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Fundamentals of Magnetically Soft Materals I
Magnetization Process of Magnetically Soft Thin Films

BH # sA¥T¥HRHEREEIYER

Y. Shimada, Department of Electrical and Communication Engineering, Graduate School of Engineering, Tohoku University
Tel: +81-022-795-7070, Fax: +81-022-263-9412, E-mail: simayuta@ecei.tohoku.ac.jp

The fundamentals of the magnetization processes of
magnetically soft films are explained. After a brief
description of the processes due to domain wall dis-
placement and magnetization rotation, the phenome-
non of magnetic moment precession under the strong
influence of the demagnetizing field resulting from the
film shape anisotropy is presented. This precession,
driven by a small-amplitude rf field, allows a superb
performance of the thin film permeability at high
frequencies. High-frequency features of typical soft
films which have been developed to date are presented
and discussed in terms of the anisotropy field, resistiv-
ity, and film thickness.

Key words: thin, film, magnetization process, domain
wall, magnetization rotation, spin precession, magnetic
resonance, initial permeability
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Fig.1 Models of domain structure and magne-
tization process in an external field.

(a) Magnetization by domain wall displacements.
(b) Magnetization by rotation.

384 Copyright © 2008 by The Magnetics Society of Japan



ORLDHEBAREL BIEL->TVWBDOT, WEDOHIETT
i, EVIERECRULO SRS ESEA S 5 AN TEEE
EEET 3. Chick > THERIKESVWEASET XV
F—nbo, 1, BOAIBLOAEE(PRZVLOT,
BV LF-bEREINh S, BENTIE, COBK
BAEMI R VE - L33 2V F - OFIDB/NCIE B XD
BELOREICES 3. BMENOHI T X VY -—DEE
(erg/cm?) BIEFEICE L H->TWT, HZIFFig. 1L
15180 ERIEE T, —HMBHKEAHEER K, K#2
T4 v 7 XAER(A) 2E- T,
0=4/AK, (1)

LREN B, MEHCHOATRBESEmSh 5 &, A
BB O HEDBBALO FENE VEEITIE, £ OHRICHEA L
DEVTWAHXOEEZEPLT & 5 ICHEES BT 5.
INEYRALIREEE U T, IRICHEBEDSHE 2480 5 (Fig. 1
(). £/, BFOARD, BULOHRERESELE->TY
% & (Fig. 1(b), BALIBEEAEIC[E#5d 5. (a) DREEER
T3, APRESIC L AREBEOB X T X3, BEERRLN
Hy (Oe) THEh 3.

#.~(%2) - (zr @

MR, fERRLR, BFRM, B MY, 2R,
MEHRIER 7S & SR OBMSHNC ARG 9 1 B HLT
WT, BELNINODOY S MAEBEBRLED ET5E, REE
OBt DR FMEENTZ RV F B NEIEBRAATL
5. QROFELDO M 3ZRE—H 34+ TOR LO®
&, QROELD ox) (FREEE = % )V F — BHFrHICEAL
LTWBZEERLTWVWSE, 2%, HEOBHDLLT
I, BLABERS TOARERD—DICK-TWS, E
BED v 7 BREEMERDEL,  BRc BRI (Fe-
Si,Ni-Fe, 7 €V 7 7» 2&4£%) T3, BUECRMLEL
EIFIERHREICKOANE—41 b 2D L CHEER
FAEABICLTWA, Fig.2 3, Fig.1 D (a) & (b) DHHE
DOWAtHIRTH 5. KDBE S (easy axis) HRIDHEER
Bk 2B T, §5VEIETRIRIBEIED RIRES @
<, BEERIC X BIEPUE GHB) »Dud TE 5. —4,

M

Easy axis direction \(

Hard axis direction
N\
J 1J

Fig. 2 Magnetization curves in the easy and
hard axis directions.

Hk

PR#dl (hard axis) HHOBALEERDBIETIE, WMKREA
HIITE D D ICRVWRBEPVEL 55, L L, BB
A CEIEREREE LB &, Fig 3ITRLick S Ik
BB OHI% CEEOBI L & TRERIBR SRS
W 3. WEERRE)IC & A AERBAOHERXY & EiRY
wEhiE, EBEH, BB o Y UTT,
+ kHz UTF T NIZRBHRBEXIBGIIRMEICZLE ST
WA, ZhLlEoRBEICRNT 5 cicid, EXIEE
FFzh, MEEEI 7o v RTFIEL LEFNRIRE K
W, —fic S AR AR & L TRETIEROSV
7254 FEBELELRTVAED, 7254 M3 Hy
DBHBRESV I L, B LMES RFOY A XHKREL
75 &, Fig 1| OREEERE) & B LEEZARTE L CERAR
TORALBESERICE S, KEOFEIE->TVT, &
D BRI L DK & O EREERAME OBR I3, BIcEE
HHEEEL>TV 3,

wic, SBRHEEMEZ um LI @b 5 &
& > CFig. 3DREBERERMOT I EEZEATHS., —KIC
MXEEEZRET MKEAMIC, SREEKELH,
FAEMT[EAND, MKEDRILEDLH 205, REHTK
WEE (Ni-Fed4 7ELZ 7ZXE8219, /75
=27 —HE"Y) TR, EREKELE OHMETHOIER
KIEWD, BBV, RERICEYoTh->T, Fig. 1 O/
X#EEOW LA %2R 5 —E B, FEESE
Hick->TEShTWS, FEHKEGME, BShs
WD T L AMEFIEL, S8 w—ilkkaE S
WAEAEHT LI ENTEEDT, BFERTEAMEHI L
teMEb T, Fig. 3 @ &5 WABE AR, W m 28
BB L iR LBREMSEERTE S, Lel, RRoREE:
BEc X ARLBREEEZ 5 &, BETRLIEOREBERE)
DEELLZHA4 FBNLIMEILD OEEETHELET S
oI, WETHANE H-TWa, @BE, N7 iRk
REMERENS, H 2 mOe $ TRIF B LM TE37, B
HOBKETREE mMOe ThH 3. FhUTFIKTF3Icid,
REBER L 5o 74544 FEDELSTHITLVA, FERIC
REEREECESBE LY, IR MNETAFE 7o RiC
155, BREEI, WEEORICERtYS & OIEME %
ANIAEET, MBS IcEVIEGS, ETomME
BEDREE DS BRI AE S U CREBESHIC 5 2 &tk » T

(@ External field

e

Local eddy current
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hard axis directions.
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Fig. 5 Precession of magnetization. (a) With an anisotropy field Hx. (b) Movement of magnetization when a
small amplitude # is applied. (¢) Movement of magnetization when the small amplitude 4 is reversed. (d)

Resonance excited by A.
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the demagnetizing field resulting from the shape
anisotropy.

Table 1 Properties of magnetically soft films

47M; (G) Hy (Oe) o0 wQcm)
NigoFezo 10,500 ~3 15~50
Fe74Si16,5A19,5 10,000 - ~50
CogsZrsNbyg 10,000 16 ~150
CO75TaeC10 14,000 ~15 ~100
C056A110034 9,000 80 1,100
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Fig. 7 Simulation of the high frequency charac-
teristics of permeability for 2-um-thick (a) NigoFezo
(., A) and Co—Zr-Nb ((J, A), (b) nano-crystal
Co-Zr-C (M, A) and granular Co-AI-O ((J, A)
fllms. White arrows: eddy current loss peaks,
filled arrows: resonance peaks.

388 Copyright © 2008 by The Magnetics Society of Japan



Permeability

1E3 0.01 01 1 10
Frequency (GHz)

Fig. 8 Simulation of the high frequency charac-

teristics of permeability for NigyFego films with

thickness 0.8um (H, A) and 02xm (], A).

White arrow: eddy current loss peak, filled arrow:

resonance peak.
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