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Topics ςPart 2

ÅTripole

ÅRisk of Installing a Balun

ÅHow to Reduce Common Mode currents

ÅHow to Build Current Baluns & Chokes
ÅTransmission Line Transformers (TLT)

ÅExamples of Current Chokes

ÅFerrite & Powdered Iron (Iron Powder) Suppliers



1. Balanced to Unbalanced signal mismatch

2. Asymmetry in antenna system

3. Pickup from external RF field

Sources of Common Mode Current



Tripole



Skin Effect

ÅSkin effect:
ÅRF currents flow near the outer surface of a conductor

ÅThe cause of Skin Effect is electromagnetic induction
Å/ŀƴ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ

ÅSkin depth = d
ÅThe higher the frequency, the smaller the skin depth

ÅExample (copper):
ÅAt 14 MHz skin depth = 0.7 microinch

ÅTypical coax shield      = 20 microinch



Differential RF Current Flow In A Coaxial Cable

Center Conductor Å All fields are contained between the shield and the center conductor
Å No radiationoutside of an ideal cable

Å Due to skin effect, Differential RF current flows:
Å On the outside of the center conductor, and
Å On the inside of the shield
Å No current on the outside of the shield

No current flow
Shield
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Common Mode RF Current Flow In A Coaxial Cable

Å Common Mode RF current flows on the outsideof the shield
Å Radiation occurs

Common Mode Current
No current flow

I I



Balanced Dipole Fed With Balanced Line
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Balanced Source

Balanced Line

Balanced Antenna
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Dipole Fed With Coax Without Balun

V

Unbalanced Source

Unbalanced Line

Balanced Antenna
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Dipole Fed With Coax Without Balun ςŎƻƴǘΩŘ

L = ? ft

Tripole

V

Unbalanced Source

ICM



What Is a Tripole?

Å! ŎƻŀȄƛŀƭ ŎŀōƭŜ ŎƻƴƴŜŎǘŜŘ ŘƛǊŜŎǘƭȅ ǘƻ ŀ ƘŀƭŦ ǿŀǾŜ ŘƛǇƻƭŜ Ґ ά¢ǊƛǇƻƭŜέ 

Å Due to skin effect:
Å Differential RF current:

Å Flows only :
Å On the outside of the center conductor
Å On the inside of the shield

Å Sees three conductors when it reaches the dipole
1) Left dipole element
2) Right dipole element
3) Outsideof the shield

Å Current splits into ID & ICM

Å The Common Mode Impedance of the shield = ZCM

Å ZCM is a function of:
Å Frequency
Å Length of the coaxial cable
Å How the cable is terminated at the transmitter
Å Location of RF ground
Å RF characteristics of the ground

Shield

ID = I- ICM

ZCM

ICM
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ÅRF impedance of a short wire conductor is usually inductance + resistance
ÅShort is < 1/10 wavelength

ÅRF impedance of a long wire conductor is a function of:
ÅFrequency

ÅSize

ÅLength

ÅTermination impedance

Å1/4linverts Z
Å1/4lvertical antenna => Z = 32 ohms

Å1/2lreplicates Z
ÅEnd fed 1/2lantenna => Z > 2000 ohms

RF Impedance of a Conductor

Z=Hi

L=1/2l

Z=Low

Z=Hi

L=1/4l

Z=LowZ



Circuit Models for Balun/Choke

Ideal
Balun

Choke

ZChoke= RChoke+ jXChoke

I

I

ZChoke ICM

ILoad= I - ICM

I ICM

Circuit model for Balun and Coax Shield Simplified circuit model for Balun

ICM



Dipole With a Balun

Shield

ID1 = I

I

I

ID2 = I

ICM = 0

Inside
Shield

ID1= I
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ID2 = I - ICM

ICM = I ςID2
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Dipole With Real Balun ςŎƻƴǘΩŘ

ZChoke

RChoke

jXChoke

ID1

I

ID2

Ideal
Balun
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ZCM

ICM = ?

ICM = ?

Only recently has the importance 
of ZCM been understood.
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Dipole With Real Balun ςŎƻƴǘΩŘ

ZChoke
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Dipole With a Balun ςTwo Ideal Cases

ZChoke

RChoke

jXChoke

ID1

I

ID2

Ideal
Balun

RCM

jXCM

ID1
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Ideal
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ZCM

ICM = 0 ICM = 0

ZANT

High ZCM High ZCHOKE
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Risk of Installing a Balun



1. LŦ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ŀ /ƻƳƳƻƴ aƻŘŜ /ǳǊǊŜƴǘ ǇǊƻōƭŜƳΣ ƛƴǎǘŀƭƭƛƴƎ ŀ .ŀƭǳƴ 
may create one, or make an existing one worse
ÅCommon Mode current problems can be hard to identify

2. Failure of the Balun due to overheating

3. Increased InterModulation Distortion (IMD) on transmit signal

Risks of Installing a Balun



ÅResonance occurs when XCMcancels XChoke

ÅICM is limited only by RCM+ RChoke

Unwanted SystemResonance

ZCM

ICM

RCM

RChoke ZChoke

+jXCM

-jXChoke

When:
XChoke= - XCMand

(RChoke+ RCM) << RD2 

ICM= I and
ID2 = 0                  

RD2

Ideal
Balun

ID1
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ID2

I

ID1
ID2

RD1

Tripole



Unwanted SystemResonance ςŎƻƴǘΩŘ

ÅAt 27 MHz  =>  ZMAG= 112 Kohms
Å If ZCM = -317.923 ohms @ 7.1156 MHz  =>   ZMAG= 3.8 ohms

6.8 uH Choke



Common Mode Impedance of a Coaxial Cable Shield

ÅZCM is:
ÅVery dependent upon:
ÅLength and size of the cable

ÅLocation and impedance of the RFground

ÅNot easily measured

ÅEZNEC cannot model Common Mode Currents on a transmission line



To Use EZNEC To RoughlyEstimate ICM: Tom Thompson (W0IVJ) 

I3

I2

Transmitter
Chassis

ÅImportant assumptions:
1. Perfect RFground

2. RFground at known location

3. No Balun

4. Source moved up to antenna feed point

5. Transmission line replaced with a wire



Example of Tripole Common Mode Current: Tom Thompson (W0IVJ)

Å40 M halfwave Dipole with halfwave wire for feed line

ÅNo Balun

ÅTx power = 1500 W

ÅFeedline NOTgrounded

This is a dipole!

IANT2 = 4.6A

ICM = 0.3A

IANT1 = 4.7A



Example of Tripole Common Mode Current -ŎƻƴǘΩŘ

Å40 M halfwave Dipole with halfwave wire for feed line

ÅNo Balun

ÅTx power = 1500 W

ÅFeedline grounded IANT2 = 0.5A

ICM = 5.9A

IANT1 = 6.4A



Example of Tripole Common Mode Current -ŎƻƴǘΩŘ

Å40 M halfwave Dipole with halfwave wire for feed line

ÅNo Balun

ÅTx power = 1500 W

ÅFeedline grounded

This is an inverted L antenna, not a dipole!

IANT2 = 0.5A

ICM = 5.9A

IANT1 = 6.4A



Importance of Transmission Line Length : Tom Thompson (W0IVJ)



Importance of Transmission Line Length ςŎƻƴǘΩŘ

ÅHow long should a transmission line be to minimize ICM ?
ÅNote: length is physical length (x 0.98) to RFground

ÅNo Balun: 
ÅMonoband antennas:
ÅUse odd multiple of ¼ wavelength

ÅMultiband antennas: There may be no one length that is good for all bands

ÅWith Balun: ???
ÅChose a length that will avoid resonance

Å{ƻƳŜ ά9ȄǇŜǊǘǎέ ǊŜŎƻƳƳŜƴŘ ƳǳƭǘƛǇƭŜ ƻŦ ѹ ǿŀǾŜƭŜƴƎǘƘ
ÅThis seems like the worst choice to me => Use odd multiple of ¼ wavelength



ÅBottom line: it can be hard to predictwhat a Balun will do in any system
ÅOption 1: Install a Balun/Choke and hope it is helping and not overheating

ÅOption 2: Measure Common Mode Current with and without a Balun
ÅMust measure current on outsideof coax shield (not the Differential Current)

ÅMaking the measurement inside the shack may give erroneous reading

ÅOption 3: Monitor temperature rise of Balun/Choke during transmit
Å! ŎƘƻƪŜ Ƴŀȅ ōŜ Ŏƻƻƭ ōŜŎŀǳǎŜ ƛǘ ƛǎƴΩǘ ŘƻƛƴƎ ŀƴȅǘƘƛƴƎ

Options When Installing a Balun

Coax

ICM

? Shack
Roy Lewallen

W7EL
ά.ŀƭǳƴǎΥ Χέ



Common Mode Currents Can Be Generated By External RF

Rx

RF

ÅA Balun also reduces Common Mode 
current due to external RF fields
Å Some claim 1 to 5 S unit noise reduction

ÅSome claim that an additional Current 
Choke is required at the station to:
Å Reduce interference in the receiver => ??
Å No documentation found showing  

when this is a problem
Å Reduce Common Mode Currents caused 

by asymmetrical coupling to the line
Å No documentation found showing  

when this is a problem

X

I3

I2

Balun

X
Choke?



Where Should Baluns/Chokes Be Placed

ÅStart with a Balun at the antenna

ÅA Common Mode Choke at the transmitter?
ÅNo analytical or empirical justification found

Å/ƻƳƳƻƴ aƻŘŜ /ƘƻƪŜǎ ŀǎ ά9ƎƎ LƴǎǳƭŀǘƻǊǎέ ŜǾŜǊȅ ѻ ǿŀǾŜƭŜƴƎǘƘΚ
ÅNo analytical or empirical justification found

ÅUse many chokes in series to increase net impedance (ie, CMMR)?
ÅPoint of diminishing returns
ÅExample: ZChoke= 10,000 Kohm  & ZCM = 100 ohm 

CMMR

Å1st choke   =>  40 dB

Å2nd choke  =>  46 dB

Å3rd choke =>  50 dB



Overheating

ÅTwo Sources with Transmission Line Transformers (TLTs):
1. Coaxial Transmission Line loss
ÅPower spec based upon open-air applications (not enclosed in a box)

ÅDeformation (coiled & hot) => degraded performance => failure (high SWR or short)
ÅMinimum bend radius

ÅThis is what balun ƳŦƎΩǎpower specs are based on

2.   Core loss
ÅVoltage Balun: both Common Mode andDifferential Mode currents heat the core

ÅCurrent Balun: only the Common Mode current heats the core

ÅHeating increases with increasing permeability (ie, core loss)

Å¢Ƙƛǎ ǇƻǿŜǊ ƭƛƳƛǘ ƛǎ ƴŜǾŜǊ ǎǇŜŎΩŘ ōȅ mfgsand is usually the important limitation

ÅTwo sources of overheating:
ÅFrom resonance with a reactive choke

ÅWith a resistive choke with insufficient resistance 



Overheating ςŎƻƴǘΩŘ

ÅDifficult to remove heat from a small enclosed box & and from ferrites
ÅNo air flow

ÅNo heat sinking options

ÅLow thermal conductivity of ferrites & powdered iron



Power Dissipation ςJack Lau W1VT

Worst Case Example: using an 80 M dipole on 20 M

ZCM

Jan/Feb 2004 QEX:
aŀȄ tƻǿŜǊ 5ƛǎǎƛǇŀǘƛƻƴ ŦƻǊ нέ ŎƻǊŜ Ϥ 4 Watts

1KW1KW

ZCM



Power Dissipation ςJack Lau W1VT

Jan/Feb 2004 QEX:
aŀȄ tƻǿŜǊ 5ƛǎǎƛǇŀǘƛƻƴ ŦƻǊ нέ ŎƻǊŜ Ϥ 4 Watts

Worst Case Example: using an 80 M dipole on 20 M

ZCM

1KW1KW

ZCM

Note: Even well balanced antennas can have high Common Mode currents!
¢Ƙƛǎ ŦŀŎǘ ƛǎ ƳƛǎǎŜŘ ōȅ Ƴŀƴȅ ά9ȄǇŜǊǘǎέΦ



Intermodulation Distortion

ÅFerrites are non-linear components
ÅThey can generate IMD just like an

overdriven amplifier

ÅHard to know when this is occurring

ÅAvoid operating near saturation!
ÅThermal run-away

https://en.wikipedia.org/wiki/File:Magnetization_curves.svg


Building CurrentBaluns & Chokes



Types of Common Mode Current Chokes

ÅInductively Coupled Air Core Coils
ÅRarely used today

ÅPowdered iron

ÅFerrite

ÅFerrite Sleeved Coax Baluns

Å/ƻƛƭŜŘ /ƻŀȄ ά¦Ǝƭȅέ .ŀƭǳƴǎ 

ÅTransmission Line Transformer (TLT) Baluns



Design Goals for Common Mode Current Chokes

ÅHigh Common Mode impedance
ÅAt least 500 ohms (>5 Kohms recommended)

ÅResistive vs Reactive?
ÅResistive is better is you can get the impedance high enough (ie, no overheating)

ÅLow Differential Mode SWR & loss

ÅAdequate power limits
ÅDifferential Mode (easy)

ÅCommon Mode (difficult design problem)

ÅDesired frequency range

ÅOptimized bandwidth
ÅWideband vs. narrowband

ÅOptimized SRF



How Common Mode Current Chokes Work

ÅDifferential Mode signal only sees the coax
ÅCoiling the coax has no effect
ÅTypical:
ÅSWR < 1.1:1
ÅLoss  < 0.1 dB
ÅBandwidth (depends on coax)

ÅCommon Mode signal only sees the choke
ÅCommon Mode impedance is a function of:
ÅNumber of turns
ÅCoil dimensions
ÅFrequency
Å/ƻǊŜ ƳŜŘƛŀ όŦŜǊǊƛǘŜΣ ŀƛǊΣ Χύ



Choke Impedance Performance Claims

ÅBe careful!

ÅSome charts of performance can be misleading
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Choke Impedance Performance Claims

ÅBe careful

ÅSome Charts of performance can be misleading
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Powdered Iron

ÅLow permeability = u = how much inductance per turn)
ÅVery low loss (ie, hi Q = narrowband)
ÅLess heating of the core

ÅImpedance is mostly inductive reactance

ÅVery low Z/turn

ÅRarely used for Baluns/Chokes
ÅCommonly used for high Q inductors

ÅExample:
ÅTo get ~20 uH on T50-6 (u=8) requires ~50 turns
ÅNo way to get this many turns of coax around even the largest core available

ÅFerrite cores would only require 4-6 turns

ÅImpedance at 10 MHz:
ÅResistance: only 45 ohms

ÅInductive reactance: 1300 ohms



Ferrites

ÅWide range of permeability (u)
ÅMix:
ÅάомέΥ ǳҐмрлл   άооέΥ ǳҐслл     άпоέΥ ǳҐулл    άсмέΥ ǳҐмнр    άттέΥ ǳҐнллл

ÅImpedance examples ( 10 turns around a 2.4 inch core):

Type 43 Type 61

ZMAG

R
X



Ferrite Sleeved Current Chokes

ÅFerrite beads over coax
ÅThese chokes are 1:1 UNUNs

ÅMostly resistive impedance
ÅNo system resonance risk

ÅLow Q (wideband)

ÅDifficult to achieve sufficient choking impedance
ÅNo n2 multiplier as with coils

ÅMay need to use more than 100 beads

ÅHistory of failures from overheating
Åά²н5¦ ŘŜǎƛƎƴ ƻǾŜǊƘŜŀǘǎ ŀǘ рлл²έ

ÅSimple to build but not necessarily cheap
ÅComtek uses 100 beads ($130 )

http://palomar-engineers.com/antenna-products/1-1-balun-kits/slip-on-sleeve-baluns


Ferrite Sleeved Current Chokes ςŎƻƴǘΩŘ

ÅHomebrew Sleeved choke performance
ÅMax Impedance < 800 ohms

ÅMostly resistive

Loss < 0.05 dB

SWR < 1.08:1


