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Abstract

We prepared Mn-Zn ferrite Electromagnetic(EM) wave absorbers. The Mn-Zn ferrite EM wave absorbers were
coated with Sr ferrite powders and Al(OH); powders. The coated Mn-Zn ferrite EM wave absorbers show improved
absorption compared with non-coated Mn-Zn EM wave absorbers.
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[ . Introduction

There are so much unwanted electromagnetic(EM)
waves radiated from EM machines in spaces. The un-
wanted EM waves affect EM machines and humans.
EM wave absorbers are used to protect EM machines
and humans from the unwanted EM wave radiation.
Magnetic materials, such as soft ferritestMn-Zn, and
Ni-Zn ferrites), hard ferrites(Ba and Sr ferrites), and
Alnico magnets are important materials as EM wave
absorbers because of their high magnetic loss, which
contributes to the EM wave absorption!' ™!,

A lot of research of EM wave absorbers for broad-
band absorption has been done in study of design and
additions""".

Mn-Zn ferrite EM wave absorbers show EM wave
absorption in lower frequency than Sr ferrite EM wave
absorbers, because the magnetic loss of soft ferrites with
spinel structure decreases quickly in the GHz rangem’m.
Sr ferrites are used as EM wave absorbers in the GHz
range, because the magnetic loss of them increases at
natural resonance™”!. In this research, we coated Mn-
Zn ferrites with Sr ferrites, and compared EM wave
absorption between a Mn-Zn EM wave absorber without
coating and a Mn-Zn EM wave absorber coated with Sr
ferrites.

EM wave absorbers translate EM wave energy into
thermal energy. In the transition of energy, magnetic
loss and electric loss are one of very important factors.
We coated Mn-Zn ferrites with AI(OH); because Al
(OH); has high resistivity, and compared their EM wave
absorption with non coated EM wave absorbers. This is
technical paper for broad-band EM wave absorbers.

II. Sample Preparation and Measurements

In this research, we used Mn-Zn ferrites as a starting
material for preparing sheet-type EM wave absorbers.
The bulk-type Mn-Zn ferrites were smashed with a
hammer, pulverized with a vibration mill, and coated
with Sr or AKOH)s.

In general, the coating process needs high temperature
over 1,100 C in a furnace. But in this research, we
coated Mn-Zn ferrite powders by a very simple method.
The powders were mixed with aqueous solution of
carboxy methyl cellous(CMC), and coated with Sr
ferrite powders or AI(OH); powders. The Mn-Zn ferrite
powders coated with Sr or AI(OH); were cured at 70 C
tor 30 min in an oven, after that the cured powders
were mixed with chloride poly ethylene(CPE) by using
an open rollers.

For the investigation of the EM wave absorption of
the samples, the prepared sheet-type absorbers were
punched into a toroidal shape with an inner diameter of
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Fig. 1. Measurement system for the reflection coefficient.
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Sample

< Cross section > < Plan figure >

Fig. 2. Sample holder.

3.05 mm and an outer diameter of 6.95 mm. The ab-
sorption properties of the samples were investigated
with a HP-8753D network analyzer. Figs. 1 and 2 are

(b) Coated with Sr ferrites of 20 wit%

Fig. 3. SEM micrographs of Mn-Zn powders.
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diagrams of the measurement system used for the re-
flection coefficient and the sample holder, respectively.

. Results and Discussion

To investigate the effect of Sr ferrite coating on
Mn-Zn ferrite EM wave absorber, we coated Sr ferrite
powders on Mn-Zn ferrite powders. To confirm the
coating of Sr ferrites on Mn-Zn ferrites, we took scann-
ing electron microscope(SEM). Fig. 3 presents SEM
micrographs of non-coated Mn-Zn ferrite powders and
Mn-Zn ferrite powders coated with Sr ferrites of 20
wt%. As we explained in the section of II, even though,
Mn-Zn ferrites were coated with Sr ferrites without high
temperature, we could confirm that the Mn-Zn ferrites
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Fig. 4. Reflectivity as a function of frequency for Mn-
Zn ferrite EM wave absorbers.
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were coated with Sr ferrites comparing Fig. 3(a) with
(b). Thus, the suggested coating method is useful to coat
Mn-Zn ferrites with Sr ferrites.

Fig. 4(a) shows reflectivity as a function of frequency
for non-coated Mn-Zn ferrite EM wave absorbers with
the sample thickness of 0.5 mm, 1 mm, 2 mm, and 3
mm, and 4(b) shows it for Mn-Zn coated with Sr
ferrites EM wave absorbers.

From the comparison Fig. 4(a) with 4(b), it is clear
that the Mn-Zn EM wave absorbers coated with Sr
ferrites are broader than the non-coated Mn-Zn EM
wave absorbers in absorption frequency. Thus, we
conclude that the coating of Sr ferrites on Mn-Zn ferri-
tes is a useful way to extend absorption band. Also,
central frequency to show maximum absorption in Fig.
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Fig. 5. Permeability as a function of frequency for Mn-
Zn ferrite EM wave absorbers.
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Fig. 6. SEM micrographs of Mn-Zn ferrite powders coated
with AI(OH); of 20 wt%.

4(b) is higher than Fig. 4(a). The EM wave reflectivity
in magnetic materials depends on magnetic loss strong-
ly, the magnetic loss is larger in the frequency of loss
tangent(tan 8)>1 than tan 8<1®, Fig. 5(a) and 5(b) show
that the frequency of tan 6=1 is 3 GHz and 6 GHz,
respectively. Thus, we can say that the result of Fig. 4
consists with this phenomenon.

Fig. 6 shows SEM micrographs of Mn-Zn ferrite
powders coated with Al(OH)s;. It is sure that Mn-Zn
ferrite powders were coated with AI(OH); to compare
Fig. 6 with Fig. 3(a). In this study, we used aluminum
hydroxides with high resistivity of 10" Q cm. To com-
pare Fig. 7 with Fig. 4(a), we confirm that the Mn-Zn
ferrite EM wave absorbers coated with high resistive
material have broad-band absorption. Thus, we conclude
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Fig. 7. Reflectivity as a function of frequency for Mn-Zn
ferrite EM wave absorbers coated with Al(OH);
of 20 wi%.
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that the coating with AI(OH); on Mn-Zn ferrite powders
is a very useful way to get a broad-band EM wave
absorber. When we compare Fig. 7 with Fig. 4(b), Mn-
Zn coated with AI(OH); EM wave absorbers give more
broad-band than Mn-Zn coated with Sr ferrite EM wave
absorbers.

IV. Conclusions

We suggested a new simple way of coating for EM
wave absorbers and investigated the coating effects of
Sr ferrites and aluminum hydroxide on Mn-Zn ferrite
EM wave absorbers.

The coating of Sr ferrites and aluminum hydroxides
on Mn-Zn ferrite powders are very useful way to extend
absorption band.

This work was supported by the Korea Research
Foundation Grant(KRF-2003-005-D00005).

References

[1] J. M. Song, H. J. Yoon, D. I. Kim, S. J. Kim, S.
M. Ok, B. Y. Kim, and Ki Man Kim, "Dependence
of electromagnetic wave absorption on ferrite par-
ticle size in sheet-type absorbers", J. Korean Phys.
Soc., vol. 42, no. 5, pp. 671-675, 2003.

{2] S. Sugimoto, K. Okayama, S. I. Kondo, H. Ota, M.
K., Y. Yoshida, H. Nakamura, D. Book, T. Kago-

Jae-Man Song

He received the Ph.D. in Soong Sil Univ.
He made a special study of magnetic
material at Nagasaki Univ. as a research
professor. Now he is a research professor
at Korea Maritime Univ. His research
! interest includes material for EMI/EMC,
} soft magnets, and hard magnets.

164

tami, and M. Homma, "Barium M-type ferrite as an
electromagnetic microwave absorber in the GHz
range", Materials Trans., JIM, vol. 39, no. 10, pp.
1080-1083, 1998.

[3] A. Verma, R. G. Mendiratta, T. C. Goel, and D. C.
Dube, "Microwave studies on strontium ferrite based
absorbers", J. Electroceramics, vol. 8, pp. 203-208,
2002,

[4] S. H. Moon, S. J. Shin, JI. M. Song, D. I. Kim, and
K. M. Kim, "Development of composite Ba ferrite
EM wave absorbers for GHz frequency", J Korea
Electromagnetic Engineering Soc., vol. 14, no. 12,
pp. 1329-1334, 2003.

[5] J. M. Song, D. L. Kim, S. J. Shin, S. H. Moon, and
K. S. Rhyu, "Development of electromagnetic wave
absorbers with Alnico magnets”, J. Korean Phys.
Soc., vol. 44, no. 6, pp. 1495-1498, 2004.

[6] D. L. Kim, S. J. Kim, and J. M. Song, "Dependence
of preparation temperature of the microwave absorp-
tion properties in absorbers for mobile phones", J.
Korean Phys. Soc., vol. 43, no. 2, pp. 269-272, 2003.

[7] M. Cao, J. Zhu, J. Yuan, T. Zhang, Z. Peng, Z. Gao,
G. Xiao, and S. Qin, "Composition design and
performance prediction towards a multi-layer micro-
wave absorber", Materials and Design, vol. 23, no.
23, pp. 557-564, 2002.

[8] Y. Kotsuka, "Ferrite electromagnetic wave absor-
ber", Jap. J. Appl. Magns., vol. 21, no. 10, pp.
1159-1163, 1997,

Dong-I1 Kim

| He was born in Nonsan, Korea. He
received the B.E. and M.E. degrees in
nautical science and electronic commu-
nications from the Korea Maritime
University, in 1975 and 1977, respec-
tively. He received the Ph.D. degree in
electronics from the Tokyo Institute of
Technology in 1984. Currently, he is
professor of the Dept. of radio sciences & engineering at the
Korea Martime University. His research interests include the
design of microwave circuits and CATV transmission circuits,
development of EM absorber, and EMI/EMC countermeasures.
He received the Academy-Industry Cooperation(A-I-C) award
from Korea A-I-C. Foundation in 1990, Treatise awards from
the Korea Electromagnetic Engineering Society and the Korea
Institute of Navigation in 1993 and 1998, and the Korea
President's Award from the Promotion of Science and Te-
chnology in 1995, respectively. He is the president of KEES
and member of IEEE, the Institute of Electronics, Information
and Communications of Japan, the IEEC of Korea, the KICS,
and the Korea Electromagnetic Engineering Society.



SONG et al. : COATING EFFECTS ON ELECTROMAGNETIC WAVE ABSORBERS PREPARED WITH MN-ZN FERRITES

Seung-Hun Che

He received the B.S. degree in electronic
communications from the Korea Dong-
eui University, in 2004. He is currently
working toward the M.S. degree in Korea
Maritime University. His current interests
are development of EM absorber, and
EMI/ EMC.

Yun-Seok Choi

He received the B.S. degree in commu-
nication and information from the Korea
Dong-eui University in 2005. He is cu-
rrently working toward the M.S. degree in
Korea Maritime University. His current
interests are development of EM absorber,

- and EMI/EMC.

Ki-Man Kim

(M’ 95) received his B.S. in 1988, M.S.
in 1990, and Ph.D. in 1995 from Yonsei
University, Seoul, Korea, all in electronics
engineering. From 1995 to 1996, he
worked for Yonsei Medical Center as a
fellow, where he was involved in de-
velping medical diagnosis equipments. In
1996, he joined the department of radio
science and engineering, Korea Maritime University, Busan,
Korea, where he is currently an associate professor. His main
research interests include speech enhancement, microphone
array, synthetic aperture sonar, virtual sound, and hardware
implementation by using digital signal processor/CPLD.

Keel-Soo Rhyu

Division of IT Engineering, Korea Mari-
time University, Pusan, Korea. He recei-
ved the B.S. degree from Korea Maritime
University and the M.S. and Ph.D. de-
grees from Tokyo Institute of Techno-
logy. He is currently a professor in the
Division of IT Engineering of Korea

: Maritime University. His research inte-
rests are industrial automation, expert system and Al.

165



