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Abstract

Femtosecond laser patterning of ITO on a touch screen panel with a shaped fs laser beam was investigated. A quasi

flat-top beam was formed using a variable mask and a planoconvex lens. The spatial profile of the original Gaussian

beam and the shaped beam were monitored by a CCD beam profiler. The laser patterned ITO film was examined using

an optical microscope, Scanning Electron Microscope (SEM) with Energy Dispersive X-ray Spectroscopy (EDS), and
Atomic Force Microscope (AFM). It turned out that the quality of the ITO pattern fabricated by a shaped beam is

superior to that of the pattern without beam shaping in terms of debris generation, height of the craters, and

homogeneity of the bottom. Optimum processing window was determined at the laser irradiance exhibiting 100%

removal of Sn. The removal rate of In was measured to be 83%.
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Table 1 Specifications of the femtosecond laser

Description Operating data
Model JenLas-D2fs

Manufacturer | JENOPTIK. Co. Ltd. Germany
Wavelength 1027nm
Pulse energy 40u) @100kHz
Pulse width 380fs
Polarization Linear, 100:1

M’ 1.2
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Fig. 1 Images of the JenLas-D2fs femtosecond laser
(a) and the femtosecond laser processing system

(b).
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Fig. 2 Schematic depiction of a femtosecond laser micro-
machining system with a variable slit (a), configuration
of Gaussian-to-quasi flat-top beam shaping system
(b) and an image of the ablated ITO film by a quasi
flat-top beam.

(a) (b)

Fig. 3 A Gaussian beam profile (a) vs. a quasi flat-top
beam profile (b).
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Fig. 4 Optical microscopy image of ITO film patterned
by femtosecond laser with different beam shape:
(a) gaussian, (b) quasi flat-top.
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Fig. 5 AFM images of ITO film patterned by gaussian
(a) vs. quasi flat-top (b) and bottom profiles along
with the writing direction at ITO removed area (c).
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Table 2 Atomic% of the components in ITO glass at laser patterned region, pre-etched, and pristine ITO area

atomic% 0.27)/cm’ | 0.35J/em’ | 0.46J/cm’ | 0.53J/cm’ | 0.61J/cm’ | pre-etching | Before ablation

0K 61.96 61.55 61.95 61.89 61.95 62.01 59.68

Na K 2.86 3.01 3.26 2.96 3.00 3.33 2.66

Mg K 2.52 2.68 2.63 2.59 2.61 2.69 2.47

Al K 4.25 4.44 4.35 4.34 4.31 4.29 4.15

Si K 21.37 21.78 21.34 21.48 21.29 21.23 21.65

K K 5.23 5.26 4.74 5.00 5.22 4.86 4.86

Zr L 1.06 1.18 1.20 1.17 1.15 1.13 1.28

In L 0.60 0.51 0.54 0.57 0.48 0.36 2.96

Sn L 0.16 0.10 0.00 0.00 0.00 0.10 0.28
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