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by the Reactive Deposition Method Using an 0, Molecular Beam

REF=ME - BH K
BACASRI R BIZER, AL ATAEER T 2-1-1 (T980-8577)
Y. Takeno and Y. Shimada
Research Institute for Scientific Measurements, Tohoku University, 2-/-1 Katahira, Aoba—ku, Sendai 80-8577
(1999 4F 10 A 29 B, 20004 1 A 25 A4

Co-Pd-Mn—0 granular soft magnetic films with high
electrical resistivity were successfully prepared by the
reactive deposition method using an 0, molecular beam
The films with good
soft magnetic properties show H, of ~0.3 Oe, 47M, of ~
7400 G,
resistivity of ~200 p Qcm.

followed by magnetic field annealing.

a uniaxial anisotropy field of ~120 Oe, and
Such films were found to be
composed of oxides of Mn and fcec Co-Pd granules with a

particle size of ~1.5 nm.

Key words: highly resistive soft magnetic film, reactive
deposition method, granular film, Co-Pd-Mn-0, molecular
beam, high frequency, uniaxial in-plane anisotropy

1. ZLHIZ

SRR T & Th A L OB UIERE L W RAEE
TR T = 2 7 — RN ITERREIVNE R B 78,
B ARBEEA L LTI STV 3 V2, oA &
HTEMT O, BRE—LZBHELRND, BELoTn
GBS B A B ATCGBERFE L, Bk CIRREMER
i LB A TORE T 2 BUSHER B IEDIER TR ThH D 2 &
% Fe-Gd-0 % & Co-AL-Pd-0 BRI OWTHE L T/ 7, &
IZ Co ZBTeR TIIBR TR T Z L2k, EmHIc—
BORELRERTEFENRAE L, REABIEFIEOTS
ZEERE L. —F, mN—EEEREE H ARE WSS
=27 —RTIY, BEABEREWNESRB I EMRESTY
598 0T, BRIEHR 0 BKE L H OKRX IplE{RR IS
PERC X U AR O B RENE NG 2 S B0,
BUEHRFELET Co ROBEA T T Z 0&t&ifii-3 o &
W272%. BHIHE LIRS CZ O A T AR R R L
TAER, CoPd-Mn—0 FRASBEFRAMEE T & A3 o7 Mn
ERAEHBIL, BRILEVI LY, BLEISHEELS &
TAT U R— N ERIE LR T T v L 2 BB CRIELS
WZ ik,

—%, KBOILCo Ay ZRERIZEE NS Pd | BB
PERRET D 2 & L H WA IED L2 WEL TN,
LL, Z0OFERB LUIRF COFEARIBC oW TS
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ML TRV ABFFETHY, ZEECERI L7z T Co
FIEZIRT 2 Pd DEFER TR SRBIZ OV THERT 3.

2. WA

FROVERBLZIY, IS A CRBRODTE 71— B/
02D &0 BRI T 2 TARRBSEBHEERERA LK. Co,
Pd, Mn &HIF (BHE50~100 um) ZFE4 ORACRE LI,
DAL T & o T AT iR— b R —E DR CHE T LR SE,
SOE LA OEIROEMR LIS EE. 20O R, $E
BRIORI40° OAETERIMEL —LERHE LT 2.

BEHFARUL, SBBEOMENTT v I —ERIC X O Bk
ENIEER L VR VIETTA0T, BRRRIISSR T4
HT SRBHEROF v L —HNOBBEOEAECRE L. &
ER T, BKEECKERNLHEELT, M 2453
EEZLND 2X107 Torr & Uiz, BIERPOBEOTE L
~107° Torr TV, BFOVHHETRIITIEL, 0,50F
e LTEARIC AR 5. RSERIIH 90 m/pin , FEE
#9220 mm & L7z EARICIZo—=1 77059 % Fv -, 3REHE
OB, BBIIEINESN TOAR, T OREIZ/ERL U 7306}
WZDWT 10 Torr BREDEZEHT 1 kOe OFERES T CHLIE
110t

FUBHOHBEIT Cu-K , #R% FAV 2 X BRERRE: ORD) TR~/ X
B2 A 70T FTA (M) TEBRDDOERE T, X B
JEEF53 I (XPS) TEBOBLRIBZ V. o I3PUREHEIC
LUKk, BRI RBBEIAR I & v kb7

3. HREERK

3.1 KEHEIMOENE K UMM

AYEBRUEIC L D%E, BLLBVTTHR Mn & IaREMSI8 Co 72
TZEDEBTEOHMABEDE (Table 1 BR) TIL, &E
SEFRITELNTY, +oRVEBHEOEFREIBIIE LN
olo. ZOHE, Co RERWNEL ST, REMERSHE
DREV hep Co PR LT LEo7- LALPd 8BRS
T 20 at. $iE L E AT CIIFMUIBHEARD TReAED L ME(R:
BABOMELT. Fig. 1 & Fig 2 I[Z&BOMR CogPdMn,,
D 250°C x5 400°C T | BEREGE I CRER T CBVLFE |
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TR DRI REE T ORI He,, BHMREEH, 47M, o
ZRLTe. 2 CBERE T B HEIEREE R ICERIER S
TWABEBBLF N THSD. ZOHMIEEN TR —AD
AHEEHAHFETHD.

Fig. 1 2255 & 91, FAEEROENL 20 Oc FREDR
BEHZRTDS, 250°C 1 RERAOBMIREITEEIZ 1 Oe AT OR
BEINT720, MR TRAMEASA E9° 5. ZORBWEELRITS &,
Hep 11 350°CET 1 Oe LAFDfEZR LT LA, 400°CTiX
DIRYKEVMEIL AR o7 Fig. 11T H, OFER LR &
EEBOBIY 40 Oe RETHDH, 250°CTiL 200 Oe BED
REWMELZR L. BEEPEGERIZ LY, FHEREEMEH’R
AELZZ LIRS T VEREIRER L b0 L Bb
N5 FOHROEBIERIZEY, H i, 350°CTiX 120 Oe £ TH
DL

— o IFREEEBETIIHT00 1 Qem & KXVETHS. o
JIBMIEE L L BINEL 72, 350°C T 1704 Qen IR
Tl AFROEFE. BEEZIT->T, B eBRSEE
BILBFRBEED p 13 500~1000 4 Qen Tho7-

350°COBERLIZ 00T DRE LR % Fig 3 IR LT

IOBEDOBEEZTRD7DIZ XR) ERLITo-HE%R
Fig. 4@ IR L7 Co BRITATMIGT B —ADT o— Rk

Table 1 Heats of formation of oxides (kcal/mol)?.
¥n 0, 345
MnO, 123
MnO 9. 7
Co0 57.5
Co, 193. 4
PdO 20.4
200 Y r . T
CogPd,oMn, -0 |*°
150+ 4200
° .~ 2
Q 100} 1150 ©
-’ e’
- L =
= 100 =
S0k
L -— 150
0 1 1 1 0
Asdep. W 250 300 350 400

Annealing temperature (°C)

Fig. 1 Variation of the hard axis direction coercivity He,
and the anisotropy field H, of films with respect to
successive annealing at from 250°C up to 400°Cin a
magnetic field of 1 kOe. Films were held at each temperature
for 1 hour.

684

BB TND. foe Co(111) THIUE, 4.3° IZBHN3IITTh
BH, ~43 ° MR VIEAII T TWA, B HERORE N
Pd 23 Co BT PIZBEBIN TWBI28, BFWNENST-HD L
Bboind 9 S0y OF—2 20, XRD EBR L 0 sRedI-ET
EHONEDD, T 0 Co-Pd UL F DMK A RIED 5 &, CopPdy
BELRD. f6oT, XMA CIRE L/-&BHMRKD Co & Pd Db
L0, L Pd U oFiZiooTWBZ b5, LhL YL
2 DT BRI EOF EEATE 043 50T,
—%, ZOEHHROFAEREL Y Co-Pd BIFORRR % RAEL D &
1.8 THDZ LD¥h otz FREERETITRIIN 1. 4
m THY, HMERIRRD, BFEEENSZZETOR
ECIE 2 — 32 TRIUE T foc OB Th -1 1EA
RDIRIZE D2 =2 117059 T ZRpbD{DTHSD. —H,

Fig. 4(b)iZid, BGEHRE 400°COBEDERT ¥ —L &R LTz

Fig. 4(a) IZE~HMEREIRA L TWB Z & 385, ZofE
D CoPd RIFORRE RAEL D & 2.3 i THB. Fig. 15
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Fig. 2 Variation of the magnetization 4 = M, and the
electrical resistivity p of films with respect to
successive annealing in a magnetic field of 1 kOe. Films

were held at each temperature for 1 hour.

10 T T Y T T
[ CogyPdgMn, ;-0
L 220 nm

[ 4nM;: 7400 G

L Hc,.:4.50e

I Hc,:0.30e

[ H,:1190e

W

[ p: 170 uQem

_10_ L 1 i " 1 n ]
-200 -100 0 100 200

Magnetic field (Oe)

Fig. 3 4nMH, curves for the film after annealing at
350°C.
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L2 L 91Z, ZOBRE CIMAMENNRIZKE S RoTods,
ZOFEITRIBOERIFED BT OFROEUZ LD Z & a3
EZon20 (FieBl) , v—rohhSEFEARIC Y 7
FLTHEY, hep Co HBHRLTWATRER LSS, L+
2 THIE, FORBLEILND.

350°C THYLE L IO S BIRF OB LIRIB A 2 72 i2
XPS EBREAT oM V0. BETABNY, 5O UHREIRE
ZAr TR Z UTERIT D D12 LT 2082 % Table
2 ICE LD BEINTOABEET R — ORIl JRgeE
WCEVBDTHHERH D, BEEDNTHWANL R vy
DBZRLI Y. ZORRNPD, ZORED Co 2p,, DE—2
{398 Co IZHFITEL, Co BEBFAE L TOAFELTHD D
LERLTWD. —FH ZOBREDMn 2p,, DE— 2 13Mn0 & Mn,0,
DOENZMBLTWD. BIZHIE CELE L-R0ORE T
I% M0, FIDBHER L TND Z &b, Mn0, AEIZAER LT
W EBbha.

%72, Pd 3dy, OV —2 3R Pd & PO & ORIAIBLTE
9, LeLAP DEIZEV. UL, PdidBk L (Table
1 B8), XRD OFERIY, Co BEEREBTHIELTELL TV
58, FIESHZLVFEETRLE—M 0.5 eV LLEFEDH|
U7 MY3ZLi3HaEX6n50 Y, Pdidto L84
KIBIZ S D FTREMEDSEV Y. Pd D XPS R~ MLOR LB
LERVEO _FIAFRI L S K013, B Th o7

LU EDFERH G, 350°C CEYAIE U7 IRIAE 1~2 m O fec
CoPd HABLIFHS Mn OB{EIZBETNTHERL WA LEXD
5. CoPd BLAFINL L TOIUTB £ HERIKIGELS @, =
DY A X720, BEREZTHITTHS ©. LhLoo
BEVIBA S NTIBREE AR L OB Z e 2D, BRIFITAEWVIIR
BRAEEAZRIZLA YBRETEREL, Lab BRRCiER
7eB7d, ZIUIMEOIBREFEZHFIITTHD. 0k
ISRIF B DOVNTRI FRABIZESTIIE, SRFNTEA LM
MITFET DR LD b, BAMHIARVBDLNEN P, 2h
THERBOHHFIZRAEE L THRERHIUE, £ IU=R
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Fig. 4 (a) XRD pattern for the film after annealing at
350°C. (b) XRD pattern for the film after annealing at
400°C.
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Table 2  Binding energy positions for the pure Co,
Mn, Pd, their oxides, and the film after annealing at 350°C
eV,

this work
Co Co0 Co0,
Co @py) [778.3  1780.4  780.0 718.4
Mn MO MO, Mn0, MnG,
Mn (py) |'639 640.7 64159 641.5 6421 | 6414
Pd PdO
Pd (3dy, | 335.1  336.3 336.0

FTHEERRFOZLIRDTHAD B0, ZhhiH, OFERE LT
RLEMIOTEHEE L LN,

LA EOIRILHET H BSREB22018, H, OKE SI386RHE
RIFBEOTERDERD ST BB E /BN DS S AR 56
DEEWHEVERELRBEVEZSE P, Fig 2 bbbk
2, ARTIED 4 M, i 7400 G ER0ED - —F, X
BROT— 5 30 RDT= CopPdy, MBEOMFERIVER L TNB &
T5HE, ZORERIM OBRIVLPA Y v FTHEDT, =
DRERROBEVNE Co O— ML TWAZ Rz kB m L iE
AbHND. Table 1 MHTHUE ARLTWS Co DERLMIL
Co0, THDFIREMEDSEV . ZOMIIEIE ClIseRETHE ™ |
ZOMPERLTNBI, SRREMEASSAIRT 5 2EIEH
TFRIV NI RoTHBZ LI ELLNS. L LI
ERED DI X SICERBUETHA.

I EB TR L K& B ORAEOHKIT, BE5
<, BT RNF—% FiF 5 1 OBMEIRF DSREE I H5eH
WCBE LR, BREFHEOFEBEN, BIiEkx 520
bOBPREL Rl DEBEX B ENTED, KR, B
BHRFEEITNEWD, FTFOBBIEMIE CRVLWD L, &
DHIIBEREARTS DRER T CIL, RLTIBICIIR & ARG R R
PEELTOWA L EXLNDZ b, +4HEEMRH S L 5
IZBbh .

3.2 MROMEE S USBEDBIZ DL T D & He, B

UH, OBatR

T ZETHRATBGIER 0 O/ SV DN T Th o7,
KIZ, MREEXT, p ZRELTEIRADOERER AT
Fig. 5@a)idp & Ho, OBYRTHS. HMRRIZOWTIE—E L
ERECHDR2TORVDT, RLTVWRND. ZORMShND
L1, 10004 Qem LA EDBESIEI L ASEREANIL Co BTIE
WSS LI OWVATZV He, 281 O BREER TR C o O
KEIBAEDEL 25 1200 Qen BETHD. —HHEE0 p %
L ORI H, & & ST B % Fig. 5OITRLE Hidoeilk
5%, 100~200 Oe THDIZ EWbind. He, 1T EMLSEEE
T2V Z EBbnd. oT, ZORDEE, p OEVIR
FRT H, DR T2 CEIUTEN - B EARRL U B8 S 5 7T
MY, SBRITTREBETHS.
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Fig. 5 (a) p dependence of He, for films with various

compositions and various magnetic annealings.
b o

compositions and various magnetic annealings.

dependence of He, for films with various

4. F&¥H

U EOREILUTOL S, £&H5NA.

(1) BRE—LAZBR LR, SBEAHRT SRS
&Y, EERIEHR Co-Pd-Mn-0 % 90 no/min &\ EE
TR A Z LT BEROBII~10004 Qen D p, ~
20 Oe DARRES 12 F50.

(2) ZABNELRERT CEVUET 2 Z L2k, mRN—EE S5
DREVEBEEERE LN ZO—HE LT, He,~ 0.3 Oe,
He, ~4 Oe, H, ~120 O, 47M,~ 7400 G, p ~200 u Qcm
BEOEMEONT

(3) BEREORWERIE, B 1~2 mm o fee Co-Pd s
FHRELLT Mn OBMIZEIN TERL WS EEZ LR
3.
@) BUSHREHET CoPd-Mn-0 FER1ERET 23548, o 251000
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i Qen LA RSB A5 DB S TIIiv . H, 25 100 Oe
UL OBBEHELS D DIIESTHS. £, &V H BN
o 1IN .

BEE XMA 1T R DRI & B KSR T Fe i
FE, XPS IZ L DM & PR AR B CHATEE E L
P ERSBILR L EFE
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