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 Are you theSOURCEf RFI?
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~ Are you aVICTIMof local RFI?
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Figure 1 Block Diagram of On-Site Sources

QRN - High Noise Floor z Weak Signalsz NO DX z No fun!
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RFI Workshop Objectives \»

\\

Learn fundamentals of RFI - identify symptoms, pinpoint
causes& apply simple cures
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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
How to use ferrites to reduce your station noise floor
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RFI 101

For Contesters, D X 0 eRa@ Chewers,
and Beginners too!



What Is RFI?

Radio Frequency Interference/Electromagnetic
Interference (RFI/EMI) z (100 KHzz 1 GHz)

- Aradio frequency disturbance that causes an unwanted
Interruption, degradation or unintended operation to an
electrical circuit.

- Common Sources
. Radio Transmitters (Amateur, broadcast, consumer devices)

- Natural: Sun, Cosmic noise, Lightning, atmospheric static
. Motors, ignition systems, power lines, square wave generators

. Common Victims
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Got RFI In your shack/home?

TX Symptoms 7z caused byyour transmitter or antenna
- Hot microphone z lip burns, distorted audio
" 2A01 AL O ALOALT AO Al 1 60 OOL A
- Your voice/transmission causes interference with consumer
Al AAOOITTEA AAOEAAO AAOEI C AO
(e.g. computers, TV/audio system, security system, garage
door opener, telephone, sprinkler systems, etc.)
- Wife Alarm goesoff
RX Symptoms z caused bysources outside yourshack
- High receive noise level not due to atmospheric conditions
- Birdies, chirps, buzzes, clicks, broadband noise on receiver

. Distorted receiver audio How did you get RFI?
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How Is RFI Transferred?

All three parts must
be present to have an
Victim RFI problem.

Source

Multiple paths are

Coupling Path very common.
- “\b\l = 1. Radiative - air
B = ) 2. Conductive - wire
AR l = T 3. Inductive - wire
NI 4. Capacitive - wire

How to identify the path(s)
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16080-60-40-30 meter transmittersz O, | T ATdower

lines, telephone/DSL lines, satellite/cable coax, long
Ethernet cables, antenna feed line coax shield, antenna
control/rotor cables, 2" story ground wires

AM Broadcast Receiver RFg same as 161 1 1 C OAL O

20-6 meter transmitters z O 3 E |- §hén&er wires, device
interconnect cables, mic cables, shorEthernet cables

FM Broadcast Receiver REFEOET OO OARB®AdtT AO
long z device interconnect cables

IIIIII
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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

1T OAT OATT Ao EO A xEOA xEOE
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 OAT ATAAO JEIBO 1 Axd )K®%wraq

Typical solutions: Resonant trapsferrites, filters with
high choking impedance

Ferrites are your friend




Ferrite Topologies (Shapes)
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Slip On Bead Snap OnBead Toroid or Ring  Fuzzy Ferretz not!

ACheap, easy to install, suppress RFI from 100 KHz2 GHz

Anork on all conductive paths (antenna feed line, AC/DC, 1/0 cables)
A ots of options in size, shape to suppress most RFI path currents
Are effective if you understand how to choosethe correct ferrite and
where to install for a particular RFI problem




How do Ferrites Work?

Equivalent circuit for a real inductor

g ~ Wire resistance
: R

% 3 Ideal Td”ctm Picture shows One Turn coil through asnap on
ferrite - typical bead with 1 turn has 56300
ohms impedance depending of frequency

Inductive reactance varies with frequency (XK & ble £¢ , @ O1 OEI OA

Ve ~ ~ s A

common mode current producing RFI

) | DPAAAT AA j#ET EET C : Q@ AAl AA ET AOAAC



Ferrite Z adds In series

|50, nesonant wea 1070005 | BA-8SE (15 beads)  |” 25 e
) 2000 100
3.00
275 =
BA-8E (10 beads)

250 ~
225 =
2.00 1000 ——50
1.50 s
B BA-8 (5 beads)
1.00 =%

=4

+ : + + 4 0
1.0 1.0 210 3o 4“0 51.0
FREQ (5.0 MHz)

Feb 8,15 18:07:00

Scan |  Rescon |  Recyce |  PointData

FC2 5 Bead ZMAG 1-61 Mhz

| tmes |

Sceles |

AVG= 4

Freq = 34.198
Freq Step = 0.100

Zret = 50.000

SWR = 19.606

Imag =~ 879.593
Phase = -26.123
Rho Mag=0.9029
s11= 0.9018 - j0.0453
% refl power = 81.5

Equivalent Circuit:
Rs = 789.746
Xs = -387.280
Q=05

Cs= 12017 pF
Rp = 979662
Xp = -1997.740
Cp= 2330 pF
Gp = 0.001021
Bp = -0.000501

FILES: (preg 802A)
balun z fixture 1-60 mhz.coal .o
_AIM_config.clg

More
beads =

higher
choking Z
(up to 30
MHz)
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Choking Z Increases with (turhs)

flturn=Z,2turns=4Z, 3turns=9 Z

- 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. > 500LL for 50 Ll cable but 5000LL is better)

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



Ferrite Mixes

120 QS1008-HORO3
/
100 61 Material 7
A | A
| A
_ >/ A/
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1 10 1000
Frequency (MHz)

Figures 3 — These curves show the impedance versus frequency of a single ferrite bead
made of different types of ferrite material. Each bead is 3.50 mm x 1.30 mm x 6.00 mm.

(Information courtesy of Fair-Rite Corporation)

Mix = chemical formula of the
iron oxide with manganese-zinc
(31,73/77) or nickel-zinc (43, 61)

Select mix for max Z at RFlI
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.

Know how to buy
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How to buy ferrites the wrong way!

F

BUY I

- No Mix Designation, No Impedance Range,
No Frequency Range = NoNo No!

Buying unknown ferrites is a waste of time and money!

A



/\/

How to buy Ferrites the right way

PALOMAR ENGINEERS *

Ferrite Split Beads
10 Pack -1/2” ID
Common Mode Choke

Each Mix 31 bead provides:
710/5 MHz
1000/10 MHz
1560/25 MHz
2600Q/100 MHz
2600/250 MHz

Part # FSB31-1/2-10

Palomar-Engineers.com

BUY With
CONFIDENCE!!

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 z 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
Ui OO 1T AECEAT O60 EIT I Ae
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Transmitter RFIl Solutions
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1 Eliminate/reduce RFI SOURCE
(transmitter, amplifier, or antenna location)

or

2 Choke the PATH

. (coax feedline, AC/DC power line)

or

3 Protect the VICTIM

- (filter inputs to victim)

How does these steps apply to your ham shack?
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RFI Chokes for Transmitters/Amps

Transmitter z Amplifier RFI suppression

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

- Includes
. ALL Coax RF feedines
. Rotor/Antenna Control lines
. AC/DC power Lines
. Computer z radio interconnects
. Examples on next slides

. 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 Heathkit Amp

After transmitter/amp Source
RFI Suppression

#1 RFI problem is antenna feed line radiatiorywhy?



Is your Dipole dripole?

Coaxoutside of braid acts as extension otransmitting antenna

Coax-
cabfe

|
!
l

fg=la~1
r/_h e "—rj—h-

Connection
screen-dipole

{3 Common-mode
current

- Screen

J

Coax braid (screen) is actually 2
conductors :

1 on the inside (normal RF signal)
and 1 on the outside (common
mode current) that turns dipole
into tripole!

Goal is to reduce common mode

current with a feed line choke to

keep all RF on antenna

1% common mode 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
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Antenna feedine choke options

Definition: Feed line choke: 1:1 (5@ to 50L). Impedance transformer: <1:1 or > 1:1
EVERY coax feedline needs a feedline choke tuned to the antenna frequency!
EVERY rotor control, antenna selector needs a feedline choke!

Feedline chokes are made with severautput options dependent on antenna type
and the output option determines whether it is an UNUN or BALUN:

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



UNUN #1 (coax In, single output

Style {U N} {U N} lepifearltig:ﬁeedline choke
{Unbalanced {UnbalanCEd 1:2 Low Z antenna matcher
1 (252 to 502 coax)
Output} Input}
Applications: Sedmnestmtore
. — +
Verticals, end Goaxin e Antenna/Load Out
(Unbalanced ¥ o (Unbalanced Z out)
. . — - - vertical, end fed
fe d S Z in)
Ground

Impedance Ratio = Output Impedance/lnput 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)

GENEFE!Ci i : ¥ e Palomar

Engineers™




erticalUnunfeedline Choke

= Palomar
kA Engineers™

1:1 Vertical Unun CUV-1-5000
In: 50Q - Out: Vertical, Radials
1.8-61 MHz, 5000 Watts PEP
Choking Z: 1K-5KQ

WWW.Palomar-Engineers.com

e Coax Input .




UNUN #2 (coax In, coax out)

Styl e {U N} {U N} lett::gla)l: ?:;dline choke
{Unbalanced {Unbalanced 1.5:1 75 ohm to 50 ohm
2 Outp ut} In put} ;:‘;):r):el::npedance trans-
Zout/Zin = Coax/Load Out
Ei?::zullgn _— [I:m <l: 1>’11 :11 or: I]]] (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 = 100Q Out : 50Q Input)

GENERIC
UNUN

STYLE 2




BALUN (coax In, balanced output

{BAL} {UN}
{Balanced {Unbalanced
Output} Input}
Zout/Zin = Antenna/Load Out
Coxtn [ A P
7 in) >k 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 = 100Q2 Out : 50Q Input)

e

GENERIC |
BALUN

e \
STYLE 1 ] X C— [ O
= |

i
GENERIC BALUN

Application:

Dipole, beam,
loop, symmetrical
antennas

Now some
practical
examples of feed
line chokes



Picture: Ugly balunat7Mhzh Y& OOOT Oh n8iz20 AEAI AOD
feet of coaxz ONLY effective for 2 ham bands since acts as a high
016 OO1T AA AET EA OOEBGW, AT A # 1 £ Al



B

M AT

Medium choking Z (500-2000LL) z 5KW for RG213



RGB8 j YTAd OEUAQ RGaYeée j YTad OEUAQ
150500 ohms 1506500 ohms



Clamp On Choke (F&B0

I.I

3 turns =
1K ohms
X 3 chokes
= 3|<|_|_||
total Z



Super Choker (400 Meters)

Min SWR = 1382 @ 30.500 MiHz Custom Call Zmag AVO- 4
3 25%% ,__ Resonent treq. 964211 RsXs_Phase
T ] 2 3 . s . 7 . 3000 100
300 Frea=1116
Freq Step = 0.100
275 o Super Choker 4010 Zret - 50000
) 1:1, LSKW SWR - 851918
250 Zmog - 94263
. 89,061
— 225 Choking Impedance -0.9977
11« 0.5590 « j0.8263
St | | 5o % reni power = 995
175 Equivalent Circut
Rs= 020
X3+ 94263
150 - Q~ 410
s~ 13.439
125 Rp = 30690 500
Xp - 94263
owi.] Lp= 134307 ud
op=
o 0 001009
o 70 130 190 250 3o
FREQ (2.0 Miz)
©Palomar Engineers, 2014
www.Palomar-Engineers.com
1500150

Super Choker 4010
10-11-12-15-20-30-40 meters
WWW.Palomar-Engineers.com

FILES: (rog 9020)
st 1 fixture 168 mhe.co
M contiy oty

-30001.100
Jan 24,15 16:51:35 Super Choker 4010 5T Zmeg 131 Mhz

Medium (1K-3KL) Choking, High Power, Contesting,
Continuous modes (RTTY, AM, digital)



Palomar
Engineers™

’l 1 CUBETM Unun CU-1-1500

' 50Q input to 50Q unbalanced
1 8—61 MHz, 15@@ Watts PEP

Cheking Z: 1K-4KQ

Qi
TS

I

CUBE Chokes for all antennas

Highest Choking (5-
15K ohms)

Power to 10KW PEP

Use: Inline choke,
beam, dipole, loop,
vertical



~ A$10 DIY Feed Line Choke

Ring Ferrite + Coax Cable = feed line choke

Use at antenna feed point to keep RFI off coax
SOA AQ OAAEl ALA | &£ AL AY OF OAAOA
Use RG8X, LMR240 for low power, RG303/400 for high power

Now AC/DC power line chokes
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RFI Chokes120/240V AC Path

Ring Toroids z most effective z usually 3-10 turns

SnapOns z convenient to use, usually 12 turns
. Big Clamp/ 1 & @ultiple turns, easy to install
- Example pictures



AC Line Chokes

OAIT T AO &anl jYsmgpesrasno/ $qQ #E
meters, Z = 25K range depending on frequency
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RFI proof your transmissions recay

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

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

What about A A


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

/“/

Receiver RFI Solutlons
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Recelver RFI Noise (man made

SOURCES plasma TV,UverseDSL, Cable Boxes,

HVAC, appliances with variable speed motorsgsquare
wave generators, LED lights, wireless metering

systems, wall warts, switching power supplies, battery
chargers, fluorescent lights, fish tank heaters, exercise
ANOEDI AT Oh AT I POOAO OEAOEQ
PATH : antenna coax braid, AC/DC power lines,
phone/DSL line, computer to radio interconnects

VICTIM : radio receiver noise level is high
SOLUTION : eliminate SOURCE, choke PATH



Coax Feed Line Noise Filters

One of the best kept secrets in ham radio!!!

Min SWR = 2946 @ 51.150 MHz Custom Cali/ Imag AVG= 4
iy S ey 1 3 — 3 3 ST 100
00 3 i : : ] E - : Freq = 1.058
a0 Common Mode Noise Filter — CMNF-1 | :: s";;:s"
2o SKW, 1-61 Mhz usable 1 g
. 1.5K-4.5KQ Z (1.8-31 MHz), 800Q (50 i
7 N[HZ) ) ..:233‘:.,,.,.,
PALOMAR ENGINEERS 20 RemCoe 78
: 10 Conh
Common Mode Noise sod
Filter —500 Watts PEP 20
Reduces noise on coax 10
braid from 1.8-60 MHz i, H | | o o= 3006181 uH
1000-5000Q Choking Z Lo 1; z;é.n 310 4o 510 w10 oo G0ovs00
3 ° : E : : t ] | FREQ (5.0 MHZ) 1
' Place at antenna input of w:m ‘ :
transceiver/receiver 1
Model # CMNF-1 -
30 -2500-1--50
www.Palomar-Engineers.com & s
42 + H H 3 H H
i - i £ B ; 1
" ©Palomar Engineers, 2015
“ www.Palomar-Engineers.com
60 |

Nov 6, 14 09:07:30

Placed at RADIO END of coax feed line




oax 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)
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meters, Z = 25K 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 arekanown source of broadband RFI

A simple ferrite ring filter on the DC power line can help suppress the RFI noiseaffecting 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



RFI Noise reduction
ideas for portable radio
communications
1-300 MHz

Copyright 2016
Palomar Engineers®

Coax

Common Mode
Filter ¢

Filter suppresses conducted

RFI from Generator

Feed Line

F400-31

FSB31-1

Choke

FC-8-1

Coax
Noise
Filter

Generator cable picks up “noise” radiated
from transmitting antennas and generator

!

Common Mode

transmitter antennas

Filter
Filter suppresses radiated RFI /
received from Generator and

Portable Radio Station using Generator Power




Mobile Operation RFI Kits

-

Reduce RFI to car electronics +

ol . .
car electronics RFI to radio
/ ///j;[ y

N

X
]

Coax Noise
Filter

1/’,‘//////// TR,
y _///////////////(//

L

DC Power
Noise Filter
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Recelver RFI Noise Strategy

Assess SP-V for the RFIz You or someone else?

PROTECT the VICTIM (Your receiver)
- Coax noise filters on antenna feed lines
- Chokes on AC/DC cords, Wall Wartsz ring or snap on ferrites
- Chokes on radiocomputer interconnect cables
ELIMINATE/ISOLATE the SOURCE
- 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

[

N
What about A A ) ‘ fiiﬁ




Keep Your Neighbors
Happy!

OR
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. Choke RFI SOURCE
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31 OOAA | OOAT Ol EPath&WctinO AT (
. Clean up your transmitter/shack first using techniques
already discussed

| OOAOO . AECEAT O60O 001 Al Al

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

. $AOAOCI ET A AOANOAT AU 1T £ 000,
problem (may not be on all bandsz may not be you!)

- Find the path (or paths) to the Victim (Receiver)

. Choose the RFI choke/Kit for the frequency and path

. Choke the path, protect the device (externally)!



Neighborhood RFI Solutions

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

Test Timez Win a prize!



