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Fig. 2.1 magnetization of longitudinal magnetic recording media.
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Fig. 2.5 Magnetic recording using a single pole type head.
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® S. Yamamoto et al.: IEEE Trans. Magn., MAG-13, 5, 1272 (1987).
! , 21, 6, 966 (1997).

12



50 Ghits/in?

2-3-2
(single layered perpendicular magnetic recording media)
8,9
Co-Cr h.c.p. Co-Cr
Ti 10
10 Torr Co-Cr-Ta/Ti/Ti-Cr
Dso 200 kfrpi 1

8
9

, 21, 6, 950 (1997).

, 21, 6, 959 (1997).

10 M. Futamoto, Y. Hirayama, Y. Honda, K. Ito and K. Yoshida; J. Mag. Soc. Jpn., 21, S2, 141
(1997).

'y, Matsuda, M. Suzuki, Y. Hirayama, Y. Honda and M. Futamoto: J. Mag. Soc. Jpn., 18, S1, 99
(1994).
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14°s. Iwasaki, K. Ouchi and N. Honda: IEEE Trans. Magn., 32, 5, 3795 (1996).
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Fig. 2.7 Atom networks for Co-Cr alloys suitable for h.c.p. lattice.
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Table 2.1 Composition of Co-Cr-X (X: Ta, Pt, Ta-Pt) alloy thin films.

Fig. 2.8 M-H loop of ferromagnetic mateials

Co Cr Pt Ta
82 17 1
86 84 12 14 2
80 78 17 19 3
86 77 10 19 4
82 78 13 17 5
84 77 10 17 6
71 70 19 20 10
75 69 15 19 12
56 22 22
69 19 10 2
75 73 16 18 6 3
70 18 9 3
76 15 5 4
87 13 4 6
S Nb Y Co-Cr-Nb
S ' Nb Ta

Co-Cr-Y

> N. Honda, J. Ariake, K. Ouchi and S. Iwasaki: IEEE Trans. Magn., MAG-34, 4, 1651 (1998).
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(MBE) 18

Fig. 2.9
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Fig. 2.9 Schematic puttering phenomena.
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23, 5, 1752 (1999).
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19 Ar

Fig. 2.10
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Fig. 2.10 Magnetron sputtering appaloosa.

19 K. Noma, N. Matsushita, S. Nakagawa and M. Naoe: J. Appl. Phys., 81(8), 15, 4377 (1997).
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Y -electron

Targets

Fig. 2.11 Schematic of facing targets sputtering.

20

20 M. Naoe, S. Yamanaka and Y. Hoshi: IEEE Trans. Magn., MAG-16, 5, 646 (1980).
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21 M. Matsuoka, Y. Hoshi, M. Naoe and S. Yamanaka: IEEE Trans. Magn., MAG-18, 1119 (1982).
2 22,7,1119 (1998).
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(1997).

Y. Honda, Y. Hirayama, K. Ito, and M. Futamoto: IEEE Trans. Magn., 34, 4, 1633 (1998).
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* S. Nakagawa, M. Hatakeyama, K. Takayama and M. Naoe: J. Magn. Magn. Mat., 193, 63 (1999).
5
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Fig. 3.2 Deposition process for bilayered film using Ts optimization.
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A

Fig. 3.3 Facing targets sputtering apparatus for multilayered thin films.

Substrate holder & heater

Glass window

Rotator

7 \
AN

Road locked chamber

Plasma source unit

Fig. 3.4 Construction of the sputtering chamber.
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Fig. 3.5 Plasma source unit for facing targets sputtering.

Target: Co7,Crg alloy

Fig. 3.6 Sputtered erosion for the rectangular target.
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Table 3.1

Table 31 Magnetic characteristics.

3-5-1

CO77CF20T8.3

Co

Fig. 3.8

Co065Cr3s

Co,C r20T8.3/C065C I35

Co-Cr-Ta
Cr 17 at. %
Cr
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100 nm Co,,CryeTa, | 250 100 nm Co,,CryoTag | Ts
50 nm G, O T, 50 nm oL T,
T,-optimized film Conventional film
Fig. 3.8 Definition of Ts-optimized film.
Table 3.2 Sputtering conditions.
Recording layer Underlayer
Targets Co,,CryTag Cog5Cras
Substrate Glass (Coaning 705-9)
Ar gas pressure [mTorr] 1.0
Sputtering power [W] 180 200
Substrate temperature [ ] R.T. 300
Thickness Jnm] 10 150 50
3-5-2
Co-Cr-Ta S 100 nm Ts 200
Co077CrTas/CogsCras XRD Fig. 3.9 20 44<
h.c.p. Co-Cr-Ta(002) XRD
Ts
C0o77CryTas/CoesCras
C0gsCrss Ts
Ts 150
250 0
Co065Cr35 Ts Co065Cr3s5
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Fig. 3.9 XRD diagram of the Ts-optimized bilayered film and conventional film.
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Fig. 3.10 Ts dependence of diffraction intensity of h.c.p. Co-Cr-Ta(002) for the
Ts-optimized bilayered films and conventional films.
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Fig. 3.11 Ts dependence of diffraction intensity of h.c.p. Co-Cr-Ta(002) for the
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Fig. 3.13 Ts dependence of M for the Ts-optimized bilayered films.and
conventional films.
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Fig. 3.14 T dependence of H, for the Ts-optimized bilayered films and
conventional films.
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Fig. 3.15 Ts dependence of Hgs for the Ts-optimized bilayered films and
conventional films.
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Hc

Ts 150 200 Cog5Cr3s
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Fig. 3.16 T dependence of S  for the Ts-optimized bilayered films and
conventional films.

Table 3.3 Crystallographic and Magnetic Characteristics of Co-Cr-Ta/Co-Cr
bilayered films and Co-Cr_Ta single layer.

Sample JA S I M, S K, H. Hy
(deg.) (emu/cc) (erg/lcc) (kOe)  (kOe)

T.-opimized film 6.4 450 058 1.9x10° 2.4 8.5
(T,=200 )

Conventional film - 430 0.35  1.4x10° 1.6 6.5
(Ts=250 )

Single layer - 390 035 7.7x10° 1.3 4.0
(Ts=250 )
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Fig. 3.17 & dependence of ABOx, for the Ts-optimized bilayered films.
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4-1

Co-Cr
Ti-Cr
Ts
Ti

JA\ S I

Co-Cr

Ba

Co-Cr

Ts 250
Ti/Ti-Cr
230 H.

Co-Cr

2

Co-Cr

T, 250

Pt(111)

Co-Cr-Ta

He
Co-Cr
Ti Ti
'Ti
Ti  Co-Cr h.c.p.
Pt 300
Pt Ts 300

Pt

LY. Honda, Y. Hirayama, K. Ito and M. Futamoto: IEEE Trans. Magn., 34, 4, 1633 (1998).
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Fig. 4.1 Tsdependence of A5, for Pt and paramagnetic CogsCrss single layers.
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Fig. 4.2 Lattice mismatch between f.c.c. Pt(111) direction and h.c.p. Co-Cr-Ta(002)
direction.
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Pt

4-3 Co-Cr-Ta/Pt

4-3-1
Pt Co-Cr-Ta/Pt
SiO,/Si
Pt
Ti Co-Cr-Ta/Ti Ti
Pt Pt
Pt Ti O 20 nm
Ts
Table 4.1 Sputtering conditions.
Recording layer Underlayer
Targets Co;,CrygTag Pt Ti
Substrate SiO2/Si
Background pressure [Torr] 6.0 x 10"
Ar gas pressure [mTorr] 1.0
Sputtering power [W] 180 200 250 160 180
Substrate temperature [ ] R.T. 300
Thickness Jnm] 10 150 20 20
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4-3-2

Co-Cr-Ta ASco 100 nm Ts Co-Cr-Ta/Pt
XRD Fig. 4.3 T, Pt(111)
Pt Pt
Co-Cr-Ta(002) Ts
Pt Co-Cr-Ta
Co-Cr-Ta Co-Cr Ts
Co-Cr-Ta Pt
Ts Ts
250 Co-Cr-Ta Pt
Ts 250 Oco 100 nm
Pt Ti XRD Fig. 4.4
Pr(111) Ti(002) Co-Cr-Ta
Pt Ti Co-Cr-Ta
Ti Pt
Ts 250 OS¢, 100 nm Co-Cr-Ta Pt Co-Cr-Ta/Ti
AFM Co-Cr-Ta Fig. 4.5
Pt
46 nm Ti 44 nm
Co-Cr-Ta/Pt Co-Cr-Ta/Ti
ASco 100 nm
Sco 100 nm Co-Cr-Ta/Pt Co-Cr-Ta/Ti Ts A
(ST Fig. 4.6 Pt Co-Cr-Ta ABO5 T
Co-Cr-Ta Co-Cr
Ts JA\ S I Pt
Ts Co-Cr-Ta Pt(111) AOBOs



Ts

Intensity (arb. units.)

Fig.

Intensity (arb. units)

f.c.c. Pt(111)
T T I T T

300
250
150
. ey N CR.T.
35 40 45 50
20 (deg.)

4.3 XRD diagram of Co-Cr-Ta/Pt bilayered films on various T..
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Fig. 4.4 XRD diagram of Co-Cr-Ta/Pt and Co-Cr-Ta/Pt bilayered films.
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Fig. 45 AFM profiles of Co-Cr-Ta surface for Co-Cr-Ta/Pt and Co-Cr-Ta/Ti
bilayered films.

Co-Cr H Ts 230 250 Pt
NAO;5 5° Hc
Ti Co-Cr-Ta ABOs Pt
T, 200 AOs Pt
Ts JAN S I Ts
Ti AOx
Pt
Pt T 250 Pt

Co-Cr-Ta ABs

61



Fig. 4.6
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Fig. 4.7 Normalized M-H loops of Co-Cr-Ta/Pt bilayered film and Co-Cr-Ta
single layer.
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Fig. 4.8 T, dependence of M; for Co-Cr-Ta/Pt bilayered films.
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Fig. 4.10 S¢, dependence of ABs5, for Co-Cr-Ta/Pt and Co-Cr-Ta/Ti bilayered
films.
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Fig. 4.11 OS¢, dependence of H,  for Co-Cr-Ta/Pt and Co-Cr-Ta/Ti bilayered films.
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Fig. 4.11 OS¢, dependence of S for Co-Cr-Ta/Pt and Co-Cr-Ta/Ti bilayered films.
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Fig. 4.12 XRD diagram of Co-Cr-Ta/Pt films on various Sp:.

. 5nm Pt Pt(111) Pt
<D>p; Co-Cr-Ta <D>c, Op Fig. 4.13
Co-Cr-Ta Oco 100 nm <D>c, Opt
<D>p Opt
<D>p
<D>p; Pt Pt
Co-Cr-Ta/Pt Pt( Co-Cr-Ta AOs Fig. 4.14
Opr 10nm Pt Co-Cr-Ta AOs
Opr 10 nm Pt Co-Cr-Ta ABx
Opt  10nm Pt

69



He

T T T T T T
Co,,CrygTas/Pt |
S, =100 nm
30_ [ ] e ™) -
& -
S R el Co-Cr-Ta
~ 20k Single layer ]
QO _--0
V —_Q—’{’— E
o -
10 o__--- 5'0 .
o Pt
T,=250 ’
I 1 I 1 I 1
0 10 20 30 40
Opt (NM)

Fig. 4.13 Sp: dependence of <D> for Co-Cr-Ta/Pt bilayered films.
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Table 4.2 Sputtering conditions for deposition of Co-Cr-Ta/Pt perpendicular magnetic

recording disk.

Protective Layer Recording layer Underlayer
Targets C Co4,CryyTag Pt
Substrate glass disk (1.9 inch)
Background pressure [Torr] 6.0 x 10
Ar gas pressure [mTorr] 1.0
Sputtering power [W] 200 180 200 250
Substrate temperature [ ] 250
Thickness Jnm] 10 10 150 20

Table 4.3 Specifications of read/write head.

Reading Writing
Type Inductive head MR head
Gap length [um] 0.18 0.3
Track width Jum] 0.18 1.3
Relative velocity [m/s] 8.0
4.4.2 Co-Cr-Ta/Pt
Co-Cr-Ta/Pt roll-off Fig. 4.19
FRPI(Flux Reversal Per Inch) 1
4 Co-Cr-Ta/Pt 50 kFRPI
DC 1/2
Dso 120 kFRPI Dso
‘ BP BP
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Recoding density (kFRPI)

Fig. 4.19 Roll-off characteristics of Co-Cr-Ta/Pt perpendicular medium and
Co-Cr-Ta/Cr longitudinal medium of linear recording density.

Dso Co-Cr-Ta 100 nm
Fig. 4.20
Co-Cr-Ta/Pt
Co-Cr-Ta/Pt
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Fig. 4.20 Dependence of noise level on recording density for the Co-Cr-Ta/Pt
perpendicular medium and Co-Cr-Ta/Cr longitudinal medium.
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4-5

Pt
Co-Cr-Ta/Pt
1. Pt SIiO,/Si f.c.c. (111) Ts
2. Pt Co-Cr-Ta/Pt Ts Co-Cr-Ta
Pt Ts
Co-Cr-Ta Co-Cr-Ta Ts
Pt
3. Co-Cr-Ta/Pt Co-Cr-Ta ABOs5 T
T, Ts 250
5< Co-Cr Ts 200 JA\ S 1)
Pt Ts
4. Ts 250 OS¢, 100 nm Co-Cr-Ta/Pt
He 2.7 kOe Pt
Hc Co-Cr-Ta
5. Ts 250 Co-Cr-Ta/Pt Sco
JA\ S I 30 nm 2 kOe H.
S 06 Ti Sco 10 nm He
150 Oe Pt 500 Oe Pt
Ti Ti
6. Pt Opt
Sy 10 ABx, Hc
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5 Hall Co-Cr-Ta

5-1
Co-Cr
Co-Cr 10 20 nm
1
TEM
2
10 nm
100
nm
10 nm

1C. Byun, E. M. Simpson, J. M. Sivertsen and J. H. Judy: IEEE Trans. Magn., MAG-21, 1453
(1985).

2 Y. Matsuda, M. Suzuki, Y. Hirayama, Y. Honda and M. Futamoto: J. Mag. Soc. Jpn., 18, S1, 99
(1994).
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VSM 3

VSM
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Hall
Hall
Hall
Hall
Lodder Co-Cr
4
Hall Co-Cr Co-Cr-Ta Co-Cr-Ta/Pt
Hall

3

% S. de Haan, C. Lodder and T. J. A. Popma: Jpn. J. Magn. Soc. Jpn., 15 Supplement, p. 349 (1991).
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Co-Cr

5-2 Hall
Hall
Fig. 5.1
I H
I, H V
V, = %Bcow +ﬂ°TRSI M0050+%M200326’ sin2¢ (5.1).
Ro (normal Hall coefficient) R
(anomalous Hall coefficient) \Y
Hall Hall Hall
o Hall (normal Hall effect)
Hall
1879 Edwin
Herbert Hall Hall
Hall
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m; | XM, Applied field H

........................ /

Voltage V,

Ferromagnetic specimen

Fig. 5.1 Schematic of the anomalous Hall effect.

o Hall (anomalous Hall effect)
1893 Kundt >

Hall Fe Co Ni

Hall

Hall
6, 7
Fe
8
Hall o
10 Hall

> A. Kundt: Wied. Ann., 19, 257, (1893).

¢ J. Smit: Physica, Vol. 17, p. 612, 1951.

" V. Rudnitsky: J. E. T. P. USSR, Vol. 9, p. 262, 1939.

® R. Karplus and J. M. Luttinger: Phys. Rev., Vol. 95, p. 1154, 1954.
% J. Smit: Physica, Vol. 21, p. 877, 1955.

103 Kondo: Progr. Theoret. Phys., Vol. 27, p. 772, 1962.
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5-3

Hall Fig. 5.2
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Cu 100 nm

12 Cu

Co-Cr specimen

Substrate
/ T J
Input
H

9— Pre Amp. »| Lock-in Amp.
Current ( P Ref.in P

lOutput

— VH

Fig. 5.2 Measurement system of the anomalous Hall voltage for ferromagnetic
Co-Cr specimens.
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5-4 Co-Cr Hall

5-4-1
Co76Cr4 Table 5.1
Cu
Table 5.1 Sputtering conditions.
Target C04,CryoTa Cu
Substrate SiO,/Si
Background pressure [Torr] 3.0x 107
Ar gas pressure [mTorr] 0.2 0.8
Sputtering power [W] 180 200 250
Substrate temperature T, [ ] R.T. 300 R.T.
Thickness & [nm] 8 130 100
Hall
Sco 25nm Ts Co76Cra4
Hall Vi H
Fig. 5.3 VSM
M-H (Mcos©)
Vh
Co-Cr M-H
Vi 10 kOe VH
H
Hall
Vi
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Fig. 5.4 Vy-H loops of Coz6Cra4 film on various Sc,.
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5-5 Co-Cr Co-Cr-Ta/Pt

5-5-1
Hall VH
Fig.5.5 H H
M. 13 My Hall
my VSM
M. VSM H
Me VSM
14
Me
m
M, |=—" 5.3).
M| cosd (5:3)
mV
——CO0S«x
o-tant M (5.4).
SINox
o H Me
H
B 23, 52, 59 (1999).

14°B. M. Lairson, W. Liu, A. P. Payne, C. Baldwin and H. Hamilton; J. Apl. Phys., 77(12), 15, 6675
(1995).
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Co-Cr film

Fig. 5.5 Definition of applied field H and effective magnetization vector Mg, which
was determined from the magnetization of the anomalous Hall effect, m, and that of
VSM, m,, respectively.

600 Me

Co-Cr M.
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5.5.2

Co76Cra4
Me o Sco 140 nm T, 100 300
o 60< Fig. 5.6
H Me Mex Mey
Me Me 5 kOe
H
Me
T, M. (H=0) T, 100
300 Mey H 0 T,
100
Ts 300 H Me H
Co-Cr AO; Ts 100 150
c
Ts 300 ABO50
Mey M. H
Co-Cr M. Co077CrypoTas
Pt Co77CryoTas/Pt Ts 250
Oce 30nNm Spr 30 Nm a 60<

15's. Nakagawa, A. Sato and M. Naoe: J. Appl. Phys., 87, 9, 5705 (2000).
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Fig. 5.6 Trajectory of normalized M. for 140-nm-thick Co7Cry4 thin films
deposited at T of 100 and 300 , respectively.
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Fig. 5.7 Trajectory of normalized M, for 30-nm-thick Co7;CryTas thin films
deposited at T of 100 and 300 , respectively.

Co-Cr-Ta

Co-Cr-Ta S 30nm

95



Pt
5.8

Fig. 5.8 Trajectory of normalized M. for Co77CrpoTas/Pt bilayered film.
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Fig. 5.9 T dependence of ABs, for Co-Cr-Ta/Pt bilayered films and Co-Cr-Ta

single layers with &¢, of 100 nm.
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6 Pt/Ti Co-Cr-Ta
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20 nm
Pt
Pt Co-Cr
Pt
Co-Cr Pt
Pt/Ti
Pt AFM
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PUTi

6-2 Pt/Ti

AOs

6Co

Pt

Pt/Ti Pt
Pt Ti
Co-Cr-Ta/Pt/Ti
Pt Co-Cr-Ta/Pt
Co-Cr
Ts 200 300
Hc
10 20 nm
Co-Cr-Ta/Pt

Pt
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Co-/Cr-Ta/Pt NAOs5y H. Op Fig. 6.1

OSpr 10 nm Co-Cr-Ta ABx
H, Pt
Pt Opt 7
10 nm H. 2 kOe
Co-/Cr-Ta/Pt Hc Fig. 6.1 o
co 50 nm 2 kOe SCo 30
nm 20 nm 2kOe H;
Pt
Pt
Pt
3 | | I 20
()
(¢B]
=
H10 5
o
<
1 I 1 1 8
0 10 20 30 4

Fig. 6.1 Op;dependences of H. and A©Os, for Co-Cr-Ta/Pt bilayered films with
OS¢, 0f 100 nm.
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Pt Ti Ti h.c.p.

(002) h.c.p. Ti(002) f.c.c. Pt(111)
-6 %
Pt Fig. 6.2
Ti Pt PUTi Co-Cr-Ta
Hc
PU/Ti Co-Cr-Ta/PU/Ti Pt

Misfit = -2.3 %

f.c.c. Pt(111)

-

Medium mismatch
between Co-Cr-Ta(001)
and Ti(001)

Misfit = -6.0 %

Fig. 6.2 Lattice mismatch among h.c.p. Ti(002), f.c.c. Pt(111) and h.c.p.
Co-Cr-Ta(002) orientations.
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6-3 Co-Cr-Ta/Pt/Ti

6-3-1

Co-Cr-Ta/Pt/Ti Ts Hc

250 Ts
Co-Cr-Ta/Pt/Ti Co-Cr-Ta/Pt  Co-Cr-Ta/Ti
Table 6.1 Sputtering conditions.
Recording layer Underlayer

Target Co,,CryTag Pt Ti

Substrate SiO,/Si

Background pressure [Torr] 5.0 x 10

Ar gas pressure [mTorr] 1.0

Sputtering power [W] 180 200 250 160 180

Substrate temperature T,[ ] 250

Thickness & [nm] 10 100 2 5 3 20
6-3-2

Sc, 100 nm Co-Cr-Ta/P/Ti Co-Cr-Ta/Pt
Co-Cr-Ta/Ti AFM Fig. 6.3
Co-Cr-Ta/Pt Co-Cr-Ta/Ti Pt Opt Ti O
20 nm Co-Cr-Ta/Pt/Ti
Co-Cr-Ta/Pt/Ti Spt 5nm Pt
Co-Cr-Ta
5pt 5Ti 20 nm
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30.2 nm 46.4 nm
Co-Cr-Ta 190 nm Co-Cr-Ta | 100 nm
Pt D M
Ti 20 nm Pt 20 nm
Si0,/Si SiO,/Si
Co-Cr-Ta/PUTi Co-Cr-Ta/Pt

44.0 nm

Co-Cr-Ta

100 nm

Ti

20 nm

Si0,/Si

Co-Cr-Ta/Ti

Fig. 6.3 AFM profiles of Co-Cr-Ta/Pt/Ti trilayered film, Co-Cr-Ta/Pt bilayered
film and Co-Cr-Ta/Ti bilayered film with S¢, of 100 nm.
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Co-Cr-Ta/PU/Ti Co-Cr-Ta/Pt Co-Cr-Ta/Ti XRD
Fig. 6.4 Sce 50nNm Spr 5nm O
20 nm Co-Cr-Ta/Pt Se Pt(111)
Co-Cr-Ta( Co-Cr-Ta(002)
Co-Cr-Ta/Ti O 20nm Ti 002
Co-Cr-Ta Co-Cr-Ta/PU/Ti
Ti O
Ti Pt f.c.c. 111 Pt
5nm
Ti Pt 111



Ti(002) Pt(111) Co-Cr-Ta(002)
L] L] L] : L] : L] L] L] LI I L] L] L] L]
L T, = 250
w L S, =50 nm
= L Sp=5nm
3 ] ]
. L O+ =20 nm
2 Lo
S L
> o
- -
5 J"’\ LCO-Cr-Ta/Pt/Ti
[ | |
J,,:\_ : Co-Cr-Ta/Ti
Iy 1 [ ! 4 :_l I Col-Crl-Ta{Pt [
35 40 45 50
Co-Cr-Ta 50 nm
DF 5nm Co-Cr-Ta 50 nm Co-Cr-Ta 50 nm
Ti 20 nm Ti 20 nm Df 5nm
Co-Cr-Ta/Pt/Ti Co-Cr-Ta/Ti Co-Cr-Ta/Pt/

Fig. 6.4 XRD diagram of Co-Cr-Ta/Pt/Ti trilayered film, Co-Cr-Ta/Pt bilayered
film and Co-Cr-Ta/Ti bilayered film with &¢, of 50 nm, S+ of 20 nm,
OS¢ of 5 nm, respectively.

Pt Pt
Ti(002) Pt 111

Pt Co-Cr-Ta
Co-Cr-Ta/Pt/Ti Opt O1i 20 nm
XRD Fig. 6.5 Co-Cr-Ta/Pt  Co-Cr-Ta/Ti
6pt 5Ti 20 nm Pt
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Ti(002) Pt(111) Co-Cr-Ta(002)

o T, =250
0 o | Sc, =50 nm
E | a
-] | | |
g o |
8 o
> | :
‘© | |
I3 ek \\ Co-Cr-Ta/Py/Ti
[ | | 1
- ) i\ Co-Cr-Ta/Pt
. ST . itEQ'Cr,'Ta(Ti .
35 40 45 50
20 (deg.)
CoEirra 50 nm Co-Cr-Ta 50 nm Co-Cr-Ta 50 nm
PF 5nm
Ti 20 nm Pt 20 nm Ti 20 nm
Co-Cr-Ta/Pt/Ti Co-Cr-Ta/Pt Co-Cr-Ta/Ti

Fig. 6.5 XRD diagram of Co-Cr-Ta/Pt/Ti trilayered film, Co-Cr-Ta/Pt bilayered

Ti

film and Co-Cr-Ta/Ti bilayered film.

Co-Cr-Ta
Pt
Co-Cr-Ta/Pt/Ti NAOs5y Sco Fig. 6.6
Pt Ti A\ S I Do
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10

AOx, (deg.)
o1

Co-Cr-Ta/Pt

Co-Cr-Ta/Pt/Ti

|
T, = 250

Co-Cr-Ta S,
Pf 5nm
Ti 20 nm

Co-Cr-Ta/Pt/Ti

]
50

D¢, (M)
Co-Cr-Ta D¢,
Pt 20 nm
Co-Cr-Ta/Pt

1 ] 1
100

Co-Cr-Ta S,
Ti 20 ni
Co-Cr-Ta/Ti

Fig. 6.6 O ¢, dependence of A O for Co-Cr-Ta/Pt/Ti trilayered film,
Co-Cr-Ta/Pt bilayered film and Co-Cr-Ta/Ti bilayered film.
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Ti
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Pt
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Hc

nm 1.5 kOe Co-Cr-Ta/Pt/Ti
ASco  20nNm 2.0 kOe 10 nm Hc 700 Oe
P/Ti
Hc
20nm  H 2.0 kOe
Co-Cr-Ta/PUTi S¢ O Fig. 6.8 Hc
S Pt Ti Sco
nm S Co-Cr-Ta/Pt/Ti Oco 20nm
H. oCo
20 nm S
P/Ti
P Ti
Co-Cr-Ta Co-Cr-Ta
Co-Cr-Pt-Ta Ho S PUTi
PUTi Pt Co-Cr-Ta
Sco 20 nm H.
Pt
Pt
Ti Ti/Ti-Cr Ti
Co-Cr Ti
Pt PUTI/Ti-Cr Ti
Ti
Pt/Ti
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3.0

S 2.0 .
=
T oy -
1.0 i —o- Co-Cr-Ta/Pt/Ti
-x- Co-Cr-Ta/Ti
S/ —o- Co-Cr-Ta/Pt T
X | |
0 50 100
S¢, (NM)

Fig. 6.7 ¢, dependence of H

bilayered film and Co-Cr-Ta/Ti bilayered film.

1.0

0.8

0.6
n

0.4

0.2

Fig. 6.8 ¢, dependence of S for Co-Cr-Ta/Pt/Ti trilayered film,

for Co-Cr-Ta/Pt/Ti trilayered film, Co-Cr-Ta/Pt

-o— Co-Cr-Ta/Pt/Ti
-X- Co-Cr-Ta/Ti

-o- Co-Cr-Ta/Pt

|
50

) | )
100

OS¢, (M)

bilayered film and Co-Cr-Ta/Ti bilayered film.
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6-4 Pt

PUTi

Co-Cr-Ta/P/Ti Pt [Co-Cr-Ta/Pt]/Ti
Fig. 6.10 Pt 5 nm
Pt Co-Cr-Ta
Co-Cr-Ta | 9co
Pt S
Co-Cr-Ta N Pt
Co Co-Cr-Ta Sco
24 Oy 24 Sp,
Ti O, Ti S+a

Co-Cr-Ta/Pt/Ti

0-Cr-Ta

Pt

Fig. 6.9
[Co-Cr-Ta/Pt],/Ti
Pt

Pt

Co-Cr-Ta

Pt

Co-Cr-Ta
Co-Cr-Ta/Pt/Ti

[Co-Cr-Ta/Pt] /Ti

Fig. 6.9 Deposition of [Co-Cr-Ta/Pt],/Ti multilayered film.
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11E
|

Grain size Grain size Grain size
30.2 nm 28.9 nm 22.7 nm
Co-Cr-Ta 50 nm A -
Pt 5nm 0-Cr-Ta nm
Co-Cr-Ta 100 nm Co-Cr-Ta 50 nm Co-Err — > é, r%n
Pt 5nm Pt 5nm 54 5nm
Ti 20 nm Ti 20 nm Ti 20 nm
SiO,/Si SiO,/Si SiO,/Si

Fig. 6.10 AFM profiles of Co-Cr-Ta/Pt/Ti trilayered film and [Co-Cr-Ta/Pt]./Ti
multilayered films.

Sco Sco
Pt
Co-Cr-Ta/Pt/Ti [Co-Cr-Ta/Pt]./Ti
Hc Fig. 6.11 Pt Sco

He SCo

25 nm 2 kOe Pt He

Sco
15 nm [Co-Cr-Ta/Pt] n 3 H.

Co-Cr-Ta/PU/Ti OSco  20nm He  2kOe
3 Dco
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15 nm

20 25nm

Grain size (nm)

Fig. 6.11 Changes of Co-Cr-Ta grain size and H,

Pt Co-Cr-Ta
Hc 6Co
2kOe Hc
50
[ Pt interlayer |
40
I / Half of 5, |
0r —— o
- ~—eo 3 multilayers |
20 14 =
L o-. R 1 O
10 — == ~o~ -~ ] 2
| ~o | Io
0 0
S,=100 MM S50 M X 2 &,=25NM x 2 S,=15nmx 3
Co-Cr-Ta
Co-Cr-Ta Co-CrTa
Ti » Ti » »

of Co-Cr-Ta/Pt/Ti trilayered

film and [Co-Cr-Ta/Pt]/Ti multilayered films with Sp; 0f 5 nmand S+
of 20 nm.
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Co-Cr
Pt/Ti Co-Cr-Ta/PU/Ti
Pt [Co-Cr-Ta/Pt]n
Pt OPt 5 nm Pt/Ti Co-Cr-Ta OPt 20
Co-Cr-Ta/Pt Pt
Pt/Ti Co-Cr-Ta Ti
Pt Pt
Co-Cr-Ta/Pt/Ti AOs Pt Ti
Co-Cr-Ta S 10 nm
NAOy, 48 Ti Pt
Co-Cr-Ta/P/Ti He S 20nm 2 kOe
Co-Cr-Ta/Pt 50 nm H. 2 kOe
Pt/Ti Co-Cr-Ta H.
Pt
S &ce 50 nm Pt/Ti S
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PUTi
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7 Pt/Ta Co-Cr-Ta

Pt Co-Cr

Pt Ti Pt/Ti Co-Cr-Ta
20 nm
H. 2 kOe Pt/Ti
Pt/Ti
(Ni-Fe) Ni-Fe f.c.c.
(111) Ti Co-Cr Pt/Ti Ni-Fe
f.c.c
h.c.p.
h.c.p. Ti
Pt/Ti
Ti b.c.c.
Ta Pt Pt/Ta
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Ta b.c.c.

Ta
Co-Cr-Ta/Pt/Ta

Pt/Ti
Pt/Ta
7-2 Pt/Ta
Co-Cr
at. % PtTa
Ta b.c.c.
Ta

b.c.c.
Co-Cr-Ta/Ta Pt/Ta
Hc
Ta
Ta
Co-Cr-Ta
Ta Ta 2996
b.c.c. !
Ta Ta
Ba Pt
Ba
f.c.c. h.cp.
Co-Cr Pt Ta

Pt Co-Cr-Ta
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Co-Cr

Ta
Ta Co-Cr
Co-Cr-Ta/Ta Ta
Hc
Pt Ta Co-Cr-Ta/Pt/Ta Pt Ta
Ta Pt Ba Ta Pt-Ta
Pt
Pt Co-Cr f.c.c. h.c.p.
Ni-Fe
b.c.c.
Co-Cr
b.c.c.
Ta
Ni-Fe Pt-Ta, Co-Zr-Ta
Ta
Pt Co-Cr
Ta
Pt/Ta
Co-Cr-Ta/Ta Co-Cr-Ta/Pt/Ta
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7-3 Co-Cr-Ta/Pt/Ta

7-3-1

Ta Co-Cr-Ta/Ta Co-Cr-Ta/Pt/Ta

Co-Cr-Ta/Pt  Co-Cr-Ta/Ti
Co-Cr-Ta/Pt/Ti Ta O 20
nm Ta [Co-Cr-Ta/Ta],
Table 7.1  Sputtering conditions.
Recording layer Underlayer

Target Co,,CryoTag Pt Ta

Substrate SiO2/Si

Background pressure [Torr] 5.0 x 10”7

Ar gas pressure [mTorr] 1.0

Sputtering power [W] 180 200 250 160 180

Substrate temperature T,[ ] 250

Thickness & [nm] 10 100 2 5 3 20
7-3-2

Ts 250 OS¢, 100 nm Co-Cr-Ta/Pt/Ta Co-Cr-Ta/Ta
Co-Cr-Ta/Pt AFM Fig. 7.1

Co-Cr-Ta/Pt Co-Cr-Ta/Ta 46 47 nm
Co-Cr-Ta/Pt/Ta 41 nm Co-Cr-Ta/Pt/Ta
Opt  5nm Pt
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41.1 nm
Coachllcp| 100nm Co-Cr-Ta | 100 nm Co-Cr-Ta | 100nm
Pt o Nm
Ta 20 nm Pt 20 nm Ta 20 nm
SiO,/Si SiO,/Si Si0,/Si
Co-Cr-Ta/Pt/Ta Co-Cr-Ta/Pt Co-Cr-Ta/Ta

Fig. 7.1 AFM profiles of Co-Cr-Ta/Ta/Pt trilayered film, Co-Cr-Ta/Pt bilayered
film and Co-Cr-Ta/Ta bilayered film with &¢, of 100 nm

Co-Cr-Ta/Pt/Ti
Ts 250 O 20 nm S¢, 50 nm Co-Cr-Ta/Ta
Co-Cr-Ta/Pt/Ta XRD Fig. 7.2 Co-Cr-Ta/Ta
Co-Cr-Ta 002 Oco 50 nm Co-Cr-Ta
Co-Cr-Ta Ta Co-Cr-Ta
Co-Cr-Ta
Co-Cr-Ta/Pt/Ta Ta Opt  5nm
Pt Pt 111 Pt 111
Co-Cr-Ta Ta
f.c.c. Pt 111 b.c.c.Ta 202
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Ti(002)

Intensity (arb. units)

Pt(111) Co-Cr-Ta(002)

T ) ) ) LI | I ) ) ) )
T,=250
O, =50 nm
Opi=5nNm

\ Co-Cr-Ta/Pt/Ti

Co-Cr-Ta/Pt/Ta

e : PSS N Col'Cr.'Ta{Pt .
35 40 45 50
20 (deg.)
Co-Cr-Ta 50 nm Co-Cr-Ta 50 nm
Pt 5nm Pt 5nm Co-Cr-Ta 50 nm
Ti 20 nm Ta 20 nm DF 5nm
Co-Cr-Ta/Pt/Ti Co-Cr-Ta/Pt/Ta Co-Cr-Ta/Pt/

Fig. 7.3 XRD diagram of Co-Cr-Ta/Pt/Ti, Co-Cr-Ta/Pt/Ta and Co-Cr-Ta/Pt films

with &Sc¢, of 50 nm.

Co-Cr-Ta

Spr 5 Mm ¢, 50 nm

Co-Cr-Ta/Pt
Ti

XRD

Co-Cr-Ta/Pt/Ta Co-Cr-Ta/Pt/Ti

Fig. 7.3 Ta Pt 111
Ti(002) Pt 111 Pt
Ta Pt
Pt 111 Co-Cr-Ta(002)
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Pt/Ta
b.c.c. Ta

Ta
Co-Cr-Ta/Ta
Co-Cr-Ta/Ta
Co-Cr-Ta

Ts 200
h Aeso

Ta

Co-Cr-Ta

Ta

Co-Cr-Ta

Pt 111

b.c.c.

Pt 111

PUTi Co-Cr-Ta
Pt
f.c.c.
NAO5 T, Fig. 7.4
Co-Cr-Ta 002 ABs5 Ts
ABO5, Co-Cr-Ta
Co-Cr-Ta/Pt Ts
Pt Pt 111
Co-Cr-Ta Ta
JANS IR IS Co-Cr-Ta
Ta Co-Cr-Ta
Co-Cr-Ta
Ta
Ta
He
Ta Hc
Co-Cr-Ta Co-Cr-Ta
Co-Cr-Ta/P/TA Pt
b.c.c. Pt(111)
Ta
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Fig. 7.4

Fig. 7.5

20_ ! | ! | ! | ! | ! | ! | !
| Co-Cr-Ta Co-Cr-Ta/Ti A
. 15F ]
g’ I
Z [
o 10-_ Co-Cr-Ta h
D |
4 I
5k .
: 6CO +100 nm Co-Cr-Ta/Pt
I Y R R B R S
0 50 100 150 200 250 300 350

T ()

Ts dependence of ABs, for Co-Cr-Ta/Ta, bilayered films, Co-Cr-Ta/Pt
bilayered films and Co-Cr-Ta single layers with &¢, of 100 nm, S, of
20 nm and Sp; of 20 nm, respectively.

I ! I ! I ! I ! I ! I
3.0k ©co=100 nm N _
(d
@
g 2.0 -
T
1.01 —e— Co-Cr-Ta/Pt
i —— Co-Cr-Ta/Ta
A - Co-Cr-Ta
1 | 1 | 1 | 1 | 1 | 1 | 1
0 50 100 150 200 250 300 350
Ts( )

Ts dependence of H, for Co-Cr-Ta/Ta, bilayered films, Co-Cr-Ta/Pt
bilayered films and Co-Cr-Ta single layers with &¢, of 100 nm, S, of

20 nm and Sp; of 20 nm, respectively.
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7-3-3

Ta Pt Co-Cr-Ta
Do XRD Co-Cr-Ta/Ta
Co-Cr-Ta/Pt Sco Fig. 7.6
Co-Cr-Ta 002
Co-Cr-Ta
Pt Co-Cr-Ta/Pt
Sco 10 nm Do
Ta Co-Cr-Ta/Ta OS¢ 10nm
Sco
Sco O Pt Sco  10nm
Ta
Oc O Co-Cr-Ta
Ta OS¢ 10nm
Co-Cr-Ta
Ta  Co-Cr-Ta
Pt f.c.c. Pt(111) h.c.p. Co-Cr-Ta(002)
Co Co-Cr-Ta
Ta Pt Co-Cr-Ta
Ta
Co-Cr-Ta
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10000 - ! - ! - ! -

. " T, =250 '
2 8000+ .
= ool S5 C
: Ta =
£ 6000 Co-Cr-Ta/Pt
>
1= 4000 | =
c | i
2 Co-Cr-Ta/Ta
£ 2000F / -
A
[ Az Co-Cr-Ta
I R Al
0 50 100 150 200
D¢, (M)
Co-Cr-Ta S¢, Co-Cr-Ta Se,
Ta 20 nm Pt 20 nm Co-Cr-Ta Oco
Co-Cr-Ta/Ta Co-Cr-Ta/Pt Co-Cr-Ta

Fig. 7.6 ¢, dependence of integral intensity of Co-Cr-Ta/Ta bilayered films,
Co-Cr-Ta/Pt bilayered films and Co-Cr-Ta single layeres.

Co-Cr-Ta/Ta Co-Cr-Ta/Pt Co-Cr-Ta/Ti AOs5 Do
Fig. 7.7 Oma Opt O
20 nm Co-Cr-Ta/Ta AOBOs
Sco AOx,
Ta Ta
Co-Cr-Ta
Ts 250 Co-Cr-Ta
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[HEN
o1

A O, (deg.)
=)

5
Co-Cr-Ta/Ti
1 1 I 1 1 1 1 I 1 1 1 1 I 1
0 50 100 150
D¢, (M)
Co-Cr-Ta S, Co-Cr-Ta S, Co-Cr-Ta Se,
Ta 20 nm Pt 20 nm Ti 20 nm
Co-Cr-Ta/Ta Co-Cr-Ta/Pt Co-Cr-Ta/Ti

Fig. 7.7 ¢, dependence of ABs, of Co-Cr-Ta/Ta bilayered films, Co-Cr-Ta/Pt
bilayered films and Co-Cr-Ta single layeres.

AOBOs
AOs

b.c.c.

Co-Cr-Ta/Pt/Ta

Co-Cr-Ta/P/Ti

b.c.c. Co-Cr-Ta
h.c.p. Co-Cr-Ta
AN S e Yo Fig. 7.8 Co-Cr-Ta/Pt
A Oy
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10— —
: T,=250 -

I Co-Cr-Ta/Pt 1
| Qo0 foiieo -

Co/—Cr-Ta/Pt/Ta

AOx, (deg.)
T

Co-Cr-Ta/Pt/Ti

] 1 ] 1
0 50 100

D¢, (NM)
Co-Cr-Ta 50 nm Co-Cr-Ta 50 nm Co-Cr-Ta 50 nm
Pt 5nm Pt 5nm
Ti 20 nm Ta 20 nm Pt 20 nm
Co-Cr-Ta/Pt/Ti Co-Cr-Ta/Pt/Ta Co-Cr-Ta/Pt
Fig. 7.8 O ¢, dependence of A O 5y of Co-Cr-Ta/Pt/Ta trlayered films,

Co-Cr-Ta/Pt trilayered films and Co-Cr-Ta/Pt bilayered films.

Co-Cr-Ta/Ta JAN S I Dco
Ts 250 Co-Cr-Ta JA S I
Ta Co-Cr-Ta
Pt AOs
Co-Cr-Ta/Pt/Ta AOs Pt Ti
XRD
Ta Pt(111) Pt 111
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Co-Cr-Ta Pt Ti

Co-Cr-Ta/Pt/Ti A\ S BN Pt/Ta Pt/Ti
Co-Cr-Ta
O 20nm Spr 5nm Co-Cr-Ta/Pt/Ta
Co-Cr-Ta <D>c Do Fig.7.9
Co-Cr-Ta/Pt/Ta <D>c, ,Co-Cr-Ta/Ta
40 T T T T T T T T T T T
i T.=250 |
30} -
=
c L 4
N’
o
O - _
S 20
()] i i
V —o— Co-Cr-Ta/Pt/Ta
10+ —>¢ Co-Cr-Ta/Ta -
I —A— Co-Cr-Ta/Pt |
1 1 1 1 I 1 1 1 1 I 1
0 50 100
D¢, (NM)
CoCrTa | Somm Co-CrTa | &g Co-CrTa | &g
Pt o Nm
Ta 20 nm Ta 20 nm Pt 20 nm
Co-Cr-Ta/Pt/Ta Co-Cr-Ta/Ta Co-Cr-Ta/Pt

Fig. 7.9 ¢, dependence of <D>¢, of Co-Cr-Ta/Pt/Ta trlayered films, Co-Cr-Ta/Pt
trilayered films and Co-Cr-Ta/Pt bilayered films.
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Co-Cr-Ta
20 nm
Ta

Sco

Co

P Opt Co-Cr-Ta
Co-Cr-Ta/Pt/Ta

OS¢, 100 nm Co-Cr-Ta/Ta Co-Cr-Ta/Pt
M-H Fig. 7.10 S, Op
Co-Cr-Ta/Ta Pt Pt
He
Fig. 7.11 Co-Cr-Ta/Pt
M/H Co-Cr-Ta/Ta

Co-Cr-Ta Pt Sco
Co-Cr-Ta Ta

Normalized M

Fig. 7.10

H [ kOe]

- CO77Cr20Ta3/Pt
— C04,CrygTas/Ta
- CO77Cr20Ta3

M-H loops of Co-Cr-Ta/Ta, Co-Cr-Ta/Pt and Co-Cr-Ta films with S
co=100 nm, Sp=20 nm and S1,=20 nm, respectively.
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5.0

————————
4.0F
3.0F -
L |
=
2.0F Co-Cr-Ta/Pt -
- /
1.0 \ .
I Co-Cr-Ta/Ti
1 1 1 1 | 1 1 1 1 | 1
0 50 100
D¢, (NM)

Fig. 7.11 OS¢, dependence of M/H for Co-Cr-Ta/Ta and Co-Cr-Ta/Pt bilayered films.

Co-Cr-Ta/Ta

Co-Cr-Ta/Ta
Fig. 7.12  Fig. 7.13
Hc
He

nm

M/H 5(:0
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Co-Cr-Ta/Ta Co-Cr-Ta/Pt
Oco 10 nm Ta
Sco
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Ta S Pt He
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Ta Sco Pt
Sco 30nm S
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O 2.0 =
X
< | o —- Co-Cr-Ta/Ta

1.0F -0- Co-Cr-Ta/Pt -~

T, = 250
AR TR TR T NN TR TR TN W N S S SN S N S S S
0 50 100 150 200
D¢, (NM)

Fig. 712 O, dependence of H, for Co-Cr-Ta/Ta bilayered films and
Co-Cr-Ta/Pt bilayered films with &1,=3p=20 nm.
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Fig. 7.13 O, dependence of S  for Co-Cr-Ta/Ta bilayered films and
Co-Cr-Ta/Pt bilayered films with &1,=p=20 nm.
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Co-Cr-Ta/Pt/Ta He S Co-Cr-Ta/PU/Ti Co-Cr-Ta/Pt
Fig. 7.14 Fig. 7.15 Co-Cr-Ta/Pt/Ta Sco
30 nm 2 kOe Hc Co-Cr-Ta/PUTi
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Pt/Ti Ti 002 Pt(111)
Pt/Ta Pt/Ta Pt 111
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Pt Ti
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Ta Pt 111 Co-Cr-Ta
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Fig. 7.14

Fig. 7.15
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O, dependence of Hc

for Co-Cr-Ta/Pt/Ta trilayered films and

Co-Cr-Ta/Pt/Ti trilayered films and Co-Cr-Ta/Ta bilayered films.
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7-4 Pt Ta

7-4-1 Pt [Co-Cr-Ta/Pt]./Ta

Co-Cr-Ta/Pt/Ti

Pt
Pt

Pt

Fig. 7.17 Co-Cr-Ta/Pt/Ta

[Co-Cr-Ta/Pt]s/Ta Co-Cr-Ta
Co-Cr-Ta dco
2 Op
Ta S+,

Co-Cr-Ta/Pt/Ta

[Co-Cr-Ta/Pt]/Ti

Pt/Ta Pt
Fig. 7.16 Opr 5 nNm 2 nm
Hc
[Co-Cr-Ta/Pt]/Ti AFM
Pt 6(:0
S o 15 nm
19 nm
Co-Cr-Ta | 9co T
Pt Op; n
Co-Cr-Ta dco l
Pt Oy,
Ta S+,

[Co-Cr-Ta/Pt] /Ta
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