














Nature Materials

Article https://doi.org/10.1038/s41563-025-02268-w

Extended Data Fig. 6 | Scanning parameter optimization of the plasmonic 
printing process. Resistance (R) of an ITO film after laser irradiation (at 800 nm 
and 400 + 800 nm) under different light intensities for a, 1 min, b, 5 min.  
c, R/Ro ratios extracted from a and b, with Ro denoting the resistance of the ITO 
film before laser irradiation. Individual data points (n = 5 per group) are overlaid 
to show data distribution. Each point represents an independent ITO channel. Bar 
height, mean; error bars, standard deviation. d, Absorption spectra of Ag NW thin 
films at different thicknesses (controlled by the volume of Ag NW solution).  
e, Conductivity of a plasmonically printed ITO at varied fs laser wavelength.  
f, Output power of the fs laser at different wavelengths. g, Microscope 

photographs and measured conductivity of plasmonically printed ITO 
channels using different light intensities. The beam-scanning step length in this 
experiment is 10 μm. h, Conductivity of the plasmonically printed ITO channels 
using different beam-scanning step lengths. i, Conductivity of the plasmonically 
printed ITO channels of different thicknesses (controlled by the volume of Ag 
NW solution) using different light intensities. Data in e, h, i, are measured from 
5 independent ITO channels per group. Bar height, mean; point, mean; error 
bars, standard deviation. (n = 5). j, Conductivity of the plasmonically printed ITO 
channels measured at varied test distance.
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Extended Data Fig. 7 | Comparison on heating process and printed ITO 
performance between fs and CW lasers. a, b, Temporal temperature evolution 
during the plasmonic printing process respectively by fs laser and CW laser 
with varied power intensity, with the data collected right before and after laser 
illumination shown in c, d. e, Temperature distribution of the printed area after 
0.1 s illumination by fs laser (left) and CW laser (right) with varied power intensity. 

f, Schematics of the plasmonic printing optical setup using fs and CW lasers. 
The two laser beams are focused to the same size at the sample surface for direct 
comparison. g, Resistance of printed solution-processed ITO films under fs and 
CW lasers with varied light intensity. Data are measured from 5 independent ITO 
channels per group. Point, mean; error bars, standard deviation.
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Extended Data Fig. 8 | Surface morphology of plasmonically printed high-
density device arrays. a, Microscope photographs of a plasmonically printed 
high-density AlOx array, with its optical surface profile shown in b and extracted 

height profile in d. c and e show the optical surface profile and height profile of a 
single unit in the array. f-j, Similar results as a-e for a plasmonically printed high-
density IGZO array.
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