
Dimensional Resonance in 
Ferrite Materials



Brief

The frequency response of ferrite 
materials changes greatly depending 
on core size. Here, we get an intuition 
for the implications of this effect. We 
will also be taking a look at proposed 
way of predicting this behavior in 
different core materials.
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Getting an Intuition for 
Dimensional Resonance



Dimensional Resonance
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This chart shows the 
complex permeability of two 
different sized cores 
constructed from identical 
material. The core in blue 
(1001) has a cross-sectional 
area of 36.9mm^2. The red 
trace (2701) has a cross-
sectional area of 80mm^2.



Can We Predict It?
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One can get an intuition for how 
much dimensions will affect the 
performance of a material/part 
combo without diving too deep 
into the material datasheets or 
attempting simulations 
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Average Part?

Most material 
manufacturers will list the 
size part that was used to 
produce the performance 
curves. We can consider this 
a medium sized part. 



Performance Envelope of a Material

How flat is the frequency 
response of the material? 
Am I operating near sharp 
peaks or valleys in regards to 
the complex permeability of 
the material?

0

1

10

100

1000

10000

1E+04 1E+05 1E+06 1E+07 1E+08

m
s' 

m
s''

Frequency (Hz)

5980002701 vs 5980001001

µs'

µs''

µs'

µs''

µs'

µs''

µs'

µs''



What Material?
In general, MnZn materials are 
going to experience more 
variation in material due to 
dimensional variation. Part of 
this is due to the frequencies 
where MnZn materials are used 
relative to NiZn materials. Even 
among MnZn materials, there is 
a large spread in variation. 
While not a 100% accurate way 
to predict, lower DCR materials 
will tend to be more sensitive to 
core size.



What if We Want to 
Do Some Math?



Core Dimensions Relative to Wavelength

Ferrite cores (even large ones) are 
generally small. At the frequencies 
ferrites are used, the wavelengths are 
very large relative to their cross section. 
But, are they really?



Effective Wavelength in Ferrite

The magnetic and dielectric properties 
of a ferrite material will modify the 
propagation speed of the wave 
travelling through it. 0
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A toroid was picked (5980002701 in this 
case). This toroid was then machined in 
several different “composite” iterations 
consisting of several pieces that add up 
to the core parameters and dimensions 
of the original core. 

𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒 =
𝑐𝑐/ 𝜇𝜇′ − 𝑗𝑗𝑗𝑗𝑗 � 𝜀𝜀′ − 𝑗𝑗𝑗𝑗𝑗

𝑓𝑓
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Effective Wavelength in Ferrite



Effective Wavelength in Ferrite

Two methods were used to evaluate the 
predicted wavelength in the core vs real 
life observations. The first is simply looking 
at the minimum cross section dimension. 
The second is taking the magnetic path 
length into account with Lmin.

𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒 = 𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 � 𝐿𝐿𝑒𝑒 

𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒 = Figure of merrit
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The Results

The strongest correlation was seen 
between the 1/8 calculated wavelength 
and the min cross-sectional dimension. 
The ¼ calculated wavelength and Leff 
figure of merit had weaker correlation. 
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What’s Next?

• Looking at Lmin relative to the calculated 
wavelength is a good start though, more 
complex mechanisms appear to be at play

• Effect of Le needs further investigation

• Curve fitting by material may be a good 
interim solution

• Need to figure out what happens to the rest 
of the curve

• More complete dielectric data is needed 



Thank You!
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