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Introduction

The most common method of ITO films growth –
magnetron sputtering
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Advantages:
• Low resistivity, 

ρ=(1-2)×10-4 Ω·cm
• High transparency in the 

visible range of spectrum, 
T>85%

Ellmer, K. (2012). Past achievements and future challenges in the development of optically 
transparent electrodes. Nature Photonics, 6(12), 809-817

Drawbacks:
• Requirement of sophisticated 

equipment
• Relatively high cost

• Additional patterning might be 
necessary



Introduction

Alternative variant – solution deposition methods, 
including printing (gravure/inkjet):

• No vacuum equipment required;

• Easily scalable;

• Lower processing costs.

Drawbacks - ?
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Pasquarelli, R. M.; Ginley, D. S.; O’Hayre, R. Solution Processing of Transparent Conductors: 
From Flask to Film. Chem. Soc. Rev. 2011, 40, 5406−5441



Introduction

5

Wu, W. (2017). Inorganic nanomaterials for printed electronics: a review. Nanoscale, 9(22), 7342-7372

In order to remove the 
capping agents and 

increase the number of 
percolation paths 

between the 
nanoparticles, printed 

films usually require 
additional sintering

Main drawback of the solution-based methods:
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Introduction

Photonic sintering methods:
• Intense pulsed light (IPL) 

sintering
• Wide spectrum light sources
• Difficult to be used with TCO 

on heat-sensitive substrates
• Laser sintering

• Wavelength selective
• Suitable for heat-sensitive 

substrates

Typical Xenon lamp spectrum, 
often used for IPL sintering

Wang, B. Y., et al (2013). Cu ion ink for a flexible substrate and highly conductive patterning by intensive 
pulsed light sintering. ACS applied materials & interfaces, 5(10), 4113-4119



Experimental setup

Initial ITO films – gravure-printed at INM:

• ITO particles average size – 25 nm 
(In2O3:Sn 8% mol Sn);

• MPTS (3-methacryloxypropyl-
trimethoxysilane) was used as a 
binder;

• All the ITO films were UV cured after 
printing.
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Puetz, J., & Aegerter, M. A. (2008). Direct gravure printing of indium tin oxide nanoparticle 
patterns on polymer foils. Thin Solid Films, 516(14), 4495-4501.

Typical SEM view of the printed film



Experimental setup
Laser sources:

• UV – XeCl excimer and HeCd lasers;

• IR – radio frequency (RF) excited CO2 laser;

• Near IR – supercontinuum laser (Fianium) filtered in the 
1.5 – 2.0 μm range.

Film characterization:

• Resistivity measurements via 4-point probe system 
(Jandel);

• Optical transmission spectroscopy (Horiba 
Fluoromax/Bruker IFS66);

• X-ray diffraction analysis (PANalytical Empyrean);

• Raman spectroscopy (Horiba iHR320).
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UV laser treatment
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Laser sources used:
• XeCl, pulsed, 

wavelength 308 nm
• HeCd, CW, 

wavelength 325 nm

Extinction graphs for the ITO film and PET substrate



UV laser treatment
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Resistivity measurements for XeCl and HeCd laser irradiated samples
with the same accumulated energy dose of radiation absorbed into the
film. Calculated using absorption coefficient and reflection data.



UV laser treatment
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XeCl and HeCd laser-induced temperature rises on films measured with 
FLIR thermal camera.

XeCl, 50 Hz, 50 mJ/cm2 HeCd, CW, 41 mW



IR laser treatment

• Radio-frequency (RF) excited CO2 laser, 
pulsed, wavelength 10.6 μm
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Extinction @10.6 μm:

• ITO ≈ 105 cm-1

• PET ≈ 102 cm-1



IR laser treatment
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The sheet resistance values of ITO films saturate at around 7 kΩ/sq. 
Further increase of laser fluence leads to the film and substrate 
damage
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Radiation spectrum of Wl-sc-400-4 laser

WL-SC-400-4 
(Fianium). average 
power of 4 W, pulse 
width of 6 ps, 
repetition rate of 40 
MHz

White-light laser treatment
In order to avoid the substrate damage, the infrared
part of the supercontinuum laser radiation
(λ=1.5 to 2.0 μm) was used



White-light laser treatment
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Filtered radiation spectrum of Wl-sc-400-4 laser

In order to avoid the substrate damage, the infrared
part of the supercontinuum laser radiation
(λ=1.5 to 2.0 μm) was used



White-light laser treatment
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Filtered radiation spectrum of Wl-sc-400-4 laser/ITO transmission spectrum

In order to avoid the substrate damage, the infrared
part of the supercontinuum laser radiation
(λ=1.5 to 2.0 μm) was used



White-light laser treatment
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Extinction spectra of ITO and PET compared with the filtered SC spectrum

In order to avoid the substrate damage, the infrared
part of the supercontinuum laser radiation
(λ=1.5 to 2.0 μm) was used



White-light laser treatment
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Dependencies of the ITO film sheet resistance on laser fluence (a), number of 
pulses per point (b) 

a b

To investigate the effects of laser irradiation on film 
resistance two parameters were varied –
laser fluence and number of pulses per point



White-light laser treatment
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Dependency of the ITO film optical transmission on laser fluence (left), its 
comparison with the sheet resistance values (right)

Influence of laser treatment on transmission spectra
of ITO films in the visible range



White-light laser treatment
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Dependency of the ITO film transmission (left), absorbance (right) on laser 
fluence 

Influence of laser treatment on infrared
transmission spectra of ITO films



White-light laser treatment

XRD analysis of the irradiated samples
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Dependency of the ITO XRD spectra (left), grain size (right) on laser fluence 



Summary
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• The interaction of laser radiation with gravure-
printed ITO films on PET was investigated

• The effective sintering of the ITO films was
realized by the filtered white-light laser
irradiation

• It was shown that an increase of laser fluence
leads to a sheet resistance drop accompanied
by a decrease in optical transmission


