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Study of High Density Magneto-optical Disks using
Magnetically Induced Superresolution

Koyata TAKAHASHI
Isao MORITANI
Toshio INASE

Akio KONDO

The relationship between the magnetic properties of exchange-coupled multilayer (ECLM) films and readout

characteristics of magnetically induced superresolution (MSR) disks has been studied. The dependences of

the readout characteristics on the copying characteristics of domains are reported for MSR by the front aper-

ture detection (FAD) and rear aperture detection (RAD). The controllability of the copying characteristics is

discussed by estimating suitable wall energy balance of each layer in an ECML film. Optimization of the in-

plane readout layer for MSR is also reported. Finally, the readout performances of MSR disks are compared

by three different types of detection.
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Table 1 Standards of 90 mm magneto-optical disks from 1X to 5X. Here, planning values are shown for a bX
disk.
Version Capacity Track Pitch Linear Density Wavelength NA Format  Recording
(MB) (um) (um/bit)  (um/mark) (nm) Method
1X 128 1.6 1.0 0.76 780 0.53 CAV PPM
2X 230 1.39 0.87 0.65 780 0.55 MCAV PPM
5X 640 1.10 0.49 0.65 680 0.55 ZCAV PWM
Incident polarized laser beam Reflected light 017?\/‘3 1.2 pm, @yﬂgﬂﬂ@ =7 vy FiE 0.74 um, [E]

Polarization —e}

P

Objective lens

{\hwnmy Laser beam
NAVA
AR AR R R

The readout principle of a conventional
magneto-optical disk.
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Fig. 5 The dependence of carrier and noise levels
(domain size: 0.4 gum, pitch: 0.8 um) on
readout power for a FAD disk under condi-
tion I with T of 170°C (disk A) and a con-
ventional disk (disk B). '

Table 2 Properties of the FAD film in this study, which consists of the readout layer Gd,1(Fey.87C00.13)1 -1,

the switching layer (Tb,a(Feq s7C00.13)1—x2)1 —y2Siy2, and the recording layer Thys(Feg.s7C00.13)1—43.

Layer Composition Curie Temp. M, Coercivity
°C) (emu/cm3) (kOe)
Condition I
Readout x1=0.26 340 ~0 ~0.5
Switching 22=0.23~0.24, y2=0.09~0.14 140~190 ~20 =5
Recording x3=0.22 250 ~0 >12
Condition IT
Readout x1=0.23 350 100 0.2
Switching x2=0.23~0.24, y2=0.09~0.14 140~190 ~20 25
Recording x3=0.22 250 ~0 >12

(6
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Table 3 Magnetic parameters used for the calculation of the interface wall structure of

the FAD film.

Parameter M, A K
Layer (emu/cm3) (10—% erg/cm) (106 erg/cm3)
Readout M;=100 A1=0.30 K1=0.25
Switching Mp=20 A3=A3(0.26—32)/0.26 K,=K5(0.20—32)/0.20
Recording Ms=20 Az=0.25 K3=3.5

(9)
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Fig. 14 The calculated results of the interface wall
structure without domains at the external
field of 6 kOe. The angle 6 is that bet-
ween the direction of the transition metal
spin and the film plane. Parameters are
described in Table 3.
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Fig. 15 The model of the wall position for each state. The case with
domains is compared with the case without domains.
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Fig. 16 The schematic cross section of the RAD
disk in this study.
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Fig. 17 The dependences of switching fields on
temperature for x1=0.19, y1=0.08 and
x2=0.19.
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Fig. 18 Dependence of carrier and noise level
(mark length 0.4 um, pitch 0.8 um) on
readout power P; for x1=0.19, y1=0.08
and x2=0.19.
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Table 4 Dependences of copying characteristics, stability of initialized state evaluated by the disk tester,
squareness of a Kerr loop and C/N (mark length 0.4 um) on properties of the subsidiary layer.

Properties of the subsidiary layer Copying characteristics Initializing  Squareness C/N (0.4 ym)
x1 y1 K, M, T. How(RT) —Hy(RT) Ty byDisktester of Kerr loop ’
108erg/cc emu/cc °C kQOe kOe °C dB
0.17 0.14 2.1 104 180 —0.39 0.81 40 X O 27
0.10 3.8 151 210 —2.21 0.24 110 O O 42
0.08 5.1 163 230 —2.85 0.20 135 O O 44
. 0.08 5.2 215 240 —1.45 0.16 100 O X 36
0.19 0.08 5.2 117 210 —3.55 0.13 150 O © 46

(12)
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Fig. 19 Dependences of the carrier and noise
levels (mark length 0.4 ym) on P, at H, of
0 Oe and —400 Oe for x1=0.19, y1=0.08
and x2=0.21.
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Fig. 20 Comparison of interface wall states bet-

ween (a) the interface wall without do-
mains and (b) the one within a domain.

Table 5 Typical magnetic properties of each layer (x2=0.19) for the

RAD disk.
Layers
Parameters Readout Intermediate Recording
M, (emu/cc) 65 160 94
K, (108 erg/cc) 0.45 0.19 6.4
H. (kOe) 0.2 ~0 8.5
1. (°C) 350 >350 260

(13)
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Fig. 21 The schematic cross section of the MSR
disk with in-plane magnetic layer in this
study.
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Fig. 23 Dependences of carrier-to-noise ratio
C/N (mark length 0.4 um, pitch 0.8 ym)
on readout power for various thickness of
the readout layer (x1=0.27).
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