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Ablation of Cr Thin Film on Glass Using Ultrashort Pulse Laser

J. G. Kim, B. S. Shin, W. S. Chang, J. Y. Choi, J. W. Chang(Korea Institute of Machinery & Materials)

ABSTRACT

The material processing by using ultrashort pulse laser, in recently, is actively applying into the micro machining and
nano-machining technology since ultrashort pulse has so faster than the time which the electrons energy absorbing photon
energy is transmitted to surrounding lattice-phonon that it has many advantages in point of machining. The micro machining
of metallic thin film on the plain glass is widely used in the fields such as mask repairing for semiconductor, fabrication of
photonic crystal, MEMS devices and data storage devices. Therefore, it is important to secure the machining technology of
the sub-micron size. In this research, we set up the machining system by using ultrashort pulse laser and conduct on the Cr
200nm thin film ablation experiments of spot and line with the variables such as energy, pulse number, speed, and so on. And
we observed the characteristics of surrounding heat-affected zone and by-products appeared in critical energy density and
higher energy density through SEM, and also examined the machining features between in He gas atmosphere which make
pulse change minimized by nonlinear effect and in the air. Finally, the pit size of 0.8pm diameter and the line width of 1pm

could be obtained.
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Table 1 Properties of Cr material

Structure Body-centered Cubic
Lattice Constance 0.29nm

Atomic Radius 0.166nm

Electron Configuration | [Ar]3d’4s'
Melting/Boiling Temp. | 1857°C/2672°C
Latent Heat of

Fusion/Evaporation 2601/g 1 6580J/g
Thermal Conductivity | 94W/m - K

Specific Heat at 25°C | 518J/kg - K

(a)

(b)

SEM image of different focal position varying 1pm
from top to bottom and assist gas with 3.2nJ and 5
pulses at 100kHz (a) He (b) No gases

Fig. 2
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Fig. 3 SEM image of pits of the indicated condition
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Table 2 Comparison of measured data (um)

1 pulse Spulses
O4 | M, Ay Oy M. Ag
46n) | 2.5 0.5 125 | 34* | 0.8* | 1.75*
22n)J | 2.1 | 042 | 083 || 2.54 | 045 1.5
3nJ | 1.0 - - 1.2 - 0.8
4 : Overall diameter, M,, : Melted width A, : Ablated

diameter, * : 82nJ 2Pulses
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(a)
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Fig. 4 SEM image of line ablation during moving sample
with the speed of 0.lmm/sec, Imm/sec and
10mm/sec from the top at the energy of (a) 4.7nJ
(b) 1.6n]  Width : (a) 1.37um, 1.2um, 1.0um (b)
[.0pm, 0.75 pm , 0.62um
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