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Topics —Part 2

* Tripole
* Risk of Installing a Balun
e How to Reduce Common Mode currents

* How to Build Current Baluns & Chokes
* Transmission Line Transformers (TLT)
* Examples of Current Chokes
* Ferrite & 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

e Skin effect:

* RF currents flow near the outer surface of a conductor
* The cause of Skin Effect is electromagnetic induction
e Can be explained by Maxwell’s equations
 Skin depth =96 5=/ wrran
* The higher the frequency, the smaller the skin depth
* Example (copper):
e At 14 MHz skin depth = 0.7 microinch
* Typical coax shield =20 microinch




Differential RF Current Flow In A Coaxial Cable

Center Conductor e All fields are contained between the shield and the center conductor

* No radiation outside of an ideal cable

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

Shield
No current flow



Common Mode RF Current Flow In A Coaxial Cable

e Common Mode RF current flows on the outside of the shield
 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 Without Balun — cont’d

Tripole

Unbalanced Source



What Is a Tripole?

* A coaxial cable connected directly to a half wave dipole = “Tripole”

* Due to skin effect:
l.=1-1 « Differential RF current:
p~'"lem

— * Flowsonly:
* On the outside of the center conductor

* Ontheinside of the shield
............... * Sees three conductors when it reaches the dipole
1) Left dipole element
2) Right dipole element
3) Outside of the shield

| 1
c™m
l' Zew *  Current splits into I & Iy,

* The Common Mode Impedance of the shield = Z,,
* Z.is afunction of:
* Frequency
* Length of the coaxial cable
* How the cable is terminated at the transmitter
* Location of RF ground
* RF characteristics of the ground




RF Impedance of a Conductor

* RF impedance of a short wire conductor is usually inductance + resistance
* Short is < 1/10 wavelength

* RF impedance of a long wire conductor is a function of: , _
+ Frequency Z Z=Hi  Z=low
* Size R lt=1/4x
* Length B =
 Termination impedance\_
e 1/4\ inverts Z =

* 1/4) vertical antenna =>7Z =32 ohms

* 1/2)\ replicates Z L=1/2)
* End fed 1/2A antenna =>Z > 2000 ohms

Z=Low Z=Hi




Circuit Models for Balun/Choke

Circuit model for Balun and Coax Shield

(Generator
\_J
En+Fr Bp—Er 2
7 7
F2_z2
e + =52 Zshicld
3

Simplified circuit model for Balun

ZChoke = RChoke + JXChoke



Dipole With a Balun

|deal Balun Real Balun

Shield Inside
Shield



Dipole With Real Balun — cont’d

lllll > ICM = ?
Xchore Only recently has the importance
" Zohole of Ze been understood.
RChoke ]
CcMm

?\ Outside

Shield




Dipole With Real Balun — cont’d

o, Ips — 7
— —_— : ANT
‘ .....> ICM=? lllll> ICM=?
| - | |
jXChoke jXChoke
B ZChoke ZChoke
RChoke ] RChoke
Xewm ,
e =7 cM
. — ey Rem
_\ - Outside
Outside Shield

Shield



Dipole With a Balun — Two ldeal Cases

High Z,, High Z¢ 0




Risk of Installing a Balun



Risks of Installing a Balun

1. If you don’t have a Common Mode Current problem, installing a Balun
may create one, or make an existing one worse

« Common Mode current problems can be hard to identify
2. Failure of the Balun due to overheating
3. Increased InterModulation Distortion (IMD) on transmit signal



Unwanted System Resonance

* Resonance occurs when X, cancels X .
* |y is limited only by Ry + Repoke

=

Tripole

Choke

-'XChoke

+Xewm

RCM

g

—

When:
XChoke =- XCM and

(RChoke + RCM) << RDZ

\ 4

Iy =1 and
Ip2=0



Unwanted System Resonance — cont’d

'x VMA- 2180 Program Version: 5468 DEMO MODE

File Functions Calibrate Setup Markers Bands Utilities Port B Functions  Multi Channel

File: 6.8 uH Toroid Inductor scn
Resonant freq: 27.051473

TDR  Help

6.8 uH Choke

Zmag
10000 [

* At27 MHz => Zy,,c = 112 Kohms i
* IfZepy=-317.923 ohms @ 7.1156 MHz => Z56 = 3.8 ohms T

0.00MHz 25.00

] FREQ (5. =2 T

— O *
Average= 4
Settling Time= 2 as
Trend= 0
Line Ezxtension= 0 cm

Zo= 50

NCHIT> T

Freq Step = 0.1000

SWR =545072
Zmag = 317.946
Phase = 89315
% refl power =993

- -10000-—
May 8, 17 17:00:44

FortAB |

6.8 uH Toroid Inductor

ScanA RescanA | Recycle | PointData | Limits | Scales Smith Comment Status

Ls =

71110 uH

Rp = 26591.925
Xp = 317.968
Lp= 7.1120 uH

FILES:(5468)
BNC Clip Leads acal
test1.cfg

| Halt |




Common Mode Impedance of a Coaxial Cable Shield

*Zem IS:
* Very dependent upon:

* Length and size of the cable
* Location and impedance of the RF ground

* Not easily measured

e EZNEC cannot model Common Mode Currents on a transmission line




To Use EZNEC To Roughly Estimate |.,,: Tom Thompson (WOIV]J)

e Important assumptions:

1. Perfect RF ground
2. RF ground at known location 1 14=12-13 11 14
3. NoBalun > a E YA 5
4. Source moved up to antenna feed point
5. Transmission line replaced with a wire @
| o |13 13
I i I
T l
1 | |
; 12! ]
I : ' Transmitter
: : Chassis
+ "-_I_
v =k =




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

* 40 M halfwave Dipole with halfwave wire for feed line

* No Balun
* Tx power =1500 W
* Feedline NOT grounded

This is a dipole!

ko
Dipole Leg 2; Imax=4.6 A 2 o\
"N

=4

3

@Point Impedance = 70D

40 meter dipole with ~1/2 wl feedline ~1/2 wl above perfect

ground. Feedline is NOT grounded.

,_ Dipole Leg 1; Imax = 4.7 A

FeedLine; Imax=0.3 A

~

Lanys = 4.7A Loty = 4.6A
- - - —_————p
I
| low=0.3A
I
|
v




Example of Tripole Common Mode Current - cont’d

* 40 M halfwave Dipole with halfwave wire for feed line

* No Balun
* Tx power =1500 W
. E
4 i ;Imax = 0. AN = =
Feed I Ine grou nded Ripsle e 2l 08 A\r‘g\}\mpole Leg 1; Imax=6.4A IANTL EiA lAN_TZ__ EEA
\ .
=% \\,) Feedline; Imax =5.9 A : ICM =5.9A
P I
|

@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 Current - cont’d

* 40 M halfwave Dipole with halfwave wire for feed line

* No Balun
* Tx power =1500 W
* Feedline grounded mponemegz;-maxw-u\{;\ bipole Leg 4; max = 6.4 NTL= 648 1, =0.5A
k \;\’\\%;\loe e y Imax = o. - — — —-—— = =
1
% \ Feedline; Imax = 5.9 A : ley = 5-9A
h |
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 (WOIVJ)

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)
w
Lot v b b b b b bvvn b bvrr ot o |

o

| T T I T T T T | T T T T | T T T T | T T T T I T T T T | T | T

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



Importance of Transmission Line Length — cont’d

* How long should a transmission line be to minimize I, ?
* Note: length is physical length (x 0.98) to RF ground

* No Balun:
* Monoband antennas:
* Use odd multiple of 4 wavelength
 Multiband antennas: There may be no one length that is good for all bands
 With Balun: ???
* Chose a length that will avoid resonance
* Some “Experts” recommend multiple of 2 wavelength
* This seems like the worst choice to me => Use odd multiple of 4 wavelength



Options When Installing a Balun

* Bottom line: it can be hard to predict what a Balun will do in any system
» Option 1: Install a Balun/Choke and hope it is helping and not overheating

* Option 2: Measure Common Mode Current with and without a Balun
 Must measure current on outside of coax shield (not the Differential Current)

/$$/
Roy Lewallen lem=| o,
W7EL D e v > Shack
”Baluns: ."” Fig. 12 — Current probe. amm *

________________

g e e o e —L -4
Eﬂﬁ A = I
Fig. 13 —— Detector. -

* Making the measurement inside the shack may give erroneous reading
* Option 3: Monitor temperature rise of Balun/Choke during transmit

* A choke may be cool because it isn’t doing anything



Common Mode Currents Can Be Generated By External RF

14=12-13

RF

A Balun also reduces Common Mode
current due to external RF fields

e Some claim 1to 5 S unit noise reduction
Some claim that an additional Current

Choke is required at the station to:
* Reduce interference in the receiver => ??
* No documentation found showing
when this is a problem
 Reduce Common Mode Currents caused
by asymmetrical coupling to the line
* No documentation found showing
when this is a problem



Where Should Baluns/Chokes Be Placed

e Start with a Balun at the antenna

* A Common Mode Choke at the transmitter?
* No analytical or empirical justification found

* Common Mode Chokes as “Egg Insulators” every % wavelength?
* No analytical or empirical justification found

* Use many chokes in series to increase net impedance (ie, CMMR)?

* Point of diminishing returns
* Example: Z ke = 10,000 Kohm & Z,, = 100 ohm
CMMR
e 1t choke => 40dB
e 2" choke => 46 dB
* 3rd choke => 50 dB



Overheating

* Two Sources with Transmission Line Transformers (TLTs):
1. Coaxial Transmission Line loss

* Power spec based upon open-air applications (not enclosed in a box)

e Deformation (coiled & hot) => degraded performance => failure (high SWR or short)
* Minimum bend radius

e This is what balun mfg’s power specs are based on
2. Core loss

Voltage Balun: both Common Mode and Differential Mode currents heat the core
Current Balun: only the Common Mode current heats the core

* Heating increases with increasing permeability (ie, core loss)

This power limit is never spec’d by mfgs and is usually the important limitation

* Two sources of overheating:

* From resonance with a reactive choke

* With a resistive choke with insufficient resistance



Overheating —cont’d

* Difficult to remove heat from a small enclosed box & and from ferrites
* No air flow
* No heat sinking options
* Low thermal conductivity of ferrites & powdered iron



L QEX_Jan_2004_p
File Edit View

Power Dissipation —Jack Lau W1VT

Worst Case Example: using an 80 M dipole on 2 Sy e p—

A high-impedance antenna and a low-impedance path
shield. The applied power is 1-kW at 14.0 MHz.

Jan/Feb 2004 QEX:

Max Power Dissipation for 2” core ~ 4 Watts

Balun Shield Current Baiun Loss
Loy (A) W) (dB)

1000 Q@ 0.5 253 1.3

2000 Q 0.3 211 1.0

4000 Q 0.2 144 0.7

10000 £2 0.08 72 0.3

20000 0.04 39 0.2

wW2DU bead

balun

1300 —-j400 0.44 258 1.3

6t RG-213

4-1/4" dia 0.74 3 0.01

6+ 514

12t RG-213

4-1/4" dia 0.14 9 0.04

449 + j5833

12t RG-213

@7.00MHz

5 + /561 0.72 2.6 0.01

12t RG-213

@28.00MHz 1.34 54 0.2

30 —j482

([ wg rP3

1KOQ «—

.

— 1KQ




Power Dissipation —Jack Lau W1VT

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

Worst Case Example: using an 80 M dipole on 20 M [ ciaser conmen

-

Note: Even well balanced antennas can have high Common Mode currents!
This fact is missed by many “Experts”.

1000 2 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 s

balun 1KQ <«: —» 1KQ
1300 -j400 0.44 256 1.3 2 -

6t RG-213 2 s

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

6+ /514 AO:.:.-..-.
12t RG-213

4-1/4 dia 0.14 9 0.04

449 + 5833

12t RG-213 7
@7.00MHz M
6 + /561 0.72 26 0.0

12t RG-213

@28.00MHz 1.34 54 0.2

30 —j482 —

(i wg r3 xF M-



Intermodulation Distortion

* Ferrites are non-linear components 2 T
* They can generate IMD just like an 1.
overdriven amplifier 1

* Hard to know when this is occurring

\

* Avoid operating near saturation!
* Thermal run-away

B field, tesla
=t

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



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

Building Current Baluns & Chokes




Types of Common Mode Current Chokes

* Inductively Coupled Air Core Coils
e Rarely used today

* Powdered iron

* Ferrite

* Ferrite Sleeved Coax Baluns

* Coiled Coax “Ugly” Baluns

* Transmission Line Transformer (TLT) Baluns



Desigh Goals for Common Mode Current Chokes

* High Common Mode impedance
e At least 500 ohms (>5 Kohms recommended)

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

e Low Differential Mode SWR & loss

* Adequate power limits
 Differential Mode (easy)
 Common Mode (difficult design problem)

* Desired frequency range
* Optimized bandwidth

e Wideband vs. narrowband

* Optimized SRF



How Common Mode Current Chokes Work

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

* Common Mode signal only sees the choke

e Common Mode impedance is a function of:
* Number of turns
* Coil dimensions
* Frequency
 Core media (ferrite, air, ...)

. P

Fig c - outer conductor connected
to same place via choke




Choke Impedance Performance Claims

* Be careful!

* Some charts of performance can be misleading

10000

8000

Ohms 6000

4000

2000

6.8 uH Choke #1

Zmag

10000
10 20 30 40 50

MHz

0

5

10

15

6.8 uH Choke #2

20

Zmag

25

MHz

30

35

40

45

50



Choke Impedance Performance Claims

* Be careful
* Some Charts of performance can be misleading

Same 6.8 uH Choke

Linear Log
Zmag Zmag

10000 10000
8000 \

1K

Ohms ©°9%° Ohms

100

4000
2000 10

MHz MHz



Powdered Iron

* Low permeability = u = how much inductance per turn)

* Very low loss (ie, hi Q = narrowband)
* Less heating of the core
* Impedance is mostly inductive reactance

* Very low Z/turn

 Rarely used for Baluns/Chokes
« Commonly used for high Q inductors

* Example:
e To get ~20 uH on T50-6 (u=8) requires ~50 turns
* No way to get this many turns of coax around even the largest core available
* Ferrite cores would only require 4-6 turns
* Impedance at 10 MHz:

e Resistance: only 45 ohms
* Inductive reactance: 1300 ohms



Ferrites

* Wide range of permeability (u)
* Mix:

e “317:u=1500 “33”:u=600 “43”:u=800 “61”:u=125 “77”:u=2000

* Impedance examples ( 10 turns around a 2.4 inch core):

Type 43 Type 61

"l VNA- 2120 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities PortBFunctions TDR Help

"l VNA- 2180 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities Port B Functions

TOR  Help

File: 43 Material 10T.scn Xs File: 61 Material 10T.scn Xs
Resonant freq: 13.867255 Zmag Resonant freq: 19.497185 Zmag
T 10000 7

0.00MHz

Average is OFF

Settling Time= 2 as

Treand= 0

Line Extensio

Zo= 50

Driver Amplitude = 100% .
Freq = 10.3152

Freq Step = 0.1000

20.839
% refl power =959

Equivalent Circuit
Rs = 4138 479

Xs = 1575.270
Q=04

Ls= 24.3051uH
Rp = 4738.080

Xp = 12447.698
Lp= 1920679 uH

0.00MHz 10.00

FREQ (2 00 MHz/div)

|
20.00 30.00

Average is OFF
Settling T,
[]

Tren:

Line Extension= 0 ca

Zo= 50

Driver Amplitude = 100% .
Freq = 158453

Freq Step = 0.1000

SWR =644 238
Zmag = 4288.139
Phase = 82302
% refl power =99.4

Equivalent Circuit.
Rs = 574 405

Xs = 4249.493
Q=74

Ls = 426833 uH
Rp = 32012 492
Xp = 4327 136
Lp= 434631 uH

] 1 FILES:(546B) FILES:(546B)
BNC Clip Leads acal 1 T BNC Clip Leads.acal
i 10000 testi.cfg i _10000 testi.clg
Aug 11,17 17:07:38 43 Material 10T Aug 11, 17 16:59°53 61 Material 10T
PoriAB | ScanA RescanA | Recyde | PointData | Limils Scales Smith Comment Stalus | Halt | Quit PortAB | ScanA RescanA |  Recycle | PointData | Scales Smith Comment Status Halt | Quit




Ferrite Sleeved Current Chokes

e Ferrite beads over coax
* These chokes are 1:1 UNUNs

* Mostly resistive impedance
* No system resonance risk
* Low Q (wideband)
* Difficult to achieve sufficient choking impedance

* No n2 multiplier as with coils
* May need to use more than 100 beads

* History of failures from overheating
* “W2DU design overheats at 500W”

e Simple to build but not necessarily cheap
e Comtek uses 100 beads (5130)



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

* Homebrew Sleeved choke performance

Ferrite Sleeved Current Chokes — cont’d

* Max Impedance < 800 ohms

* Mostly resistive

File

‘x VNA- 2180 Program Version: 5468 DEMO MODE

Functions Calibrate Setup Markers Bands Utilities Port B Functions  Multi Channel  TDR

File: Homebrew Sleeve Zin Choke.scn
Resonant freq: 5498276

Help

Zmag

1000

f
0.00MHz 10.00 20.00
FREQ (2.00 MHiz/div)
Apr 11,17 09:48:15 Homebrew Sleeve Zin Choke
PortAB | ScanA RescanA | Recycle | PointData | Limits Scales

Smith

Comment

Average= 4
Settling T:
0
Line Extension= 0 ca
Zo= 50

Trens

Driver Amplitude = 100% «
Freq = 15.2722

Freq Step = 0.1000

SWR = 17.388
Zmag= 664.919
Phase = -39.951
% refl power = 79.4

Equivalent Gircuit
Rs = 509.727
Xs =-426.961

0.8

24.408 pF
867.362
1035.498
10.064 pF

FILES:(546B)
BNC Clip Leads.acal
test1.cfg

Halt | Quit

SWR <

TR Help

0 Pregram Versiom: S48 DEMO MODE

Resonant ieq. 0085204

A i o i

1.08:1

T
o nomiz We0

| FREO (2,00 M)

=

RescanA Recrele

Loss < 0.05dB

mVerices S48 DEMD MAOOE

Fie Functies Colbrate Sewp Maken amds Uiities PonB Functiors Mubi Channel TOR ek

Scales smitn Comment

o vomz o0
FREG (200 M)

18
1

20 J
“Aor 19,17 20a7I2
Porthm Scan 8 Rescan 8 Recycle Point Data Limits

Homebiew Sledve 521 TrRBMIESHN

Scates. Smith Comment

ver Ampiua
Freq = 17.8504
Freq Siep = 0.1000

=wR = 1063

% ref power

Frea= 148418

Froq Step = 0.1800

FLES (5458

Hait auit




Coiled Coax “Ugly” Baluns

* Two basic types
* Single layer
* Bunched

* Very high Q
* Very small R and large X _ |
Coax Air Core Single Layer Chokes
* Very narrow band 18000
e, ® ° 16000
* SRF very sensitive to build parameters 14000

12000

e System resonance can be a serious problem

8000

* Large and heavy

4000
2000

* Best “Bang for the Buck” ; —

= 6T 4in 8T 6in



https://www.google.com/imgres?imgurl=http://i.ebayimg.com/00/s/MTEzNFgxNjAw/z/eNcAAOSwyQtVs-oE/$_1.JPG&imgrefurl=http://m.ebay.com/itm/RF-Choke-Balun-160-6-Meters-Common-Mode-Current-Line-Isolator-Ugly-Balun-Ham-CB-/121713170537?_trkparms%3Daid222007%26algoSIC.MBE%26ao1%26asc20150519202348%26meid34f025802e764c6a848be9729234a697%26pid100408%26rk2%26rkt8%26sd140964864072%26_trksid%3Dp2056116.c100408.m2460&docid=GTcXmGBiWo41QM&tbnid=kTtBv_9LIkcMiM:&vet=10ahUKEwjD1O74xsrVAhVIr1QKHbFOAdQQMwhiKDEwMQ..i&w=400&h=283&bih=618&biw=1366&q=ugly balun pictures&ved=0ahUKEwjD1O74xsrVAhVIr1QKHbFOAdQQMwhiKDEwMQ&iact=mrc&uact=8

Transmission Line Transformer (TLT) Baluns

* Most common method of building Current Baluns & Chokes

* The transmission line can be coax or bifilar (parallel) wires
* Line impedance is important for best performance
* Line length << % wavelength
* Chose the line based upon impedance & power reqm’ts

* Use of coax yields very low SWR & insertion loss

* Only the Common Mode Current magnetizes the ferrite core
* Minimizes Differential signa loss & core heating

* Choking Bandwidth:

* Lowest useable freq: set by the inductance of the coil
* More inductance lowers bottom cutoff frequency

Crossover done for layout,
not performance reasons

* More inductance requires more turns and/or higher permeability ferrite
* Highest useable freq: set by Self Resonant Frequency (SRF) of the coil

* More turns lowers upper frequency cutoff




High Power Coax Chokes

* For high power applications

“MOAB”


https://www.google.com/imgres?imgurl=https://www.nonstopsystems.com/radio/img-ant/balun-choke-clamp-on.jpg&imgrefurl=https://www.nonstopsystems.com/radio/frank_radio_baluns.htm&docid=StXBFSDbIFeKTM&tbnid=N16WCM8NxUCqGM:&vet=10ahUKEwjEtvSHx8rVAhVpw1QKHVB6BXw4ZBAzCEsoSDBI..i&w=800&h=447&bih=618&biw=1366&q=ugly balun pictures&ved=0ahUKEwjEtvSHx8rVAhVpw1QKHVB6BXw4ZBAzCEsoSDBI&iact=mrc&uact=8

Parallel Wire Transmission Line Impedance

* Optimal line impedance is determined by input & output impedances
e Ex:a 50 to 200 ohm Balun requires a 100 ohm line

jr__
e

*—_

7, = 216 ]Dg%

Wk

Where,

Z, = Characteristic impedance of line

d = Distance between conductor centers
r = Conductor radius

k = Relative permittivity of insulation
between conductors



Design Tradeoffs

* Most Balun/Choke designs don’t provide both high Z and wide bandwidth

* Ferrite material
* High Mu (61 & 77)
* High loss
* Narrow BW
e High Z/turn
 Low Mu (33 & 43)

* Low loss

* Wider BW

* Low Z/turn

* Frequent choice for HF Baluns/Chokes

* Power dissipation
* For Current Baluns, Common Mode power is the critical spec
» Single 2.4 in ferrite core may only be good for 5-10 watts of dissipation
» Use stacked cores for more power dissipation



Examples: Common Mode Chokes

DX Engineering DXE-FCC050-H05-B

Ml VNA- 2180 Program Version: 5468 - [u] x
File Functions Caliorate Setup Markers Bands Utibties P TOR  Help
File: DXE Zin_Choke xs
Resonant freq 5821039 Zmag
5008 Average- 4
T Settling T 2 ms
0 ca
- 25004 100%
Freq = 15.3868
Freq Step = 0.1000
+ SWR = 84.458
— | Zmag = 1343.903
r Phase = -71.427
% refl power = 85 4
00
FREQ (2.00 MHz/div)
r Equivalent
| Rs = 428066
Xs = -1273.905
Cs= 8120 pF
b 28500 Rp = 4219.149
Xp = -1417.747
T Cp= 7296 pF
FILES (545H)
r BAC Clip Lends. acal
i A testt etg
Jun2, 17 144103 DXE Zin_Chake
PotAB | scanA | RescanA | Recyde |  PointData Limits |  Scales |  smih__ |  Comment |  Staws Hant | aQuit

Homebrew Toroidal Choke

A= 2180 Program Version: 468 - 0 %

File F

ctions Celibrate Setup  Mask

Bands Utiities Fot TOR  Help

Resonant freq: 13.431614 zn

Driver A e
Freq = 24.9204

Freq Step = 0.1000

4 T SWR = 61.045

Zmag = 22 4
4 T Phase = 43507
% refl power = 93.7

T T
0.00MHz 10.00 20.00 30.00
1 FREQ (2.0 i)

Equivalent Circuil
9

' 1 FT240-43 mix
1 10 Turns 50 ohm coax I

I 1 ruescses
BNC Clip Lends. acal |
1 sogol.  testtens |
| Augz0, 17 134002 F1240_43_10 Tums
PortA Scana RescanA |  Recyde | PointData |  Limis | Scales Smith Comment Status Halt auit

Homebrew Toroidal Choke

NA- 2180 Program Version: 5468 DEMO MODE - o x

File Functiens Cabrate Setwp Merkers Bands Ubiities Port®Funct annel TOR Help
midon 10T Zin Choke scn xs
Resonant lreq: 21064061 Zmag
10000 Average= 4
i 5000  Driver Amplitude = 100%..

Freq = 17.1920

Freq Step = 0.1000

+ SWR = 568.767
Zmag = 4939,

— Phase = 79.990

e i % refl power = 99.3

| i T I
0.00MHz 10.00 20.00
FREQ (2.00 MHzidiv)

Equivalent Circuit
Rs = 850.6
4864 584

FT240-61 mix S,

5000 Rp= 28410232
Xp = 5016147

10 Turns Bifilar #14 R

FRLES (5468) I
BNC+12ine7. i ClipL eads-Bullel. af
testt.clg |

- 10000~
Apr 11, 17 09:58:01 Amigan 10T Zin Choke

PoiAm | ScanA Rescan A Regele | Data Limits Scales Smith Comment Status it it

FT240-43 mix vs 61 mix

A 2180 Brograrm Versior: 5468 - o x
File Functions Cobbeste Setup Markers Bands Unites Pot TOR Help
xs
Resonant freq: 13.777343 zn
To0oo Average is OFF
r Settling T:
1 1 Trend=
Line Extension- 0
1 T Za- 50
] . 5000 4 Driver Amplitude = 100% .
\ Freq = 10.8456
4 o 1
S Freq Step = 0.1000
/ T
1 pe b d SWR = 66223
I 2mag = 3167.573
1 — T Phase = 16,828
——
e % refl power = 94.1
T i T T
0.00MHz 10.00 20.00 30.00

FREQ (2 00 MHz/div)

Equivalent Cir

xs 307
4 a=03

Ls= 134109 uH
B Rp=3311038

Xp = 10878719
Lp= 1581831 uH

FILES:(5468)
BNC Clip Leads.a
testt clg

AUQ 20,17 133344 FT240_s351
PortA Scana RescanA |  Reode | PontData | Limita Scales Smith Comment Status Halt auit




Examples: Common Mode Chokes

Yl VNA- 2180 Program Version: 546B

File Functions Calibrate Setup  Markers Bands  Utilities  Port B Functions  TDR Help
Flle: DXE ZIn_Choke.scn FT240-43 10 Turns vs DX Engr Xs
Resonant freq: 13.415008 Zmag
] 5000 |
. DXE 1
4 43 4
—~ > 2500-—
oy
| \ ZMAG T
- | \‘ e
| A
] ! I ' | ' ' ' ' | ' ' ' 1
0.00MHz 10.00 20.00 30.00
T FREQ (2.00 MHz/div) g
— 43 25001
. -5000-1-
Aug 20, 17 13:45:51 DXE Zin_Choke
PortAB | Scan A RescanA | Recycdle | PointData | Limits | Scales Smith Comment Status |

Average= 4

Settling Time= 2 as

Trend= 0

Line Extension= 0 ca

Zo= 50

Driver Amplitude = 100% .
Freq = 4.2980

Freq Step = 0.1000

SWR = 56.404
Zmag = 1581.016
Phase = 55.876
% refl power = 93.2

Equivalent Circuit:
Rs = 886.924

Xs =1308.808
Q=15

Ls = 48.4652 uH
Rp = 2818.293

Xp =1909.839
Lp= 707214 uH

FILES:(546B)
BNC Clip Lead=s.acal
test1.cfg

Halt

Quit




Ferrite & Powdered Iron (Iron Powder) Suppliers

* Amidon
e Wide variety of products

* Recently changed ownership
e Used to have a good info sheet (=>7?)
e Used to have a minimum order requirement

e Balun kits
* Kit with handbook for extra S => handbook is available free on the Internet

* Fair-Rite
* Producer of ferrite & powdered iron products
* Not a good source for “how to build .....” info (ie, don’t call for help)

e Evaluation (not balun or transformer) kits
e Distributors (Mouser, ...)

e Other Distributors: Palomar-Engineers, Radioworks, KF7P, ...
* May not be cost effective for some orders




Example: Using the Amidon Spec Sheet

What type core do | have?

1) Wrap 10 turns around core
2) Measure inductance at a frequency well
below resonance (4.3 MHz):

L=16.4uH=0.0164 mH

3) Calculate A; = mH/1000 turns
= mH/10 turns x (Nrami0)?
= mH/10 turns x 10,000
=0.0164 x 10,000
= 164 mH/1000 turns




Example: Using the Amidon Spec Sheet — cont’d

FERRITE TOROIDAL CORES

MATERIAL 43 Permeability 800
Core 0.D. 1.D. Hgt. 4 Ve A Value
number (inches) (inches) ({inches) (cm) (cm)? (em)? mh/1000 turns|
FT-23 -43 .230 .120 .060 1.30 .020 .027 158
FT-37 -43 .375 .187 125 2.07 072 .150 350
FT-50 -43 .500 .281 .188 2.95 129 .380 440
FT-50A -43 .500 312 .250 3.12 .150 470 480
FT-50B -43 .500 312 .500 3.12 299 .930 965
FT-82 -43 .825 520 250 5.20 .243 1.260 470
FT-114 -43 1.142 .748 .295 7.30 .370 2.700 510
FT-140 -43 1.400 .800 .500 8.90 .790 7.000 885
FT-240 -43 2.400 1.400 .500 1450 1.580 22.800 1075
MATERIAL 61° Permeability 125
Core 0.D. 1.D. Hgt. 'R Ve A Value
number (inches) (inches) (inches) (em) (cm)? (cm)? mh/1000 turns
FT-23 -61 .230 .120 .060 1.34 .020 .029 248
FT-37 -61 375 .187 .125 2.15 076 163 55.3
FT-50 -61 500 .281 .188 3.02 .133 401 69.0
FT-50A -61 500 312 .250 3.68 152 559 75.0
FT-50B -61 .500 312 500 3.18 .303 .963 150.0
FT-82 -61 .825 516 .250 5.26 .246 1.290 75.0
FT-114 -61 1.142 750 .295 7.42 375 2.790 80.0
FT-114A-61 1.142 750 545 7.42 .690 5.130 145.0
FT-140 -61 1.400 800 500 9.02 806 7.280 5
FT-240 -61 2.400 1.400 500 14.80 1.610 23.900 < 171.0 >
MATERIAL 67 Permeability 40
Core 0.D. 1.0. Hgt. ly Ve A Value
number (inches) (inches) (inches) (cm) (em)? (em)? mh/1000 turns
FT-23 -67 .230 120 .060 1.34 021 .029 6.0 Min
FT-37 -67 .375 .187 125 2.15 076 163 18.0
FT-50 -67 500 .281 .188 3.02 .133 401 22.0
FT-50A -67 500 312 .250 3.68 .152 .559 24.0
FT-50B -67 500 312 .500 3.18 .303 963 48.0
FT-82  -67 .825 516 -250 5.26 .246 1.290 24.0
FT-114 -67 1.142 .750 .295 7.42 375 2.790 254
FT-140 -67 1.400 .900 500 9.02 .806 7.280 45.0
FT-240 -67 2.400 1.400 .500 14.80 1.610 23.900 55.0
MATERIAL 68 Permeability 20
Core 0.D. 1.D. Hgt. ly A A Value
number (inches) (inches) (inches) (cm) (cm)? (cm)? mh/1000 turns
FT-23 -68 .230 120 .060 1.34 .021 029 4.0
FT-37 -68 375 .187 125 2.5 .076 163 8.8
FT-50 -68 500 .281 .188 3.02 .133 401 11.0
FT-50A -68 500 312 .250 3.68 .152 559 12.0
FT-82 -68 825 520 .250 5.26 .246 1.290 1.7
FT-114 -68 1.142 .750 .295 7.42 .375 2.790 12.7

AMID l\l.m s 240 Briggs Avenue, Costa Mesa, California 92626, U.S.A. - TEL. (714) 850-4660 - FAX (714) 850-1163

2-5

On a mfg spec sheet, find the A that is
closest to your measured value

Coreis 2.4 in diameter => Material = 61
(Actual A values can vary =/- 25%



Conclusions

When should a Balun/Choke be used

* Answerl: When you suspect Common Mode Current is causing a problem
* Not just because someone told you to use one
* Answer2: With monoband antennas, try a different length of transmission line first

What type of Balun/Choke should be used

* Answers:
* Usually a Current Balun/Choke
* Voltage Baluns for high impedance antennas like end fed halfwaves

Where should they be installed

 Answer: Start with one at the antenna

What should | observe after | install one
* Answer: Problem gets better, gets worse, or doesn’t change at all

It is best to know the impedance vs frequency of a Balun/Choke before you use it
 Some antenna analyzers don’t have enough range (MFJ-259 limited to Z<600 ohms)



