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Photothermal and Photochemical Investigation on Laser Ablation of the
Polyimide by 355nm UV Laser Processing

Jae Yong Oh’ and Bo Sung Shin®
ABSTRACT

UV laser ablation of polyimide is a combination of photochemical and photothermal mechanism. Photochemical
mechanism is that molecular bonds are broken by photon energy and photothermal is evaporation and melt expulsion.
When the laser processing, the etching depth needs to be calculated for prediction of processing result. In this paper, in
order to predict the laser etching depth of polyimide by UV laser with the wavelength of 355nm, the theoretical model
which includes both the photothermal and the photochemical effect was introduced. The model parameters were
obtained by comparing with experimental results. The 3rd harmonic Nd:YVO, laser system was used in the experiment.
From these experimental and theoretical results, the laser ablation of a polyimide was verified to achieve the highest
quality microstructure.
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Fig. 1 Chemical structure of the polyimide (a) before
laser processing (b) after laser processing

Table 1 Chemical bond energies for polymers

Polymer

C-N|[C-H|C=C |0-O|C=C| C-C |N-N|[H-H
bond

Bond
energy 13.04|4.30( 8.44 {5.126.40| 3.62 |9.76{4.48
(eV)

Table 2 Thermo-physical properties of P1

Thermal

1.4%107 (W/emK
conductivity K ( !
Specific c 1.09 (kI/kgK)
heat
Glass transition Tg 385(T)
temperature
Density P 142 (glem)
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Table 3 Ablation parameters for PI treated by 198, 248
and 355nm UV laser

193nm 248nm 355nm
HTR
0.06 0.09 0.1
(I/cm?)
'6_1 2.6x10° | 1.73x10° | 0.2x10°
(cm™)
Al
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)
Fig. 3 SEM photos of PI processed by 355nm UV laser,
(@)laser fluence 0.28 J/ecm? with 30 shots, (b)laser
fluence 13.56 J/cm? with 30 shots
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experiments, (a)Photochemical effect region, (b)
Photothermal effect region
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