DIY Magnetic Loop Antenna

by Owen KF5CZO

Do you live in a neighborhood with a restrictive antenna policy and despair of having a useful HF antenna?

Can you solder or know someone who can?

A magnetic loop antenna may be the answer and they are not as difficult to build as you might think. Like getting on the air
for the first time or taking your license exam there is a certain amount of uncertainty when you first approach magnetic
loop antennas, there are a few new ideas to grasp. However, thanks to other hams like Steve AA5TB there are tried and
tested designs, calculators & building methods that are known to work and that you can follow.

At the heart of every radio and MLA (Magnetic Loop Antenna) is the resonant circuit.
The combination of an inductor (a wire has inductance, but a coil of wire has more) and a capacitor (two conductors
separated by an insulator) in a circuit will resonate or ‘ring’ at a certain frequency. Sound vibrations at a certain frequency
can cause a piano string to vibrate in sympathy and a vibration of the correct radio frequency will cause a resonant circuit
to electrically vibrate in sympathy.

Since there is no such thing as a free lunch, the sacrifice you make with a MLA is that it needs to be re-tuned whenever
you change frequency on your transceiver. The frequency range over which it is resonant is very small, typically only a few
hundred kilohertz at the most.

The materials you can get your hands on is going to decide the capabilities of your MLA. Ideally you’ll have a loop made
from a conductor with very low resistance (usually copper) and a capacitor that can handle high voltages. A variable
capacitor is required if you want to use your antenna on multiple frequencies but you can use or make a fixed capacitor if
you operate on one frequency, for Eg PSK31.
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A MLA calculator like the Excel spreadsheet from Steve AASTB or this web page from 66pacific.com will help you to
decide what size components you'll need to make your antenna.

The four pieces of information required are:

1. What frequency or frequencies do you wish to transmit on?

2. How large do you want the loop to be (It should have a circumference less than 10% of the design frequency
wavelength, both calculators help you figure this out)

3. The diameter of your conductor (Three quarter inch (0.75 inch) copper pipe is a good start)

4. How much power you want to use (The voltage across the capacitor is proportional to the input power to the MLA)

A MLA of a certain circumference will be more or less efficient based on the frequency you transmit at. It is worth changing
the loop size in the calculator to get the best efficiency possible in your favorite band.

For example, my 30-10 Meter loop is 8.5 ft in circumference and 23% efficient at 10.1Mhz but 91% efficient at 28Mhz.
This represents a difference of about 6dB or 1 S-Unit.

The diameter of the conductor determines its resistance and this becomes important due to the large current flowing
through the loop. Large diameter copper pipe is better since the radio frequency current flows primarily on the outside of
the conductor rather than the core. Typical 3/4 inch plumbing pipe is a good balance between low resistance and weight,
Heliax coax is good for portable antennas where the loop has to be rolled up into a compact space.

Probably the most problematic part of the MLA is the tuning capacitor. While everything else can be found in your junk box
or on a shelf at the local hardware store the capacitor takes a little more digging. Ideally it should be variable from a
minimum to a fairly high capacitance (0-300 pF would be good) it should also be able to withstand high voltages. If you
are planning to run 100W then you could expect at least 4000 volts across the capacitor. This is not as bad as it sounds
as it takes 3300 volts to jump just 1mm or .04 of an inch.

Ideally you could purchase a vacuum variable capacitor, the Rolls Royce of high voltage variable capacitors. You would
expect to pay anywhere from $100 up when buying a 10 — 500 pF unit on Ebay and a LOT more if you buy new. If that is
the way you want to go then great, you're all set. If not then read on ...


http://www.66pacific.com/calculators/small_tx_loop_calc.aspx
http://www.aa5tb.com/aa5tb_loop_v1.22a.xls
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There are several alternatives to the vacuum variable capacitor that will work almost as well. The primary concern now
becomes resistance and plate separation. For QRP power levels you can use the tuning capacitors from old vacuum tube
radios, the type that have a set of fixed metal plates and a set of moving plates that mesh into them.

For higher power there are two other types of capacitor that are suitable.

One is the split-stator capacitor, so called because each terminal of the capacitor is connected to a stator that is
electrically isolated from the other and the frame. The rotors and shaft form the rest of the circuit so there is very low
resistive loss and no sliding contacts.

The other type is called a butterfly capacitor due to the shape of the rotor plates. In this type the stator plates are placed
opposite each other with the butterfly rotor in between. When each of the butterfly “wings” are fully meshed between the
stator plates the capacitor is providing maximum capacitance, when rotated 90 degrees the wings are completely un-
meshed and the capacitor is providing minimum capacitance. Because of the construction of butterfly capacitor there is a
higher minimum capacitance that should be noted when planning the frequencies your loop will cover.

If all else fails then you can construct your own variable capacitor. The idea is to have two conductors separated by an
insulator, the larger the area of the conductors and the better the insulator the higher the capacitance. Sliding metal
plates, trombones of copper tube and even Coke cans have been used as variable capacitors.

A fixed capacitor can be created out of coaxial cable if you intend to operate on one frequency and a table of approximate
capacitances for different types of coax is included here, click to enlarge the table below.

cable type RGob RG=5% BU ESell EG=11 &AM BE=12 AfU BS-3E CFU RG=2150 RG-BD Afw
Eapacitance par fest 156 0.5 16.9 0.8 0.6 pF ML) pF .8 15.% pF

You can cut a length of coax a bit longer than the length suggested by the table above and trim it to frequency once it is
attached to the loop. Make sure there are no stray pieces of braid between the shield and the center conductor as the
voltage rating is determined by the spacing of the two closest conductors.

Part two of this post will continue with calculating the antenna dimensions and performance.

One important thing to remember ... If you don’t have access to the best materials then use what you have and improvise.
If you don’t have copper pipe then use coax or heavy wire. If you don’t have a high end variable capacitor then use what
you can find and keep the power levels QRP. The only antenna that is a complete failure is the antenna you never get
around to building.

If you have priced a commercially made MLA you'll see prices start at $400 and keep going up, and up. If they cost so



much you would think they must be difficult to build or use expensive parts, right? Well, it is certainly possible to spend
more and get a higher quality MLA but a low cost MLA will still work very well.

For the purposes of this article we’ll assume that you want to build a loop to cover the 20-10M bands. I'll run through the
calculations required to build the MLA.

The required information for the MLA calculator is:

Length of the loop

. The conductor diameter
Frequency/s of operation
Input power to the antenna

Pobd=~

Lets pick some starting values

1. We don't really know the best length of the loop at the moment so I'll pick 9 feet circumference as a starting point
(It'll still fit in the trunk of my car)

2. Since we seem to be having better luck with sunspots now I'd like to try 10M so we’ll start with 29 Mhz as the
highest frequency we'll use.

3. | have some copper pipe left over from an ice-maker install, it is 1/4 (0.25) inch in diameter.

4. Input power to the loop will be 100W.

Using the 66pacific.com calculator we get the following:

Length of Conductor jamenna “circumference”™) RESULTS;
g faat Arntenna afficiency: #2% (0.9 d8 balow 100%)
Arenna bandwadth: 284 kHz

Diameter of Conductos Tuning Capacance: 25 oF

(For efficiency, should be > 38 o 1 em) Capacitor voliage: 1,505 volts RMS

25 nches Rescnant cieculating cament: 6.79 &
Radiation resistance: 0.593 ohms
Fragquancy Loss Resistance: 0,193 ohms
2 maaahertz Inductance:; 1,22 microhennys
gahertz

Inducine Reactance: 222 ohms
4 Quakty Factor Q) 102
Transmitter Power [optional] Distritsted capaity 7 oF
100 Watts
Anfenna “circumfarence™: 5 feat
Units of Measuramiant F—;
& English (feet and nches)
Matric (matars and centimatars)

| Side length: 1.13 feat

Lalculate Arlenna diametar: 2.7 fesl
Comments:
To use the caloulatos The spacifisd conductor length of 9 faet is ot idea
1, Choose the units of measurement, English or
matng Conductor length should be between 4.12 and

8.23 et at the specified frequency of 29 MHz.
2. Enter the length of the antenna conductorn, wheth &

the distance arcund the loop. The length should be For highest eficsency, the conducter length for a small
betwaen 0.1 and 0.25 wavelength at the desired trangmretling leop antenna should be greater than 178
oparaling freguency wavalangth (greater than about 4.12 feat at the

speched fequancy of 29 MHz)

3. Entter the diamater of the conductor,

Hote: Small transmetling loops have very low radiation  To avoed self-resonance, the conductor length for a

resmslance and véry high crculaling cuirént, So the small transmilting locp arlenna should be less than

diameter of the conducton misst be lange to assure 114 wavelength (lese than about .23 feet at the

reasonable eficiency—around 17 or 2.5 cmdor the HE  apecified frequency of 29 MHz)

bands, #12 wine (for example) will mat work
The comments section informs us that, “The specified conductor length is not idea” and we can go on to read that, “To
avoid self-resonance, the conductor length for a small transmitting loop antenna should be less than 1/4 wavelength (less

than about 8.23 feet at the specified frequency of 29 MHz).”
Well, | don’t want the wire in the loop to resonate by itself, its designed to resonate in combination with the capacitor. Lets
make the loop 8 feet in circumference and while I'm at it I'll make it out of 3/4 (0.75) inch copper pipe for better

conductivity.

Lets see what we have now:


http://www.66pacific.com/calculators/small_tx_loop_calc.aspx

Length of Conductor (amtenna “circamenence”)
g feel

Diameter of Conducton
(For efficienty. should be > 38 or 1 em)

15 nches
Frequency
el magahaniz

Transmitter Power [optional)
100 Watls

Units of Measuramant
& English {feet and inches)
Matric (matars and cenlimaters)

| Caboulate |

Ta s the ealeulatar:
1. Choose the units of measurement, Englsh ar
matnic.

2. Entar the bength of the antenna conductor, which is
the distance around the loop. The bength should be
bebwirén 0.1 and 0.25 wantlength 21 the desined
aparaling fFeguency.

3. Enter the diameter of the conductor.

Hote: Small ransmitting loops. have very bow radiatson
resistance and vary high cinculating current. sa the
diamester of the conducior musd be Large to assure
reatonable eficency=—around 17 or 2.5 crn fiod the HF
hands. 812 wate (for exarnple) will ral work

RESULTS:

Antenna sficiency: 91% (0.4 dB baldow 100%)
Antenna bakdwdh 125 kHz

Tursrsy Capacitance: 19 pF

Capacitor veltage: 2,562 volts RMS
Resonant cirgulating current: 3.02 A
Radiaticn resistance: 0557 chms
Loss Rasistance: 0,057 ohms
Inductance: 1.56 ricrohénngs
Inductive Reactance: 284 chms
Quality Facter (Q): 231

Distribated capacity: T pF

Antenna “circurmiference” 8 fired

Side lengih: 1.00 fest

Antenna diameter: 2.4 feat

Commiznls:
The speched conducion langth of B feet i3 O

Conducter length should be between 4.12 and
8.23 feat ot the specified frequency of 29 MHz,

Far highest afficiency. the conductor length for a small
transmitting loop artenna should be greater than 178
warlingth (gheater than aboul 4.12 feet ol the
spacied frequency of 29 MHz)

To avoid sefresonance, the conductor length for 3
small transmating leap antenna should be less than
114 wanmtlength (less than about & 23 feet af the
speciled fequency of 29 MHz).

Well, that seems to have fixed the self resonance issue and we’ve managed to bump up the antenna efficiency to 91%

from 82% ... not a huge increase ( About 0.5 dB) so | could use either diameter copper tube in this case. Everything looks

good so far!

How about the 20M band, at 14 MHz how do things look?

Length of Conductor (antenna “circumferance”)
& faat

Diamter of Conductor
{For eficiency, should be > 308" or 1 cmi)

75 inches

Frequency
14 megahestz

Transmitter Powaer [optlonal]
100 Watts

Units of Measuramant
' English (feat and inches)
Matric (meters and cenlimatars)

e

| Calculate_|

To usa the calculator
1. Choose the units of measurement, English or
matng

2, Enter the length of the antenna conductorn, which is
the distance arcund the loop. The length should be
batwaen 0.1 and 0.25 wavelength a1 the desired
aparating freguency

3. Entter the diamater of the conductar,

Hote: Small transmling loops have very low radiation
resistance and very high circulating curent, so the
chameter of the conductos must be lange 1o assure
raasonable efciency—around 17 or 2.5 cm for the HF
bands. #12 wine (for exaempba) will mof work

RESULTS:

Antenna afficiency. 43% (-3.6 dB balow 100%)
Amenna bandwadth: 14.3 kHz

Timing Capacitance: &3 pF

Capacitor voRage: 3,664 volts RMS
Resonant ewculating curent: 26.7 A
Radiatson resistance: 0.030 ohms
Less Resistance: 0.040 ochms
Inductance: 1.56 microhenrys
Induciee Reaclance: 137 chms
Quality Factor (3] 973

Distributed capacity: T pf

Artenna “circumferance™ § feet

J

Artenna diameter: 2.4 fesl

Side length: 1.00 feat

Commants:
The spacified conductor length of & fast s ol ideal

Conductor length should be bety B.52 and
7.0 fewt at the specified frequency of 14 MHz.

For highest efcsency, the conductor length for a small
transmatling leop antenna should be graster than 178
wavalength (greater than abcut § 52 feat at the
specified frequancy of 14 MEz)

To wvoed Sell-resonance, the conductor length for a
small transmilting loop anenna should be less than
1 wavelength (less than sbout 17.0 feel at the
apecified frequency of 14 MHz).

So, the specified conductor length is not ideal but the comments section says were under the 1/4 wavelength at 17 feet.
What is also tells us is that, “For highest efficiency, the conductor length for a small transmitting loop antenna should be
greater than 1/8 wavelength (greater than about 8.52 feet at the specified frequency of 14 MHz).”



That is OK, we know that the MLA is going to be less efficient somewhere in its range and the suggestion of 8.52 feet is
close enough to our 8 feet we can ignore it. The 42% efficiency is not the greatest but -3.6dB is about half an S-Unit down
so I'll live with that.

Just for fun | changed the copper pipe back to 1/4 inch and the efficiency dropped o 20% (-7 dB) so | think I'll stick with
3/4 inch. It makes more of a difference at lower frequencies since more current is flowing through the loop!

In order to tune the loop between 14MHz and 29MHz we look at the Tuning Capacitance value in the last two calculations
above. At 29 MHz the tuning capacitance required is 19 pF and at 14 MHz it is 83 pF.

This is well within the capacitance range of a normal air variable capacitor and in fact a larger capacitor with a maximum
capacitance of 160 pF would allow you to reach the 30M band with reduced efficiency.

Its important however to look at the voltage across the capacitor in our last two examples. At 29 MHz we’'ll see a Capacitor
voltage of 2,562 volts RMS and at 14MHz we’ll see a Capacitor voltage of 3,664 volts RMS.

What does this mean? In order to know what kind of capacitor would be best we need to know the absolute maximum
voltage it will have to withstand before it arcs between the closest conductors. If the voltage is high enough it will ‘leak’
between the plates of the capacitor by breaking down the air between them and directly passing an electric current ... we
don’t want this to happen.

The breakdown voltage of air is around 3000V per milimeter (39/1000 of an inch = 1 mm). The voltage above is shown as
RMS (Useful for power calculations) but we need to know the peak value which is higher and determines the maximum
voltage. The peak voltage = RMS x 1.414 or 3664 x 1.414 = 5181 V peak.

A peak voltage of 5181V will require a minimum spacing of 1.7 mm (peak voltage / breakdown voltage per mm) between
the closest conductors in the capacitor. That would rule out an old air spaced variable capacitor from a vacuum tube radio
but you could still use a wide spaced variable capacitor from an antenna matching unit or transmitter. A vacuum variable
capacitor would be great (watch the minimum capacitance) or a home-made capacitor would also be fine provided you
checked the breakdown voltage of the insulating material.

What if all you have is a capacitor with insufficient plate spacing for that voltage? If you reduce the output power to 35W
then the voltage across the capacitor will decrease to 2168 V RMS which is 3066 V peak( 2168 x 1.414) This voltage
requires a 1 mm plate spacing which is easily achievable with surplus capacitors. At QRP power levels (5 W) the voltage
falls to 1160 V peak and requires only 0.39 mm between the plates, suitable for practically any variable capacitor!

The value of 3000V / mm is only an approximation and if possible use a capacitor rated for a higher voltage than you
expect to run to prevent damage to your radio. Modern rigs have great protections circuits but they shouldn’t be relied on.

Most magnetic loops have the capacitor at the top of the main loop and the gamma match or matching loop at
the bottom, this arrangement avoids running the feed-line through the center of the antenna.

You can assemble the main loop from continuous copper tube or from eight straight sections and 45 degree
joiners. Make sure you have a blow torch or propane torch to solder the joints as you’ll need more heat than a



soldering iron can supply. Whichever way you decide to build the main loop make sure that all joints are
soldered or clamped as securely as possible, you want the lowest resistance possible to avoid your output power
turning into heat. Other materials can be used for the main loop such as aluminium or low loss coax but copper
pipe is easy to work, has low resistivity and available from just about every hardware store.

To construct the frame of the antenna you can use PVC pipe. It is a cheap and relatively sturdy building material
and is available in a range of thicknesses, just about any hardware store will stock a wide selection of fittings. It
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Once the main loop is constructed you’ll need to connect your capacitor to the two ends of the pipe at the top of
the loop. Depending on the capacitor you may want to solder tags to the ends of the loop so they will be easier
to attach. Copper pipe is a great conductor of heat and takes a lot to heat up and solder while it is not advisable
to apply the same amount of heat to your capacitor.

It is also a good idea to attach the capacitor to a solid support so that the connections are not under strain.

To couple the main loop to your transceiver and match the expected 50 Ohms impedance you can use one of
two methods. Probably the easiest is to use is a loop of insulated wire 1/5 the circumference of the main loop.
The smaller loop is placed at the bottom of the main loop and can be shifted around to provide the best match. If
you have an antenna analyzer you’ll be able to set it to the desired frequency, tune the variable capacitor for
resonance and then move the small matching loop around till you have achieved close to 1:1 SWR. If you don’t
have an antenna analyzer you can tune the capacitor for the greatest received noise and then on low power
tweak the capacitor and move the coupling loop around for best SWR. Do NOT touch the loop while it is
transmitting, use a wood or plastic rod to make adjustments as there are high voltages and intense RF fields near
the loop.

An alternative to the coupling loop is the gamma match. The shield of the coax feed cable is connected to the
base of the main loop while the inner conductor is connected to a point approximately 1/5 of the circumference


http://1.bp.blogspot.com/-ynJpH47ECQ0/T1URmY-H0yI/AAAAAAAAB3c/ELxwCuQmzcs/s1600/cap_connection.JPG
http://4.bp.blogspot.com/-2YkIRHzsKcw/T1UOgfQotoI/AAAAAAAAB3U/d8UU-RSgWQo/s1600/matching_loop.JPG

around the loop. Its a good idea to use stiff wire (large gauge) for the gamma match as it can be critical of the

position and orientation and once you have it in the right position you won’t want to move it again.
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It would be preferable to have the ability to remotely tune the loop. A motor with a reduction gear could be used
to move the variable capacitor but because the point of resonance is very narrow there should be a way of
slowing the motor down. A simple control circuit using variable pulse width modulation could be used to slow
the motor down while still retaining enough torque to move the capacitor. Whatever method is used to move the
capacitor it should be well insulated from the other components of the antenna. Several thousand volts are
generated on the MLA and care should be taken to ensure they don’t find their way onto control leads and back
into the shack. Control leads should also be wrapped around toriod inductors as they leave the near field of the
antenna to reduce the possibility of RF travelling along them.

With a SWR bridge and microcontroller you could build a fully automatic tuner that swept through the range of
the tuning capacitor when the SWR rose above a defined limit indicating that the transmit frequency had
changed.

With a little creativity and knowledge you could have an impressive MLA the equal of multi-thousand dollar
military style units.

Hopefully this has given you some ideas for constructing your own loop antenna. Regardless of if you go top-
of-the-line and buy a vacuum variable or build for economy and QRP you’ll have a compact, useful and unique
antenna.

Owen Morgan, KF5CZO, writes from Texas, USA. Contact him at vax.user(@gmail.com .
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