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j.' Ground (somewhere dM there)

if ANy metal around antenna field is resonant, that metal becomes an antenna and can reradiate.
This may or may not cause a problem.

Maybe you got an award?
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WORKED ALL NEIGHBORS

AWARDED TO
Amateur Radio Station

Who has caused persistent Radio Frequency Interference (RFI)
to neighbors adjacent to the radio station

Awarded this ____day of , 20

RFI Case Endorsements:
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Are you avICTIMof local RFI?

CELL PHONES COLLECTORS CELL TOWERS
§ APBLIANCES o b RFI Sources
kg | | 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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QRN - High Noise Floor z Weak Signalsz NO DX z No fun!



What Is RFI?

- A radio frequency (>100 KHz) 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-BamOOBOMME-M, electronic devices, speed
controllers, inverters, switching power supplies, computer
electronics, Cable/DSL/Ethernet (can use filters to fix )

. 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
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- h Conducti
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@ 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 RF 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.)
. SpouseAlarm goesoff! .4
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, 160-80-60-40-30 meter RFI z look for

| T 1T C O Alot AThowerAines, telephone/DSL lines,
satellite/cable coax, long Ethernet cables, antenna feed line
coax shield, antenna control/rotor cables, 2d story ground
wires (avoid ¥4 wavelength groundwires, e.g. 16 Feet)

FM broadcast, 20 meter to 450 MHz RFI ,z look for short
OAIl O@Jspe&l@rwwes device interconnect cables, mic
cables, shortEthernet cables

N Y LI} P vd Pal

O!' 1 OAT T AOG6 PEAE Ob OAAEAOAA
iInduces acommon mode current on ALL unshielded
OA1T OAT 1 Ad fibrh anRE AQUROD

So how do we reduce this current?
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Stop RFI = Minimize Current

| (RFI Current) = E (TX voltage)/R (Choking resistance)

Shut down the SOURCE (Set E to zero) m

B/

Choke the PATH (minimize E, increase R)

Protect the VICTIM(Set R very high)

Obijective: Minimize RFI current, |

Trivia Q: Why is current _ _ ~n PO
abbreviated with | and not C? Using ferrites to cure RFI W



Ferrite Fundamentals

How to:
Select- Buy- Configure
and Apply




Ferrite Topologies (Shapes)

Je

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, frequency rangdo suppressRFI currents
Aure effective if you understandhow 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
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Min SWR = 16.80 @ 59.800

3.28"®s__Resonant freq: 1070603 r 15 beads \lm

Imag
R:

3.00 ~

AVG~ 4

| Freq = 34.198

Freq Step = 0.100

[ Zret = 50.000

Rho Mag=0.9029
s11= 0.9018 - j0.0453
&g % refl power = 81.5
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= 979.662
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g
H

Frequency (160 MHz) A

eelin hes

beads add resistance in
series, but frequency

dependent

higher choking R (up to
30 MHz in this example)

At 7 MHz:
5 beads = 400
10bead = 10001
15beads = 1600,

1 More useful property
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Ferrite resistors increase as (turfs

~flturn=R,2turns=4 xR, 3turns=9x R

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

- General rule: choking R > 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?



N

frequency range

2 (idBtermim

moedanoe (chme)

1000200

26-540002 size 14.30D x 6.35ID x 28.6Length (mm)

12000.0C0
Feequanoy (M2

—_—

aetive

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

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

Example:

for .2-10 MHz use mix 75

for 1300 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

~
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HowNOTto buy ferrites!

J

F

| o
P
TN

J Wil ®

Pack of 20
Amazon/eBay Swap meet

- NO Mix Designation

- NO Resistance/lImpedance Range

- NO Frequency Range = NoNo No!

- Like Buying a resistor with an unknown resistance!

BUY I
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How to buy Ferrites thaght way!

PAL®MAR

—ENGINEERS®°—

Ferrite Split Bead PEvSE B U Y Wlth
n M. ~ CONFIDENCEI!

Part#: FSB31-1/2-10
Single turn, each bead provides:
MH2 5 10 25 100 250

0 71 100 156 260 260
(2 turns=4XQ, 3 turns =9X0, 4 turns = 16XN)
AC/DC/Coax/Audio-Video/Data Cables
Use multiple turns for best results

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

31 1 A060 OAAA
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Ferrite Use Recap

Determine RFI interfering frequency & suspected Path

Choose proper mix (31, 43, 61, 75) to suppress Ritdamental
frequency

#EI 1T OA 41 Bi 11 CcUj Ol EBh O1 AbPh C
Install ferrites on path 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 75 for .1-10 MHz, Mix 61 for 200-2000 MHz)

How and where do you put the ferrite filter for transmitter RFI?




GOAL:
~  TRANSMIT RFI

Tip # 1: RFI Ki

Tip # 2: Mi

Tip # 3: |



ol ransmit RFI Solution

Tip #1 - Install Transceiver,
Linear Amp RFI Filters

AOIT I OA

QO
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RFI Filters 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 cables to equipment using
Palomar transceiver, amplifier and computer RFI kits with
miX, sizes, instructions already predetermined.

Transceiver/Amp Examples



Transceiver RFI Kits

Palomar has RFI kits for all brands of transceivers

Transceiver Standard RFI Kit

Palomar Engineers®

Icom 7300 Transceiver RFI Kit

Icom 7300

Transceiver Deluxe RFI Kit

DELUXE RFliNoise

Kit
Includes Coax Noise Filter, DC Filter, 4 Snap On filters

s ‘3 : om7a PALOMAR
gl

it
art# RFHC

NGINEERS®

L

o

Clean up the RFISOURCEfirst z your radio and amp




Linear Amplifier RFI Kits

Palomar has RFI kits for all brands of linear amps

Transceiver RFI Kit Linear Amplifier RFI Kit

Palomar Engincers:Amerifron Palomar Engineers Heathkit Amp
Amp RFI Kit RFIKit

B | p A -4
e |
]
=
Relay Cable
Choke

Ameritron 811 HEATHKIT SB220

\

Relay Cable
Choke

Clean up the RFISOURCEfirst z your radio and amp

Now feed lines



Transmit RFI Solution

Tip #2. Stop Transmit RFI

current on coax braid

ALL coax fed antennas need a feed line

OR
Your dipole will become atripole or

Your unipole (vertical) will become a dipole
and your coax will radiate causing local RF!!



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

Antenna

Coax outside braid radiation and noise reception

Coax

Feed Line Transmit Feed Line Radiation (RFI) s

Choke ? % :
P (> Q)/ f / /. / ,
R 5 Stop Transceiver
. RX RFI
MC-1-3000
K / / X Coax Moise Filter
(>3K Q)

MNoise

"'-*'*‘-"*’Mr'ﬂ"‘ff !MIM“*I“*’” i et .‘-’-r«“¢w'wJ'p“5‘VH*l‘%liﬁl‘rw'u‘\'-‘f'w*w*w‘-.~- : Palomar-Engineers®.com, 2017

Technical requirements for feed line choke selection



Min SWR = 8331 @ 3700 MHz
Resonan

11,3914
228 froa: 1139148

AVG= &

TH

Jeaco e L2783, 1287TM8

300

......

Sooa | 100

1-61 MHz, 500 Watts PEP, 1K-6KQ choking resistance

Place in coax line near receiver input

Aug 30,2017 135558

Coax Noise Filter
(CMNF-500-50)
165 MHz >2K

500 Watts PEP, Up

to 38 dB reduction
j o 0306 Ol
common mode
noise gone!

© 2015-2019 Palomar Engineers®, Inc,

Palomar—Engineers.com

Palomar Engineers®
Coax Noise Filter, .5KW PEP
1-60 MHz, -38DB Rejection

Install at receiver - 50 ohms
Model # CMNF-500

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

MAXI-CHOKER™ MC-1-3000

500 unbalanced In/Out

Line isolator (part# MC -1-3000 7z 3KW PEP)

52 ARS XXX A0 D

1o
2 -0 ‘i E
e’ ) ;
2wt o080 p
pmomus MMWWW
] . L PR
iomm e ] = ; e
o0 Vot w00 I - A P S O et -+ I8
P Choking :
e s 4 Resistance H
ey : i TUBE Feed Line Choke TU-1/TB-1
p = 18561,828 1 H H 1-61 MHz, 1.5KW PEPF, 50 ohm In/out
Besess 54 ",\\\1 Cheoking Impedance 500-4800 ohms
lp=SOTMI W i
g — | i Bos davnas 1 ”K\
od ., —_ wi por - o )
FREQ 2.0 jiv) i 0 o 20 o s10 6o
: : ‘ e— b WN - rara (s st ' "
| - Y ‘fﬂ y
| ~ s oy | .
i H -\—"’A‘\ p—\‘.‘p«m . Nr""wﬁ’}
| B W‘*’Lw ,\u,qv‘*."';r'rv'w!"‘
CMNF-500 Coax Common Mode Noise Filter —t suos]-
Reduces common mode noise on coax braid. oo 50

o001 1

qqqqqqq

oose choking resistance > 500
over frequency range used

Avon 4

Rp - 1505.783

803,585
Lp - 127845 wh

0p = 0.000627
B - 00m288

161 MHz >2K, 3KW PEP, 1RBK ZLll, 1 pound. All coax lines,
Optional ground, static bleeder, up to 38db suppression!

Same data measured on VNA as CMRR



oose CMRR >
frequency range used

Reduces common made noi:
1-61 MHz, 500 Watts PEF, up to =

Place in coax line near receiver input

CMHF-500-50 Coax Common Mode Hoise Filter

ession

as0
"
™
500
Common Mode
50
Noise Rejection (dB)
w00
450
0
750
Veb 7.2020 100078

Coax Noise Filter
(CMNF-500-50)
165 MHz >2K

500 Watts PEP, Up &

to 38 dB reduction
j o 0306
common mode
noise gone!

E

a -38dB

© 2015-2020 Palomar Engineers®, Inc.

Palomar—Engineers.com

o1 8

Palomar Engineers®
Coax Noise Filter, .5KW PEP
1-60 MHz, -38DB Rejection

Install at receiver - 50 ohms
Model # CMNF-500

)
0
Frequency e
(MHz) -
/ -
"
p

K 0

Common Mode
Noise Rejection (dB)

over

CMRR =
Common Mode
Rejection Ratio

MAXI-CHOKER™, MC-1-3000 Coax Line Isolator
d

1-61 MHz, 3000 Watts PEP, up to —42dB Noise Suppression

Place in coax line at antenna feed point or at station entrance
Isolates coax braids on antenna switch—use 1/coax cable

mode i on coax braid.

Jan 24, 2020 10250

© 2015-2020 Palomar Engineers®, Inc.

Palomar-Engineers.com

MAXI-CHOKER'

50Q unbalan:

Line isolator (part# MC -1-3000 7z 3KW PEP)

161 MHz >2K, 3KW PEP, 1RBK ZLll, 1 pound. All coax lines,
Optional ground, static bleeder, up to 49 dB suppression!

All

DO NOT BUY CHOKES with NO SPECS!



Simple DIY Feed Line Chokes

PAL®SMAR

ol Ramgee = 0 05680, 104 1EOB0H iz

— ENGINEERS®— | A . B P . -
RFI Solutions from KHz to GHz K wl | ' 1 A |

11 | JC-1-1500 Jumper ChokefUnun ]

wll || 15 KW PEP - 1.8-66 MHz |

wel | | Common Mode Rejection Ratio up to -32dB (5 “8” Units) 1

ot | | 1 Excellent for 160-6 meters for common mode noise and T

wsd | | ﬁ RFI reduction. 1

40

%0 4

18 L | ne we EaLl o 1 ne »®o 410 480 810 80 LA Ll
PRI (5 0 M

azod

240 4

A P . ann | \ [ T
= 3 \ -420 1 1 1 -+
. o | | |
©Palomar Engineers, Inc., 2020 . ~ B0 : -
Palomar Engineers.com v Amg 70, 2070 164404
Rights Reserved \ v
“

SR YRR S TG RO e
(10 turns = -30db Common Mode suppression)
Next: Multi -bead chokes



(Slip On/Snap On)

= — R R - B B~ - R — R | m e

I-Bead Chokes

Cul Fmage - 0 805580, 1704 150804 Mtz

(=311
a8 = - - - A » ; . - T
i P F : T ¥R =
an | Commen Mode Rejection - 1/2" Slip on/Snap On Ferrite Beads - Mix 31 1
# beads 5 10 15
20 4 Frequency (MHz) +
1.845 9.16 +13.96 -16.95
" 3.790 -12.25 -17.29 -20.25 T
5.365 +13.29 +18.45 -21.45
. 7.145 -13.94 131 -21.14 T
o 10.125 -1433 -19.57 2283 1
14.190 -14.55 -19.71 22.72
&0 18,125 -15.16 -21.68 -26.18 +
21.235 -15.03 -21.81 -26.95
w0 24.530 -14.43 2073 2565 4
| 27.200 -14.13 -20.5 -2558
100 28.415 -13.99 -20.45 264 - H‘f’_’,_.—'-"‘
50.230 -11.07 -19.45 24,12
-120 4 1 | S
|I \“\. 1 |
A4 + .- ___.r__‘:____.,_'.-
nr'.I L L . LN 1 l?:“mmmanu 400 a0 e
woll B -15dBe e 1
1 |
AR | we |
"'-—-_.____‘_"____ | |
a0 e -—-,__..-—.—-’/—’:—_“:__ 1
P — 5 -21dB|
240 ‘\ 1 | T
0] N LT {
1 |
4 -26dB 1
1 |
-30.0 o 1 | i S
1 |
1 |
340 - - - ™~ T (- | = .

Dt AT, PPN WZFN

Frequency Range 1-60 Mhz

More beads = higher common mode suppression

RFI Kits



Transmit RF Selution

e .
Receive RFI Solution

Tip #3. Install Solution
Specific RFl Victim Kits

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

Garage Door Opener RFI Kiz LED light RFI
Washer/Dryer/Refrigerator RFI Kits

Home Alarm RFI Kit

Computer Desktop, laptop, DSL/Router RFI Kits
Home Theater A/V Systems, Satellite Boxes
Sprinkler Systems



Transmit 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.  rx solutions
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RecelveRFI Problem

Symptoms: High noise levels, spurs, buzzes, periodic

signals across bands
Coax braid acts as

i : . ’ nd I |
Typlcal Receive Chain Connections 2'° recelve antennal

Antenna

Coax outside braid radiation and noise reception

Coax
Feed Line Transmit Feed Line Radiation (RFI)
Choke - e =
(> 1K Q)/ /. / / / |
Stop Transceiver
RX RFI
/ / Coax Noise Filter
Noise (>3k0)

‘.'.,..-‘-.,w*ﬁMMW~*;+f+‘«.w\\.-«-~ e W W’M LT

Palomar-Engineers®.com, 2017



g Receive RFI Solution

Tip #4. Install Coax Noise
Filter to Suppress RX RFI

Less common mode noise current (RFI) = More DX!
How to select and install filters for maximum effect

Quick Test ’ A m\ﬁ ,,.5,‘ /(/ (/((

for Common
Mode RFI




ax Noise Filter Ins

allon

Palomar Engineers Coax Common Mode Noise Filter Placement
Install CMNF-500 closest to transceiver. Install CMNF-1500 or CMNF-5000 at output of antenna switch

Install feed line chokes on coax lines at antenna feed point to suppress braid radiation on transmit
{Choke should be effective over the frequency range of the antenna)

Common Mode Noise Filter
(CMNF-1500, CMNF-5000)
Used to suppress coax braid
RFI noise on RECEIVE!

CMNEF-500

Single Point Ground

Copyright Palomar-Engineers®, Inc., 2016-2020 Palomar-Engineers.com

Maxi-Choker™ (MC-1-3000)
Coax Feed Line Chokes—to o
keep RFI off coax braid on

X

TRANSMIT!

Where to Install
A Choke at antenna forTRANSMIT RFI
A Noise Filter at Antenna Switch RX RF
A Between Transceiver and Amplifier
A Single point ground system

Coax Noise Filter Comparisong,

Antenna S

itch Problem




" Coax N0|se Filter Comparison

Better Best

Palomar Engineers®
oax :mw F'EP
sa M zsos

hn'.s
Model ' CMNF 500

SnapOn Choke Ring Choke

Noise Filter
500-1000L, 1K2KLY 2K-6KIL}
¢ 036 5T EOQOO 23 036 51 E®®D 0306 51 EOO
SNO-1/25 JG 11500 CMNF-500-50

Criteria to Consider
A Adequate Choking Impedance (Z) > 500l

A Effective FrequencyRange where Z>50QL
A Sufficient Power Rating (PEP, Digital)

A Physical Size/Weight/Coax Diameter

Coax Noise Filters



Coax Noise Filter Spedtor stttz

of tohe bhesit Siaiciriets

On e

kept

B3 ol Hange = 5005000, 1204 159000 Mtz
15211
2 250 - T
s ) 200
1 ﬁ/ 150
3 —
&) 100 Driver Amgliude = 100%
=N P AL@I y IA@R CMNF-500-50 Coax Common Mode Hoise Filter ——
395 ENGINEERS e Reduces common mode noise on coax braid. FreqSiep =0.10
3 |
X RFI Solutions from KHz to GHz 00 1-61 MHz, 500 Watts PEP, up to —38dB Noise Suppression i Detay Offset = 0.000 s
mag= -3
1 5 KW Common Mode Noise Filter a8 Place in coax line near receiver input e
. | CMNF-1500HF
1500 Watts PEP, 1.8-60 MHz 00
L 1K-6KQ Choking Impedance
” Fr
5 KW v b Place in coax line at amplifier output to ~8a equency
reduce common mode noise (MHz)
20
Palomar-Engineers.com - a—e—e—el
150 00 250 £l 50 400 as 550 600 65.0

-40.0
a0
50.0. i
Common Mode
550
Moise Rejection (dB)
; Palomar Engineers® 0.0
Coax Noise Filter, 5SKW PEP
1-60 MHz, -38DB Rejection £5.0

Install at receiver - 50 ohms
Model # CMNF-500

75,0
Feb7.2020 16.04:2%

FREQ (5.0 MHz/dv)

a -38dB

€ 2015-2020 Palomar Engineers®, Inc.

Palomar-Engineers.com = .

60 MHz

FLES: (636A)
VHA WHF 6304 ZMAD STD Biue Cable
_vna_contig_1.clg

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

Y 036

Ol EO K

0

All

Now AC/DC Filters



eceive RFI Solution

Tip #5. Install AC/DC
Noise Filters

Lower NoiseFoor = Higher SNR = More DX!
How to select and ins ' for maximum effect

Goal Is to reduce m power supply



RFIc AC/DC Line Chokes

ftien

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

Touch Lamps use 2 F244/'5 Ringsz 12 Turns each Switching Power Supplies
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Switch Mode Power Supply Filters

SMPS acts as RFI
transmitter and uses
DC cable and AC
power line as its
OAT OAZdo#ité&ro
both lines

Wall Warts



