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Abstract—Thermal characteristics of optical recording media were investigated using the finite element
method when a laser beam with a Gaussian distribution was incident on it. For a stationary media, it was
found that the maximum temperature increased with increasing laser power and decreasing film thickness.
Thermal equilibrium state was reached in 100 ns after the laser was turned on. In addition, in the recording
media moving with a constant linear velocity, it was possible to predict the formation of teardrop-shaped

pit.
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Fig. 1. (a) Schematic of a quadrilayer optic disk in the cylindrical coordinate system and (b) boundary conditions used

for heat transfer analysis.
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Table 1. Numerical values for optical and thermal parameter
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Fig. 2. Laser pulse used in the numerical calculations.
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Refractive Specific Heat
Layer Thickness(&) index n heat pC conductivity k
J/m¥K) (J/m/K/s)
1. Substrate(Polycarbonate) 5500 1.58 1.404 X 10¢ 0.19
2. Aluminum 300, 500 1.39+1.51i 2.7 X10° 240
3. Tin 500, 700 1.286+1.575i 1.67 X108 60
4. Resin(Polyurethan) 4400 15 225 X10° 0.15
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Fig. 3. Finite element mesh used in the simulation.
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Fig. 12. Isothermal lines for the plane film layer(6 mW,
2=5900 A, moving medium, A1=300 &, Sn=500
A).
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A; :arbitrary constants

242128 M31A MSE 199344 108

1

Ay

C  :heat capacity [J/kgK]

E :electric field [volt/m]

g :power derivered to the unit volume by laser
[(W/m?*]

H :magnetic field [Ampere-turn/m]

I :intensity [W/m?]

k :thermal conductivity [J/m/sec/K]

n :refractive index

P :laser power [W]

r :radius [m]

r, :exp(—1) radius of Gaussian beam [m]

r, :radius defined by Eq. (11) [m]

t :time [sec]

V :velocity [m/sec]

Y :average rate of flow of optical energy

z :vertical depth [m]

az|o|A Ex}

p :density [kg/m*]

6 :temperature (=T—-T,) [K]

A :wavelength [m]

@ :phase angle of the complex number

X}

: refers the i-th layer

im :refers the imaginary part

r
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11.

12.
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