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Iron Oxides

Color Mineral Chemical Formula Crystal Structure Type

Yellow Goethite FeOOH Orthorhombic
Akagneite Tetragonal
Lepidiocrocite Orthorhombic

Red Hematite Fe,0; Hexagonal
Maghemite Cubic

Black Magnetite Fe;0, Cubic

Many types of iron oxide.

Many uses including paint, ink, pharmaceutical pigments, recording tape as well as Ferrite.




What is Ferrite?

« They are typically composed of a-iron(lll) oxide (e.g. hematite
Fe,0,) with one, or more additional, metallic element oxides

* Usually have a stoichiometric formula of MO-Fe,0; M is a metal
* Natural Ferrites also exist.
* The choice of metal gives ferrites with different properties

* Are hard brittle ceramics that conduct electricity poorly but are
attracted to magnets.

 Various shapes are manufactured via sintering.
* First synthetic ferrites made in 1930.



Types of Ferrites

 Hard Ferrites

* Used for permanent magnets, recording media, loudspeaker magnets.
« Examples include (SrO- 6 Fe,0,) and (BaO -6 Fe,0;)

* Soft Ferrites
* Not good for permanent magnets

* Uses include inductor cores, AM stick antennas, baluns and ununs
transformers, ferrite beads.

« Common examples include Mns Zn(1—;) Fe,0, (0.5-5MHz) and



Some Ferrite Shapes




Uses for Ferrites

 Baluns and Ununs
* Transformers

« Common Mode Chokes
 Force RF to Radials, Reduce noise.

* RFl interference
* Audio, and computer interface cables, radio interface cables.

* Inductor Cores
* Iron cores are also used.

 Ferrite Antenna Cores.



How do Ferrites Work

* When electrical current flows through a wire a magnetic field is created.
* Ferrites interact with this magnetic field.
* Ferrites create an inductance. The real part is important here.
 The magnetic energy is dispersed as heat.
Ferrites get hot.

Larger ferrites, more turns through and the number of ferrites increase
their effectiveness.



Effect of Permeability
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Palomar Engineering Mixes: Uses

Material Perm. Common Wide Band Uses
Mode Transformer

MnZn 1500 1-300MHz <300 MHZ 1:1 Only; Popular for
Choke Hams
43 NiZn 800 25-300MHz 3 -60MHz Chokes Popular for
Hams
52 NiZn 250 200- 1-60 MHz W2FMI
1000MHz designs
61 NiZn 125 200- 1-300MHz HP 2:1, 41, Curie T >
1000MHz 9:1 balun 300C, High
Power
13 MnZn 2500 <50MHz <10 MHz BCB
Common
Mode
75 MnZn 5000 0.15 - 10MHz .1-10 MHz BCB
Common

Mode



Properties of Ferrite Mixes
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Magnetic Properties Depend on Temperature
and Field Strength

Figure 5 Temperature Change of Permeability and
Curie Temperature
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Common Mode Currents

 Coax cable has three conductors.
» Center conductor

* |nside shield
e Qutside shield

e Common modes travel on outside of the shield.

« Common modes currents are unwanted.
« Can produce high apparent SWR.
« Can produce erratic equipment behavior.
e Outer skin acts as another antenna. - noise
 Changes antenna pattern

» Vertical, mobile, off-centered-fed dipoles and end-fed dipoles are
particularly prone to common mode currents.

* Ferrite baluns and chokes reduce common mode currents.
« Differential current has no net magnetic field. (Currents inside coax.)



RF Current Meter

« GOSNO, RadCom (RSGB) April 1993,
page 74

o http//www.ifwtech.co.uk/g3sek/clamp
-on/clamp-on.htm




NanoVNA Use Nﬂ“OVNAs

L3
Explained
A practical guide to
Author : G4AWNC Nano Vector Network Analysers
Pu b lis h e r: RSG B By Mike Richards, G4WNC

Available from DX engineering,
RSGB and in Kindle Format from
Amazon.

NI &



Measuring Choke Effectiveness

S21 (RX)
<
NanoVNA The center conductor on the NanoVNA
Choke must be directed to the Shield for a
> Coax based Choke.

ST (TX)

The S21 signal is measured. S21 reflects the amount of signal received
by the NanoVNA on the S21 port.



Test Device for Measuring Choke Loss using Nanovna

Input Side 0
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Current is passed through coax shield only for testing.

Common Mode
Hailibut Electronics

https.//electronics.halibut.com/product-category/ham/test-equipment/



Alternate Test Rigs

Cables convert SMA to wires. Resistors are 50 ohm loads for calibration
Cables connect to NanoVNA.



Some Math for NanoVNA Analysis

Magnitude of a complex number:
Y =Yrear +]YVim
Y] = SQRT (Vu + Yim)
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Some Math for NanoVNA Analysis

* The NanoVNA writes .S2P files that contain S;; and S, values.
* Both S;; and S, are complex numbers.

« S;1 contains information on power reflected back to port 1.

* VSWR and other parameters are calculated from S, .

* A Rig Expert Antenna Analyzer can make S;; calculations.

* From §,; losses and other parameters from the power passing
from Port 1to Port 2.

* A 2 port VNA is required to measure S,,



Some Math for NanoVNA Analysis

* |521I = SQRT( Szzl,real + Szzl,img)
» dB(loss or gain) = 20 Log1(|S,41)

12| =2Z, [ (1-|S511)/|5S,11) For device in Series. Z, = 50 ohms.



Graphical output from NanoVNA

El #521 SMITH 17.5k-j6.96k0 — T
FM1: 3.865 888 MHz . PH1: 24:818 8688 HH=

e
Pl

START  1.0068 688 MH= 201 2x AVE STOP 60.888 886 MH= START  1.068 888 MH= 281 2x AVG STOP 68.888 888 MH=

Set up to show series impedance



Effect of Ferrite Mix

Ferrite Mix affects frequency
response.

Adding more ferrites increases loss
Increasing the number of ferrites

shows diminishing returns with
number. Ideal number is < 10.
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RF Chokes
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Choke Comparison
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Choke Comparison

 Combining two chokes.
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Take home message

* Ferrites are made of iron oxide ceramics.

» Various ferrite mixes show different frequency response and choking ability.

* Ferrites are used to make baluns, ununs, chokes, transformers and inductors.
* Chokes reduce noise and common mode currents.

« Commercial and homemade chokes have different frequency responses.

A NanoVNA can be used to determine the effectiveness of a choke.

* Chokes should be placed near the antenna feed point and just before the tuner
or radio if an external tuner is not used.

* Ferrites can be placed on computer and audio cables to reduce noise and RFlI.



Resources
- K9YC.com - Building and understanding chokes- HF and VHF

- Palomar-Engineers.com - Ferrite materials, baluns, ununs, chokes, info.

- Fair-Rite.com - Ferrite materials, info

- https://vkéysf.com/balun_choke_balun_hf.htm - Balun, unun, choke construction
- WAOQZY, Common mode currents -commode chokes, QST Mar 2024

- https://product.tdk.com/en/products/emc/technote/guidebook/index.html Technical
information



https://vk6ysf.com/balun_choke_balun_hf.htm
https://product.tdk.com/en/products/emc/technote/guidebook/index.html

Resources
- https://www.youtube.com/watch?v=z8S1CfLqlno, ARRL video on choke building.

- GOSNO, RadCom (RSGB) April 1993, page 74-75

- http://www.ifwtech.co.uk/g3sek/clamp-on/clamp-on.htm#Constr Construction of an RF
Ammeter.

-https://www.youtube.com/watch?v=Mh12rHCLzUA&list=TLPQMDEwWNTIwMjU40RQ650X
nhg&index=2 Choke building and noise demonstration

- Hailibut Electronics https://electronics.halibut.com/product-category/ham/test-equipment



https://www.youtube.com/watch?v=z8S1CfLq1no
http://www.ifwtech.co.uk/g3sek/clamp-on/clamp-on.htm#Constr
https://www.youtube.com/watch?v=Mh12rHCLzUA&list=TLPQMDEwNTIwMjU4oRQ650Xnhg&index=2
https://www.youtube.com/watch?v=Mh12rHCLzUA&list=TLPQMDEwNTIwMjU4oRQ650Xnhg&index=2
https://electronics.halibut.com/product-category/ham/test-equipment
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