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Topics; Part 2

ATripole
ARisk of Installing a Balun
AHow to Reduce Common Mode currents

AHow to Build Current Baluns & Chokes
ATransmission Line Transformers (TLT)
AExamples of Current Chokes
AFerrite & Powdered Iron (Iron Powder) Suppliers



Sources of Common Mode Current

1. Balanced to Unbalanced signal mismatch
2. Asymmetry in antenna system
3. Pickup from external RF field



Tripole



Skin Effect
ASkin effect:

ARF currents flow near the outer surface of a conductor £
AThe cause of Skin Effect is electromagnetic induction \

Al'ly 0SS SELXIFIAYSR o6& al EgS
A Skin depth =

A The higher the frequency, the smaller the skin depth
AExample (copper):

A At 14 MHz skin depth = Oridicroinch

A Typical coax shield = @@croinch
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Differential RF Current Flow In A Coaxial Cable

A All fields are contained between the shield and the center conductor
A No radiationoutside of an ideal cable
A Due to skin effect, Differential RF current flows:
A On the outside of the center conductor, and
A On the inside of the shield
A No current on the outside of the shield

Center Conducto

Shield
No current flow



Common Mode RF Current Flow In A Coaxial Cable

A Common Mode RF current flows on thaetsideof the shield

A Radiation occurs

Common Mode Current

No current flow



Balanced Dipole Fed With Balanced Line

Balanced Antenna

Balanced Line

Balanced Source



Dipole Fed With Coax Without Balun

Balanced Antenna

Unbalanced Line

Unbalanced Source



Dipole Fed With Coax WithoutBap® 2 vy 1 QR

Tripole

Unbalanced Source



What Is a Tripole?

e
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A Due to skin effect:
A Differential RF current:
A Flows only :
A On the outside of the center conductor
A On the inside of the shield
A Sees three conductors when it reaches the dipole
1) Left dipole element
2) Right dipole element
3) Outsideof the shield
Zens A Current splits intod & Iy,
A The Common Mode Impedance of the shield-5
A Z.,is a function of:
A Frequency
Shield A Length of the coaxial cable
A How the cable is terminated at the transmitter
A Location of RF ground

A RF characteristics of the ground




RF Impedance of a Conductor

ARF impedance of a short wire conductor is usually inductance + resist:
AShort is < 1/10 wavelength

ARF impedance of a long wire conductor IS a function ofZ G Z=Low

AFrequency
——

ALength : =

ATermination impedance— |
A1/41 inverts Z =

A1/4] vertical antenna => Z = 32 ohms

A1/2| replicates Z L=1/2
AEnd fed 1/2 antenna => Z > 2000 ohms

Z=Low Z=Hi




Circuit Models for Balun/Choke

Circuit model for Balun and Coax Shield Simplified circuit model for Balun
(zenerator
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Dipole With a Balun

|deal Balun Real Balun

Inside
Shield



Dipole With Real BalgO 2 y &1 QR

jXChoke
F%:hoke

Inside
Shield
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Outside
Shield

Only recently has the importance
of Z\,been understood.



Dipole With Real BalgO 2 y &1 QR
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Dipole With a BalugTwo Ideal Cases

High £, High Zoke




Risk of Installing a Balun



Risks of Installing a Balun

1.LT @2dz R2y Qi KIFIGS | [/ 2YY2Yy az2R
may create one, or make an existing one worse
ACommon Mode current problems can be hard to identify

2. Fallure of the Balun due to overheating
3. Increased InterModulation Distortion (IMD) on transmit signal



UnwantedSystenResonance

AResonance occurs whegycancels X ..
Al is limited only by B+ Rpoke

Tripole
o1, I.D.1> . I.D.2> o
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Common Mode Impedance of a Coaxial Cable Shield

AZ\,is:
AVery dependent upon:
A Length and size of the cable
A Location and impedance of tiRFground

ANot easily measured
AEZNEC cannot model Common Mode Currents on a transmission line




To Use EZNECRoughhEstimate d,; Tom Thompson (WO0IVJ)

Almportant assumptions:

1. PerfectRFground
2. RFground at known location 11 14=12-13 11 14
3. No Balun — — —— oy
4. Source moved up to antenna feed point @7
5. Transmission line replaced with a wire :

11 I3 13

' Transmitter
Chassis




Example of Tripole Common Mode Current. Tom Thompson (WOIVJ

A40 M halfwave Dipole withalfwave wire for feed line

ANo Balun
ATx power = 1500 W
: oz
AFeedlineNOTgrounded DpsteLeaimax=ash B = ATA s 46A

N

=4

FeedLine; Imax=0.3 A
3

ley= 0.3A

= = = -

This is a dipole!

@Point Impedance = 70D

40 meter dipole with ~1/2 wl feedline ~1/2 wl above perfect
ground. Feedline is NOT grounded. —



Example of Tripole Common Mode Curredt2 V' (1 QR

A40 M halfwave Dipole withalfwave wire for feed line

ANo Balun

ATx power = 1500 W

AFeedlinegrounded pile o 2l =15 X Vil o 6.4A

| .\ Dipole Leg 1; Imax = 6.4 A
‘\ N

~ \

) \| Feedline; Imax=5.9 A
13
/
{

@int impedance = 3@

40 meter dipole with ~1/2 wl feedline ~1/2 wl above perfect
ground. Feedline IS grounded at transmitter end.




Example of Tripole Common Mode Curredt2 V' (1 QR

A40 M halfwave Dipole withalfwave wire for feed line

ANo Balun

ATx power = 1500 W

AFeedlinegrounded SR Y o 64A L= 05A

\ % " Dipole Leg 1; Imax = 6.4 A
‘ MR
1

“/\ \ I

\| Feedline; Imax=5.9 A -
) | low=5.9A

This is an inverted L antenna, not a dipole!

@int impedance = 3@

40 meter dipole with ~1/2 wl feedline ~1/2 wl above perfect
ground. Feedline IS grounded at transmitter end.



Importance of Transmission Line Length : Tom Thompson (WO0IVJ)

6

5 Dipole Leg Current Imbalance and Feed Line Common Mode Current
Feed Line Grounded at the Transmitter End

4

—— 'Dipole_Leg_Current _Imbalance'’
—8— Feed_Line_Common_Mode_Current

N

—

Current (Amps)
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0.6 0.8 1:0 1.2
Approximate Feed Line Length (WavelLengths)



Importance of Transmission Line Leng2 y (1 QR

AHow long should a transmission line be to minimizg?
ANote: length is physical length (x 0.98)RFground

ANo Balun

A Monoband antennas:
A Use odd multiple of ¥ wavelength
A Multiband antennas: There may be no one length that is good for all bands
AWith Balun ???
A Chose a length that will avoid resonance
A{2YS G9ELISNIAaAEd NBO2YYSYR YdzAf GALX S 27
A This seems like the worst choice to me => Use odd multiple of ¥ wavelength



Options When Installing a Balun

ABottom line: it can be hard tpredictwhat a Balun will do in any system
AOption 1: Install a Balun/Choke and hope it is helping and not overheating

AOption 2: Measure Common Mode Current with and without a Balun
A Must measure current oputsideof coax shield (not the Differential Current)

T
Roy Lewallen lem= |
WT7EL - ) 2 o> | Shack
a. It dzy aFle-—)'éusntPObe >
1

1
1
1
| 1
1 1
aaaaaaaaaaaa - 1 J— !
H — 1 !
o DVM (10 Megohm input resistance) — 1 : !
- 1 :
Fig. 13 — Detector.

A Making the measurement inside the shack may give erroneous reading
AOption 3: Monitor temperature rise of Balun/Choke during transmit
Al OK21S YlIeé 06S 022t 0SOFdzaS Al AayQi



Common Mode Currents Can Be Generated By External RF

A A Balun also reduces Common Mode

11 14=12-13 current due to external RF fields
A Some claim 1 to 5 S unit noise reduction

@I_S Balun A Some claim that an additional Current
: Choke is required at the station to:
= A Reduce interference in the receiver => ??
l R F A No documentation found showing
when this is a problem
A Reduce Common Mode Currents caused
by asymmetrical coupling to the line

A No documentation found showing
when this is a problem




Where Should Baluns/Chokes Be Placed

AStart with a Balun at the antenna

AA Common Mode Choke at the transmitter?
ANo analytical or empirical justification found

Al 2YY2Y az2RS [/ K21Sa lFa &a933 LyYadz
ANo analytical or empirical justification found

AUse many chokes in series to increase net impedance (ie, CMMR

APoint of diminishing returns

A Example: .= 10,000 Kohm &= 100 ohm
CMMR
A 1stchoke => 40 dB
A 2rdchoke => 46 dB
A 3rd choke => 50 dB



Overheating

ATwo Sources with Transmission Line Transformers (TLTS):

1. Coaxial Transmission Line loss
A Power spec based upon opair applications (not enclosed in a box)
A Deformation (coiled & hot) => degraded performance => failure (high SWR or sho
A Minimum bend radius
A This is what baluly ¥ Fo@r specs are based on
2. Core loss
A Voltage Balun: both Common Moded Differential Mode currents heat the core
A Current Balun: only the Common Mode current heats the core
A Heating increases with increasing permeability (ie, core loss)
AcC KA a LI26SNI f AY infgsahdis ugusligtBeNinpdrials iri2dRiono &
A Two sources of overheating:

A From resonance with a reactive choke
A With a resistive choke with insufficient resistance



OverheatingO 2 y U QR

ADifficult to remove heat from a small enclosed box & and from ferrites
ANo air flow
ANo heat sinking options
ALow thermal conductivity of ferrites & powdered iron



Power DissipatiogJack Lau W1VT

L QEX Jan_2004_p35-58.0df - Adobe Reader - X
File Edit View

Worst Case Example: using an 80 M dipole on 2

A high-impedance antenna and a low-impedance pathl Jan/Feb 2004 QEX

shield. The applied power is 1-kW at 14.0 MHz.

t 24 SNJ 5A3aaAi dwatk

Balun Shield Current Balun Loss
M (A) (W} (dB)
1000 Q 0.5 253 1.3
2000 Q 0.3 211 1.0
4000 O 0.2 144 0.7
10000 2 0.08 72 0.3
20000 &2 0.04 39 0.2
W2DU bead . .
balun 1KW <« -—> 1Kw
1300 —-j400 0.44 258 1.3 . .
6t RG-213 2 s
4-1/4" dia 0.74 3 0.01 . .
6+ /514 40:.7.‘..‘.
12t RG-213
4-1/4" dia 0.14 9 0.04
449 + 5833
12t RG-213
@7.00MHz Zem
5 + j561 Q.72 2.6 0.01
12t RG-213
@28.00MHz 1.34 54 0.2
30 —j482 —




Power DissipatiogJack Lau W1VT

L QEX Jan_2004_p35-58.0df - Adobe Reader - X
File Edit View

x

Worst Case Example: using an 80 M dipole on 2

Note: Even well balanced antennas can have high Common Mode curr htg!
¢KA&d FFLOG A& YAaaSR o0& Ylye aQEAN

I fillasign . Comment

1000 @ 0.5 253 1.3

2000 Q 0.3 211 1.0

4000 © 0.2 144 07

10000 £ 0.08 72 03

20000 Q 0.04 39 02

W2DU bead . .

balun 1KW «—: -—> 1 Kw
1300 —400 0.44 258 1.3 2 s

6t RG-213 2 s

4-1/4" dia 0.74 3 0.01 . .

6+ /514 40:.7.‘..‘.
12t RG-213

4-1/4” dia 0.14 9 004

449 + 5833

12t RG-213

@7.00MHz Zem
6 + /561 0.72 26 0.0

12t RG-213

@28.00MHz 1.34 54 02

30 —jag2 —

([ wgd [p3 x3 o~



Intermodulation Distortion

AFerrites are nodinear components 2.0+
AThey can generate IMD just like an 1 ) R
overdriven amplifier . — ]
AHard to know when this is occurring . ]
AAvoid operating near saturation! g
AThermal runaway E 1 ]
o

0 20 40 60 BO 100 120 140 160
H field, ampere-turns / inch



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

BuildingCurrentBaluns & Chokes




Types of Common Mode Current Chokes

Alnductively Coupled Air Core Coils
ARarely used today

APowdered iron

AFerrite
AFerrite Sleeved Coax Baluns
Al 2Af SR /2FE a!'3fté&é¢ .| fdzya

ATransmission Line Transformer (TLT) Baluns



Design Goals for Common Mode Current Chokes

AHigh Common Mode impedance
A At least 500 ohms (>5 Kohms recommended)

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

ALow Differential Mode SWR & loss

AAdequate power limits
A Differential Mode (easy)
ACommon Mode (difficult design problem)

ADesired frequency range

AOptimized bandwidth
AWideband vs. narrowband

AOptimized SRF



How Common Mode Current Chokes Work

Fig c - outer conductor connected

to same place via choke

A Differential Mode signal only sees the coa
A Coiling the coax has no effect
A Typical:
A SWR<1.1:1
A Loss <0.1dB
A Bandwidth (depends on coax)

A Common Mode signal only sees the choke

A Common Mode impedance is a function of
A Number of turns
A Coil dimensions
A Frequency
Al 2NB5 YSRAIF OFSNNAGS



Choke Impedance Performance Claims

ABe careful!
ASome charts of performance can be misleading

6.8 uH Choke #1 6.8 uH Choke #2

Zmag Zmag

10000 10000
8000
Ohms %% Ohms
4000
2000
10 20 30 40 50

0 0 5 10 15 20 25 30 35 40 45 50

MHz MHz



Choke Impedance Performance Claims

ABe careful
ASome Charts of performance can be misleading

Same 6.8 uH Choke

Zmag Zmag
10000 10000
8000 \
1K
Ohms ©0% Ohms
100
4000
2000 10

0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 45 50
MHz MHz



Powdered Iron

ALow permeability = u = how much inductance per turn)

AVery low loss (ie, hi Q = narrowband)
A Less heating of the core
A lmpedance is mostly inductive reactance

AVery low Z/turn

ARarely used for Baluns/Chokes
ACommonly used for high Q inductors

AExample:

ATo get ~20 uH on T5®(u=8) requires ~50 turns
A No way to get this many turns of coax around even the largest core available
A Ferrite cores would only require@turns

Almpedance at 10 MHz:

A Resistance: only 45 ohms
A Inductive reactance: 1300 ohms



Ferrites

AWide range of permeability (u)
AMix:
AdoméY dzZl mp nn GooéY dzZl c nn G n

Almpedance examples ( 10 turns around a 2.4 inch core):
Type 43 Type 61
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Settling Time= 2 as g
Treand= 0

Line Extensio
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Freq Step = 0.1000

20.839 1 T
% refl power =959

T |
0-00MHz 0-00MHz 10.00 20.00 30.00

FREQ (2 00 MHz/div)

Equivalent Circuit 1 -+
Rs = 4138 479
Xs = 1575270

1 1 Q=04

Ls= 24.3051uH
T 5000 Rp = 4738.089 -
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FILES:(5468)
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SWR =644 238
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% refl power =99.4

Equivalent Circuit.
Rs = 574 405
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Ls = 426833 uH
Rp = 32012 492
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Ferrite Sleeved Current Chokes

AFerrite beads over coax
AThese chokes are 1:1 UNUNSs

AMostly resistive impedance

ANo system resonance risk
ALow Q (wideband)
ADifficult to achieve sufficient choking impedance

A No r? multiplier as with coils
A May need to use more than 100 beads
Unadilla Antenna Mfg. Co.

AHistory of failures from overheating W2AU BALUN

Aad2nu5! RSaA3IYy 20SNKSlIGa Fu pann?

ASimple to build but not necessarily cheap '
AComtek uses 100 beads ($130)

American Radio Supply

www.goZ2ars.com


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

Ferrite Sleeved Current Choke® 2 vy i1 QR

AHomebrew Sleeved choke performance
AMax Impedance < 800 ohms SWR < 1.08:1
AMostly resistive
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