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Soft Magnetic Properties and Microstructure of NiFe/FeCo/NiFe Thin Films
with Large Saturation Magnetization
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The soft magnetic properties of NiFe/FeCo/NiFe
sandwich films with high saturation magnetization are
discussed in relation to the microstructure.
Ta/NiFe/FeCo/NiFe/Ta films prepared using the UHV
sputtering process show bcc-(110) preferred grain
orientation with the <110> direction sharply
perpendicular to the film plane in the FeCo layer. It was
revealed that thin NiFe film with a thickness of only 3
nm works effectively as a seed layer of FeCo film to
control the microstructure, resulting in a significant
reduction of the coercivity. The best thickness of the
FeCo layer in order to realize both soft magnetic
properties and high saturation magnetization was found
to be ~100 nm. Film deposition in Ar + N2 plasma
reduced the grain size, but did not lead to further
improvement of the soft magnetic properties. The large
lattice strain induced by N2 addition is likely to degrade
the soft magnetic properties.

Key words: FeCo films, NiFe/FeCo/NiFe sandwich films,
high saturation magnetization, soft magnetic properties,
preferred grain orientation, lattice strain
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ERITITT—=7 7059 HIRAEARE AV, —HDER
TiE, ARERLESCUC Si(100) Mg ERE AV V=, v —F
BROICREREELT 5 nm @ Ta BEEFhZTHAV-.
FeCo /g% 25at%Co-Fe, 30at%Co-Fe D#HMRIZ DU TS
L7z. NiFe @iZiX 79at%Ni-Fe #% AV V-, ERFEIC
660 Oe DIEFHERAENML /2 HMBIA 1T 7=, Bt DB
HIIFB OB ESEHRIC 200 Oe DE A FEIMIH
RBLHEZEPTITof, BULERIREIT 180 CHLU200 °CL
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SIBEMVZBEAFHCEY, WTRLBEEN TRIE L. I
FEiL, BEFECIVREL. #ERITIT X BEHFEICEY
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Fig. 11214, Ta/NiFe(5 nm)/Ta/glass substrate i, 7
HUNZ, Ta/NiFe(5 nm)/Fe70Co30(100 nm)/NiFe(5 nm)/Ta
/glass substrate KD X REIF O RERY. ABRXPT
DR OKITIE, BO LEU»ORETEHDELMglass
substrate]id, THLARIIEKTS. BRFiZix, 2D FeCo &
BEDoyX I H—THRLTHD. UHV THERILYE NiFe
BOIEE 5 nm LFEFITHE ML DD D5 T fec(222)EH 6D
EHTRBBEBINTEY, EHICEN-EmMELZELTVWAS.
ZDX572 NiFe BED EIZRIFEL 7= FeCo b bec(110)E DI
FIZRWERMEERRL, bee<l10>5 MmN AE S EUE, H{HE
THI 2 LR TWABI b5,

—%, Z0 NiFe BETH U Ny F L LT FeCo fEDHE
BEE T 30at%Co A TH 30X 106, 25at%Co MR TH 20
X106 LIEFICKEREERLIZ. £, EREBEORE
KRB BEDRI B S 23R 8NEEIN
7o, BARESRERE QST —=2 2 7059 H5RAEAR (a=46 X
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Fig. 1 X-ray diffraction patterns of Ta/NiFe
(5 nm)/Ta and Ta/NiFe (6 nm)/Fe7Coso (100
nm)/Ta (5 nm) films.

107/K) ¢ R EEARDARER (a=~0/K) 725 TN B RBEL
FEDfH - Si(100) AL S EAR LiZ FeCo/NiFe &4 B
EL-BETH, B ICREREIBEIN o7,
FDH, TNUBORKRIZa—=7 7059 H72AERER
WK RERT

3.2 NiFe BO%%

Table 1 Zi, & & OERERR CEML- FerCos0 & NiFe
DEEBZONWT, BEER LIRS SRR HHA
DRRAERLI-. ¥/=, Fig.2 IZi% Ta/NiFe(5 nm)/FeCo(100
nm)/NiFe(5 nm)/Ta EEORE(LHE S a5 mRo IR
S5 RO L RE R L. :

FeCo % Ta LICEBRIEL/-EBED HHA OfEIX 50 Oe
ZEBX TS, L, DT 3 nm @ NiFe D iz FeCo
PRIFETAHZET HPA X 3 Oe BEETREIZIETL, Fig. 2
IZ—BIELTORULICES 2 AR — st O BER e R LT,
ZZT, Table 1 ZRLE=XDIZ, TRED NiFe BEOE A% 20
nm FTHEMEE TS HHA [JSEALELLE T, IEREBE
DEZFLTWS. ¥, X REFOKER, P72 3 nom O
NiFe % FeCo D FBIZAV AL T, FeCo IEMD bee-(110)
@60 X MOEIYTEEITIMEEE ML T, Lizdio
T, TR® NiFe i, FeCo EOER AZDEEZHIHT 5
—FBLLTRBEKHEOERICHFELTRY, TDELIIE
A3 nm TH+2THAZENDMNS. —75, Table 1 IZRLT
&51Z, NiFe &% FeCo EIZBIEL T, HHEAIXIZEALEE(L
9, HBEKSFMER Lo L TRERDFRIIBES TR
728, Sun EOHETHE, ERFNMBEK P CHEELIER
FHIETHRBESISHED A EL TS 25, s DEBRBRT
i, FeCo [, BV L, NiFe & FeCo Oifi F& ZEHRHMEH
[P CHERILTH, EEO HHAZE TS, $loaTEmy
HEMIZHD.

3.3 FeCo RRk#EH:

Fig. 3 iZix, Ta/NiFe(5 nm)/Fe0Co30(20 nm)/NiFe(5

nm)/Ta HBEOBE{LREEE S mTFOBLiRE —FILLT
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Table 1 Values of HHA for various NiFe /FerCoso/NiFe
films. In the table, “N” denotes the film deposition in
Ar+Nq plasma with N2/Ar = 5%.

Ta (nm) NiFe FenCox NiFe Tam) — HHA
(protecting  (nm) (nm) (nm)  (seedlayer)  (Oe)
100 oot 53.6
3 34
5 100 5 2.7
5 20 5 42
100 5 34
5 5 5.2
s J0ON gy 65
Ta/NiF:e/FemCo;o (100 nlm)
/NiFe/Ta/glass
as—deposited
hard axis
+«—— easy axis

60 40 20 0 20 40 60
H (Oe)
Fig. 2 Magnetization loops along the hard
and easy axes of magnetization for Ta/NiFe
(5 nm)/Fe70Coso (100 nm)/Ta (5 nm) films.
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Fig. 3 Magnetization loops along the axes
close to the hard direction of magnetization
in Ta/NiFe (5 nm)/Fe7Cos (20 nm)/NiFe (5
nm) /Ta film.

RLI-. B, A0 ERFEOSFRENPLOREL
T-REAL Rt d 5 1 (R P o=0" (248 %) [C BT DRE L eh AR,
RALBEE 515" O/EICHAZEIMLZBE ORI
BATRUTHD. FeCo AT BRI RE AL BB SEdhif 55 DRk
{biaBx, ENMBER O K M E B REER ORI ENNT
LT ZETHRBARESENRL, BREAVEFIET 5. Fig.
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3ITBVTY, ¢=%5" [TBIT BB EBITITIT — L TV 328,
EDRBE N D3¢=0" IZBITBELIL /N EL Lo TR Edso
5. L, FeCo BORILAE Bz xtL, NiFe BORILE S
BABERE TN TWIEDTHILEILND. ZOBLE
ST NI FeCo BOEAIKLTHETILHEEINS
73, FeCo @AEL/25L FeCo [EDREAL B ASHAXTAGIZHE M4
DI-HBEALHRR EITIIRNB 2> TETWS. 2B, KB/
FICHIT DR B MORRES HHA OfEE, BBEHD
AEKRFEOMFMEILCHM I ZREL TRDHETHY,
FeCo EOEBAMEICEIZITREESNTVILDEE I HNS.

Fig. 412, Ta/NiFe(5 nm)/Fe70Cos/NiFe(5 nm)/Ta #
RO HPARLNIRHML A S E T MORE S HEA %, FeCo
BREIZ L T/RLUTZ. FeCo 4% 10 nm DHRED HHA I3 6
Oe EREVD, FeCo EEDHMMIZEL RV HHA AR
TLTWS, HHAIL 50~100 nm D FeCo BEIZHU THRE
7248/ ME%ERL, FeCo BUEZ &5 ITHIMETALBFUHEML T
Wh, —F, REMBER HOfEiE, BE 10 nm (28 TH
20 Oe DEVMEZ R M, HHADE S LFHEIZ 50~100 nm
@ FeCo REIZI\WVTIRB i/ ME%Z <L, BE 400 nm T
1% 40 Oe ETHE VML TY V=,

FeCo @23V REIRIZHE W T HEAREWEREIE, FeCo @
BREEDBD TRENWIEND, NiFe BEORERFICHITS
FeCo DT BIE ok FEAIC L AT MM BR THALHE
BaNnd. UL, BEH 100 nm LA EOSEIR CRES S
ML TZREILRALH TIE2R A, BUE 400 nm Tit 40
Oe b Ik ER/THITLDDOT, BALEBRIEEN TIRIE
EH W (HHA=HEA) Li2o TS, ZoZ b, BEEORIC
LDREBARICHEVRNTOKS DML, BRSNS
fELTWBIEETRBL TS, U EDIEdD, S EDERSE
BT, BREKHEEE VR LEE N TES FeCo @
[EA13#) 100 nm THHZ LB,

3.4 SESRFMOPER

Fig. 513, FerwCos BDEE% 100 nm (ZEEL, FewCoso
BORBEHRIZOLBEREMEZIT -7~ Ta/NiFe(5 nm)
/Fe10Co30-N(100 nm)/NiFe(5 nm)/Ta B> HHADfE%, Ar
X HERMEL No/Ar it U CORY. /- Fig. 6121, =
NEDHEBIZ DT, FeCo BD bee-(110)E D X BBl D
Y{EDED>> Scherrer DXE B TRO-HERKIZE D OfED
KU, 2285, bee-(110)E@A LD EITHIZIE, T NiFe oD
fec-(LMDEHHDOEIFTRABEEL TV B2, ORI
B, BIi/8F—2 ET fec-(LIDEM LD EIFBEZEL
SIVTHEIL TS,

No/Ar % 10%FETHRMTBZET, DIiZH400 AdDDH450L
TIAETLTVS. No/Ar 23 10% %28 2 5&, FeCo DZE{LY D
EIFr@EBEBIINDIO1720, ST DIED 25% L LT
L7=. —7, No/Ar O¥INZ LY HBA [ ZHINL, 10% CEA%
AL THWETLTWS. SROXREGHE T, M EH
ETLRWEETE, ERFMCLIRBEIEEOm LIZR
bhighorz. Zhid, 25at%Co-Fe DA R ThH-o7-.

Fig. 7 IZi%, FeCo JEE#% 100 nm (ZEEL7- Ta/NiFe(5
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Fig. 4 Values of HHA and H:EA for Ta/NiFe (5

nm)/Fer0Cos0/NiFe (5 nm)/Ta films, as a

function of the thickness of the FeCo layer.

Ta/NiFe/Fe,,Cozs—N (100 nm)/NiFe/Ta/glass
as—deposited

0 5 10 15 20
N/Ar (%)

Fig. 5 Values of H#4 as a function of the N2/Ar

ratio for Ta /NiFe (5 nm)/Fe7Co3-N (100

nm)/NiFe (5 nm) /Ta films.
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Ta/NiFe/Fe,;Coz—N (100 nm)/NiFe/Ta/glass|
as—deposited

4001

<
(a]
200t
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Fig. 6 Grain size D as a function of the No/Ar
ratio for Ta/NiFe (5 nm)/Fe0Coso'N (100 nm)
/NiFe (5 nm)/Ta films.
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Fig. 7 Values of H:HA as a function of the
distribution angle of the bce-<110> direction,
ABs0, for Ta/NiFe (56 nm)/FeCo (100 nm)/NiFe
(3-20 nm)/Ta films.
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Fig. 8 Values of HHA as a function of
Adaioy duioyx for Ta/NiFe (5 nm)/FeCo (100
nm)/NiFe (3-20 nm)/Ta films.
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nm)/FeCo(100 nm)/NiFe(3~20 nm)/Ta #HEIZ D>\ T,
bee-(110)E D X BEIFTD O yX 7 H— 7 O E{EIEAs &
HHA DRRIZ W TRLEE. BFiziE, —-2? FeCo #AKIZ
BLT, #iAr2bWNT 10%ECOERBIGEHRICH WV THREX
DORBEEM - BLE S T CHERLUEERIZOWTRLE. ¥
7- Fig. 81213, F#ERFEHZOWT, FeCo BOKMEIZ AT
bec-QIO) D EA L L HHA OBFEERLZ. ZIT,
bee-(110)ENEHRIT, BEL O/ INVIOERBRBIZH T 5E
Admo/ dnobdE EUTRUT.

ERZHFMURERBDAGs 1% 2~2.5 ERE OIS M
LTWAR, MEDEWHAWIZRLBOFEDEWNILS
HHA O REREVRBREINLR. —F, ERTFIMZLVER
DABs0 TN 3~6 EOGRERIZHHLTEY, HHALETK
2o TVWBN, Abso L HHADRIZIE, 8\ ERRALIA
V. — 75, Adao/ dopuk DL, #Ar PTERLIITEAY
DOHEBETIEI—0.1 %TEOFEEITHRWERICFTLTEY,
HHA {8/ EV. ZHICHL, ERFMEITo23E D
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Aduo/duobuk OENY, BMEE% CIIEFMIZ, F-20E
IZEV B DR IS AR L TV D EHRINZRET
ZAFEIZ, TRFREML TS, ZOIRBEHEHOH
KIZFIGL T, HHA BRI 2EMmICHD. Zhid, FeCo D
BREERKENED, BRBEHLDRICIVBORFRES
HSEBENBEMT B7-0 VTHALEINS.

PLEDZEND, EICRKRROMMLE BRLLIZZEREM
R, KEEOHEHITHREMIERAL TRV, ZTHICZE
LT, UHV CRET A& CRGRIESHEI AR E
HTHILHEINS. LL—FT, EFFIMCIERE
HOBMKIZIAIBETHEEDRD, BRBBROMMLOREE
HBLTWATRENELHD-), SHELICHELIRE T34
ENDHD.

4. £&0

BEfafiRi{t 2 B 45 FeCo % NiFe BECTH U Ry TFHE
WU T OSBRI D BMRIC OV TRET LI R,
T/E®D NiFe i1, FeCo BN EZ FIIHT B —R@EL THERL
KEHEOEHICESLTHY, ZOEHIE 3 nm TH+45
ThHBIE, Fie, WREKISHLE AR EAT L TED
FeCo MDE413#) 100 nm THAIMWALNER -7, —F, §
P DERERMOEEBI SO THREEITo0, MK
Hom EZRELNT, ERHRMLIVESRE FOELRY
BN ALEBERR NS LT HEmB R o

B O

ARFFIED—ERIL, B ARFENFIRE SR KRR FITH e
F¥(JSPS-RFTF 99R14401), =R L¥— BEZWITKRE
AR IR Y — 7 AR EE, 25N SRC D
FEICIVITh. Z2ICEHT 5.

F7=, UHV @ dc <7 Rhar 23y 2 EBOERICHT->T
i, HILRFEKBEEMNERMTRIBOELEERLRZOV
CEBESHREOHBHER. KEErBMHEILT, #HEER
7.
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