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Crystal Structure and Perpendicular Anisotropy of Co-Pt Alloy Films Sputtered on Cu Underlayers
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Cu underlayers were sputtered on mica and glass substrates at
substrate temperatures 7,*° ranging from 20 to 300°C. Then, at a
substrate temperature of 100°C, Co;sPtys alloy layers were
sputtered on them. The (111)-orientation of Cu underlayers on
mica substrates was dramatically improved by elevating 7,*"
above 200°C, while the Cu underlayers on glass substrates were
hardly textured even at 300°C. Co-Pt alloy layers on highly
(111)-oriented Cu underlayers were of (00.1)-oriented hcp
structure, though a trace of (111)-oriented fcc phases was
detected. In the Co-Pt/Cu/mica films, effective perpendicular
anisotropy K.y increased remarkably with rising 7., in
accordance with the development of (00.1)-oriented hcp phase.
On the other hand, K remained negative even at 300°C in the
Co-Pt/Cu/glass films. No significant difference in K 4 was found
between Co-Pt/Cwmica and Co-Pt/Pt/mica films. The uniaxial
anisotropy constants K; and K, were evaluated from torque
curves. The enhancement of K. was due solely to the increase
in K;, and K, varied only a little with the development of

texture.
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1. ZL &Iz

(11D & 2V Z(100)EM L 7= Pt THIE LIZ Co-Pt & &%
ARy Z L, EOEEBIEFTESEEEEICH IKET
HLERELEZY. Tabb, (1DER L Pt FHE L
IRy & LTz Co-Pt B&MT, Pt EAEMN 40 %L FOME
BT PR EEICAEM L hep ER LS. LT, ¢
WS EEELIC KL L7z hep #EDRE & & bICEEMK
BEEMERRKEL D, Lo T, hep Co-Pt & DFESRE
KREFMEN Co-Pt AEEOBEMKEFTEICRE hEEL
LTnaeEEZLND.

EZAT, PYIIN@EICET 2 By T RIEERE T 0.2775
nm TH3 2. ZHITK LT, hep Co-Pt HED cEICHIT
DEOLHER TR, BEBKEIER b b REL
2% PtEARE 25 %TICBNTH 026 nm THS. Dk
572 I A< v FH hep Co-Pt E4& D c BHERAVEIZ AR @

BARGHESFESE Vol 25, No. 4-2, 2001

TWBEDD, HAWIPt THE L Co-Pt BE&DRE CTEE
BREFEDOREBRIMOIDEE L2 LTV D DHNIRRE
WREIBETHD. £Z T, AFETIE, (I)EZBT S5&E
BER 7 RIEEREDS 02556 nm TH Y, Co-Pt B4 L DR FES
HERE WV CuZz THBIZHA W T CoPt 84 E PtEE & 25 %)
ZERIL7-. Cu THIRFRIROERIEESE X, Cu TH#
BOMIDERMEDEIL & & BT CoysPtys BEMBEOR RiEE
CEEMKEIER DL S ICET D rH.

2. ZEBRAEX

B OERUTIZIRF< 7R hu v 2%y ZEBE V.
RKEFC~EH L~ VERERTA P T T ZEREI
HEEERLEZ. BXZ5x10* Pa ETHER L%, 0.8 Pa
D Ar HRAETARy Z&84To1-. £, ENREER2=E
235 300°C £ TE R T, JE =4 100 nm © Cu THIE % 1ER
L7z, Z0t%, EWRBE% 100°C {2 Ff, CouPty B&%
—7y FEAVTEESH100nm D Co-Pt LB %2 Ay ¥
U7z, HEREEIYT Cu THIBES 9 nm, Co-Pt 4B 2
B SmmBETHD. Uy vy F¥—% AT Co-Pt £EBTE
FETT AR LICHRSY, MHKEERERANTED
BExZHELE.

FUEFDFE AT X AREIYT (Cu-Kofi) 12 & - TH~ .
BH D202 F ¥ OMIZ, yRAFv 2 (WETBELRZ b L
LIEEROMDOA) LoAF ¥ GIEEEROEDLY OlE
) biToC, HaBEZRELE. BKEEOHIEIC
IIREREIRIRE /1R (VSM) & ML BEAE 2RV,

3. ERERLRE

Cu THUB X /%y # B O EIRIEE 1,5 % 300°C I LT=A
A Bk B ERL L 7= Co-Pt/Cu/mica FED X BEIHT/ ¥ — >
% Fig. 1(@RT. Cu(11DDIENE—27 & & 1T Co-Pt &
EBOIEF ITRNEFE— 27 2 20=426° IR 6N, ZD
EHT ™ —2 i3 hep (00.2)E H B W it fec (IDEIZ L B LD &
Bboid. Cu THIE & Co-Pt && B O ME MM ITERIE
EOERLLEBIZELLMETS. Fig. Ib)iEn vy 7k
— 7 O¥{EFA0 2 EMRE TL% Izt L TRT. Cu(11)D
ATIEARBE T D LR & L BIT/NEL 2D, 300°C Tl
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Fig. 1 (a) XRD pattern of Co-Pt/Cw/mica at T,°*=300°C. (b)

Rocking curve half-width Ao versus T,** in Co-Pt/Cu/mica
films. (c) XRD pattern of Co-Pt/Cu/glass at 7,°"=300°C. (d)
XRD pattern of Co-Pt/Pt/glass at 7,7=200°C.

0.5°1272%. Co-Pt DAL Cu(11D)DAc X D LHEFTREWVD
OO, Cu(Il1DDAcDEA & & biT/hEL b, Pt 2 FHl
BV B AT ERIRE 1.7 23 200°C 0 & & P11 &
Co-Pt DAGI2.5°M B3 RETHY, Cu THIE LOHE X
D HECEMEAEL, Fig L(OXEREE 7.5 % 300°C I L
TH I AER EICHERL L 7= Co-PyCu/glass RO X #R[EIHT/<
e ThD., HIRAERETITERBE 12&< LT
b Cu THUBAIZE A LEEM LAV, 2Dk, CoPt &4
BoLiFEAFRALRV. LML, Pt ETHEBICANS L,
Fig. 1@}ZRT & ) ICESE RN 12V &322, 22T,
Pt FTHUB ORISR 77T 200°C Th 5. Pi(ill)E Co-Pt
D XTI —T OHERAITTRETHS. ZAbD
FERND, VT AR ED Cu THE, H72FEKED Pt
THUE, <A DEKEOPITHE, ~A VERLOCu T
HEDNBIZ THBO(IDEMMERE 2D Z &85,
Co-Pt BB OEMMEBRICIEF TEL 25,

Co-Pt/Cu/mica E?D Co-Pt 5&&75 hep HEETH D> fec
HETHANETARD DI, yAF ¥ AT ¥ 2T
7. BIROENEL, Sz Uk Co-PyPimica IRDBE
LEETHD V.

hep HETH B Z & ORERIT{10.1}H 2> & OEIFT & HIZE
TBHZELITEoTITo 7. BT ERDH ¢/a 35 hep Co & [
C1.62ThDLERET D &, c B ERGEE IZE M L7z hep
BifE R CIIEE D B 62V 72 {10. 1) S 6 BRI # CR7ET
B, (00.2)ED 2005 42.6°THIUE, {10.1}E D 201345.6°
12725, 20%45.6°, 0%22.8°, BELRZ b L EIEROM
DFyE 6221} L, BREROEDL Y IZEEEL T (Fhifié
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Fig.2 ¢ and y scans of Co-Pt {10.1} in Co-Pt/Cu/mica film

prepared at 7,.°°=300°C. 28 and o are fixed at 45.6° and 22.8°,

respectively.

FEZT) BIE LR E Fig 2277, Cu THIE RS
v ZEEOEFIRE T3 300°C THH. 60°Z & iThe v i
WE—Z 2R BN5. Fig 20)0deZEHTE—7 BRA LN D
30CICEEL, WEEXATAEDHKRTH D, il 622011k
WE—27BRALNS. LER-T, ZORB® Co-Pt &&
BiY c i EmEEIZER L hep BEZ LD, EENT
BEAMERENZ &85, 728, hep Co-PtAED c/a
DRI BHI3IE 1.62 TH D Z & A3 Kikuchi It LT
MEANTNWE Y, %7, Co-PYCu/mica ED Co-Pt{10.1}
A OFYTBRE L Co-PyPymica IEE W HE <, ¢ R F ¥ Py
AF ¥ L DOE—7 DEHREN. Tk, Cu THREDIZ S 2
Pt THIE L 0 bEMMERE VI IZERLTWS
(NDEM L7z foc BETH D Z & ORBEFRITIBEE D HEN
Z{UNBE?OOETERIEST S Z &I k> TiTo7. (111)
Bom L7z fec B CIIER IO T2AINOMIZ, KEmh»
L TV ED 3 BB CHET 2. 20%42.6°,
0%213°, BELNT MUV EEEROBOAYE 10012k,
BEROEDL YV ICEEEL T (FAEEXT) JWELE
R % Fig. 3@IRT. BBHLFig. 2 EEUCTHY, Cu T
HIE RSy & EEOEMORE T,% 1% 300°C TH 2. 3 BRI
FRT 0B TR, 6 EXRFRERT 60°EIZ BT e —
IRRLND. BIFE—7BR LD 30CIEBEEL, v
ZEZ TRIE URERD Fig. 3()TH 5.y 70°DAHTIC

@ y=70" (b) ¢ =30°
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Fig.3 ¢ and y scans of Co-Pt {111} in Co-Pt/Cu/mica film
prepared at 7.5 =300°C. 26 and o are fixed at 42.6° and 21.3°,

respectively.
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B—rBNR LN, ZORFEIXA1)ER L7z fec Co-Pt 4
DHEE LTCHEETHZ EERT. 228, KR LTY
72V, (NMDEEM L7z Cu THB S FRIERICHNGETH Y, Cu
FHUE D' O FALIL(DE R L fec Co-Pt & D 5L
ERUTHS.

Fig. 2 & Fig. 3 OFEREMND, HEREE 7, % 300°C 2L
THEBL L7z Co-Pt/Cu/mica FEIZIZ(00.1)ACM L7z hep Co-Pt
A& EDER LT fec Co-Pt SEMNIETHZ LN
Ph»B. LoL, Fig 212777 hep {10.1}E DO EIFHRELT,
Fig. 3 12779 fec {11} EDEFTRE LV & 20 fF b &V, L
el o T, ZORBTIIR¥EDES2300.1)ALH L7 hep
Co-Pt &M THB ELEDbNS. hep Co-Pt &M & foo
Co-Pt A& DIRTEILX Co-Pt/Pt/mica JETHHEERIZA DN
B,

Fig. 4 I¥, BEDw-20 2% v (BEL~T b & SR
DD Ay=0°) THIFE LTz Co-Pt & Cu(ill), y=62°THIE
L7z Co-Pt{10.1}, y=70°CHIZE L7z Cu{lil}& Co-Pt{111}
OEYTRE L Cu THIER Sy ZREOERIBE 1,15t L
TRT.TOOERE & BHIC Cu THEBORAM®EREL 2D,
Cu(1I)DBENBIMIIKEL D, L L b, fiomE
NOOEFRELRBIZIES 2D, LirL, y=70°0
Co-Pt{111} DEIHF5EE O MBITMOEIZ LRV, Lz
BT, T 200°C BA_ETiX Co-Pt B4 BITIEIE(00.1)ED
M U7 hep Co-Pt EEMHTHOON TS LB 5.

Fig. 5(a) & (b)IZ, EARIRE 7,° % 300°C 12 LT Cu FHUE
B A%y Z LTz Co-Pt/Cu BEOBHMLEER TH 5. ERIEE
BAL iR, SRITEABCHER TS S, Mt
M, (¥ 1000 emu/cm®) THHKEILL THS. Co-P/Cuwmica
IS EERLBE TH 528, Co-PYCu/glass FRIZTE NEALE T
&7%. Co-Pt/Cuwmica ETH EMMEL 22V 5AEITIT Fig
SIS TR L BHARIZ 72 5. Fig. 5(c) & (d)ik Pt THIE % 2
WRIREE TF=200°C TR Xy & LTz Co-PtPt TEOREALHIBR T
¥ 5. Co-Pt/Pt/mica FEDRE(L #i#1T Co-Pt/Cu/mica JE& 1T &
AERLTHA. LoxL, Co-PyPrglass BEiL Co-Pt/Cu/glass
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Fig.4  Diffraction intensities versus T,"". The intensities of
Co-Pt and Cu(111) were obtained by ©—26 scans, while the
intensities of Co-Pt {10.1}, Cu{111}, and Co-Pt{111} were

obtained by ¢ scans.
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Fig. 5  Magnetization curves of (a) Co-Pt/Cu/mica, (b)
Co-Pt/Cu/glass, (c) Co-Pt/Pt/mica, and (d) Co-Pt/Pt/glass. 7.™"
is 300°C for (a) and (b), while T, is 200°C for (c) and (d).
Magnetic field is applied perpendicular (solid curves) or
paralliel (dotted curves) to the film plane.

LY b0 KELBEBKESEEZ L O2Z LBLR5.
FEHR L BEMKEITEES] K% Cu THER Ny Z
D EMRIBE 7. 2% LT Fig. 6 \{ZRY. ZIZT, Kglt

E,= K¢ sin®0, )

DHEEKEFHET IV —FELEELT M7 BN LH
Hi L7z, Co-Pt/Cu/glass FED Kg i3 ZARBE T DO LR E &
BHIZESLNTHEMNT 5 H D0, 300°C THADETHS.

Co-Pt/Pt/glass fED K (M) &L~3 L, Co-Pt/Cu/glass X
D KgBIEFIW/NENT EMER &N D, Co-Pt/Cu/mica X
D Kegb T2 100°C £ TIHATHH. LHL, 200°C T
K BNAEBIZKEL 2D, 1.6x10°erg/em® DEIZARD. Zh

e 2E Pt/mica —» 3
o : 3
go 1E @m-— Pt/glass 3
% 0 :::H.H:: ++ ...:::.‘HHHH..:
C =0
= -1 | o= =
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Fig. 6
versus 7,** in Co-Pt/Cu films. The anisotropy of Co-Pt/Pt films

Effective perpendicular anisotropy constant K

is also shown for comparison.
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L OBEBRIKEFEOKR/DEREL, SREREOEEKE &
SHIELTWD., 77205, hep Co-Pt 4D ¢ BN ERE
EREMTIZ I Lo THREMKEFTENRELS 252
EEBRBRT S, KEBRTRALF—2nM’ Z#HELT—
R SEER K ZFET B &, v B ER LI 200°C BLE
DEMEE THERLL 72 Co-PYCu/mica BETIT 8x10° erg/em’
BEIC/D. hep Co-Pt NATEELEOREBHRIETHIZ
Bolzoni HIZX > THE SN TS Y. EEMREETIE Pt
20 %F2EE T L2 hep B EE TRV, Pt 28 20 %D H 4
i 1x107 erg/om® BRED K, & b0, P8 25 %D A4 bRR
EOREZOBIBFEE 2L TIUE, RFETELN
T EEBIAESFEEVATES. LiL, Co-PyCu/mica
OEAMEDS Co-Pt/Pt/mica BEOEFEME L D @Mz b b 5
T, Co-Pt/Pt/mica ED K (O) X Co-Pt/Cu/mica JED K4
CIFEALRUTHS. ZoERE LT, ORE MM
HEBREU R BNVTEEMIEFENZEASHEML
7275, @Co-PtBEB L Cu THEBO RENPEAMKIR
FHIZEDEEEZ LTS, REIXILND. ZRIEDOVT
X, WaEEEMER D o & &V Co-Pt/Pt/mica TR /ERLL,
Co-Pt/Cu/mica BE L LhB 52 Z L U ETH D,

EEMKEFELZ LV LB T 22012,

E~(X, -2nM>)sin*0+ K, sin0, )

DORER R FHEEIE LT, Co-Pt/Cu/mica BE & Co-P/Cu/glass
EO—REAETHEER K & L2 M IR eEHR L
e, ek, EENTORIIC

L= M, H sin(¢—8), 3)

OEFRETANT, BEOBNEMIELL Y. ZIZ7T, ¢
IXRER D F A, QIIBHL O F R TH D, HIIEER H X 15 kOe,
BFIREAL M 1T 1000 em/em® BBE THB. ZDOLHITLT
Rz Ky & K, % Fig. TIORT . K REREE 751013 L
Ao EIkFER T, Co-Pt/Cw/mica BETIT 1x10° erg/em’® B2 OE
%, Co-Pt/Cu/glass TETIL 5x10° erg/em’® REDER L 5.

Co-Pt/Cu/glass JED K, 1T 4x10° erg/em® BETH Y, 7D
ER L EHICHhT NI X D, Co-Pt/Cu/mica BED K, 1L
200°C PLETABICKE 2D, 7x10° erg/em’ RE D%
LB, Lo T, BEBIKEFFEOM LIZH-E6 K
DERICEBZLOTHD. EEMIETEORIRLS LR
SEFHETHNE, K, FT TR K, b2 5EE2 LN
3. F5ThiuE, CoPt BLBEOEEMIEFMEICHE R
BMREFHUSNOREREERH D LICRD. &k,

Kikuchi & 1% ¢ #hASERE FATICER A L7z hep Co-Pt BLfS AR
FERIL, PtEFEED 25 % T K 75 3x10° erg/em’ 12/E,

KM 2x100 erg/em® BE L ME LTS Y. HOLORE K
RBE, K OENNENZ AL LT K OESERE
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Fig. 7  Uniaxial anisotropy constants K; and K, versus 7,*"

in Co-Pt/Cu/mica and Co-Pt/Cu/glass films.

KEzW., 7L, Kikuchi b OBEKREFHEDEIL Bolzoni
LOEL D &RV /NEN. Co-Pt BEBEOEREMERES
MoBEREE LT, KELBEBIESF S LD CosPt HEI
BLDERNEHEN TS O UL, FBgECER

L7Z3 B Tt CosPt HAIB S0 AR 27T X RETE—7
RGN,

BHRORER, Co-Pt AEEOEEMTEFTMEIFEBE
BEOR LEE EBICE L REL DT ENbrol. T
DFERIT, BEBIKEFECEIFEE LT hep Co-Pt &0
ERBREIEETRETS. LirL, HaMKEFHOF
BT CREREREF T STATERVEEDND.

B OB AHRCIHAEVEZEREIFEREATS
iR, MAREBNEER, BEMTEIBF, ATEE R SRS
BLUET.
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