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Co—rFe,03 perpendicular magnetic recording media were
prepared by the CoO-Fe;0, single-layer deposition method,
which is more suitable for mass production than the CoO/
Fes0, multilayer deposition method. Moderately {100)-
oriented Co—Fe;0; media with intermediate perpendicular
anisotropy (K,=6.0X10%erg/cm?® were prepared with a
wide range of film thicknesses and oxygen partial pressure
used in deposition of NiO underlayers. These media
showed a superior high-density recording performance
comparable to that of highly {100)-oriented Co—Fe;O;
media with large perpendicular anisotropy (K.=1.4Xx10°
erg/cm?). It is surmised that the superior performance of
these media was supported by the longitudinal magnetic
component as well as the perpendicular one.
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1. FU®HIC

1Fe, 05 B IIERILMI T H 2 120, SBEEIC -, [b3iN%E
FHPHEEOET, LWMAKCBENIMETHEE LV B,
T HKEEOE TS, SRRILMSTERETH S Eh 6, &
hE TIcSEE A & LT, fEREEY, WA, T
RSN 2 LIt A OMEMNRShTE L. E£, &
FEON—FF4 27 K54 7WEMR ~y FAFHINED
tote®, VIBIOA v 50 57 4 T~y Fiotd 2@ E LD
bIE/ 4 X« & S/NIEROFH « MESERSIh TV, B
(Lo TEREA L, EEEREED ) 1 ALV T b eRE
BEOBNTOLARZEBHE SNhTVWEI L O, 5RO
BEEAE LB I REMBOVESTH S E VA S,

E#H 53, CoEH rFe0s (CorFe 0,)? O EEMTACEREA
DOREAHMWIC, CorFeOs iR OBALABHMTH 5 <100)
i, BEC LU CEEIEN S B2 BRE L ik
B, & S ECE &1 B NiO T Hi B _E i BB L 72 CoO/
Fe O, A BT 3 HEEE ROV L. B o hicfiEl,
HRET LB L 3BTRS NS 20, KREREH
BHErzxVvF-—%2botEbir, DV Co F—7BTS
kOe ¥ TORE RN ERT T bbbt i, TR
ML Th, BRMAN S BIFRiSEE kAR L,
FROBEFEMKILEEA L 720 5 2aMEelE R Uik
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L&L, T®CoO/FesO, EBIE X 2/EHlTIE, 2o
g =y bEROEKHEORESBENETS 270, HET
BRy FEBPEERICKEBHNESI A &I, &
fo, COBRKOREEESBEREGIERLCBTEE, 1
2 Co—Cr REHIFIAR IR TR EREABMLRSZ b
T &, H2iw Co BETRERFMRICHRTRELEE (0.1 xm
Pb) THEN R ERT CENH B, Licdi-T, B
BERKUEG SRR RITTEE S, FEEmod L CEEY
MO AT 1 #OKE LIRS E &> Co-Cr REEITHF
HWERRBBEMFHISNS.

AFETE, 9, CorFe.0s BIAIERIOZIRIL AR % B
T, CoOQ/FesO4 HBIEEICHIZ T, CoO-FesO, BB %5
FLlTEERRE, Ric, LBOBEBERITS 519, B|EH
MREA AL B ERIL, BRUSES & U2
NI EERET B,

2. EBFE

BHAERDBIZH ORI X, RF X%y s EBEHVE. K
B DEESAE A Table 1 IZ/RT.

NiO i3, BER3 A vFDONiLBY—# v FZ2AL, Art
O BAH AT, BRON T AT 4 A EREICKIGER /<y
7Y v LTHE7 4nm/min ORREEE T, BE 60~350
nm @ NiO EEZME L /2. &Kic CoO-Fe0, BB+, HEHXS3
AVvFDFeCoB&sy—4 v bE2AV, Ar+O0,BAY
T, 200°C M#EL7 NiIOBLIcKIGR <y 7Y v 7 LTHE
o BB ERENRN & #EHRR TfT W, CoO-FesO, ORRME
HEF 4~20 nm/min TH - . TOEEE KRG H 260~350C

Table 1 Sputtering conditions

Total pressure (mTorr) | 5.0

0, partial pressure:Ni0 (mTorr) 0.06 — 0.08
:Co0-Fe;04 0.06 — 0.08

Background pressure (Torr) 7.9%X107"— 1.6X10°°

RF power density W/em?) 3.6 — 4.5

Deposition rate (nm/min) 4 —20

Target-substrate distance (mm) i 80

Target-substrate configuration Stationary or Rotatory (23 rpm)

Substrate bias W) None

Substrate temperature:Ni0Q C) R.t.

:Co0-Fe;04 200
Co content of Fe target (wt%) 3.0 — 4.0
Disk substrate Non-textured glass
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T 0.5~2 BB L, BE 60~130 nm @ CorFe,0s A
B, AEECFHEE R T TOREY, BEoERESEI X 5
[E#7 (Fe-K,) T, i3 ICP i TR~/ BES X UHEOH
DRI S (R.), BRKEE (Ruw) HRFEMSFTHIEL /2.
JERE ORI FRIE, JRFHEIME (AFM) CHEL . #BK
EE IR T VSM IS TRIEE L 7-.

HHRERERF v TESPRO2m DONA NV FS I YH
MIG ~» F (TSS~v F) WV, BERKLZ3ZA5A4F4+ v/
vy P ARNCEME L 7o, BAREIC R~y FOBEEEER
TERYD, N—7toRY - FLREEF (Fomblin Z
DOL) %Al 7c. ~v K« BHAOHEIHEE R 2m/s & L,
F 4R EOBMEICHPE~y FOEXIZ 900 mg (169.8
kg/cm?) Th - 7. HBEOTRER (MR ~v FH Co BEF
FERIEA) SEEE - FSMG ML .

3. ERERBIUEE

3.1 fEROMBLOKRE

INFET, CorFe0: k13, CobkFed ¥y —4 v b %X
SRy gy LTELNS CoO/Fes0, BB, S/ LTV
fo. COREREL, CoFeREI—F v rDRNy YT
WA THRET LR, ERESERBESAMC T, BRERNPRE
ME2HEL Kk CoO-Fe;O, BB LN, Th b FesOy
fEid, BEBMSEAED X OREET (300~700 Oe) A/h&E W
LR EDPG, TITHHETAEEKICEL TRV D, L
BICXK » TCorFeO0: BICEREI B B2 MEND 5. CoO-
Fe;O  BAEIE 2 B AL L TH 5 17z CorFe03 K1, CoO/
Fe;0, ZBlEH 5B O N 3 HOKRER (FesOs & CoFe0s
bR ERNVEGEEHEETH B0, LRI EEAMOE LI
W), EHAEME, BSEEEEHL TV EEHR L.
CoO-FesO, BIREE T, HBE Y — 7 v b O R URRES
TMEBETH S L b, CoO/Fey0f BRI A, BREEDK
RS RPERTE, BEEHLY -+ bEDTENSEER
SHET & 2 alREES RV ZE e,

— T, WMKECREORN FRLREMS 1, TEEAS
KEGHFELEZ b, APETE, AFM 20T, CorFe,05
EAKRE %8 L7z (Fig. 1), BB (TEM, SEM 75 &) i
& o> THRTFROMIIRER B2, Fig 1 » ok EERE

'; # o wgee
Fig.1 AFM image of the surface of a Co—yFe 03 (90
nm) film, obtained by annealing at 270°C for 1h, on
an NiO underlayer (110 nm).

226

WX 33nm Tho7e. &/, EED R, Ruex 3ENER 0.9
nm, 9.7nm TV, SEELHBICERCEBRETRETH ST
EWBb o,

3.2 BEBKEAMICLIHE
INETOHRN S, AFETHEML EROEERKE
HOKE &L, CorFe0, @ <100) HHERMM:IC & » TZLT
BT EMbhoTBY, KREUBREMIESEOHA ((100)
CoFe0q) ZPE8IT % o3, BUF7 <100) SHECRE L 72
NiO FHiIfE [NiO FHifEE o X #REI 2 ~< 2 b D (200) H
=7 & Q1) HEY— 7 O Iun/liy>20] 2HW0 5.4
BERHB. F7, Ino/la & NiO OBEE 6no) I & » TEAL
L, TOfEM20 XD RKEIWER, no=100nm THESN BT
LR >TVEY, UL, KERP S, dmoz100nm TH,
NiO ORERE R (Po,) i & = T Igon/Iu1y NETZ L
Db -t (Fig. 2). Thi, Po, WNSSEEIR T Ni &8,
—7, Po, WRERFHIR T NIO: 2 1) BAERR T B 7o L&
A6NB. TOXIBEBTTELONS lun/li1n=20 O NiO
THUBE A W CEBL L 7o CoFe O, 1A 12, BEMIE S
DINEL IR EBTRISNEY, 20LdBEEKBVTS
BIF S SEERSESE LR T 0, EARESEEO NIO Tt
EORRIE 5 — s Hflic KEB~—Y vBBELIE I LTl
3. & ZTRTI Lpony/Inin< 20 @ NiO FHIE FicfEBIL 12
CoFe,0s K (BAF semi-{100)Co~Fe 05 &FES) (2o
THUSHAN 2N B,

semi-{100)Co~rFe:0; ® X [E[Hr 2 X7 kv (Fig. 3) I,
{100>CoFe03 IT B SN - 7210 BINHEE — 7 BEhT
B, CorFe05 @ 100) BHEL M HEMFTFL L - T B
EMEZ S5SNI Tpon/Inny EZNZT O EIZ/ERIL 72 Co-
7Fe05 AR D B WSKHFEDBER (Fig. 4) 5, Lo/Inin=20
OTHEE A WIIEE IR, oMt BEMKIERESRD L
TWBZ EBDh -7z, semi-{100) CoFe,0s DREFEM L1
LHRRR » SR DI BE R - % )V F — 13 6.0X10° erg/cm?®
Th o, FUEELRFERS (Ho) © <100)Co—rFe;05 D E
(1.4X10%erg/cm®) @ 1/2 PIF & 78 - TWi: (Fig. 5).

R semi-{100)Co—rFe,05 DFLEEFMEEFTME L7z &ico
VTN 5B, 9 Ho, 05 2500 Oe DIEKIc D \W\WT, (EEE
AL OFMALHEBEE, CHAEBEN 1/2E, L8550

30 SNio =110 nm

T200)y/ T(111)

0.063 0.068 0.073 0.078
Poz (mTorr)

Fig. 2 Intensity ratio of NiO(200) and NiO(111) in
the X-ray diffraction spectrum, fgoo/Ju11, vS. Poynio) Of
a 110 nm thick NiO underlayer.
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Fig. 3 X-ray diffraction spectra (Fe-K,) of (a) an NiO
underlayer with Io0/Iniy=11.0 and (b) a semi-{100)
Co—rFe;03 medium prepared on the NiO underlayer.
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Fig. 5 Magnetic hysteresis loops of (a) a semi-{100)
Co—Fez03 medium [Co—rFe:03(90 nm)/NiO(110 nm)]
with Co/Fe=0.03 and (b) a {100)Co~Fe;0; medium
[Co—rFe;03(130 nm)/NiO(200 nm)] with Co/Fe=0.03.
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Fig. 6 Co—rFe;0; layer thickness dependence of the
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Fig. 4 Iz00/Ia11 dependence of the magnetic proper-
ties of Co—yFe,03 with H.; =2500 Oe prepared on the
NiO underlayer.
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8RB Dso D Co—yFe 05 BEREM: 2T~/ fER % Fig. 6 i
AT, BEEH 60~130 nm OFFE T, E,id 90 nm ¥ T
mi, #nllETREM L. —7, Ds b3 RBALEDT
BEECH - . £ 2T, BKE 90 nm OFKIOWT, FlERNF
o H,, B> W TREL 72 (Fig. 7). Hey %5 1300~
2800 Oe OEFTIE, E, ZEFcEMLIzOKTL, Dsold
2500 Oe fHETHRA LB BHRICH - 2. 778, Pl LOiiRs
MO RIE &, 101 kFRPI THRAOBHEBL S/ SN 5 0.08
AT, , DEBEMITIT>THYD, WIFhoERITBVTH
& —N—35 4 M (101 KFRPIDES2ERE X LB
63 kFRPI OB ESORER) » o, ffRdEscETw3
LHETOFMTH B T EAERERL TV A. Fig. 6, Fig. 7 O
iZ, <100> CoFe,03 DBEY LEB - TVWBY, ThiZEE
RSEFENED L Stk - T, DEEESETIIENS
LDIEDVWTWAL LR EEbN S,
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Fig. 7 Perpendicular coercivity H., dependence of
E, and Dy, of semi-{100)Co—Fe;0; media.

P EofER X v, semi-(100)Co—Fe:03 i B WV TIF, Co—
rFe,0s JEE A5 90 nm, H., 554 2500 Oe DR T Ep, Dso & b
KRAEE L2 Enbirote, TOEKE, BULEE, Ho,
(L L7 (100)CorFe0s, 3 & UL & LTHW TR
BADEITLE Table 2 1T, Th b ORLHFEESEOREZERE
Fig. 8 Io;R9. semi-{100)Co~yFe;05 DHE H., dfth gk
KNI EEERE VY, BB~k S, REEKE
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Table 2 Specifications of Co—yFe;O; media and a
commercial hard disk

Media § of recordi- He Bre§ Substrate
ng layer (um) (0e) G+ um
Semi~<100> Co~yFe,0s 0.09 2500 (L) 220 2.5~inch glass

1710 (1) 304 2.5-inch glass
1775 (//) | 119 |3.5-inch Al

<100>Co- y Fe20s 0.13
Commercial HD for MR head -

50000e £ TO H, WREBIBEONZ I E0S, 8k ETDF
A Yy FIE7EY, semi-{100)Co—rFe;03 D Ey, D5y i&, THZ
1 139nV,,/{turn-ugm-(m/s)}, 160 kFRPI T& ¥, {100)Co-
7Fe,05 1PLHd B2 RT & & iz, TR Co BRRFiGE
HEYBNIEEREEREE 2R L. T78b5, CorFeOs
FRBEERIEFESBD LcborswTd, BE, H. %
BEbT 3Ltk »T, BNl ERT CEBHL
stk

Plloc&h b, CorFeOs ik, BLHERD S 6025
&9 IEEB L CHENOBLKS 2008 &5, LEELERICIE
WA OB ENFHET 2 SEESICE LI bggEsE LTw
2LEZOND,

4. ¥ & &

Co—Fe 0 A D EEIc BT, CoO-FesO, BB % B
FLIZ itk > THRMHARN, EEEICHIETE 5 AJREM:
MRV, $ 72 CoyFe 05 B, NiO THIEE O /ERIGH
APRRE LS THIERIT X 2 BEMKE S AR/ N S 158
EiTBVWTH, BRI, KEXUEEMIETHE b OB
FREOENIEFY 2RI I Ebbh-7. Fh, Tho
CorFe0s iR, BUEFRS /4 REMEY bIRT T &0 5, 5%
DEFEMITEEA L LcEERTE, ERerHEL TS
SICFE L AHREIPTH 5.

B OB AHEOERICYID, AFMEBIEI THIIVIK

&% L KBRS LR+ v & — ORENAETERER
WL SV LT
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100 b= A AN A,
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E —e— Semi~<100> Co-yFe208 160

Reproduced voltage
Ep [nVp-p/lturn* u m=(m/s)}]

L ..0-- <100> Co-yFez03 168

} —-a-- Commercial HD for MR head 136

1 10 100

Recording density (kFRPI)

Fig. 8 Bit density response curves for a semi-{100)
Co—Fe;03 medium (—@—), a {100) Co—~Fe.03; medi-
um (--O--), and a currently available longitudinal hard
disk (--A).
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