bit to remove the sharp edges from the holes.



If you use a toroid for a transformer, you need
to add a parallel overwind over all the windings.

Start at the 50 ohm tap, and wind with the
same number of turns to the ground point.

This needs to be in the same winding direction
and over all of the other windings.

This will reduce the leakage inductance and
improve the freq response.
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* The common mode choke is very easy to wind and
works well to feed balanced antenna systems. It
must be up at the antenna feed point.

* Usually wound with coax so that would make it
50 unbalanced to 50 balanced.

* Depending on the frequency and core you will
need about 5 to 10 turns .... Not critical and is very
broad band.

Unbalanced Balanced

( Coax) W
.
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You can also have balanced transformers for
balanced antennas.

These can match higher or lower than 50 ohmes.

Once you have 50 ohms balanced, you just add
a common mode choke wound with coax on a
toroid core.

Mount all of this in a small water proof box and
you have the perfect dipole antenna match.
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* Here is a handy look up sheet
* (Ns/Np)>’xZp=27Zs (these are for Zp = 50Q)

o T

980 1T
450 12/4 oT
312 10/4 50Q 500 5T 2| 98Q
5T
200 8/4 i -
98 7/5
75 11/9
500 1T
32 8/10 2T
250 500 [ 5T 250Q
25 5/7 5T
125 4/8 I 1T
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With an unbalanced transformer ...150 ohms is 7/4 ... (153 ohms) So this is 4T +3T.

What about a balanced transformer ?? ... Start with 4T then add 1%T each side which
makes the 3 turns .... You can have 2 by % turns to make 1 turn total.

Sometimes there is more than one right answer....

75 ohms can also be 5/4 = 78 ohms which will have a higher frequency range as
there is less wire so less leakage inductance

And less inter-winding capacity.



* One turn on the binocular core is down one
hole and back the other side.

* You can have 2 by % turns in a balanced
transformer ... this makes 1 turn total.

* Turns on a toroid are the number of times the
wire goes through the centre.

* When winding cores start from the middle and
work out. This keeps things more balanced and
less work hardening of the wire.

* Make any taps as close to the core as practical
and keep the windings tight to minimise any
extra “L” from the wire. Wind it like it is for VHF.
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You can’t have % turns in an unbalanced transformer..... There must be the same
number of wires down each side.
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Where to get cores from.

Jaycar and AZ only have a VHF balun and some

ferrite EMC sleeves.
RS and Element 14 have some useful toroids.

Mini Kits have a reasonable selection of large
and small baluns as well as toroids and they
are local as well.

Make your own binocular core from 2 x EMC
sleeves if it is the right material.

You can import from OS if you need lots.
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Transmission line Transformers ....

What are they??

They are wound with coax or twisted wires as
the transmission lines.

They have very good frequency response.

They can be kind of COMPLEX !!!

Easy to get wrong ...but if you are game they

work well.
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2R1=(3 )Rz
R1=9R2

9:1 Transformer
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9:1 Transformer
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Questions ?7?
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