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Are you theSOURCE&f RFI?
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if ANy metal around antenna field is resonant, that metal becomes an antenna and can reradiate.
This may or may not cause a problem.
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~ Are you aVICTIMof local RFI?

CELL PHONES COLLECTORS CELL TOWERS
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RFIl Sources
Ham Antenna
Radiating Coax
Electronic Devices
Solar Systems
Grow Lights
HVAC motor
Plasma TV
DSL/Routers
Switching power
Supplies
A Washer/Dryer or

other appliances
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CORDLESS
PHONES [

QRN - High Noise Floor z Weak Signalsz NO DX z No fun!
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RFI Workshop Obijectives &

Understanding RFI- definition, symptoms,
transmission paths, simple cures

~errite Fundamentals- how to select, configure, and
ouy the right ferrite for your RFI issue

How to suppressyour transmitter RFlusing ferrites
How to reduce your receiver noisefloor using ferrites

Understand CONCEPTS with little or NO MATH
required
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RFI 101

What i1s RFI?

How Is it transferred?

Typical Symptoms

2&) O!'1 OAT 1 AO6
RFI| Cures



What Is RFI?

- A radio frequency disturbance that causes an
electrical circuit to function improperly

. Common Sources

. Sunspots, Cosmic noise, Lightning, atmospheric static, AC
power lines (no fix)

- 04 0A1T O1-BamOOBOMMEM, electronic devices, speed
controllers, inverters, switching power supplies, computer
electronics, Cable/DSL/Ethernet (can use filters tosuppress)

. Common Victims

- Any electronic device that malfunctions by acting as an
Of ET OAT AAA OOAAAEOAOS 1T £ 2&)

How do you get RFI?



How RFI is Transferred

Source (antenna) and Victim
(antenna) coupled via Path (all
Victim must be present to have RFI)

Source

Multiple paths are very

, common:
Coupling Path
Radiative 1 Radlatlve o all’
B \\ 2. Conductive i wire(s)
g o Vietim 3. Inductive - wire
l £ / T ;
4. Capacitive - wire

’\.ﬂﬂﬂ) “‘, l Inductive —— T Capacitive
- h Conducti

> —
@ How to find the
. source & path
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Typical RFI in your shack/home

TX Symptoms 7z caused byyour transmitter or antenna
- Hot microphone z lip burns, distorted audio
LI OALL A0 Al T 60 OOLA AL QOAAOL U
- 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, lights, etc.)
- Wife Alarm goesoff
RX Symptoms z caused bysources outside your radio
- High receive noise levelnot due to atmospheric conditions
- Birdies, chirps, buzzes, clicks, broadband noise on receiver

- Distorted receiver audio AAntennaso & path
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AM broadcast, 16080-60-40-30 meter RFIz long

OAT OA1ACAdweér lines, telephone/DSL lines,
satellite/cable coax, long Ethernet cables, antenna feed line
coax shield, antenna control/rotor cables, 29 story ground
wires (avoid ¥4 wavelength ground wires)

FM broadcast, 202 meter transmitters,7 OET OO OAT O
speaker wires, device interconnect cables, mic cables, short
Ethernet cables

O!' T OAT 1 AG6 DPEAE OP OAAEAOAA
common mode current is induced on ALL antenna
conductors from an RFI SOURCE

How do we reduce this current?
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Curing RFI Issues @

| (RFI Current) = E (constant)/R (Choking resistance)

Shut down the SOURCE (Set E to zero)
Choke the PATH (minimize E, set R high)

Protect the VICTIM(Set R very high)

Obijective: Minimize RFI current, |

; : ~An PES
Using ferrites to cure RFI W
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Ferrite Fundamentals

How to selec re and apply




Ferrite Topologies (Shapes)

e @ O 4%

Slip On Bead Snap OnBead Toroid or Ring  Fuzzy Ferretz not!

CHARACTERISTICS
ACheap, easy to install, suppress RFI from 100 KHz2 GHz
Anork on all conductive paths (antenna feed line, AC/DC, 1/O cables)
A ots of options in size, shape to suppress most RFI path currents
Are effective if you understand how ferrites work, how to choose the
correct ferrite and where to install the ferrite for a particular RFI problem

Ferrite characteristics can be used to reduce RFI common mode current



How do Ferrites Work?

Simple Equivalent Circuit i
parallel tuned circuit with a
high impedance resonance

Acts like a frequency
dependent resistor to RFlI

Cpar
1
1

Leeap
Rpc r‘""-|
—AA—d R —

Rac
A“"V

(a)

Impedance (Q)

1200

1000

800

600

400

200

Inductive

Z=R; Rpyc——»,. < Resistive

Capacitive

10 100
Frequency (MHz)

1000

Resistive

— region

starts here 7
80 MHz to
300 MHz

(b)

Ferrite beads are categorized by three response regions: inductive, resistive,

and capacitive.To reduce high frequency interference (noise),

the bead

must be used in the resistive region where it acts like a resistor, which

impedes the common mode current (noise) and dissipates it as heat .

Objective: reduce common mode current by increasing choking resistance
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Ferrite resistors add In series

i, o e (s e 15 beads - Roe ovese More beads =

325 2000 | 100
3.00 1 Freq = 34198
Freq Step = 0.100

2.75 = T ncl-ﬁ.:; hlgher ChOklng R
-y %"e—u‘s | AR (up to 30 MH2)

Rho Meg=0.9029
s11= 0.9018 - j0.0453
5o % refl power = 81.5

: o T At 7 MHz:
i 5 beads = 400

9 9% 0ox7F
g
H

8

&

T
3

10 15,0 2:.0 31:.0 ‘:.0 51:.0 81'000 10 bead = 100_ﬂ|

FREQ (5.0 MHz)

Feb 8,15 18:07:00 FC2 5 Bead ZMAG 1-61 Mhz
Scen | Rescen | Recycle |  PointDate | Limats | Sceles | Smith | Comment | Holt | Quit |

15 beads = 1600

FILES: (prog 862A)

FrequencyA

Impedance (Z) = Resistance +/Reactance
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Choking Z Increases with (turhs)

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

. More Z = less RFI wire current = less RFI radiated from
wire or induced into wire. (I=E/Z)

- General rule: choking Z > 10X line impedance
- (e.g. > 500LL for 50 Ll cable but 5000LL is 10x better)

7 MHz: 100l 900LL 25001

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



rrite Mix determi

range of effectiveness

Mix = chemical formula of the
iron oxide with manganese-zinc
(31,75) or nickel-zinc (43, 61)

Select mix for max Z at RFI

fundamental frequency NOT
frequency of receiver.

Example:

for .:10 MHz use mix 75/77
for 1-300 MHz use mix 31

for 20-250 MHz use mix 43
for 200-2000 MHz use mix 61

Most popular ham frequency mixes are 31, 43, 61, 75,77

TOEEC

OOl BF ]

| EQ

xEll DOl AAAI U

quency
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How NOT to buy ferrites!
1 .

BUY I

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

Buying unknown ferrites is like buying a box of rocks - awaste
of time and money!



How to buy Ferrites the right way
PALOMAR

—ENGINEERS®°—

RFI Solutions from KHz to GHz

o soi — BUY With
Ferrite Split Beads
10 Pack -1/2” ID [
CONFIDENCE!
Mix 31 oy
Single turn, each bead provides:
710/5 MHz, 1000Q/10 MHz

1560/25 MHz, 2600/100 MHz,
2600/2 50 MHz

For: AC/DC Power, Coax, Ether-
net, AudiofVideo Cables

Part # FSB31-1/2-10

Multiple turns for best results

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

31 1 AO6O OAAA
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Ferrite Use Recap

Determine RFI interfering frequency & suspected Path

Choose proper mix (31, 43, 61, 75/77) to suppress RFI
fundamental frequency

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

Most popular Mix for HF is MIX 31 (1-300 MHz)
Mix for .1-10 MHz, Mix 61 for 200-2000 MHz

How and where do you put the ferrite band aid - transmitters?
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Transmitter RFIl Solutions




ol ransmit RFI Solution

Tip #1 - Install Transceliver,
Linear Amp RFI Filters

/| OO0 "1 Al ¢ #% 2&) AEOI I

QO
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RFI Chokes for Transmitters/Amps

Transmitter z Amplifier - Antenna RFI suppression

- Chokeall cables into/out of radios, amplifier, antenna tuners
- Includes
. ALL Coax RF feedines or common line of coax switch
Rotor/Antenna Control lines
. AC/DC power Lines including wall warts!

. Computer z all radio interconnects, AC power
Examples on next slides

- Recommendation: Filter ALL power cables to equipment and
buy Palomar transceiver, amplifier and computer RFI kits
with mix, sizes, instructions already determined.

Transceiver/Amp Examples



Transceiver/Amp RFI Kits

Palomar RFI kits for all brands of transceivers and amplifiers

Transceiver RFI Kit Linear Amplifier RFI Kit

Palomar Engineers®
Icom 7300 Transceiver RFI Kit

Relay Cable
Choke

*

ICOM 7300 HEATHKIT SB220

Clean up the RFISOURCEfirst z your radio and amp




Transmit RFI Solution

Tip #2. Stop Transmit RFI
on coax braid

ALL coax fed antennas need a feed line

OR
Your dipole will become atripole
Your unipole (vertical) will become a dipole



Is your Dipole dripole?

Coaxoutside of braid acts as extension otransmitting antenna and
extrareceiveantenna

Coax-
cabfe

_____.._._____/f

)

|
!
l

Connection
screen-dipole

{3 Common-mode
current

- Screen

J

Coax cable has 3 conductors !

Coaxbraid is actually 2 conductors :

1 on the inside (normal RF signal), and

1 on the outside (common mode current)
that turns a dipole into tripole on transmit
or a second antenna on receive!

Goal is to reduce common mode current
with a feed line choke to keep all transmit
RF on antennaand use a coax noise filter to
minimize noise into receiver.

FYI: 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

Typical Coax Antenna



Typical Coax Fed Antenna System

b

Antenna 5 x % % 7 :
Coax outside braid radiation and noise reception
Coax
Feed Line Transmit Feed Line Radiation {RFI)

Choke
(> 1K n)/ /. / /. /
Stop Transceiver
e RX RFI
/ X Coax Moise Filter
Noise {(>3K Q)

el #'lf"" ,‘ﬂl“l i NFI‘) (ﬂ " M Ty Sources (RFI) -.-‘-r-"\-;,vl?Jl'h‘ji*l!*l“Iliﬁl‘rl{l n‘l,‘]'-‘,l'“-.*f.*.f"w‘-- Palomar-Engineers®.com, 2017

How many chokes do you need?



at fr

Win SWR = 113.85 @ 3.466 NHz Custom Cal: 0.100 fo 180.300 WHz AVG= 4
SWR Resonant freq: 3.14603 Imag
3 E ] ) Ty So00]” 100
3.00 Super Choker™ 16040 Feed le Choke -
Effective range: Freq=0.100
1154 Choking Impedance: 1K-6K n
Power Capability: SKW PEP Freq Step = 0.1980
250
Iref= 50,000
225 SWR = 128516
ZImag= 101.721
- 30087 50 phase = 88874
1754 Rho Mag=0.9846
$11= 06014 + 0.7795
150 % refl power = 96.9
DC Voltage = 1000.00
1254
—
- Equivalent Circuit
o Rs= 1999
L — + + 0 zs_z;un;.m
010 210 410 610 810 1010 Ls= 161.8623 uH
FREQ (1.00 MHzidiv) —
Rp=5175.672
Xp= 101740
Lp= 161.9248 uH
i Inc, 2015 Gp= 0.000183
Palomar Engineers.com 3008k -50 Bp= 0.009829
L] o : a w
. - -600el- 100

Nov 27, 2015 12:35:51

Super Choker
:10 MHz >2K
5KW PEP
1K6K Z

3 pounds
Verticals
AM/RTTY
Contesting

Super Choker 16040 4343434343 6T SWR 1-10 MHz

. : aup-r'- 16040 Feed Line Choke
Effective range:
Choking Impedance:
Power Capability:

©Palomar Engineers, Inc, 2016
Palomar Engineers.com

FILES: (prog 9104)

uency of use

in S -

20, Resonant ireq 1247612 , izirres
- -

Avos 4

200
275
250 o
225
175 4
150
125 4

100

W”Whmu

Bl A% PEINEY S T N

TUBE Feed Line Choke TU-1/TB-1
1-61 MHz, 1.5KW PEPF, 50 ohm In/out
Cheoking Impedance 500-4800 ohms

Aug 18, 2016 114547

Line isolator
1160 MHz >2K
1.5KW PEP
1K6K Z

1 pound

All coax lines
Optional
ground, static
bleeder

FREG (5.0 Mrtz/si)

© 2016 Palomar Engineers®, Inc.
Palomar-Engineers.com

:i"’

Palomar Engineers s ]
Feed Line Choke TU-1-SO £
Va7 e 15K, 50 onm b7
Z = 5K-1.8K Ohms 575 1
%
“}l,(:‘.




oosing a Feed Line Choke

Criteria to Consider

A Effective Frequency Range
A Adequate Choking

Impedance > 50QL

Custom Cal: 0.100 to 180300 MMz
Zmag

A Sufficient Power Rating
A Physical Size/weight
A Balun or unun output

ave= 4

215
250
225
2.00 Jswn|
175

150

A
a o

Tuned Coaxial Choke (TCC-12-3000), 3KW
Optimized for 7-21 MHZ (40-10 meters)

Sep 3,205 123358

130 190 250 o
e

]

| orsmmmm e -

L 100
FILES: (peog
Palomar ZMAG
_AiM_contiq.cly

xtare. 100 Mve acal



Simple DIY Feed Line Chokes

=,

—ENGINEERS®*—

‘/Flberglass telescoping pole and insulator

Bullet 55 Typical Configuration

RFI Solutions from KHz to GHz

Max antenna current near Bullet
matching unit.

Coax feed line length > 50 feet 37 Foot sloping wire
Feed Line Choke required

© Palomar Engineers® 2016

Support Pole
Palomar-Engineers.com 18 Foot ?;ettr:? ; %
vertical g
wire

Bullet-9 Antenna Matching Unit
installed 18 inches off ground

i

15 Foot Counterpoise 15 Foot Counterpoise Feed Line Choke

S Vo RADIO

Coax 50+ Feet

HOA ne S O E T CENE
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[ I YO& CNI VAY D
1 Eliminate/reduce RFI SOURCE

- (transmitter, amplifier, or antenna location)

or
2 Choke the PATH
. (coax feedline, AC/DC power line)

Now Receiver RFI?
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Receiver RFIl Solutions

SNR = More DX!

Our Goal: Lower Noil



Receive RFI Solution

Tip #3. Install Coax Noise
Filters

Less common mode noise current (RFI) = More DX!
How to select Imum effect
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Recelve RFI Problem

Symptoms: High noise levels, spurs, buzzes, periodic
signals across bands

Typical Receive Chain Connections

Coax outside braid radiation and noise reception

Transmit Feed Line Radiation (RFI)
f / / / / ._Transceiver
Coax Noise Filter
{>3K0)

oise
‘”ml“h‘_ W ources (RF1) el\W J,"w.'{&"f",i'l'-:‘m Palomar-Engineers® .com, 2017




oax Feed Line Noise Filters

TemmOe Rt e bR s e Tt S a e e S )

Min SWR = 73.04 @ 35.200 MHz

Zmag AVG= 8
328" Resonant freq: 12.11395 (Rs,Xs)
T 2 3 < Ly [} 7 [ B 10 - 10000 100
] . . : : Fi 1.168
yoa
CMNF-1 Common Mode Coax Noise Filter
275

gt 3! f ' freqsiep .20
‘IR i i i Reduces common mode noise on coax braid. Zret= 50.000
i H Impedance H H < "
= = i i : | 1-61 MHz, 500 Watts PEP, 1K-6K choking resistance iy
T H ¥ o H Phase = 84.046
PALOMAR - S

2.25 4 e :
— ENGINEERS*— whl F g AN g
R Solutions from Kz to GHz \“\M e soncoll)
Common Mode Noise Filter - \\'\“/\\\—\,‘ valent Crc
CMNF-1500HF / : i T - 17,
1500 Watts PEP, 1.8-60 MHz 1.50 : : : Q-
1K-6KQ Choking Impedance ' H H ls= 1006462uH
1.25 - / i : Rp = 11427.475
Place in coax line at amplifier output to ' : H i Xp = 1191.960
reduce common mode noise g i ; Resistance Lo 16230M0 wn
Gp = 0.000088
Palomar-Engineers.com : , BP= 0000839
1. 210 310 410 51.0 61.0
FREQ (5.0 MHz/div)
; : : ; ; -50001— -50
B e e b dou o i hed ] -10008— -100
25,2016 19:13:01 B
E © 2015 Palomar Engineers®, Inc. s g
Palomar —Engineers.com o

Placed at RADIO END of coax feed line to suppress common mode
current on coax braid between antenna feed point choke and radio

Now AC/DC Filters




eceive RFI Solution

Tip #4. Install AC/DC
Noise Filters

Lower NoiseFoor = Higher SNR = More DX!
How to select Imum effect

Al N A




RFIc AC/DC Line Chokes

fl t\}‘?‘i\%‘b‘ﬁ mﬂl’l&hﬁl‘hhu%}%j
N

Choose mix frequency range and size to fit cablg use multiple turns

Wall Warts



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



0 Transmit RFI Selution
Receive RFI Solution

Tip #5. Install Specific RFI
Kits for electronics

Our Goal: Minimize Transmit RFI to Home Electronics and Home
Electronics RFI to receiver

Garage Door Opener RFI Kit
Washer/Dryer/Refrigerator RFI Kits

Home Alarm RFI Kit

Computer Desktop, laptop, router RFI Kits
Home Theater A/V Systems



Audio/Video RFI Solutions

PR

~ Palomar-Engineers.com

* Sub-Woofer RFI Kit

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.



Neighborhood RFI Solutions

MY HOME or

R’S HOME

A B =

<, i
= K=y e

A : oy L e
TELEPHONE/DSL RFI

MISCELLANEOUS RFI GARAGE DOOFIi

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.

Newbies



Receive RFI Solution

Transmit RFI Solution

Ferrite Combo Kits for Troubleshooting Multiple RFI Issues
Include multiple ferrite shapes and sizes covering multiple
frequency ranges

56 Ol AP I 1 AIT A Y8nRno )$ OEI C AC
used to solve most RFI problems



