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Table 3-2. Values of n, m in Kissinger equation for
various crystallization mechanisms.

Crystallization n m
Three-dimensional growth 4 3
Two-dimensional growth 3 2
One-dimensional growth 2 1

Table 3-3. Values of k in Johnson-Mehl equation for
various crystallization mechanisms.

Crystallization k
One-dimensional growth 0.5
Two-dimensional growth 1.0

Three-dimensional growth
Shapes of spheres 1.5

rods 2.0
plates 2.5
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Laser heating
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( Gaussian intensity distribution)

Solving the element matrix to determine

the temperature change T& for all nodes

Ve

Calculating the temperature of all

nodes T (t+At) with T, and T,

Tia(t +Av =T; At+T ;(t )

Time increasing
t&t+ At

Fig. 4-2. Flow chart for simulation of erasing process of phase-

change optical disks.
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The dividing condition is illustrated.
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Table 4-1. Conditions for the finite element method.

Fundamental equation

0T

KV-VT+Q=Cppﬂ

T : temperature, t:time, p:density, Cp: heat capacity,

K : thermal conductivity , Q : absorbed laser beam energy

Volume for the
calculation

X (circumferential direction) : 30.0 um
100 um
30 um

Yo (radial direction) :

zo (cross layer direction) :

Element shape

Rectangular parallelepipeds

Number of elements

(Ny, Ny, N,) = (25, 20, 30)

Position of the center of
each element

X=A, (0 -Ly)»+B (1-Ly,
(10 LON,, 10L0N, L,=13)
_ 13 _
Y=A, (-1 +By (I-1),
(100N, 00Y)

Z =1, ,(manually assigned)

Interpolating function

Temperatures in the cells were interpolated by an isoparametric
function

Boundary condition

Adiabatic boundary
(The volume for the calculation was sufficiently large)

Initial state

300 in all elements

Laser beam profile

1.4 ym¢ Gaussian

(P =P, exp[ -2 (1/r))? ],
r = distance from beam center, r, = 0.7 ym,
P,: beam center intensity , P: beam intensity )

Erasing conditions

Laser power : 10 mW DC on media
Linear velocity : 10 - 40 m/sec

Beam absorbing
condition

58% of incident laser power is absorbed.
Laser beam energy is absorbed equally in the recording layer.

Thermal properties of
layers

Independent of temperature

Configuration of multi-
layer film

Recording layer : 40 nm (GeSbTe)
Upper protective layer : 160 nm (ZnS)
Lower protective layer : 80 nm (ZnS)
Reflection layer : 40 nm (Au)

59




40 dooobobogoooooboooaon

Jodobbbbooogoboobbuooooobobbuooooon
Jodobbbbooogoboobbuooooobobbuooooon
gogoooo

O000000O Table4-1000 Table4-20 00000

4300000000

4310 0000000000000000O0O
Fig.4-400000000DO0O0OO0DODOO0DDO0ODODDODOODbDOODbDOOD
OOoobooboboobboobobooboo2om/sOUb0oobooboboonon
SnsU0ODODOUOOdoooobboobobboooooobooboobobbooooaon
gooboobbooooooobobbtbdoooobobooboboooooooboon
12p mUOOODOODOOOOOOOoOoOooODOoOosobbobooougoagnasoe
gooobbooogoooobbobbbodoogob ot gooononboon

Table 4-2. Coefficients used for the simulation.

k (cal. mKlsl) €, (cal kg KD p (kgmd)

Poly-carbonate substrate 5.1 x102 2.80 x102 1.20 x103

ZnS upper and lower

protective layer 2 6.2 x101 1.21 x102 409 x103
-Te- ing |
Ge-Te-Sb recording layer |41 5.50 x10! 6.42 x103
Au reflective |
u reflective fayer 73 x10! 3.36 x10! 1.93 x10%
3
Photo polymer sealing layer 5.1 x10-2 2.80 x102 12010

a) Bulk value
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Fig. 4-7-1. Calculated change in cross-sectional temperature profile at track

center the recording layer. (a) heating and (b) cooling processes are shown.

The linear velocity is 5 m/sec. The lines show the temperature profile change

at intervals of 32 ns.
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Fig. 4-7-2. Calculated change in cross-sectional temperature profile at track

center the recording layer. (a) heating and (b) cooling processes are shown.

The linear velocity is 10 m/sec. The lines show the temperature profile change

at intervals of 16 ns.
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Fig. 4-7-3. Calculated change in cross-sectional temperature profile at track
center the recording layer. (a) heating and (b) cooling processes are shown.
The linear velocity is 20 m/sec. The lines show the temperature profile change
at intervals of 8 ns.
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Fig. 4-7-4. Calculated change in cross-sectional temperature profile at track
center the recording layer. (a) heating and (b) cooling processes are shown.
The linear velocity is 40 m/sec. The lines show the temperature profile change

at intervals of 4 ns.
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Fig. 4-10. ATpeak dependence on linear velocity. The thermal conductivity of the
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to suit for the disks whose absorption factor is 75% .
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of vacuum
Substrate 20 cm¢ pregrooved glass-resist substrate
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Table 6-1 Film deposition conditions.

Conditions Value

Protective layers  upper ~ Si;N, (190 nm)

Layer lower  Si;N, (90 nm)
Recording layer Ge,Sb, Te, (40 nm)
Reflective layer Au (40 nm)

Sputter gas Ar, Ar+0,

Sputter gas

pressure 02-1.0 Pa
Power 50-100 W
Substrate Film stress measurement Si wafer

Disk performance
measurement 13 cm¢ pre-grooved disk

000000000000000000000000000000000000
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0000000000 SiN,Si0,00000000000000000000
000000000000000000000000000000000000
0000000000000000000000000030000000000
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% Laser beam

‘ Table 6-2. Mechanical properties of the
Si substrates used to evaluate the residual
stress in the sputtered Si;N, films.

% Constants Values
Sputtered film | E, 1.32 x10°kg/cm’
i Vs 0.28
1 h.h
Si substrate e ,,:::::{,: 0 d, 250 ym
| - d, 200 nm
| r 2.5 cm
Fig.6-1.Curvature measurement Surface (111)

withflatnessmeter.
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Table 6-3. Conditions for disk performance test.

Conditions Value

Linear velocity 10 m/s

Over-write pulse form 8 mW DC+ 8 mW pulse
(50ns, 5 MHz)

Signal level -12dB

Initial noise level -63 dB

Initial C/N value 51 dB

Initial erase ratio 30 dB

Diffinition of over-write Over-write number when the

repeatability noise level increases 3 dB from

initial value.
Disk media sensitivity Melting power
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Fig. 6-3. Topographic STM views of surfaces of protective layers,

prepared on Si wafer substrates at different sputter gas pressures.

Here only Ar was used as sputtering gas. AZ: surface roughness.
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Table 7-1. Sputtering conditions.

Layer Recording layer Protective layer Reflective layer

Target Ge,,Sb,,Te,, (ZnS),, (S10,),, Au

Power 25W 100 W 100 W
Sputtering rate 4.0 nm /min 2.5 nm/min 2.0 nm/min
Ar gas pressure 5x10' Pa
Back pressure

of vacuum 5x10° Pa
Substrate 13 cm ¢ pre-grooved polycarbonate disk
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Fig. 7-1. Multi-reflection effect for laser beam from the optical head.
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Fig. 7-2. Electric field amplitude relations in matrix method.
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Table 7-2. Optical indices used for optical calculations.

Layer 830 nm 670 nm

Protective layer

(ZnS) 5 (S10,)o ., 2.07 2.15
Recording layer crystal 480-12.62 375-13.85
Ge,,Sb;,Tey, amorphous 4.66-11.30 441-11.88
Reflective layer (Au) 0.165-15.07 0.180-13.74
"Substrate I 1.52 1.52
*Substrate I1 1.60 1.60

' Pyrex glass substrates for mono-layer films used for spectra-
photometer measurements.
? Pre-grooved polycarbonate disks.
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Fig.7-3. Fitting of optical indices of recording layer at 830 and 670 nm. The
optical index for each layer was determined so that the film thickness depen-
dence of reflectivity, R', R and transmissivity, T' of each monolayer best fits
the experimental results. Where, R ', R/ indicate reflectivity on the substrate side
and film side, respectively. The experimentally obtained values are plotted. The
curves show the calculated results with best fitting optical indices. Here,R ' , R/

indicate reflectivity on the substrate side and film side, respectively.
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Fig. 7-5. Dependence of optical characteristics on thickness of upper and lower

protective layers in disk type A, (a) AR/Rc, (b) Rc at 830 nm and (c) AR/Rc at
670 nm. Upper and lower protective layers are varied in thickness from 150 to

200 nm and from 200 to 300 nm, respectively.
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Fig. 7-6. Dependence of optical characteristics on thickness of upper and
lower protective layers in disk type B, (a) AR/Rc, (b) Rc at 830 nm and (c) AR/

Rc at 670 nm. Upper and lower protective layers are varied in thickness from
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70 to 120 nm and from 250 to 350 nm , respectively.



Fig. 7-7. Dependence of optical characteristics on thickness of upper and

lower protective layers in disk type C, (a) AR/Rc, (b) Rc at 830 nm and (c)

AR/Rc at 670 nm. Upper and lower protective layers are varied in thickness
123

from O to 50 nm and from 80 to 180 nm, respectively.
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Table 7-3. Optimum conditions for three types of disk media.

Thickness Type A Type B Type C
Upper layer 185 nm 100 nm 20 nm
Recording layer 40 nm 80 nm 26 nm
Lower layer 260 nm 290 nm 110 nm
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Table 7-4. Calculated and measured reflectivity of disk media with amorphous or
crystallized recording layers.

Type A
3 Calculated 2 Measured
Ra 830 nm 2 % 4 %
(amorphous) 670 27 24
Rc 830 21 20
(crystallized) 670 34 30
UAR 830 19 16
(Rc-Ra) 670 7 6
830 91 80
AR/Rc¢ 670 21 20
Type B
A Calculated 2 Measured
Ra 830 nm 3 % 6 %
(amorphous) 670 23 25
Rc 830 21 23
(crystallized) 670 41 36
'AR 830 18 17
(Rc-Ra) 670 18 11
830 86 74
AR/Rc¢ 670 45 31
Type C
3 Calculated 2 Measured
Ra 830 nm 3 % 4 %
(amorphous) 670 19 18
Rc 830 20 21
(crystallized) 670 33 30
AR 830 17 17
(Rc-Ra) 670 14 12
830 83 81
AR/Rc 670 43 40

" AR indicates reflectivity difference between amorphous and crystal portions.

? Measured values were reflectivity of amorphous (before hot treatment in oven)
and crystallized portions on the pregrooved disks. Reflectivities of pregrooved
portions were converted (multiplied by 1.4) into those of mirror portions to
compare them with calculated values.
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Table 7-5. Testing conditions and performance of the three types of disk.

Type A Type B Type C

Writing Power 11.0mW 13.0mW 150 mW

Erasing Power 5.5 mW 6.5 mW 7.5mW
"C/N 830 (nm) 53 dB 54 dB 60 dB
670 (nm) 53 dB 56 dB 60 dB
*Erasing 830 (nm) -26dB -31 dB -26 dB
ratio 670 (nm) -22dB -32 dB -26 dB

"Values of marks with 1.2 zm mark pitch.
*Values of marks with 2.0 xm mark pitch.
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Fig. 7-9. Normalized readout sig-
nal amplitude dependence on mark
pitch of disk type A. The marks
were recorded at 10 m/s with an
830 nm overwriting pulse and read
at 830 and 670 nm.

Fig. 7-10. Normalized readout sig-
nal amplitude dependence on mark
pitch of disk type B. The marks
were recorded at 10 m/s with an
830 nm overwriting pulse and read
at 830 and 670 nm.

Fig. 7-11. Normalized readout sig-
nal amplitude dependence on mark
pitch of disk type C. The marks
were recorded at 10 m/s with an
830 nm overwriting pulse and read
at 830 and 670 nm.
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Fig. 7-12. Erase ratio dependence on
mark pitch of type A disk. The marks
were recorded at 10 m/s with an 830
nm overwriting pulse then erased with
an 830 nm continuous erasing pulse.
The erased tracks were read at 830 and
670 nm.

Fig. 7-13. Erase ratio dependence on
mark pitch of type B disk. The marks
were recorded at 10 m/s with an 830
nm overwriting pulse then erased with
an 830 nm continuous erasing pulse.
The erased tracks were read at 830 and
670 nm.

Fig. 7-14. Erase ratio dependence on
mark pitch of type C disk. The marks
were recorded at 10 m/s with an 830
nm overwriting pulse then erased with
an 830 nm continuous erasing pulse.
The erased tracks were read at 830 and
670 nm.
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