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Introduction
As 5 G becomes ubiquitous, the need for thin, lightweight UHF absorbers for

EMI mitigations increases. The impact of particles size and volume fraction on
complex permittivity, permeability, and EM absorption was investigated in
magnetite, NiZn ferrite, and MnZn ferrite in the UHF regime towards
optimization of a lossy spinel ferrite loading in hybrid UHF EM absorbers.
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Assessing Phase Purity: x-ray diffraction
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Results

Magnetite powder saturation magnetization and coercivity

100

P

~15nm—100 nm 1 um ' 15 nm
—10 pm—100 pm —100 nm
5 50 5 05 1 um
= - g
g S 100 um
"E 0 : 0_
c S
S =
5 O
= 50 =05
-100 : | | ! \ ‘ ' -1
25 20 45 10 5 0 5 10 15 20 2 04 03 02

H (kOe)

Magnetite, Ni, -Zn, ;, and Mn, .Zn, ; Ferrite: 1, and €,

1.%

1000 2000 3000 4000 5000

—Epon828/D2000 ---20nm 5Vol% —20nm 10Vol%
---100nm 5Vol% —100nm 10Vol% - --1um 5Vol%

1 —1um, 10Vol% 10um 5Vol% 10um 10Vol%!|]
---100um 5Vol% —100um 10Vol%

1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
Frequency (MHz) Frequency (MHz)

Volume Fraction

—Epon828/D2000 —MZFO 20nm, 5Vol% |

D 3 8 ---MZFO 20nm, 10Vol% ~MZFO 20nm, 20Vol%
Vi = |2] TNEED et NEEO 2. Sl
(D _I_ 5) 'u_)!— 6 NZFO 45um, 20Vol% 1 _f;
l/l'l 4 _ o R S
M — 1 — m_m_ _____________________ :." _A
1 (VF 3 _ 1) +1 1000 2000 3000 4000 5000
Complex permeability 2}
increases with increasing . .
volume fraction for a w1
given frequency, Oj"-'" | S ——
independent of particle 1000 2000 3000 4000 5000
size. Frequency (MHz)

-0.1 0 0.1 0.2 0.3 0.4
H (kOe)

Snoek’s Law
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Magnetic permeability
increases with grain size
while resonance, f,
decreases. u; is the
complex permeability of a
single crystal, and 9 is the
grain boundary thickness.
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Matching Thickness

For a given impedance,
reflection is minimized
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Conclusion

In ferrites generally, real and imaginary permittivity decreases with increasing particle size. That
trend maybe absent due to difference in annealing time, where increased annealing time decreases
point defects and increased grain size. Conversely, permeability increases with increasing particle
size outside the superparamagnetic regime; this is evident in our results. Consequently, we
conclude that a combined microparticle loading of NZFO and MZFO, with their relative volume
fractions determined by impedance matching, will yield the greatest absorption in the UHF regime.
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