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Introduction - Impedance Matching

Impedance mismatching Impedance matching with RAM
= reflection increasing = reflection decrease
= RCS (Radar Cress Section) increase = RCS decrease
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Introduction - Important Properties for RAM

O Development of lightweight, ultrathin, broadband RAM = Decrease in RCS(Radar Cross Section)
- Impedance matching through high permeability magnetic particles + controlling micro-dielectric
network structure
O Development of excellent durability (heat resistance, interfacial strength) and compatible
materials = Applications in future stealth and weapons technology
- Heat-resistant epoxy resin used in CFRP (carbon fiber reinforced plastic) is applied
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Introduction - Transmission Line Theory

Transmission Line Theory
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Introduction - Development of magnetic particl
permeability

0 When designing a new magnetic material intended for broadband electromagnetic wave

absorbing material (EWAM) properties, the following conditions should be met:
(1) High saturation magnetization
(2) Structural anisotropy for higher magnetic anisotropy
(3) Modulated permittivity for impedance matching
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(O. Acher et al., 2007)
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Introduction - Development of magnetic particl
with high permeability

O Synthesis of magnetic nanorod particles through thermal plasma

Fe-Co nanorods

= Thermal Plasma synthesis of Fe,
FeCo nanoparticles (6000 ~
15000 K)

» 1-dimensional nano-chained
particles were successfully
fabricated without need for
templates or complex directional
growth process.
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Results & Discussion

Thermal plasma (>10% K)
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As-synthesized
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magnetic anisotropy
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chains.
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Results & Discussion
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i.e. 7:3 to 3:7, calculated from regions in images. (c) Powder X-ray diffraction (XRD)
patterns of Fe,Co,_, alloys (x=0.3, 0.4, 0.5, 0.6, and 0.7). All of the prominent peaks,
including (110), (200), and (211), correspond to those of FeCo with bcc structure. (d)
Magnetic properties identified for various weight percents of Co elements.
Saturation magnetization, M, (black color), and coercive field, H. (red color),
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Results & Discussion
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(@) Complex permeability of nano-chained
Fe,Co,., and FeCo spherical micro powder. (b)
Complex permittivity of Fe,sCoy, nano-rods

and FeCo spherical micro powder. .
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TEM images at different magnifications of insulation coated Fe,Co,,: 100 nm
scale, (a) and (b); 10 nm scale, (c) and (d). Individual coating materials show
different thicknesses of SiO, of 29.21 nm and 2.00 nm, respectively. (e) TEM image
of FeycCoy,@APTMS and corresponding energy dispersive X-ray image obtained
using EDS element mapping analysis. (f) XRD patterns of Fe,;Co,,@TEOS and
FeycCoy @APTMS. The well-defined peaks reveal the degree of crystallinity after
coating. (g) Magnetic hysteresis loop of Fey;C0y4 FeysC0e,@TEQOS, and

FepsC0qs@APTMS; inset shows corresponding low-field H, values. KIS Mza74



Results & Discussion
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(@) Complex permittivity and (b) complex
permeability of different condition samples
of FeycCoqy,: as synthesized, @TEQOS, and
@APTMS. The widened frequency
dependence of complex permittivity (c) and
complex permeability (d) of Fe,Co, ,4: as
synthesized and @APTMS.
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Results & Discussion

Electromagnetic wave absorbing performance is evaluated by calculating their reflection loss (RL)
at various thicknesses d and frequencies 7 which can be calculated as follows with the measured
U ande,:

jlh(,mw—> Sp—

Zin _ZO

RL = 2010g10 Z—+ZO
in

Currently ongoing...

14 KIMS d=a7a



Conclusion

« High-purity FeCo nanoparticles with 1-dimensional chained shapes were prepared by highly-
productive thermal plasma synthesis while using mixtures of Fe- and Co-elements as
precursors.

« Systematic control of the composition and magnetic properties of Fe,Co,_, nano-chained
particles has been accomplished by changing the mixing ratio (Fe-to-Co) of the precursors, /.e.
7:3 to 3:7. The highest M, of 230.4 emu/g was obtained at the composition of Fe,,Co;, while
the aspect ratio of nano-chained FeCo was kept within 4-6.

« With high M, of 227 emu/g and aspect ratio of 5.5, Fe,,Co,, nano-chained particles exhibited
overwhelmingly intensified complex permeability, 19.45% higher than that of Fe,.Co,,
spherical micro-particles.

« Precisely-controlled and uniform surface SiO, coating on FeCo nano-chained particles
effectively modulated the complex permittivity. In particular, Fe, Co, ,@SiO, with 2.00 nm
thickness provided optimally reduced permittivity, which opens possibilities of improved
impedance matching.

e RL values will soon be measured.
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Appendix

O Thermal Plasma

Inductively Coupled Plasma (ICP)

Magnetic

Magnetic
Field

Field

|
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Vaporization process
Precursor malerial is vaporized by plasma.

Cooling process

Material vapor becomes supersaturated .'-1#.,* SN
in the downstream region of plasma,

Nanoparticle growth

Manoparticles are generated thr
nucleation, condensafion, coagu

» Thermal plasma

- Temperature: 6000 ~ 15000 K

- Heavy particles possess temperature as
high as 106~108 K while pressure is at atm.

» Nanofabrication using RF-ICP
- Evaporation of precursor
- Nanoparticle formation by condensation
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