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Structure and Magnetic Properties of Co-Pt Alloy Film Deposited on an Ru Underlayer
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To study the origin of high coercivity in Co—Pt film with an Ru

underlayer, we measured the magnetic properties and
performed transmission electron microscopy (TEM) observation
of Co-Pt films deposited on single—crystal MgO. The structure
of the Ru layer is twin. MgO [100] and the c-axes of Ru are
arranged at an angle of about 60 degrees. Although most of the
Co—Pt grains on the Ru have an hcp structure, an fcc structure
can be observed at the upper surface of the grain—-boundary
region. The MgO [100] and [110] directions are normally
magnetically easy and hard, respectively. The anisotropy field
increases when an Ru underlayer is used in the Pt-rich region.
Coercivity is enhanced by the increase in magnetic anisotropy
originating from the hcp Co-Pt alloy, which is stabilized even in

a Pt-rich composition by using the hcp—Ru underlayer.

Key words: MgO single crystal, epitaxial, high coercivity, hcp,
Co-Pt.

1. ZLBHIC

N=RFAZRZZHAOONTWABR & R RI I /E R
200°CH>% 300°CHOERMBANSLETHDHS, HRMATBZ
ERKBHEIMERICENIE, TR F v/ BRREDHISHE D
ERBERTE, 7L T ARMEERE~, LIS A&
IENB. FEMBAEOHAELL T, MBMEEIZE<AVLNT
W5 Cr EO T il MRz THB O Y& AV /et
HRENTVWDA, FREIMBEAIZIZ RIS, Cr EDE
3L (bee) s D F ia BV -84, NERE (hep)iEED
BB D ¢ #iE bee FTHIDO[110)EEBEL TR ETHIEN
HHN TS, [100]EFLT Cr B&ITIThERERL
7= S22 [L10J M FEET B8, — DD Cr &E&BI i c #
NERLZEED hep FROBRENTHMETHD 2. AL
& T Cr DEITICLY, BRRIEILOBKASEEL TW1D
2, BT OR+ 5372 FEMERGEARTIE, ¢ BB TS hep &
BEILPBIELTHEETION, BREFHEEZILETEAR
BRE, BREDEZETEIEE-EERD. ZOMBEORRE
EELTE, — 2O T HIBERS S LIl — DOBMER SRIHRE
THENTTRIEL. Thbb, REBEFL hep BEDT
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HEEAVNITIVEEZILNRS. -, OO HIETT i
BORRRZSEHTAENTENT, BEBORBSRROS
BELFTREIZA2 D, INEME A CIIREMIREEILC hep HED T it
fEE R OCARIBENTVDAS 99, F2 [ ZIEMBEARIZ hep
WBED Ru 2 THICHEIG T 5L, #ICE Pt MR THERES
BEBLNBILEA|ELL V. LaL, EEMBEOBE CIIHK
IRBERT B TERD o112, FEMBATHRRENMELN
DAN= AL DWTHARERRERIIEON o7, ERERER
SMAITITEBERD, TNICETAIORAEIBE THS.
ZIT, AR TIIHEA R MgO HAR EIC THE OB
RIEL, BEKAFEDORECHRERIT IS Co-Pt DS REE
FEIZ Ru THIBE DIl T 00 #EAEZR LT

2. RBAH &

BIRIEIDC <7 Rba R/ Ry ZZ8V1T-7=. Co-PtiEiX Co
F—4 ok LICPt eI/ —%RETRIBEL-LOEMERIITL,
BRIDMRIZ/2 B I Pt /7 —BEZ AL TREL~. Ru
DREEHN ZXEIZ 1Pa & 6Pa, Co-Pt DEEHN RXEIZLT 1Pa
TiTol. ERIIFHEMIL MgO EERA10)FEB LW
AIDEZANVT, Ar FSX=T 30 Ry F LI L-%RK
Ba2 1T o7, B bRtE oI E IR EHEBRIRE /1 5H(VSM), IR
WEOHFIZIIBZHEFHEMEB(TEM)Z AV, TEM 8%
BADREHT MgO L FEEHDEV Au 23y 77BELTH
WTVBEA, BESFEIL Au o7 7 BB EICEURELAE
Mol-DT, BRHHRIEHAOREHT MgO LIZEE Ru T
MR35 LU Co-Pt FRZ ARARL 7=

3. RBRERLER

3.1 HaEEE

HELBEAERTIRBFERDE >, RILERFRD
ERERVIOREY THDH, — I AFE[ELEHT
Ru VB FEEOARN T BERIIRDST2DT, AFEBE
5T, BHRUBEETILREBERA X Uy LR E
EEH6N5 MgO 2ERELTHVY-. MgO D#FEHIT Ru
D ¢ OB FERITEV DT, TEFF /LR VHIFFT
&%. Fig.1 |2 MgO(110)& LIz Au D 3y77—BELIEL
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72#%, Ru J&, CogPt, BEMRIEL-HEIOWE TEM %45
T. ERBORBESA REIT 1Pa THD. HrEiZ MgO(110)fE T
S S (fee)tdE D Au i3 MgO ERIU F{L T 4L
BELTUVAD, Au @ LD Ru BIZR&LIZ2Y, Au D[001]
#h& Ru D01 1#E#AFITITARBINREL TS, MgO ®
BFEED 0.4213nm, Au D FEESS 0.4078nm, Ru
BFEHIT a=0.2704nm, ¢=0.4282nm, Ru D (011)F FEIFE
73 0.2055 T, Ru(011)E@D2{EA MgO,Au DI F E L&
ALTWDESTHD. WaD Ru D ¢ #hE MgO[001]#h& 112
NENK 60 EDAEEIF>TEFIL TS, Co-Pt BIE Ru
LRLHMNDOTEIF vV EDSHESR TES. Ru KT Co-Pt
DT FAIIRKENIZ[013]TH D2, BEITIZLVBKR DO
fLDEIT, BEDO X BREF CRRERE Ny T77—BDE
e —2 BB R5N, Ru & Co-Pt 2>6DEIFTIIE AN
Ho7=. Fig.l D(a),(b),(c) TRLEB B DS fEse TEM
@ LEBEFREYT ¥ —2% Fig.2 7=7. (@i Ru &, )it
Co-Pt BOHFT Ru (LEVE CTHIKIZZ NI AN R X HEB
53, (©% Co-Pt BORMEICHL, BIROALNTARDHEZT
WO THS. Ru BQ)IIREEDL2V hep #ET, AUk
DET/F— BRSNS, ZHUZH LT, Ru Bzt Co-
Pt BOTEG) TOEIFT/F—13 Ru BIZH~ ¢ B HT1H)
IR DO IRITARY, BB RO FEEINEDLNEH,

hep BEITRIZNTVBZEDHB. RO FS52MT hep
HEDOO)EDEHMENRZ THDBLDTHS. LaL, Co-
Pt BO@BRPOLERELIED - (c)DER4 Tl fec HEIZRTIE
THEPFAR Y DB BEEEINS. DEIETIT/kDa
FIARDIERL, RE@EIEED fec IZEELTWBOMHB. =
NHOFRERNS Ru BIZEEL T3 Co-Pt fBIE hep M %1%
STVEH, HRFIZEEL TVDES7: Ru BIZEELTULVW i
53T fec ABELROENBIEDD, hep HBEDEEILIZ b) L
Ru THIAEELREEEZ R TWBIENH#R TS, oy’

Fig. 1 Cross-sectional TEM image.
(a) Ru layer

L g

3.2 HsEt

Fig.3 12 MgO BE&EMER EIZFERELT- Ru T o Co-Pt
EDORROZBE(C IR R, BERIE Ru TH 20nm, &%
HRIIEE 15nm O Cog Pt,, Th5. FRIEH XEIL 1Pa T,
Ru EEA MgO EAREMAI[110)%HD 5 AL hep-Co-Pt @ ¢
BHEERTHHMICRDZOT, REMSEL RS, “o#icE
95 MgO EAREPI[001)8h MIXE S 85 18 ThodA,
hep-Co-Pt @ ¢ BTN LHIG0ESLL EASTNBDT,
AFLIT1IVS /S22, REE#THS MgO[1101H M5
ZEAMBALLIZEE, BILIZ2TORRRID ¢ Mzt LTHE
REDHOT, BibDafMmAII R MR (HOICELWEE X
biLs. BALiRI T AL DIXREEO TS | #aFl
ROBDIISMEEND Hk % Rd7-. £72[001)055 5 8D %
B Hk>0, 11013 EF S 8D %H &1L Hk<0 TRY. Figd I&
Co-Pt DM EEAI-LEDRFUMF(HODELE Ru T
#ASZ2VEES, Ru THi% 1Pa CRELZESIBLU 6Pa T

of Co-Pt layer

fce 2-20

Fig. 2 High-resolution TEM images and electron
beam diffraction patterns.
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LB AW TRY. Co-Pt WEXIX 15nm, Ru DE
&i% 20nm £L7=. Co-Pt # MgO EARICEHERBEL-BEIX
Pt 23 10% CRIFEBRVEAELDH, TNLLED Pt BT
IR 22 Hk ixBY 35, ZhiZ LT Ru 2 THUCAWSE
Hk X Pt BOBIMIHLT 40%REETIZITEBZRAIZHEM
+%. #AE 1Pa THRIEL Ru ki Co MAEEMEELE L
DOEZHEEREEEIT Co-Pt LiTfiizieh, MgO EiRkD[001]
FraEEs, [110]5RAESE#El5. #if72 Co DBF
EHIT a=0.2507nm, ¢=0.4069nm T, Ru LD FORE
BT a BTH %, c BTH 5%ITRY, TEZF v REkL
1KLY, =X VB L THLRSEEABRRKELRZ>TH
BEEZLND. REMDOFMBEDLAIREREL TUIER DK
EHMOERENE-THEEINIRFENDHD. &
ICEBRFHDOBRE, BERBSENEXITIIREL, BEERHY
ZBERDT BN, CORFHEOKRESIL Co BEITIZEAL K
FLRWOT, BAHOEIBEALIGRERREDOENT
ELTODAEEENEV. ZORFEEOFEIL Ru ITRZT
BEFEHED/IED RuCo &% THUIAWDEBRIcN2L
72%. Figh IZBESHWMOREBEA(HID Co-Pt MMIKTFIEL
Y. Figd ORFHEBRAORERLAEENENTVSD, Ru
FHia 6Pa OH RE TRBLIBESITIIIVRBE AN KEL
2T5. Fig.6 {2 15nm @ CogoPt,, BEMERRIZHB VT T HID
Ru EXZEX -LE2DRFHHR(HHLREH(HO)DELE:
R, BRAMRFIIRBESAEIZEST Ru OFS 20nm F
TIXEIN T3, TR ETIIZEAEELMRE . RESH
i3 Ru Fi#i% 1Pa TAREELZBS, R ERROBEM LR
(2B 20nm LA L TEFIEM A RoNDD3, 6Pa THREEL
Ru FTH#TIIBEEOHMIMILTRIIARLNAT, ITITHHA
AL TWA. RO RMLRBAOEMEEIX Ru T
#1123 hep-Co-Pt DEEILDMMIZ, BN ZEDEIMIZL
STRGRBOFHMMEESININENEZILND. RIZHKE
HAREIZLDBER LI DV TS,

3.3 REHREIZLIMEEIL

Ru THix#BmH AETRIETHE Co-Pt EOBRBMTRES
HEORAITNZ T, BB B OYEEOS RBELRES D
BT ALEZOND. FIT, BHAETRELZEEDOHEE
#{t% TEM B8 TH~TH/-. Fig.7 {Z Ru Fiix 6Pa T
RIEL/-&ZDWiE TEM REETFRORBF/F— &R T.
REHT Fig.1 LA MgO iz Au D3y 77 —BE AL
7=#% Ru R UX Cog Pty BE#FM L. 1Pa T Ru ZAUEL/-
Fig.1 DL, a5 AROBESBREVBBREIZRLN, &&
BOYBELEA TUVWS, 37 LR TIRERFARR-NT, 2
SLERREETIRPTENLLTVT, Ru BLOOETFHREN

BITV A THRIZIENY, BRDOFHLIZRDONTWDIDIZRAS.

2L, B R S HIERIEINSYD, ELITIITEFF
R LVBREBRBNTOWRWEITHS. Ru THOKRBEH RAEE
A 5Eh MgO[001) 5 B kU HEE# THd MgO[110] 5 R D
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Fig. 3 Typical magnetization curve of a sample
MgO(110) / Ru (20 nm) / C,Pt,, (15 nm).
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Fig. 4 Composition dependence of the anisotropy
field (Hk) in Co-Pt deposited on MgO(110).
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Fig. S Composition dependence of the coercivity
(Hc) in Co-Pt deposited on MgO(110).
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RB2 11 (Hob DEER% Fig.8 (Y. MMEIZEX 15nm ©
CogoPty, Ru THIBDEXIE 20nm &L7-. Ru FHIBDRK
RARER L 2L BB O[110] 5 R ORBEH 2L, B
BN ESTVD. TIEIHRAESEIICE-> TS
F AN RROENBRERS>TVBILEZRL TS,

3.4 MgO(11)ALIZCREBLE-ESOBMSS T

MgO(111)E!Z Co-Pt #RIE$ H& hep D ¢ EHER M2 A
HERL, BEREFENECIZENFFINEZOT, 2Tk
~7 MgO(110) i L DRED B D 7= 12, MgO(111) i iZ
E#R Ru #/rL T, Co-Pt #EL-LxDORKEMLT
~7z. K9IZ Co-Pt @ Pt #ARILE BE BT E H R (HE,)
DOEFERT. mPAIZAEIEL M-H B0 ofafn sy
Hk rL7=. Co-Pt ®/EXZ 15nm, Ru DOE&E 20nm T,
FRIEH ZREIT 1Pa T MgO(110) L ICRRBEL - L & L RI& T
5. MgO(111) EIZRAEL 728813 Ru THRHAEELE
# MgO EiR LICHRIEL7-B B L OBE OB INTEA
ERRL, Pt LRV T Ru FTHUZ IO T RERS
REKEOBMBRELNBTE T THE. ZOBEND,
MgO(111D)iEm E& Ru(001)E LD F FEFID SR IZE S
2728, Co-Pt BIZELLTHRILI M ELLTWBEE
A6, & Pt KD Co-Pt 3 MgO LIZET230DE4,
MDEETEIBERBKESFESKREVNS, 110)F L TSR
E, mHNELICRAFENNEL, THENER B OIS, T0
EREYERRII R O/ NSRS RIS KB B RIS N
5. MgO ERICIDITIIFEBD fee =R° bee D T HUEETH FEED
RERIRDFREMELRBNVEEZLNS. LAL, RuFHTIE ¢
EHASEEE 5 AU MO T VVMES T, REE MBSO R 5
ERIEDPENL LEOBOBERRFENELEZED, COERH
DFEBRLTOREUENKEL, BELEBRBANBERLTL
BB LN,

20
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Fig. 6 Ru underlayer thickness (fRu) dependence of the
anisotropy field (Hk) and coercivity (Hc).
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Fig. 7 Cross-sectional TEM image and electron
beam diffraction pattern of a sample with an Ru
layer deposited at a gas pressure of 6 Pa.
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Fig. 8 Sputtering gas pressure (PAr) dependence of
coercivity (Hc).
15 ¢

—O— MgO(111)/ Co-Pt
—@— MgO(111)/ Ru(1Pa) / Co-Pt

10 |

Hk 1 (kOe)

0 10 20 30 40
x in Coy40 P, (at%)
Fig. 9 Composition dependence of the anisotropy
field (Hk) in Co-Pt deposited on MgO(111).

HALHAES¥LE Vol 26, No. 4, 2002

NI | -El ectronic Library Service



The Magnetics Society of Japan

4. FWRESRORE

BEES MgO EREFAVZERICEST, Ru THUZE-T
Co-Pt ETCEBREAMVEBOLNDIAN=X1IE, Ru BEELE
hep BEEFFHOZLIZEHST, FDLIZRE TS Co-Pt D hep
BEBLETH-, #iZ hep MBERLREIIRIRLTVVE Pt
MR THRMNKEV. E6IZ, Ru ORBEAREE2EDDHED
FLRDFERRRICEVERRIOFBENEY, FRBOBESR
BISIIEE{RL, hep-Co-Pt DX ERESBRESELOH
BEORTERBOBEBONDIILENERTER. LIL, BEo
2T hep #i&E Co-Pt Tidiz<, fec #iED Co-Pt HHLEAI
SN, ZOMRBEBKFFEICEELTWARIEEELSHY, ZHhbD
RANSEOBRBETHD.
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