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Causing Neighborhood RFI?

IT’S ALL YOUR FAULT WITH THAT BIG ANTENNA!



Receiving RFI from Neighborhood?

ANTENNA

Figure 1 Block Diagram of On-Site Sources

QRN - High Noise Floor - Weak Signals - NO DX - So Sad!
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RFI Workshop Objectives

Learn fundamentals of RFI - identify symptoms,
pinpoint causes & apply simple cures

What's a ferrite and how to choose & buy the right
ferrite for your RFI issue

How to use ferrites to solve the #1 RFI problem shared
by all hams using HF radios

How to use ferrites to solve transmitter RFI problems
in your home or neighborhood

/

Thinking cap time......
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What is RFI?

Radio Frequency Interference/Electromagnetic
Interference (RFI/EMI) - (100 KHz - 1 GHz)

e A radio frequency disturbance that causes an unwanted
interruption, degradation or unintended operation to an
electrical circuit.

e Common Sources
« Radio Transmitters (Amateur, broadcast, consumer devices)
 Natural: Sun, Cosmic noise, Lightning, atmospheric static
« Motors, ignition systems, power lines, square wave generators

e Common Victims
» Any electronic device acting as a “receiver” of RFI



//
P

/

Got RFI in your shack/home?

TX Symptoms - caused by your transmitter or antenna
e Hot microphone - lip burns, distorted audio
e Resonant antennas don'’t tune correctly or high SWR

e Your voice/transmission causes interference with consumer
electronic devices acting as ham radio frequency “receivers”
(e.g. computers, TV/audio system, security system, garage
door opener, telephone, etc.g

e Wife Alarm goes off

RX Symptoms - caused by sources outside your radio
room

e High receive noise level not due to atmospheric conditions
e Birdies, chirps, buzzes, clicks, broadband noise on receiver
o Distorted audio

How did you get RFI?



How Is RFI Transferred?

All three must be

present to have an

Source Victim RFI problem.

Multiple paths are

Coupling Path very common.
e \ ) = 1. Radiative - air
— ) / /'7 2. Conductive - wire
.""\M’“‘,llnductivn = TC:paclilv& 3- IndUCtlve : ere
NEIEY 4. Capacitive - wire
_:_ Conductive

How to identify the path(s)
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Typical RF| receiving “antennas”

160-80-60-40-30 meter transmitters — “Long” - AC power
lines, telephone/DSL lines, satellite/cable coax, long
Ethernet cables, ham antennas coax shield, antenna
control/rotor cables, 2" story ground wires

AM Broadcast Receiver RFI - same as 160 - long “antennas”

20-6 meter transmitters — “Short” - speaker wires, device
interconnect cables, mic cables, short Ethernet cables

FM Broadcast Receiver RFI - short “antennas” — 3-6 feet
long

“Antennas” pick up RFI and a common mode current is
induced on all conductors from an RFI SOURCE

How do we reduce this current?
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Reduce RFI current to reduce RFI

An “antenna” is a wire with alternating current going
through it creating an electromagnetic field of radiation,

or conversely, a wire exposed to an electromagnetic field
induces a current in the wire.

Reducing the current through the wire, reduces the
radiation from the wire or conducted through the wire

High choking impedance (R) reduces RFI current, I
(remember Ohm’s law: [=E/R)

Typical solutions: Resonant traps, ferrites, filters with
high choking impedance

Ferrites are your friend




Ferrite Topologies (Shapes)

le @ O A¥

Slip On Bead Snap On Bead Toroid or Ring  Fuzzy Ferret - not!

*Cheap, easy to install, work on all ham frequencies under 1 GHz

*Work on all conductive paths (antenna feed line, AC/DC, I/O cables)
*Lots of options in size, shape to suppress most RFI path currents

*Can be installed by almost anybody who understands how to choose the
correct ferrite for a particular RFI problem



How do Ferrites Work?

Equivalent circuit for a real inductor

g ~ Wire resistance
: R

% _ Ideal inductor

L Picture shows One Turn coil through a snap on

ferrite - typical bead with 1 turn has 50-300
ohms impedance depending of frequency

Inductive reactance varies with frequency (X, =2[]*f*L) until resonance
reached. Increase reactance or impedance(Z=v(X, 2> +R?) to decrease
common mode current producing RFI

Impedance (Choking Z) can be increased several ways........



Ferrite Z adds in series

Min SWR = 16.80 @ 59.800 lcn Imag AVG= 4
SWR_  Resonant freq: 10.70603 1 BA-8SE (15 beads) RsXs Phase
325 — 3. Xs _Ph
2000 | 100
3.00 - Freq = 34.198
Freq Step = 0.100
215 = Zret = 50.000
BA-8E (10 beads) SR = 19808
2.50 Imag -~ B879.593
Phase = -26.123
225 Rho Mag=0.9029
511=0.9018 - j0.0453
200 1000)_sg % refi power = 81.5
1.75 = N Equivalent Circuit
Rs = 789.746
Xs = -387 280
1.50 =~ T Q=05
Cs= 12017 pF
1.25 Rp = 979662
BA-8 (5 beads) Xp = -1997 740
1.00 42 Cp= 2330 pF
|/ Gp = 0.001021
H o b= -0.000501
1.0 1.0 o 3o 410 51.0

FREQ (5.0 MHz)

Feb 8,15 18:07:00

scon | R |  Reeycle |  PoitpData | Limas

|

FC2 5 Bead IMAG 1-61 Mhz

Scales |

FILES: (preg 802A)
balun 2 fixture 1-80 mhz coal .o
_AIM_config.cfg

More
beads =

higher

choking Z

(up to 30
MHz)
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Choking Z Increases with (turns)?

o If1turn=7, 2 turns = 47, 3turns = 9 7

® More Z = less wire current = less RFI radiated from
wire or induced into wire.

* General rule is to have choking Z > 10X line impedance
* (e.g. > 500 £ for 50 Q cable but 5000 € is better)

How do we choose the correct ferrite for the RFI frequency?



Ferrite Mixes

Impedance

1000 +

100

10 ~

Shield Bead 26xx540002
T OD =.562
-ID =.250
HT =1.128
13 MT.> 1T
A e S N
i
73 MTL ~TaamTL |/
o 4 | /
. A / = o
| /, -
P i
|
108 107 108 10°

Frequency MHz

Mix = chemical formula of the
iron oxide with manganese-zinc

(31, 73/77) or nickel-zinc (43, 61)

Select mix for max Z at RFI
fundamental frequency NOT
frequency of receiver.

(e.g. for 2 MHz us mix 73/77, for
30 MHz us mix 31 or 43)

Most popular ham frequency
mixes are 31, 43, 61, 77.



Ferrite Mix Selection - Chokes

Suppression Materials

1 10 100 1000
Frequency (MHz)

How to buy?



How to buy ferrites the wrong way!

* No MIX Designation D ON?T

* No Impedance Range

BUY!!

!

!

* No Frequency Range

Buying unknown ferrites is a waste of time and money!



How to buy Ferrites the right way

PALOMAR ENGINEERS *

Ferrite Split Beads
25 Pack -1/2” ID B ' | Y W' h
Common Mode Choke lt
Each Mix 31 bead provides: CONFID ENCE ' '
71Q/5 MHz o0

100Q/10 MHz
1560Q/25 MHz
2600/100 MHz
2600Q/250 MHz

Part # FSB31-1/2-25

www.Palomar-Engineers.com

Product Labeling (Mix, Frequency, Impedance) + Known Vendor = Winner!
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Ferrite Use Recap

Determine RFI interfering frequency

Choose proper mix (31, 61, 77) to suppress RFI fundamental
frequency

Choose Topology(slip, snap, ring) to fit the Path
Install ferrites - retest for RFI suppression
Consider additional Paths if RFI persists

Most popular Mix for HF is MIX 31
(Mix 77 for <10 MHz, Mix 61 for 200-2000 MHz)

How can you use ferrites for RFI issues in your ham shack/home or
your neighbor’s home?







Ham’s RFI Strategy

Eliminate/reduce RFI SOURCE

e (transmitter, amplifier, or antenna location)
or
Choke the PATH
* (coax feedline, AC/DC power line)
or
Protect the VICTIM

e (filter inputs to victim)

How does that apply to your ham shack/home/neighbor?



RFI Chokes for Transmitters/AMP

Transmitter - Amplifier RFI suppression

e All cables into/out of radios, amplifier, antenna tuners

e Includes
« AC power Lines
DC Power lines

RF connections

Computer interconnects
Examples on next slides

e Recommendation: Get the transceiver and amplifier kits
with mix, sizes, instructions already determined.



Transceiver/Amp RFI Kits

Transceiver RFI Kit Linear Amplifier RFI Kit

Palomar Engineers Kenwood

Palomar Engineers Heathkit Amp

After Source RFI Suppression

#1 RFI problem is antenna feed line radiation ~-why?
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Is your Dipole a Tripole?

Coax outside braid acts as extension of transmitting antenna

Center Insulator
/ Anterna

*— Coaxial Line

Fig. 1

1% braid current = 2.75 watt radiation at 1500 watts input, or 1.6 watts at 500
watts input or .7 watts at 100 watts input



Antenna feed line choke options

EVERY coax feedline needs an RFI choke tuned to the antenna frequency!
EVERY rotor control, antenna selector needs an RFI choke!

RFI chokes are made with several output options dependent on antenna type:

Ununs #1 (verticals, end fed antennas)
Ununs #2 (coax in/coax out)
Baluns (beams, dipoles, loops)



Use 4110r 91
impedance
transformer
to antenna
and a feed
line choke

(verticals, end feds)

Style {UN} {UN}
{Unbalanced {Unbalanced
1 Output} Input}
Zout/Zin = —
g}):l))(zlllgnced II[[ <1:i’11: :11 =
“m | Grount

Typical Use:
1:1 vertical feedline choke

1:2 Low Z antenna matcher
(25Q to 50Q coax)

4:1, 9:1 end fed antenna im-
pedance transformer

Antenna/Load Out
(Unbalanced Z out)
- vertical, end fed

Impedance Ratio = Output Impedance/Input Impedance = Z out/Z In normalized to1 for Z out or Zin
can be 1:1 (50Q out : 50Q In Feedline Choke), < 1:1 (1:2 = 25Q Out : 50Q In) or > 1:1 (2:1 = 100Q Out : 502 Input)

GENERIC
UNUN




N #2 (coax in, coax out)

Styl e {U N} {U N} ':'\(nggla)l(l ?:;dline choke
{Unbalanced {Unbalanced 1.5:1 75 ohm to 50 ohm
2 Outp ut} In put} ;:;?I:(el:npedance trans-
Zout/Zin = Coax/Load Out
g;)::l)falllgn _— III:H <l: 1>’11 :11 or: :I:m (Unbalanced Z out)
7 in) - coax

Impedance Ratio = Output Impedance/Input Impedance = Z out/Z In normalized to1 for Z out or Z in
can be 1:1 (50Q out : 50Q In Feedline Choke), < 1:1 (1:2 = 25Q Out : 50Q In) or > 1:1 (2:1 = 1002 Out : 50 Input)

GENERIC
UNUN

STYLE 2




BALUN (dipole, beam,

loop)

{BAL} {UN}
{Balanced {Unbalanced
Output} Input}
Zout/Zin = — Antenna/Load Out
e et LI tbmie | Galanced Z oun-
Zin) . Dipole

Impedance Ratio = Output Impedance/Input Impedance = Z out/Z In normalized to1 for Z out or Zin
can be 1:1 (50Q out : 50Q In Feedline Choke), < 1:1 (1:2 = 25Q Out : 50Q In) or > 1:1 (2:1 = 100Q Out : 50Q Input)

@

GENERIC
BALUN

GENERIC BALUN
| : GENERIC BALUN

STYLE3

STYLE1 L
@ STYLE2 =2

Now some
practical
examples of feed
line chokes




oax Choke (aka *

INAIAG Y
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Picture: Ugly balun at 7 Mhz, 16 turns, 4.5” diameter = 3,000 Z - 20
feet of coax - ONLY effective for 1-2 ham bands since acts as a tuned
choke using L and C of coax
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Sleeve Chokes (Snap on)

A i ]

Palomar Engineers Kit 105 1:1 Current Balun
Snap On for RG58, 59, 8X - 1/4" cable

RG-8X (1/4” size) RG-213 (1/2” size)
150-500 ohms 150-500 ohms



/) Clamp On Choke (FSB-1) =1" ID

3 turns =
1K ohms




Sleeve Choke (Slip on)

Small Size
for dipole,
beam, inline
chokes of
500-1000
ohm
choking Z

Palomar BA-8 Balun on Beam Antenna (RG-213)



Super Choker (40-10 Meters)

Min SWR = 13.82 @ 30.500 Mtz Custom Cott Zmeg Avo- 4
328%;_ Resonant frea: 964211 RsXs Phase
0 7 3 7 T O 7 3000 | 100
300 i Freq = 1.116
215 - Super Choker 4010 e
; 1:1, LSKW SWR - 851.918
250 Znag - 94263
. 69,061
—_— 225 Choking Impedance -0.9977
= | 5o X renpower ~335 "
125 Equivalent Circut
Re- 0230
150 P
e prove
125 Rp = 30690.500
100 I NS -
o=
° Bp = 0.010609
o 70 130 190 50 310
FREQ (2.0 Miz)
©Palomar Engineers, 2014
www.Palomar-Engineers.com
1500450
Super Choker 4010
10-11-12-15-20-30-40 meters | resgpradpe
WWW.Palomar-Engineers.com _AM_centig ot
-3000L.100
Jan 24,15 16:51:35 Super Choker 4010 ST Zmeg 1-31 Mhz

Medium Choking, High Power, Contesting,
Continuous modes (RTTY, AM, digital)



CUBE Chokes

Min SWR = 73.50 @ 30.875 MHz Custom Cal#f

SWRS Resonant freq: 4.57372 , 4.63685
3.25 =

Imag
Rs Xs Phase
15000 [ 100

Freq = 1.465
Freq Step = 0.0250

Zref = 50.000

SWR = 427 838
ZImag = 3616.208
Phase 80.237

Rho Mag=0.9953
=11= 09950 + j0 0271
% refl power = 99.1

Equivalent Circuit:
Rs = 613.235

Xs = 3563 833
Q=58

Ls = 3871376 uH

Rp = 21324.550
Xp = 3669.353
Lp = 398 6003 uH

Gp = 0.000047

1. 7.0 13.0 19.0
FREQ (2.0 MHz)

Feb 25 15 11:36:34 CB-1-500050 1-31 Mhz #43 x 2, 13 T RG400 Zmag

Bp = 0.000273
o
.0
-7500-1--50
1 FILES: (prog 862A)
balun z fixture 1-80 mhz.ct
[ _AIM_config cfg
-15000—-100

Highest Choking
(5-15K ohms)

Power to 10KW
PEP

Use: Inline choke,
beam, dipole



TUBE Cho

Min SWR = 2214 @ 52.500 MHz

SWR_ Resonant freq: 6.45221
3.25

Palomar Engineers
Foed Line Choke TU-1-SO
1.8-61 MHz, 1.5KW, 50 ohm
Z = .5K-1.6K Ohms

Custom Cal: 0.100 to 180.300 MHz

Zmag

(T ) ET)

1 2
3.00 - i A
275
2.50
2.25 -

2.00+4

1754

1.50 H

1.25 -

1.00+4

=] o e

TUBE Feed Line Choke TU-1/TB-1
1-61 MHz, 1.5KW PEP, 50 ohm In/out
Choking Impedance 500-1800 ohms

10004

AVG= 4

2000] 100

Freq Step = 0.100

Zref= $0.000
SWR = 42183
Zmag = 674.184
Phase = 71.258
Rho Mag=0.9537
511=0.9443 + j0.1336
% refl power = 91.0

— 50 DC Voltage = 1000.00

Equivalent Circuit:
Rs= 216.627
Xs = 638.433

Q=29
Ls= 86.1493uH

Rp = 2098.191
Xi 711.937
96.0678 uH

Gp = 0.000477
o Bp= 0.001405

1o i i1

wou s aou gn on s

5

Dec 22,2015 12:07:40

30 41.0 51.0
FREQ (5.0 MHzZ/div)

© 2015 Palomar Engineers, Inc. )
www.Palomar-Engineers.com

-1000;

— -50

-2000°

— -100

FILES: (prog 910A)

Palomar ZMAG Fixture 180 Mhz .acal
_AIM_1250x900 cfg

Medium
Choking — up
to 5KW PEP

Use: Inline
choke with
ground — long
coax line
isolator
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RFI Chokes — 120/240V AC Path

Ring Toroids — most effective — usually 3-10 turns

Snap Ons - convenient to use, usually 1-2 turns
e Big Clamp On’s — multiple turns, easy to install
e Example pictures
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Palomar F240 (1.4”1D/2.4”0OD) Choke - 80-10
meters, Z = 2-5K range depending on frequency
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RFI proof your transmissions recap

Determine frequency range of RFI
Choose proper mix (31, 61, 77) to suppress RFI
Choose Topology(slip, snap, ring) to fit the Path
Install ferrites — retest for RFI suppression
Consider additional Paths if RFI persists

If you need help
Call Palomar Engineers or view specific solutions at

0
What about 2= w: ‘



http://www.palomar-engineers.com/

=

Keep Your Neighbors
Happy!

OR
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Neighbor’s RFI Strategy

* Choke RFI SOURCE
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Ham’s Solution to Neighbor’s RF|

Source (transmitter or antenna’) — Path — Victim

e Clean up your transmitter/shack first using techniques
already discussed

Assess Neighbor’s Problem

e Faulty device (device acting as receiver when not
designed to be a radio receiver - e.g. Telephone)

e Determine frequency of “transmitter” that is causing the
problem (may not be on all bands - may not be you!)

e Find the path (or paths) to the Victim (Receiver)
e Choose the RFI choke/Kit for the frequency and path
e Choke the path, protect the device (externally)!



Neighborhood RFI Solutions

MY HOME or NEIGHBOR’S HOME

¢ ?, -
oY O
) e

LARM SYSTEM RFI COMPUTER RFI

MISCELLANEOUS RFI

Recommendation: Use RFI kits for specific problems, have neighbor purchase
and install - do not make mods to neighbors equipment! MOST problems are
RFI picked up by AC power/phone lines so ferrite filters work well.
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Neighborhood RFI Summary

Assess S-P-V for the RFI - You or someone else?

If ham transmitter is the source:

e Use Palomar RFI solution kits for neighbor to install
e Clean up SOURCE, Choke PATH, Protect VICTIM
e Test RFI solutions for success

If non-ham source of RFI:

e Refer neighbor to Palomar Engineers for RFI solution
kits

Call Palomar Engineers if you get stuck or need help

Want to work more DX?
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Neighborhood Noise Sources

SOURCES: plasma TV, Uverse/DSL, Cable Boxes,
Appliances with motors, HVAC systems (variable
speed motors-square waves), home automation
systems, electric fences, LED lights, wireless metering
systems, wall warts, switching power supplies, battery
chargers, fluorescent lights, fish tank heaters, exercise
equipment, computer “hash’ solar system inverters,
optimizers

PATH: generally receiving antenna coax braid, AC/DC
power lines, computer to radio interconnects



oax Feed Line Noise Filters

Min SWR = 2946 @ 51.150 MHz Custom Cali/ Imag AVG= 4
SWR,  Resonant freq: 512999 RsXs Phase
100 [ 7 3 4 s ] 7 ® 5000 | 100
00 2 A ' R ] : b i ] Freq = 1.058
20 Common Mode Noise Filter — CMNF-1 |
2o SKW, 1-61 Mhz usable 1 gm-smom
o 1.5K-4.5KQ Z (1.8-31 MHz), 800Q (50 Prase - 67363
7 MI‘IZ) ) ng;::zs;lmyn
PALOMAR ENGINEERS o R
. 40 iV
Common Mode Noise 20 Eguvalnt Circun
Filter —500 Watts PEP 20 aza
8= 1 uH
Reduces noise on coax 1o : i i i i : : i |
braid from 1.8-60 MHz L, i i) | o | | o e 08
1000-5000Q ChokingZ L fre 51;.0 210 0 1.0 510 610 S," oz
4 g i : H i i FREQ ?‘_5 0 MHZ) 1
 Place at antenna input of - :
transceiver/receiver 18
Model # CMNF-1 “
30 -2500-1--50
www.Palomar-Engineers.com i 3
- ! 2 : : : : H
His) 5 i : 2 : ]
“ ©Palomar Engineers, 2015 | e
* www.Palomar-Engineers.com T Amcotaca
80 | ~5000-1--100
Nov 6,14 03:07-30

Placed at RADIO END of coax feed line




Coax Noise Filter Placement

Palomar Engineers Common Mode Noise Filter Placement
Install CMNF-1 closest to transceiver/receiver. Install CMINF-2 or CMNEF-3 at output of amplifier
BA-8 or BA-58

Install sleeve chokes on coax lines—one at antenna feed point and another at radio end of coax Sleeve chokes

Copyright Palomar-Engineers, Inc, 2015 www.Palomar-Engineers.com

Filter ALL coax lines, rotor, antenna control lines (STEPPIR)




End fed antenna chokes

Antenna uses coax braid for counterpoise and you need feedline choke at radio end of
coax to stop RFI from transmission and also RFI received on braid from all sources.

Antenna
0 Output

Palomar Engineers Kit 105 1:1 Current Balun
Snap On for RG58, 59, 8X - 1/4" cable

Ground—
counterpoise

BULLET Matcher (9:1) Snap On Feed line choke at radio end
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Palomar F240 (1.4”1D/2.4”0OD) Choke - 80-10
meters, Z = 2-5K range depending on frequency



Wall Wart RFI Kit

Wall Wart switching DC power supplies that plug into the AC power line plug and provide DC power to
laptops, routers, battery chargers, cell phone chargers, etc are a known source of broadband RFI

A simple ferrite ring filter on the DC power line can help suppress the RFI noise affecting the device or
keep the DC power cord from acting as an antenna and radiating RFI from the powered device.

RFI Filter on DC Cord Economy 10 ring kit



/

Neighborhood Noise Strategy

Assess S-P-V for the RFI - You or someone else?
PROTECT the VICTIM (Your receiver)
e Coax noise filters on antenna feed lines
e Chokes on AC/DC cords, Wall Warts - ring or snap on ferrites
e Chokes on radio-computer interconnect cables
o Test RFI solutions for success

ELIMINATE/ISOLATE the SOURCE

e Chokes AC/DC power to source, snap on ferrites for all I/O
All RFI solutions also apply to mobile, portable operations
Call Palomar Engineers if you get stuck or need help

Test Time — Win a prize!
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Prize Question #1

Name 2 ways to increase the
choking impedance of a ferrite
choke?
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Prize Question #2

Name three ferrite mix numbers
used by hams to suppress RFI



/ e e
Contact Info

Sales@Palomar-Engineers.com

Phone: 760-747-3343
Bob Brehm, AK6R - Chief Engineer

This presentation available on the website.


http://www.palomar-engineers.com/
mailto:ak6r@yahoo.com

