RFI Solutions for Hams

Find it — Cure it — Be happy!

Bob Brehm, AK6R
Chief Engineer
Palomar-Engineers.com
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Causing Neighborhood RFI?
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Recelving RFI from Neighborhood
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Figure 1 Block Diagram of On-Site Sources

QRM - High Noise Floor z Weak Signalsz NO DX z So Sad!



Learn fundamentals of RFI - symptoms, causes &

cures
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RFI

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

- How to solve transmitter RFI problems in your
neighborhood




RFI 101

Symptoms, Causes and Cures to make ham radio more
enjoyable
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What Is RFI?

- Radio Frequency Interference/Electromagnetic
Interference (RFI/EMI) z at radio frequencies
- 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,etc
- Common Victims
. 1TU AiI AAOOITEA AAOEAA AAOEIT C
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Got RFI Iin your shack/home?

- Symptomsz caused byyour transmitter or antenna

- Hot microphone z lip burns, distorted audio

" 2A01 AL O AFLOALEFAO Al 1 60 OO0 A

-Your voice/transmission causes interference with computer,
TV, Stereo/Home Theater system, security system, garage
door opener, microwave, telephone, DSL/cable
modems/router, fax machine, touch on/off lamps, flickering
lights, LED string lights, smoke/CO2 alarm, answering
machine, sprinkler system

Degradation of computer data throughput or loss of data ,
computer/internet stops working

- Wife Alarm goes off
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RFI Types that can be suppressed
- TRANSMITTER RFI

- An RFI symptom in your shack/home or your
| AECE AT Q&uéed Bylydurkadio transmitter,
feed line or antenna.

- RECEIVER REI

- An RFI problem caused by outside sourcesgffecting
your radio receiver (noise floor, periodic noise, etc)

RFI Contagious? How is it transferred?



P ST

How IS
RFI
Transferred?



SOURCE T PATH - VICTIM

Source

Coupling Path

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

Multiple paths are
very common:

Radiative - air
Conductive - wire
Inductive -wire
Capacitive - wire
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16080-60-40-30 meter transmittersz O, 1 T ACdines,
Phone lines, satellite/cable coax, long CAT5 cables, ham
antennas coax shield, antenna control/rotor cables, ™
story ground wires

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

. 20-6 meter transmitters 7 O 3 E |- §péafer wires, device
Interconnect cables, mic cables, short Cat cables

. FM Broadcast Receiver RRFOET OO0 OAkiI36fAdtT AO
long

- O!'T OAT1 AOG6 PEAE Ob 2&) AOOO-Z
common mode current) from SOURCE

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

L OAL OAI A0 FO A XEOA <XEOF
through it creating an electromagnetic field of radiation,
or conversely, a wire exposed to an electromagnetic field
iInduces 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=E/R)

- Typical solutions: Resonant trapsferrites, filters

Ferrites are your friend w
TS ¥
S We®




Ferrite Topologies (Shapes)

le & O »®

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

ACheap, easy to install, work on all ham frequencies

Anork on all conductive paths (antenna feed line, AC/DC, 1/O cables)

A ots of options in size, shape to fix most RFI path problems

ACan 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

% 5 Ideal 'Eductm Picture shows One Turn coil
through a snap on ferrite

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

Ve ~ ~ r o~

common mode current producing RFI
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Ferrite Z adds In series

L%, hesonunt wea 1070005 | BA-8SE (15 beads)  |” 25 e
' 2000 | 100
3.00 -+
275 = +
BA-SE (10 beads)
250 ~ +4
225 = +
2.00 1000 )50
1.50 +
B 4 BA-8 (5 beads) 1
1.00 27 4
Lz
. - + + + o
1.0 1.0 210 3o
FREQ (5.0 MHz)

wo- 4 More
beads =

Freq = 34.198
Freq Step = 0.100

Zref = 50,000

SWR = 19.606

Imag - 879.593
Phase = -26.123

Rho Mag=0.9029
s11= 0.9018 - j0.0453
% refl power = 81.5

higher
choking Z

Equivalent Circuit:
Rs = 789.746

Xs = -387.280
Q=05

Cs= 12017 pF
Rp = 979.662

Xp = -1997.740
Cp= 2330 pF

Gp = 0.001021
Bp = -0.000501

FILES: (preg 802A)

balun 2 fixture 1-60 mhz ccal ©
T _AIM_contig.cfg
~2000-1-.100
Feb 8,15 18:07:00 FC2 5 Bead IMAG 1-61 Mhz
Scen | Rescon Recycle |  PomtDeta | Limits | Scales | Ho Quit




W

Choking Z Increases with (turfs)

- lturn=~2Z
- 2turns =47
- 3turns=9 /27

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

--

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



Ferrite Mixes

Shield Bead 26xx540002
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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.
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Ferrite Mix SelectionChokes

Suppression Materials

1 10 100 1000
Frequency (MHz)
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How to buy Ferrites the wrong way

- No MIX Designation %/ 04

- No Impedance Range

BUY I

- 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
Common Mode Choke

Each Mix 31 bead provides:
71Q/5 MHz
1000/10 MHz
1560/25 MHz
2600/100 MHz
2600/250 MHz

Part # FSB31-1/2-25

www.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

How does this solution apply to your ham shack/home?



| RFI Proof your Radio
Room — RFIl in/RFl out
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- Eliminate/reduce RFI SOURCE
(transmitter, amplifier, feed line or antenna location)

- or

- Choke the PATH

. (coax feedline, AC power line)
- or
- Protect the VICTIM
- (filter inputs to victim)

How does that apply to your ham shack/home/neighbor?
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“Ham Shack RFI| Solutia
radiation from the source

JucCe

PICK YOUR RFI SOLUTION KIT
MY RADIO ROOM

ANTENNARFI RFl COMPUTER RF

POWER LINE RFI S S TRANSGEIVERRFI  NORSEREDUGTON

#1 RFI problem is antenna feed line radiation/noise pickugwhy?



Is your Dipole dripole?

- Coax outside braid as a
receiving antenna

. Coax outside braid as a
transmitting antenna

Center Insulator

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

GAntenna

RECEIVER

v
GROUND

From choked antenna feed point

to receiver, outside braid receives

OT T EOAd OAAEAOQEIT T ¢«
and neighborhood devices



RFI chokes/filters for feed line patr

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

EVERY coax feedline needs an RFI choke tuned for antenna frequency! Every rotor
control, antenna selector needs an RFI choket How to choosez OT OT ¥ AAIT O1



UNUN #1 (verticals, end feds)

Use 4:1 or 9:1
impedance
transformer
and feed line
choke below.

Style {UN} {UN}

{Unbalanced {Unbalanced

1 Output} Input}

Coax II‘] |:|]:|: Zout/Zin =
=1:1,1:10r

(Unbalanced =1:1

Z in)

Ground

Typical Use:
1:1 vertical feedline choke

1:2 Low Z antenna matcher
(250 to 500 coax)

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

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

Impedance Ratio = Qutput Impedance/input Impedance = Z2 out/Z In normalized to1 for 2 out or Zin
can be 1:1 (500 out : 5002 In Feedline Choke), < 1:1 (1:2 = 250 Out : 50Q In) or > 1:1 (2:1 = 1002 Out : 500 Input)

GENERIC
UNUN




UNUN #2 (coax In, coax out)

Typical Use:
Style {U N} {U N} 1:y1pltf'::gax ::edline choke
{Unbalanced {Unbalanced 1.5:1 75 ohm to 50 ohm
2 Output} Input} st inpocknosis>
Zout/Zin = Coax/Load Out
((Ij?:l)fallgnce d [I:I:[ <1:1>’11: :11 or :I:I:I:I (Unbalanced Z. out)
7. in) - coax

Impedance Ratio = Qutput Impedance/Input Impedance = Z out/Z In normalized to1 for Z out or Z in
can be 1:1 (502 out : 5022 In Feedline Choke), < 1:1 (1:2 = 250 Out : 50Q In) or > 1:1 (2:1 = 1000 Out : 500 Input)

GENERIC
UNUN

STYLE 2




ALUN (dipole, beam, loop)

{BAL} {UN}
{Balanced {Unbalanced
Output} Input}

L Antenna/Load Out
Coax In et
(Unbalanced I:I:II <1'1>’11. '11 & (Balanced Z out) -
Zin) ) Dipole

Impedance Ratio = Output Impedance/lnput Impedance = Z out/Z In normalized to1 for Z out or Z in
can be 1:1 (502 out : 5022 In Feedline Choke), < 1:1 (1:2 = 250 Out : 50Q In) or > 1:1 (2:1 = 10022 Out : 5002 Input)

@

GENERIC

BALUN ‘
STYLE1 : (_/\. STYLE 2 _--»O

GENERIC BALUN
GENERIC BALUN

STYLE3

Now some
practical
examples of feed
line chokes
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Picture: Ugly balunat7Mhzh Y& OOOT Oh n8iz20 AEAI AO
feet of coaxz ONLY effective for 22 ham bands since acts as a tuned
choke using L and C of coax



Sleeve Chokes (Snhap on)

.i Palomar Engineers Kit 105 1-1 Current Balun
i Snap Onfor RG58, 59, 8X - 1/4" cable
=
|

RGB8 j YTRnNde OEUAQ RGaYE¢ jYTao OEUAQ
150500 ohms 150500 ohms



Clamp On Choke (F&B) T




Sleeve Choke (Slip on)

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

Palomar BA-8 Balun on Beam Antenna (RG213)



Super Choker (400 Meters)

Custom Cals/ Imag AVG-
RaXs Phase
3000 | 100
: ; : ; rea= 1116
Super Choker 4010 i s
1:1, LSKW : : SwR - 851,918
i i Taeg - 9426
i : Phase = 89,86
— Choking Impedance : i mouesagn
; 150059 % refl power =995
i ; : i quivalent Circut
: H : H 023
H i 94 263
: : H H an
: : : : H 13,4396 un
— — : 3 mo
o —— i | = 134397 uH
i . 0010009
50 H 310
RE 0 MHz)
H i
©Palomar Engineers, 2014
www.Palomar-Engineers.com
150050
Super Choker 4010
10-11-12-15-20-30-40 meters Moy SO
WWW.Palomar-Engineers.com A soatig Ty
Jan 24,15 16:51:35 . ’ Super Choker 4010 5T Zmag 1-31 Mhz R

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



Min SWR = 73.50 @ 30.875 MHz

SWRS Resonant freq: 4.57372 , 4.63685
3.25 =

CUBE Chokes

Custom Calff

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

Feb 25 15 11:36:34

13.0 19.0
FREQ (2.0 MHz)

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

A

Palomar Engineers
Foed Linu Choks TU-1-SO
1.8-61 MHz, 1.5KW. 50 ohm
2= .5K-1.8K Ohms.

Min SWR = 22.14 @ 52.500 MHz Custom Cal: 0.100 to 180.300 MHz AVO= 4
SWR  Resonant freq: 6.45221 Zmag
S o C ) ED S 0 7 T o e Z600] 100
I |
! ] : TUBE Feed Line Choke TU-1/TB-1 Froq Step = 0100
PEZ : 1-61 MHz, 1.5KW PEP, 50 ohm In/out i
Choking Impedance 500-1800 ohms SWR = 42183
2.50 ; : : 7mag = 674.184
: ] : Phase = 71258
2.25 : ; : Rho Mag=0.9537
i ] : 511= 0.9443 + J0.1336
. ' H % refl power =
2004 2 : i 10081~ 50 DC Voltage = 1
1.75 - : ; ; Equivalent Circuit:
i ] ; Rs = 216.627
i E E - Xs = 638.433
1.50 5 ’ Q=29
i : Ls= 861493 uH d .
1.26+ Rp = 2098.191 Me |U| I l
i : ; Xp= 711.937
100 96.0678 uH C h k. o
s | . | . S OKINg 1 up
10 i TR 21.0 310 4.0 51.0 61.0
FREQ (5.0 MHZ/div) to 3 KW P E P
1008} -50
choke, beam
s o b e L © 2015 Palomar Engineers, Inc. D 2008l -100

Dec 22, 2015 12:07:40

www.Palomar-Engineers.com

FILES: (prog 910A)
Palomar ZMAG Fixture 180 Mhz acal
_AIM_1250x900.cfg



RFI Chokes for Transmitters/AMP

- Transmitter z Amplifier RFI suppression

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

. AC power Lines

. DC Power lines

. RF connections

. Computer interconnects

. Examples on next slides

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



RFI Kit Transcelvers

/

Palomar Engineers Kenwood

TS570, TS590, TS2000 RFI Kit

13 pin Din
Choke

DC Line
Choke

Relay Cable
Choke
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Ampllfler RFIKlts aII brands

Alpha, Ameritron , Amp Supply, B&W, Collins, Command, Drake Gonset, Hallicrafters,
Hammarlund, Heathkit, Henry, Hunter, Ilcom, Kenwood, Palomar,Palstar, QRO, SBE,
SWAN, Ten Tec, TokyeHy-Power, Yaesu



RFI Kits Amplifiers

Palomar Engineers Ameritron
Amp RFI Kit

AC Line
Choke
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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 & fultiple turns, easy to install

- Example pictures



AC Line Chokes

OAI T T AO &anl Y8819 F¥as8no/ $qQ #E
meters, Z = 25K range depending on frequency



