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Bulk Magnetic Material Using Nanoparticles for High-Frequency Communication Equipment
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Bulk magnetic materials possessing both high permeability and low loss in the high-frequency band are currently attracting attention as key
materials to achieve stable communication and compactness in various types of communication equipment.

In order to satisfy these requirements, Toshiba has developed a bulk magnetic material formed by compacting iron-cobalt-aluminum (FeCoAl)-system
core/shell magnetic nanoparticles of metal/oxide with a resin. The FeCoAl-system core/shell nanoparticles make it possible to synthesize bulk material
of millimeter-order thickness due to their high oxidation resistance despite their small particle size of approximately 20 nm. From the results of experi-
ments, we have confirmed that the synthesized bulk magnetic material achieves a relative permeability of 3.2 and a loss factor of approximately 0% at
1 GHz. This performance is sufficient for application of the bulk magnetic material to communication equipment in the high-frequency band.
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Transmission electron microscope (TEM) images of synthesized FeCoAl-system
nanoparticles
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Comparison of conventional and synthesized FeCoAl-system nanoparticles

DO — kR FEBR L.

CHiE SN 72 FeCoAl & I®F/ K1 0 % ¥ B 7 1 SR 5%
(TEM) GEZR 1 (IR, TAIVF—4# X85tk
(EDX) 4341 20 5, R0 nm DAL T- D KIS, JEE2 ~
3nm?D CHEREIPELENT VWL LD DD 5,

AlDEIRALIZCHEBE A N LTIT o KT OREKICHK
ThbHAIZFALSETHER LR T 5720, FfEOEn
BEMPHETE S,

BALHED CHRERAZETNAT7O—T TORMETIT). &
B/ ko EHEFHL, &|-/ R0k REE2I
T & 2 HIKIREE T C ORI EE AT I MAKRA Y M ThH S,

FINERILE, CEILB DO FeCoAlRa T/ ¥ = Vi F
IR OTEME E% X10IIR T, EDXGH 205, 2~
Anm®OTIVIZTA-Fh- TNV b - # (AlFeCoO) WL
W B g CE b 20 nm D FeCoAlLRa 7/ ¥ w Vg F/
WTaeBKTE T2, CHOMBEMMOREEZEZ LS
LI EoT, BT KT ORARZ BTS2 LASTRET, Y4
TR DY 20 nm & 30 nm @ 2 FHOR T2 AL 720

BT THAR LT/ F (#20nm) O TEMEHZR 2(a)

T/ T EEol-RREIRBERERA/ NI SRR

I, CHELLOBEHERT IA=E (GERE) THB L7 FeCoAl
T/ KT DO TEMEB HAEK2(bIZZENEIRT, BRERD
R & B Ui ER b PE &2 1 e 2 A 7 a2k,
PEFRDBL D BRARDNE L, DD R BE S A DI — T ik
FIRTEERTEDLI Lo,

ST THAR L7220 nm D FeCoAlRI 7/ =
IVREVE T/ R O XFR T (XRD) 785 — ¥ KOS Ab i %
X 3I2RTs

X 3(a)OXRD 2*5, BAFTFHETERLIzmEME T RT3k
LA F (bee) HExED FeCoAIMHAT, XRD HIifiE—2 D
PR S FAED o 72 MRS 20 nmTH 5 2 L Avb
Motz Tz, M1NIRLZ TEM BB SRBEI 2R ED
¥120nmTH o722 &5, FIETETHR LM/ Rt
X HREIX RS 2 TTREIC 2 HRS M A FCTh 5 2 &b h o7z,
INHDOZENSL, ZORTEAVAZET, MLz FH
L7z, BEER S TR OM B SR HIfFTE 52 Lhth
Nolze

—7, BE30)DBALIM S, a7/ 2 VR R D
FIAIREAL 258193 emu/g TH Y, $k- 3790k (FegrCops) &

43




v FRNT @ WFERSI(CUIY)
v TERE
3
ﬁ | |
i 440 445 450 455
& ® 200)
m
# [
v
®
| L I 1 | A_ A
40 45 50 55 60 65 70
B 26 (°)
(a) XRD/X&—>
200
= 100
0
>
& o0 /
; |
8
-100 -
-200 ‘ .
—20 -10 0 10 20
TSR (kOe)
(b) BEALBHAR
3. AEFETERLAEFeCoAIRIT7 /T IVEHMES/ KT (8
20 nm) DXRD/NE—> EBALB#R — XRD /35 — > B bec kD
FeCoAlHAMTHI MR LR 20nmTH 5 2 & &, WAt S faflwk
1tA%193 emu/g T, H1#1175940 Oe TH B Z Db b,
X-ray diffraction (XRD) profile and magnetization curve of synthesized
FeCoAl-system core/shell nanoparticles

L DAL TH 5 240 emu/g DFI 80 % DE Nl % B
TETWAILEDNbh oz, F72, HEEEIIIEH9400eTH S
25 R H20nm A5 H30nmICE R LI EIZLEST, H
940 Oe 2*5#360 Oe lIZZ L A DM TH o720 Th
1, REDBENI LT, BB TH I EHHHT
HBY —HIZ, MR OBARTEEZILEEETLITL5T,
BEREEERR, DRI 8 TR I A 2 & 0D v R D S 1 & A5
HIENTEL, INHDOZEND, ZORMNF/RTORZ
LI EDL T EITEHST, BREHERHML, ZTXD
R AR T CEAREED D B 2 Lhvbir o7z,

3 A7/ DT IVEET/ KFDINIIE

BIF T THBL 72 FeCoAlRT T/ ¥ = Wikt ki
%, BHIRE & IT—IRML L 72 SV 2 B R 2 BRFS L 720

COTEMBEZR4IIRT, Vb 7at 2% T, #
BHPIRCRENE T/ R AE— 12 L T Wb 2 e b o7z,
ISV RO BIRIEALIZIR K T0.68 T ThHotze Fiz, 7V
RIZE TN B RENEF/ R T- OIER O B FIREALIZ 2 OV 2L i 2
TEALD 2L, MR —MLT2 Wb 7o AT, Rk
F R TATE O TRER LT 2 i 2 TV B S E SRR T E 72,

44

4. FeCoAlRI7 /YT IVHEitE/ WFaEBlgE—HLLiZ/NILY
BEHEMBOTEMEERE — #ilk -/ K59 OV 2R NEE T —125 LT
Wb,

TEM image of bulk magnetic material formed by compacting FeCoAl-system
core/shell nanoparticles with a resin
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Bulk magnetic material formed by compacting FeCoAl-system core/shell
nanoparticles with a resin
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Frequency characteristics of relative permeability of bulk magnetic material
using synthesized FeCoAl-system nanoparticles
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