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Using Ferrite Beads to Keep RF Out Of TV Sets, Telephones, VCR’s, Burglar Alarms and Other

Electronic Equipment

RFl and TVI have been with us for a long time. Now we have
microwave ovens, VCR’s and many other devices that do
wrong things when they pick up RF.

There are several ways to tackie the problem but most of them
involve opening the affected equipment and adding suppressor
capacitors, filters, and other circuit modifications. Unfortunately
there is a serious disadvantage associated with this approach.
Any modifications made: to domestic entertainment equipment
can — and often are — blamed for later problems that arise in
it. Modifying your own equipment is not so bad, but taking a

" lering iron to your neighbor's stereo is rigky.
WPatierativa apprvach i§ 16 Ues Torite beads 10 raduce e ~
amount of RF entering the equipment. If the equipment is in a
metal box, or even if it's in a plastic box, if RF ig prevented
from entering the box on the antenna lead, the power cable,
the speaker leads, the phono pickup leads, and on any other

s entering the box, it is possible to solve the problem

without any medification to the equipment. Ferrite beads just
slip over the wirgs and stop RF from going in.

Ferrite beads are made of the same materials as the toroid
cores used in broadband trénsformers but are used at much
higher frequencies. For example, ferrite Mix 43 is used for
tuned circuit in the frequency range .01 fo 1 MMz, It is
efficient and losses are low. But, if it is used in the 1-1000
MHz range it is lossy. So when you slip a bead of Mix 43 over
a wire and there is RF in the 1-1000 MMz range going down
the wire, it is just as though you put a resistor in the wire. But
you did not have to cut the wire fo insert the resistor; you just
slip a bead over the wire. If the resistance of one bead is not
enough you can add more beads or add longer beads to get
more resistance. The beads, uniike a resgistor, do not affect the
wire at low frequencies 50 the audio, DC, and other low
frequency components go through the wire just as though gh
bead were not there. Q}
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~ ¢ are three bead materials in general use: Mix 73, Mix
S/ Mix 64. Mix 43 is the best for all-round use. It works from

110 1000 MHz. Mix-73-is-a-itte-botierat the-Jowerfrequen—--- - ..

cies, s0 if your major problems are on 80 and 160 meters use
it. Mix €4 is a little better on the higher frequencies so if your
problems are mostly on two meters and up use it.

S
Mmportant to remember that the frequencies mentioned are
those of the interfering signals to be eliminated: not the
operating frequencies of the equipment being protected. For
example: To protect a telephone operating at voice frequencies
of .002 MHz we use type 43 or 73 beads to keep 14 MHz
RF out.

So when you buy beads you must specify both the physical
size (FB-3, FB-8, eic.) and the material (Mix 73, Mix 43, ete)
deperding on the frequency of the RF interference. FB+1,

~B-3, and FB-7 have .05" holes that will slip over bare #18
gauge wire. FB-8 has a .09" hole and will slip over the
insulation of #22 wire. FB-24 and FB-63 have .2" holes to go
over larger wire or cable. FB-56 has a 1/4" hole to clear RG-
58/RG-59/RG-58X. FB-102 and FB-124 have 1/2" holes to
clear RG-8/RG-11,

‘weingle bead; the TV wigrat-goesorrthroggh-b

Cables, So far we have lalked about slipping beads over
individual wires. But, in many cases, we are going to find two
wire speaker cables, two wire or three wire power cables,
twinlead antenna cable, end multi-wire control cahles. Qable
wires are close together and act just like a single wire as far as
RF pickup is concerned. So the whole cable can go through
the bead and this will suppress RF tranamission through all the
cable-wires. This is a lot =asier than putting beads on each
wire,

Twiniead is a special cas?. If you put a bead on sach wire
you'll kill the TV signal, But if the whole twinlead goes through

interference is suppressed by the bead. This is becavse the
twiniead iz a transmission line to the TV z2ignal but looks like a
single wire to the RF interference.

This brings us to coaxial cable. The signal going through the
coax 1s confined to the irside of the coax shield. But the
outside of the shigitl acta Just like any wire: it can pick up RF
and that AF san be oarriod te the TV or moniicr. Shield besds
placed over the cabla will zuppress this interferance.

Torclds, When we start talking about slipping beads over
coaxial cable and multi-w're cable we see that we may naed
beada with pretty big holas. Alsg, if the cable has 2 mo'ded
plug on the end (iike some power cords, for example) the plug
has to o through the hoe and we may need a very big hole
indeed. Fortunately a variety of ferrite toroid cores are available
with holes as big as 1.4" diameter. They are not available in all
the same materials as beads but In similar cnes. As a guide
when specifying toroids for RF suppression:

Mix 43 is the best for all-round use. It works from 1 to 1000
MHz. Mix 77 is a fittle be'ter at the lower frequencies, 5o if

your major problems are 80 and 160 meters use it Mix 61 is a

2.5 30 little better on the higher frequencies so if your problems ars
7 — 2 s mostly on two maters and up use it

After you put that big plug through the toreid hole you'll fing
that the toroid fits the cable very loosely. Don't worry. It will
still work fine. If there is room to do it. laop the cable around
and run it through the toroid again. Do this as many times as
you can, Each turn is just like adding another toroid. And. using
the big Mix 61 cores, you add an inductive choke where two
turns is four times as good as one tumn, three turns is nine
times as good, etc.

Split Beads. This is a new development
to solve the problem of putting beads or
toroids over cables that have tig plugs on
the end. They are beads that have baen
cut in half. You put the two halves over
the cable and wrap them with tape to hoid
them together, The mating edges are
polished smooth so the two halves mata
very closely.

They are available with zenter holes of 14" and 12" dieameter.
Also for flat computer cable 2 or 214" wide.
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important that the two halves of the split beads fit exactly
ether. So the %' hole beads cannot be used for cables
rger than %", it does not matter if the cable is smaller than
the hole.

All split bsads now available are of 43 material which is the
best overalt material for 1-1000 MHz interferénce suppression.

Telephone Interference. The standard telophone is highly
susceptible 1o RF1. The telephone wiring in the house and
outside on poles make a large receiving antenna. And in the
telephone instrument are voltage-variable resistors that act like
detector diodes so nearby radio stations are clearly heard. The
solution is to keep RAF out of the telephone by putting ferrite
beads on the telephone cable as it enters the instrument.

The plug of modular telephones will go through F82 toroids.
Unplug the wire from the telephone, put it through the hole of
the toroid (three or four times if there is room) and plug it
back inte the telephone. Or use a split bead.

Burglar Alarms. These are much like telephones in that they
have extensive witing throughout the building that acts like an
&mna to pick up RF. The solution Is the same: Use beads or
oids on the wire entering the electronics box to keep RF
out. It also may be necessary to put beads on the 115-v AC

power cord.

—r Sats. Put a bead or toroid on the power cord as it enters the
Q. Toroids or split beads on the antenna cable also may be
needed.

VCR's. The VCRis a real RFi problem, Ferrite beads on al wires
entering the VCR can ¢liminate RF| from most-amateur bands.
But on 80 meters even this doesn’t always work. It may be
necessary to shield the VCR hausing to completely eliminate RFL

Stereo. Long speaker wirgs can act like an antenna to pick up
RF and feed it into the output of the amplifier. The amplifier's feed-
back ¢ircuit allows the RF to reach the input where it is rectified,
amplified and then heard in the speaker. The solution is to use
beads on the speaker wires just as they leave the amplifer.

RF can enter the stereo system through the power cord, Use a
split bead or & toroid on the cord just as it enters the stereo.

Wae have been talking about keeping RF out of equipment. You
ean also use beads and toroids to kKeep RF in. That fish tank

tor that makes all that racket on 80 meters is using its
PBwer cord and the house power wiring to radiate interference.
A bead or toroid on the power cord right at the heater can
keep the noise from entering the wiring. Computer power
cords and connecting cables can be treated in the same
manner, Sometimes RF comes out of a transceiver’'s power

jle. A toroid can stop it. Qr RF flows on the outside of the
antenna cable, going right around your lowpass filter, Again,
toroids to the rescue.
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Computers. Computers are a part of many modern amateur
radio stations. Often they are directly connacted 10 the
transceiver for RTTY, packet and other digital modes. They
aiso are used for contes: scorekeeping and other uses.
Computers generate RF! because they use digital waveforms
in the high frequency baad that have high harmonic content.
They can cause interference throughout the shortwave band
and even into VHF.

Some of the interference: is radiated from the circuit boards
but the mest common scurce is interference conducted out
of the computer on the niany cables that connect it to its
monitor, its keyboard, it¢ printer, and the radio or its data
controller interface,

To get rid of the interference, it is helpful to try to find which
cable it's coming out of. Start by tuning in the interference and
writing down the “5” meier reading. Then disconnect, one at 3
time, the devices conneted to the computer and as you do 50
note any change in “S" meter levei. Disconnect the printer, the
modem, the keyboard, the mouss, the monitor, the data
controller, and anything else connected to the cormputer.
Hopefully this procedure will give a good clue as to where the
problem lies.

If you isolate the major problem to one external device, place
toroid cores or split beads over the lead from the computer.
Do this right at the exit pioint from the computer, Also, if the
affectad device is itself an active generator, a monitor for
example, put beads right where the leads come out of it.
Watch the “S” meter for any change — this tells you if you are
getting somewhere. Alsy, if the device has a power cord or a
telephone cord put beads on them. Always remember that
telephone and power wires can conduct interference outside
your residence and near your antenna.

Split beads usually are the best for computsr RFI. The cables
have big connectors that won't go through a reasonabie size
toroid. Removing the cannectors to slip on a toroid and than
rewiring the connector i a lot of work and you might make a
rewiring mistake and get into real trouble. Split beads are
great! And they are effective from 1-1000 MHz. Just be sure
that the two halves of the bead fit tightly together.

It a bead reduces but does not eliminate an interference
signal, try more beads. if one is good, two are better. In
stubborn cases add capacitors. A capacitor from a lead to
ground converts the bead into a low pass filter, Use ceramic
dis¢ capagcitors of .001 10 .01 mfd. In a multi-wire cable one
bead serves all but you will need a capacitor 1o ground from
each wire.

Each interference problem is different. You have to try this
and then try that unti you find a solution. Using the principles
outlined here, ferrite beads and torroids can be extremely
helpful.

Palomar Engineers
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Fe‘r_‘i;it;e Beads

Ferrite beads are used for RF shielding, RF decoupling, and All beads work well from. 1-1000 MHz. To favor 1-40 MHz

parasitic suppression. Just slip them over the wire or cabla. use Mix 73. To favor 40-200 MHz use Mix 43. To favor
At DC or low frequencies they have no effect but at RF they 200 MHz and up use Mix 64. The frequencies mentioned
act just like a resistor in the line and will reduce or eliminate are those of the interfering signal to be eliminated; not the
RF feedthrough. If one bead is not encugh slip on more operating frequencies o the equipment being protected.

beads or use longer ones. Mix 73 beads are semi- If larger beads are neecied, use ferrite toroids Mix 77, 43
condugtive and must be positioned so they can't short and 61. Mix 77 is best for 1-40 MHz. Mix 43 is the best all-
anything. The other beads do not conduct. round suppressor and it especially good for 40-200 MHz.

Mix 61 is best for frequencies above 200 MHz.

- PRICE
PER
BEAD MiX MIX MIX SIZE SIZE SIZE DOZEN
SIZE 64 4 73 0.D. 1., Longth $
| {in.) (in.) {in) (Us)
i — FB-1 X X X 14 .05 2 2.50
W FB-2 X X X 08 .04 15 _250
}- < FB3 X X X 14 .05 3 2,50
; FB-4 X X 14 05 05 2.50
FB-7 X X 14 05 50 2.50
FB-8 X X X .30 .09 30 3.75
3 @1 __FBAS X 14 06 K] 2.50
? FB-18 X X X .20 .06 A4 4.40
| FB-24 X X 38 .20 19 4.40
FB-56 X X .56 .25 112 1.50 EACH
Xy FB-§3 X X 38 20 A 5,00
FB-102 X 1,02 50 1.2 2.00 EACH
: ' FB124 XD 1.02 50 B4 | 3.00 EACH

To order spesify bead size and mix. AvailaFFé in sizes and mixes marked X in table above. FB-56 wil] go
over RG-58/RG-59/RG-8X. FB-102 and FB-124 go over RG-B/RG-11.

T F6-SC reastls TB-au PSR
ox) 0T TERAEEGplit Beads
Often it is difficult to slip beads on a cable because of a plug or connector. Split beads solve this problem.
They come in two halves that fit over the cable. They are held in place by tape or zlamps.

Split beads are 1" long and of 43 material for use from 1-1000 MHz.

21/ FSB-1/4 For 1/4" diametercables ............... ... .8 2.50 per set
FSB-1/2 For 1/2" diametercables ........ ... ... .. ... $ 5.00pers

——8BC-14——Plastic-snap covertor PB4 i s e
SBC-1/2 Plastic snap cover for FSB-1/2 .. .. ......... ..

FSB-2 For flat ribbon cable up to 2" wide and .05" thick ... .. $ 8.00 per set’
de. . sf FSB21/2 For fiat ribbon cable up to 2 1/2" wide and .05" thick . . $12.00 per set
N

/";4?;,

e Beads on Leads

| Small territe beads on wire leads. Use on printed circuit boards and elsewhere as RF chokes and for
decoupling at VHF, Beads are mix 43, Wires are 2 1/2" long. )

, Price

| BEAD # 0.D. (in.) Length (in.) per dozen

| BOL-1 14 17 $3.00

| BOL-2 14 35 $3.00
Ferrite Rods

! FR-4-61 112" dia., 4"long, 81 material. ... ... ... ..o $ 9.25



