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Basic examination of composite magnetic core with surface-oxidized
carbonyl-iron powder (CIP)/epoxy for high @-factor RF-inductor
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The carbonyl-iron powder (CIP) was annealed in the air for the composite core of high @-factor RF-inductor
to see if an oxidized film would be formed on CIP surface. Results showed that not only the surface-oxidized film
thickness but also the crystallite diameter and coecivity increased when increasing the annealing temperature and
time. The most suitable annealing conditions were found to be 240°C and 6 h: about 40 nm of Fe3O4 and Fez03 were
formed on the CIP surface under these conditions. A magnetic composite with the surface-oxidized film on magnetic
particles was fabricated and its permeability measured. The inductance and resistance were calculated by a 3D
full-model electromagnetic analyzer on the basis of measured permeability and the ¢-factor was then estimated using
these characteristics. The highest @factor, 33, was observed at 1.8 GHz, which was higher than that of the air-core

from 0.1 to 1.8 GHz.
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Fig.1 Schematic cross section of the planar spiral inductors.

34 Transaction of the Magnetics Society of Japan (Special Issues) Vol.1, No.1, 2017



HHREEI . Feore0003No7iCoss (Wt2%) ThD. FRIRIR LB CIP ofERl
Y, ~v VR (Fury s T ZL  KDE009) VT,
KREFEELL L7 10g DCIP %3 — 1 (ASONE; 2-9169-06, ¢100
x 20 mm) (ZHJ 551D KO ICE RO b xR T OHEL, F
70g %~ ZIVFOHFA~NN-. BERSHY, PR 6h —E
T, BUERERE T,2/37 A—2 L1, 20CHATI80 = T = 280
[PCID 6 4t Uiz, FiiL— ME1 °Cimin C, 6 h ORIEE| TR
WUz, 7pds, BRI S D2 Uikt CTP Ot
UNCOREINY, AFECIIERET %73, 6h £ CHIEMERARI 6 L C
KB UBS—AHRIEL 2727, BN 6h L0 E< L2t
A, FERUEOE S 72 NCHRIIEE A (b L0727,
BWEIAEIL 6h & L=
2.2 BlEAE

FEAEMREOBIEI IR X AFEWTE (XRD) T X #REEEE

(RIGAKU ; RINT2200V/PC) % v, iy Wi} CIP oo b

IEOBIEI I T I A S s FESEM) (AN T
7 ;5 SU-8000) ZFAV =, 7=, itk LiliroolIEl 2l IR AL
JIEt (VSM, FRIJFE - ; BHV-5S) Z VY, CIP OAZHET 555
VEARIERT 7 VAV 72 @FEA- ; PC625) ISV CIIE
L7
2.3 ¥R X BEHERIC & % X REHER

Fig. 2 @I ZENBLARUIHO CIP (M LOLIFES, As-made &3
70 LRRIOR LTS O PRI A L 74 2 L
£ CIP OFAR X BHAHTC &5 X Beisda 79" Fig 2 (@) L Y,
B LA CIP DRWHRE 2 13, arFe (110)2M b . — 7,
BERE T, 25 < AT, orFe (110) DR E— 2 1359< 72
Y, FexOu=° FeO3 DIEHTHRE—2 Vi< 72 AEEAV RSN £z
Ta = 260 [°C] Tl FexOs (10 ZHfET DIERTHRE—2 HMEIET 5.
TB X0 RKHEIE A5 & CIP KD SR EMAE D, FeOs
DSEOB A TR L, MRS T, 25< 375 & FeiOs &
D BIERY v F 7 FeOs & ORI MR ED LHEESH, CIPY
B T LA O EHE XD,

Fig. 2 OWZEWEERE T, & Fig 2 () 2BV T L ST VR
CIP iR &5 % HivD acFe (110) [BHTHRO ©—2 il & {HEiiEA v T
Scherrer R THE LIPS A D OBIfR47~9. Fig. 2
(b) & W EWHEBERE T, 156 LT Fe OWAARGRE-9-A X D ITHFH K
LAY RENZ. THUTEMBRZ XV aFe ORESET-3RI5%
ELl-bnLEZ LN,

2.4 B SEM (= & S REELIEDEHRER

Fig. 3 12 Asmade CIP & SZVUBRS 1 CISUTEER A 73Rl
U5 CIP 0> SEM Wifit64759. Fig. 3 () - V), ENB{ R CIP
1% RO SRR E ClR-—47C,  FRA IR IEE C& e
STz —J5, Fig 300 blRlXg) & v, BUERRE A< 7 DIk
VY, CIP FRmANAEI A Y EHUNEL 725, IREITEE T b
KU CH 5 LHERShD 9.

Fig. 4 \CEMIERREE T 1255 CIP R UIROE S 1, ORRE
T Rk SOOI SEM 57> IS CIP % 100 i
L, 45 CIP OFAIIEDOES % HESY, Otz 77y b T
T, BN HEMEE CHTT— TR L 5. Fig4 £V,
EMEREE T, |2k U CRIAI LIEODIE X 0 | 3R IR L T D83

RSN, Fig 2 (@)K X AHEHTAC L2 X SEPTRRICBOT,
EMIEETE T35 < 2251 2RE Y FesOu R Fer03 DR £ —2 A%<
A AN NP P o R o R

2.5 VSM [ &k HRESISIEDRER

Fig. 5 (a)lZ Asmade CIP & SZMUPRSA TR A | 7-K
P LNt CIP Ot LIt ERER A g, 72 Fig. SO, 2
MR T, & Fig 5 (2)& 0 RAED HAU72 10 kA IS8 DR b M
[emw/g#s JOVRIE) He [A/m] DR~ Fig5 1Y, LiZzm<d
DITPAN M 1 TEF D%, 2 v 725 28T, #
LTZABBH LD Fes0s R0 Fex03 12 > C CIP R 2RO LA R S
D0, SRR OBI UKL, HHTBAEDENT L, IR
TR boFe R Z DD EWVZ D,

—75, Fig.5b)R\T HI8671 He 25, 1HE CIP PNio3HiR b Fe 5/
FEEACEDLOTHD LIET D E,  FlRD X 9\ ZEEERE T,
Lo TR TAIRE L QWA T, HHERTIT H2Y TLHmILR
IKFLTHEFE LS, FAUSR U TEIT 2. 22T, Fig6ll
Fig. 2 (b) &R L7zo-Fe OfE 1A A D &4 CIP DU ) He & DR
{#%7~59. Fig 6 1V, HTWAD 06 FIBILTND Z EDVh
0, BEREELL OB AT 57 v & K851 9555
TEHEEBEZONAS.

1-‘:3304 (311)I Fe;04 (4|00) Fe3IO4 (511) I
| Fe,0; (104) a-Fe (110) | Fes04(440)
= [Fes0, 220) l Fe0 (420) |ocFe 200 ]
=, T 280°C
= —_— e 260°C
Z A o 240°C
2 N 220°C
= 200°C
| A 180°C
l — el N JAs-rjnade|

20 30 40 50 60 70 80
Diffracion angle 2 8[°]

(a) XRD patterns

22— '
g o
Q 20r _
(0]
N
3 °
£
<
£, 18- As-made °® [ i
g ./ o o
=

o I (G .

) 200 240 280
Annealing temperature 7T, [°C]
(b) Tavs. D

Fig. 2 (a) The XRD patterns and (b) the annealing temperature 7a
dependence of mean grain size D in the CIPs with/without the
surface-oxidized film.
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Fig. 7 Frequency fdependence of complex relative permeability z4”, £47,
and loss tangent tano'in the CIPs with/without the surface-oxidized film/

€poxy composites.
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Table 1 DC resistivity in the CIPs with/without the surface-oxidized

film / epoxy composites.
Composites DC resistivity [(2*m]
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(b) Cross-section
Fig. 8 Schematic top view and cross-section of 2-turn spiral
inductor with composite magnetic core.

Table 2 Analysis conditions of 2-turn spiral inductor with

composite magnetic core.

. Size 20 x 20 x 20 [mm’]
Analysis area ” o
Boundary condition Radiation
Number 71,736
Cells
Shape Tetrahedron
Feed Lumped port (50 Q)
Maxin ber of ; 20,
Convergence condition determination urn IHITCT 07 passes
Maximum delta S; 0.001
Position of inductor Center
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Fig. 9 Calculated frequency f dependence of inductance L, equivalent
series resistance R, and O-factor in the three kinds of 2-turn spiral inductor
with composite magnetic core and air-core inductor.
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