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Analysis of Carbonization of Polymer Thin Film Using Various Lasers

Dachwan Ahn, Byounggu Bak, Dongsik Kim

Department of Mechanical Engineering

Abstract

The process of thermal-degradation of thin-film polymeris studied in this work for various laser sources

from CW to fs. Samples composed of a thin polymer layer sandwiched between two glass plates are

irradiated by the lasers and the threshold irradiance of polymer carbonization is experimentally measured.

In the numerical analysis, the transient temperature distribution is calculated and the number density of

carbonization in the polymer layer is also estimated. Tt is shown that pulsed lasers can result in more

uniform distribution of temperature and carbonization than the CW laser.
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Fig. 1 TG/DTA results for the polymer sample.
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Fig. 2 Calculation domain.

Fig. 3 Optical microscope image of carbonization (scale
bar: 10 um).
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Table 1 Material properties and parameters used in the

calculation

o, (kg/m’) 885 E, (&V) 1
Cop (JkgK)| 1466 ko (s 5x10"
k, (W/mK) 0.15 on (@) | 2.7x107
0y (kg/m’) 2235 o (M) | 2.7x107%
Cpe (J/kgK) 710 t21 (ps) 30
ke (W/mK) 1.13 t2 (ps) 70

L. (0) 3x107"® ny (m™) 6x10”

Ny (m™) 6x10%
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Table 2 Absorption coefficient and carbonization threshold
for various laser sources

Pulse Rep. A a In

width | (Hz) | (nm) (m™) (W/m?)

CW . 488 6.1x10° 0.2x10°
NS(6 ns) | 10 532 1.6x10° | 2.0x10"
PS(120 ps)l 10 532 L6x10° | 6.0x10™
FSG30 f5) 90 M| 800 | 16x10° | 6.0x10"
FS(50 f) | 10 k | 800 | 1.6x10° | 3.0x10"
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Fig. 4 Calculated temperature distribution without considering
bond breaking for the CW laser.
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